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FOREWORD

The primary purpose of this handbook is to improve

farr Al mntunhnca alasirmean] cuctame and ramnn.
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ncnits by addressing the associated risks and hazards
and by offering solutions for eliminating or reducing
them. To facilitate its use, the handbook is divided into
two mnjor parts: (1) gcncml safety considerations pre-
sented in Chapiers 2 and 3 and {2} design safety for
specific items of clectrical equipment presented in
Chapters 4 through 8. Furthermore. the chapters con-
form to the following standardized formnt to assist the
reader: introduction, induced environment, hazards, de-

Slg'ﬂ consmcmuons. compaummy “and llllCI'Upcl'ﬂlJlllly.

test criteria for design and item accepiance, and opcra-
The handbook content, although

tional precautions.
broad. is sufficicatly specific to satisfy the needs of lhc
design engineer, safety manager, safety engineer, and
equipment user,

This handbook was developed under the auspices of

the Army Matericl Command's Engineering Design Hand-

book Program. which is under the direction of the US
Army Management Engineering College. The handbook
was written by the Research Triangle Instituie under
Contract No. DAAA0B-80-C-0247,
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CHAPTER 1

INTRODUCTION

This handbook was prepared to identify and discuss those design aspects of polvphase sysiems thar impact
the safery of personnel and equipmeni. [n this iniroductory chapier the scope of the handbook is defined in
terms of the equipment covered—i.e., electrical sysiems thai generate, distribute, and use polyphase electrical
power—and in terms of the iype of information included, i.e., only those design issues thar affeci safeiy are
discussed. Definirions and descriptions of the components and configurations of svsiems are included to
illusirate tvpes of equipment and to introduce the terminology used for those systems. Finally, the organi:za-

tion of the handbook is described and examples illustrating suggesied application of it are given.

1-0 LIST OF SYMBOLS

n = number of phases, dimensionless
Vo = voltage between adjacent lines ordered according
to phase, V
Ves = voltnge between any line and neutral, V
1-1 PURPOSE

The purpose of this handbook is 1o provide technical
guidance for those aspects of the design of polyphase (two
or more phases) electrical systems and components that
affect the safety of personnel and equipment. Design
information is given for features that. if designed prop-
erly, will minimize the Ask of an accident. Technical
features that affect system performance, efficiency, or
convenience are not discussed unless these features affect
the safety of persoanei or equipment.

This handbook is intended 1o fill the gap between refer-
ence texts on system safety and texts on electrical system
engineering but is not intended as a replacement for
either, It supplements system safety manuals by providing
technical information specific 1o elecirical system safety.
This information includes identification of hazards in
¢lectrical systems and precautionary measures thot elimi-
nate the hazards or reduce the risk associated with them.
This handbook nlso augments technical power system
handbooks by providing o discussion of safety-related
design considerations for power systems. The power sys-
tem designer can use this handbook to flag system consid-
cerations that must be taken into account in the design and
can find technical guidance on the appropriaie method of
implementing the required design (catures.

1-2 SCOPE
1-2.1 SYSTEMS COVERED IN THIS
HANDBOOK

Covered in this handbook are polyphase clectrical sys-
tems used by the US Army that either may be powered
continuously by an engine-drivpn-gencrator se1 or powered

. by a backup engine-driven-generator set, which supplies

power when the primary supply is disabled. The typical
polyphase system used by the Army has cenain charocteristics:

l. Alternating current (AC)

2. Power capacity up to 750 kVA

......... p

4. Line voltages of 120, 240, 2200, or 2400 Vac
between any phase and ground (208, 416, 3800, or 4160
Vac between phases)

5. Tactical systems or backup systems used flor stra-
tegic equipment, e.g., communication facilities, or
hospitals.

This handbook covers electrical sysiem components
and interconnections from the power source through the
distribution system to those end-items that are connected
directly 10 three-phase sysiems. The power sources covered
are primarily the engine-driven-gencrator set including
the prime mover (internal combustion engine or turbine)
and the generators driven by them. In addition, the inter-
foce with permanent utility sysiems s discussed along
with transfer switching apparatus to provide information
periinent 10 those systems that use engine-driven-genern-
tor sets as a backup power systcm. Also discussed are the
sofety aspects of those cnd-items that are connected
dirccily to the polyphase sysiem, These components
include large motors, strip heaters, and communications

" equipment. The transformers that convert the polyphase

power 1o one or more single-phase circuits are also dis-
cussed as an end-item. Not discussed as end-items are the
wiring or loads associated with the single-phase circuits
connected Lo the transformer secondary.

1-2.2 TECHNICAL DATA INCLUDED IN
HANDBOOK
As stated in the par, |-|, the purpose of this handbook
is to provide technical guidance for the design of poly-
phase systems and components that affects the safety of
persontel and equipment. For this rcason only design
features that affect safety arc discussed in this handbook.
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Those features that affect only system performance and
do not impact safety arc not discussed since they arc
covered extensively in the numerous design handbooks
on electrical power systems.

MIL-STD-882 (Ref. 1) requires that hazards. espe-
cinlly those involving catastirophic or critical risks, shail
be reduced through design selection or reduced by
appropriate warning devices.

If the hazard cannot be eliminated or the risk cannot be
reduced with warning devices, operational procedures
and personnc! training tnust be used to minimize the
hazard. Therefore, system operation and maintenance
manuals must discuss the proper procedures for safe
operation of the system, and operators and maintenance
" personne! must be trained in those procedures. For this
reason operation and maintenance procedures that have
safety implications are discussed as well. Procedures dis-
cussed are those that have an inherent hazard to person-
nel at the time the procedure is performed and thosc
procedures that, if improperly performed. may precipi-
tate unsafe conditions that remain after the procedure has
been completed. The intent is not to include detailed
procedures in this handbook but rather to describe prac-
tices that must be incorporated in procedurcs and the
rationale behind them.

1-3 DESCRIPTION OF POLYPHASE
SYSTEMS

DEFINITION OF POLYPHASE

SYSTEMS

Electric power consisting of alternating voltages and

currents is transmitted from one location 1o another using
one of the system configurations skown in Fig. 1-1. In
these diagrams, transformers are used to iltustrate a pos-
sible driving source for cach configuration, and only the
secondary connections of the transformers are shown.
The grounding poinis shown represent commenly en-
countered grounding schemes. Other schemes are used,
and grounding considerations are discussed in par. 3-
3.3.The three configurations shown are described in the
following paragraphs:

l. Single- Phase. The simplest of an AC electrical
distribution sysiem, the single-phasc—shown in Fig. I-
1{A)—consists of a single wire to supply power to the load
and a return wire (usually grounded at the gencrator or
primary transformer) to complete the circuit. This con-
figurntion is designated by 14-2W, which means one
phase, two wire. ¢ is the symbol for phase.®

2. Splir-Phase. In o split-phase system—shown in
Fig. 1-1(B)—power is supplied from two equal voliage
sources (two windings on a transformer) connecied to a

1-3.1

*The wire count indicated by the notation *1¢6-2W™ does not
include the ground connector: consequenily, a 3-conductor
cable will be required to supply power in o 1&-2W system. The
same is true whenever designating wiring, i.c.. include the
ground wire as part of the wire count. For example, configura-
tions such as 3&-3W and 3&-4W require 4- and S-conductor
cable, respectively.
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common neutral, which is usually grounded. The two
sources have equal voliage outputs, which are opposite in
the polarity (180-deg phase difference). The split-phase
system will deliver a specified power more efficicntly than
a single-phase system if the load is divided between the
two lines. This increase in efficiency is due to a reduction
in losses in the common return line arising from the
partin! or total cancellation of the out-oi-phase rewurn
currents from each of the loads. Split-phase systems are
designated as 14-3W for anc phase, three wire.

3, Polvphase System. The term “polyphase™ means
many phases and was most popular around the turn of the
century when phase networks were considered in limiiless
dimensions. However, this very quickly gave way to
three-phase systems based on efficiency and practicality.
The term “polyphase” receives rather limited use in mod-
ern technical literature. The term is used in this handbook
as o matter of thoroughness since the safety considera-
tions would apply to networks of more than three phascs
and 1o help clarify the meaning of this infrequently used
term. [n o polyphase system—shown in Fig. 1-1(C)—
power is delivered to a load over three or morc lines with
or without a common return. The voltage on the lines is
the same with respect 1o a common neutral. However, the
phase of the voltage on any line is different from the phose
of each of the other lines. For the most common three-
phase configuration, the phase on one line differs by 120
deg from each of the other two.

Polyphase systems have certain characieristics that dif-
ferentiate them from single-phase systems:

1. Voliages are present that have a phase relationship
other than 0 deg (in phase) or |80 deg (out of phase}).

2. At any instant, some voliage is present on at lcast
two lines of a polyphase system, and power is being
delivered to the load continuously. In the single- or split-
phase systems the voltage on all lines simultaneously
diminishes to zero during the polarity reversal, which
occurs twice during each cycle of the line frequency.

3. When the lines are ordered in the sequence of their
phase, the volinge between adjacent lines and the volloge
between the first and last lines are equal. Also the voltage
among all lines and the commeon neutral are equal.

The refationship between the line-to-line and the line-
to-ncutral voltages is

Vis = V{21 —cos(@)]}m, v o (1D
n

where
Vs = voltage between adjacent lines ordered accord-
ing to phase, V
Ve = vollage between any line and neutral, V
n = number of phases, dimensionless.

For the most common system. three-phase. Eq. I-1
becomes

V= 1.732Van. V. (1-2)
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—i Neutral
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{A) Single-Phase 1 ¢-2W

Load Connected
Hot Line Split Line-to-Line
Load
Neutral %
4
- Hot Line
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(B) Split-Phase 16-3W
Hot Line “y" Connected "A" Connected
Hot Line Load Load
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[_1' Ground - 1_

(C) Three-Phase 36-4W _

Figure 1-1. Representative Connections for Single-Phase, Split-Phaée, and Three-Phase Systems
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1-3.1.1 System Components

A diagram of a power system of the type generally used
by the Army in the field is shown in Fig. L-2. The system
shown in this figure incorporates many of the compo-
nents that can be used in polyphase clectrical systems
centered around engine-driven-generator sets. Fig. 1-2 is
included to illustrate the typical interconnection of the
componenits to be discussed in this handbook and the
function of those components in the system. However,
when configured properly, the components may be used
for other applications as well. {For example, switchgear,
used in this configuration for scleciing the source of
power, may also be used for isolating circuits for mainte-
nance or controlling the power to large loads.) The var-
ious components shown are dlscusscd in the paragraphs

thne fumlblimu,
UIUE LUHIUW,

1-3.1.1.1 Engine-Driven-Generutor Set
The engine-driven-gencrator set consists of an internal
combustion or turbine engine whose rotating shaft cutput

Engine-Driven-
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is used to drive an alternotor or generator to produce
clectricity. In this handbook oanly those systems that
generate three-phase power are discussed, although there
are single-phase units with output capacities as low as 500
W that are available in the Army inventory,

1-3.1.1.2 Distribution System

The distribution system is an encompassing term for
the collection of cabling and components, which trans-
port the clectrical power from the source or point of
generation to the ultimate load. Distribution systems are
sometimes differentiated by the level of volinge they con-
duct within a system. Distribution of power is usually
more efficient at higher volinges because of the lower
current and consequent lower line losses. However, since
the line ultimately musi feed end-items ﬁt‘]ﬁiﬁﬁg lower
voltages, the distribution sysiem is sometimes divided
into 1wo sections: a primary distribution system that dis-
tributes the power over significant distances to trans-
formers located near the end-items to be powered by the

Circuit
Protection

Generator Set
Transfer
Switch
i Primary
g;::g Distribution
Interface

Transformer
(If Necessary)

{Fuse)

e o —e— . Figure I-2,

(]

Circuit End-item
Protection (Load)
Circuit End-item
Protaction (Load)
Cll’CUu
Protection
Saecondary | )
Distribution
End-ltem
{Load)
Bus
Bar
End-ltem
(Load)

Electric Power Generation and Transmission System
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system and a secondary distribution system that distrib-
utes the low volinge power from the transformer to
nearby loads. A discussion of the components that may be
used in the disiribution system follows.

1-3.1.1.2.1 Transmission Lines

Transmission lines are the cabling that connecets the
power source 1o the loads located some disiance nway,
Transmission lines may be buried, mounted on poles
{nerial), or laid along the surface of the ground.

1-3.1.1.2.2 Bus Bars
Bus bars are a set of rigid conductors used within
enclosures to distribute power to various components or

mounted in raceways to distribute power within build- '

ings. Bus bar disiribution systems are usually configured
so that external connections are easily made by bolting,
clamping, or otherwise attaching conductors or conncct-
ing devices to the bus bars. Therefore, bus bars are com-
monly used in high-current distribution systems confined
to small areas or in distribution systems that must be
modified frequently to accommodate changes in loads or
configurations.

1-3.1.1.2.3 Distribution Transformers

Distribution transformers are used to transform the
voltage level of the distribution network to a higher or
lower voltage. The transiormer may be used to transform
the generator output to the high voltage for tronsmission
with minimal losses and back to low voltage for consump-
tion at the load.

1-3.1.1.2.4 Switching Systems

Switching componenis used in polyphase systems pet-
form the same {unction as switches in any system, i.c., the
convenient making or breaking of the continuity of a
conductor path. In polyphase systems various types of
switchgear are used for the following purposes:

|. Disconnection of sections of transmission lines for
maintenance

2. Isolation of seetions of transmission line to remove
ground faults (conductor shorted o ground) and to atlow
restoration of power to remainder of system

3. Removnl of power from end-items or systems

4. Switching between sources of power.

Switchgear is used in a wide variety of forms within
polyphase sysiems. Some of these forms include high-
capacity switching sysiems capable of opernting under
full-load conditions and light-duty switches used 1o
reconfigure a distribution system that must be operated
when little or no load current is flowing. Also included in
the definition of switchgear are the automatic switches
with powered controls that are used for circuit protection
or for extinguishing arcs.

1-3.1.1.2.5 Protective Devices

Protective devices used in distribution systems include
devices that prevent excessive current in conductors, e.g.,
fuses or circuit breakers, or interrupt power during over-
or undervoltage conditions. Fuses and circuit breakers

-~
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typically ore used where power enters an electrical cable
and ore sized to prevent current flow greater than that
which can flow safely through the cable. Circuit breakers
may also be used with voltage sensing (instead of current
sensing) Lo interrupt power 1o a critical load when voliage
rises (or falls) to levels that could cause damage or with
current imbalance sensing to remove hazardous voltages
when small leakage currents are detected (ground fault
circuit interrupters (GFCH). Finally, a crowbar configu-
ration may be used to trip overcurrent devices by inducing

whan an unenfa randitinn

. _rreseri o~ e
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detected.

1-3.1.1.3 End-Items

In this handbook, end-items refer to picces of equip-
ment that are powered from a polyphase source. which
usually implics those loads that require more than one
kW of power. Common end-items include large mozors,,
heaters, high-powered communication equipment. indus-
trial apparatus—e.g., welding and metalworking equip-
ment—and X-ray cquipment. !

1-3.1.2 System Configurations !

Presented in this paragraph are the various means of
classifying polyphase systems according to system topol-
ogy. capacity, and appiication. These classifications are
presented to define the terminology used both in industry
and throughout this handbook.

1-3.1.2,1 System Topology

The usugl configurntions used for polyphase systems
are shown in Fig. 1-3 along with the terminology used to
identify the various lines used. The wye or Y configura-
tion shown in Fig,. 1-3{A) is the most common configura-
tion for a power source because the grounded neutral
insures that the voltage with respect 1o ground of each line
is the same ond. therefore, the maximum voltage to
ground is the lowest achievable. The delta or * A" configu-
ration shewn in Fig. 1-3(B) is commonly used for loads in
which the voliage relationship between the lines and
ground are established clsewhere, e.g., at the source.
Giher configurations arc sometimes used. such as the
delta with one line grounded as shown in Fig. 1-3(C). This
configuration has two lines with a voltage with respect to
ground. whichis 1.732 times the line-to-neutral voltage of
the wye configuration.

Electrical svstems powered by engine-driven-generator
sets used by the Army in the field are generally single or
split phase for power levels below 3XW. Sysiems powered
by larger generators are usually three-phase. four-wire
systems but may be three-wire systems if only delin-
connected loads are used.
1-3.1.2.2  Electrical Parometers

The electrical systems are also classified according to
the parameters that describe the power that can be sup-
plicd by them. These electrical parameters include

l. Voliage. The voliage may be cither line-10-line or
line-to-ground.
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Figure 1-3. Common Three-Phase Configurations

i-6




Downloaded from http://www.everyspec.com

2. Current, maximum. This is the maximum current
that can be delivered by the system.

3. Power, maximum. This is the maximum power
that con be delivered by the system, determined by the
voltage and current.

4, Frequency. The frequency that is associated with
the sinusoidal line voltnge and current,

An engine-driven-generator set powered electrical sys-
tem used by the Army generally operntes at line-to-
neutral voltages of 120 V {208 V line-to-line) with an
operating frequency of 60 Hz. Systems powered by high-
capacity generators (750 kW) may operate at 2400 V
line-to-neutral (4160 V line-to-line) using transformers to
convent these voitage levels to the 120-V or 208-V levels
required by typical loads. The power capacity (and there-
fore current) depends on the generators, which range in
capacity from 1.5 kW up to 750 kW, used to power the
system.

1-3.1.23 Standby vs Primary Power Systems

Polyphuse sysiems are niso classified by their relinbility
requirements. The source of power for polyphase systems
is usually the commercial utility system, which in the
United Siates has few outages per year. If no power
outnges can be tolerated, the primary system is aug-
menied by a backup system that supplies power to critical
loads when the primary system {ails. These systems are
charncterized by the following four parameters (Ref. 2):

t. Type. This parnmeter—also called “tolcrance
duration of power fnilure™—refers to the maximum dura-
tion of a power outage that can be tolerated, which, in the
case of a backup system, refers to the allownble time
between the onset of 2 power outage and the time the
backup system must begin to supply power.

2. Class, Class, also called “recommended auxiliary
supply time™, is the maximum length of time the backup
power source must continuously supply power.

3. Category. This parameter refers to the nature of
the backup power source. Category A sources are those
capable of beginning operation immediately, c.g., battery-
powered or inertial systems, whereas Category B systems
are enginc-powered units that require a certain peried of
time to begin operation.

4. Level. Level is the relative importance of maintain-
ing power. Level | systems are those systems where loss of
power would result in loss of life or serious injury; there-
fore, animmediate standby is required. In Level 2 systems
the consequences of loss of power are intermediate, but
the use of a standby system is still legally required. In a
Level 3 system the loss of power would not jeopardize the
life or health of personnel. but an uninterrupted supply of
power is required because of economic or convenience
reasons.

Army sysiems may operate with a primary generator or
with a “hot™, *warm”, or “cold™ standby generator. A
“hot™ standby is operating and providing power to 2
dummy load. a “warm™engine-driven-generntor set is onc
that employs suxiliary heating devices to maintain ele-
vated engine temperatures so the engine may be started
quickly, and a “cold™ standby is a gencrator that must be
started to replace the primary generator on-line,

MIL-HDBK-765(MI)

1-7

1-3.2 EQUIPMENT POWERED BY
POLYPHASE SYSTEMS
1-3.2.1 Introduction

Egquipment may be powered from a three-phase power
source cither because the equipment itself justifies the
installation of a three-phase power source or because the
equipment is operated from a three-phase source installed
to opcratc another power source located nearby. The
features of three-phase power thaot justify its use with
certain types of equipment include

1. Efficient Power Transmission. Lines losses are less
with polyphase power than with single-phasc power
sources.

2. Continuous Supply of Power. Although power
from a single-phase supply diminishes to zero at least
twice during each power line cycle, the total power from
all lines of o balanced three-phase system does not change
with time. (Imbalanced loads will introduce a cyclic varia-
tion in the power delivered.)

3. Efficient Motor Operation. Motors operated {rom
polyphase power draw lower starting currents and run
more cfficicntly than similarly constructed motors
powered by a single-phase supply.

Equipment that is operated from polyphase sysiems
typically has onc or more of the following characteristics,
which allow it 10 use advantageously the features of three-
phasec power:

i, High- Power Loads. Three-phase power is usually
used where the savings from increased efficiency offset the
cost of the additional complexity of the generating and
distribution system. The savings realized are proportional
to the power consumed by the load. Consequently, three-
phase loads are usually those that draw high power.

2. Physically Large Elecirical Equipmens. Polyphase
equipment, because of its high-power capability, tends to
be large. Also the large multiwire interconnections neces-
sary for polyphase power do not encourage its use on
small hand-held equipment.

3. Groups of Equipment. Equipment, typically not
operated from a polyphase source, can be grouped
together with other equipment 10 form a system that is
powered by a polyphase system,

The subparagrophs that follow identify typical equip-
ment used by the Army that is powered by polyphase
systems. This list is not 0 comprehensive onc of ali three-
phase equipment but simply provides examples of the
more common applications.

1-3.2.2 Radars

Developments in radar technology have made possible
the replacement of the farge. rotating antenna structure
with a stationary, electronically steerable antenna array,
which climinates the large motors in the radars. Also,
advances in the state of the art of electronics have reduced
the power requirements for performing various signal-
processing functions on the radar return signal. However,
the increase in system complexity has lead to the addition
of large amounts of ancillary equipment for generation of
signals, reeeived signal detection, and target tracking, all
of which has increased the size and power requirements of
the radar facility. An exampte of a modern radar facility
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ficlded by the Army is the PATRIOT missile system. This
system employs a 150-kW generator mounted on a truck
to power the radar and weapons control system and a
second 60-kW unit for the command and relay groups.

An example of a smaller radar facility is that used with
the HAWK guided missile sysiem., This system i is housed
with multichannel communication facilitics in a shelier
that also serves as o platoon command post. Power
requirements for the complete shelter are 12.5 to 24 kW
(depending on the 2mount of equipment that is operating)
and 400 Hz

1-3.2.3 Communication Equipment

Although high-power radios and complex communica-
tion systems can be powered directly from polyphase
power, the more common use of polyphase power for
tactical communication applications is'the powering of
shelters that contain multiple single-phase loads distrib-
uted among the phases. Alternatively, polyphase sources
of the appropriate capacity can be used to supply power
to multiple cquipmcm shelters, which are collocated to
form o communication facility. Examples of communica-
tion equipment or systems that are powered by three-
phase generators include

1. ANJTSC-58. Tactical Satellite Communication
System, which uses s 10-kW generntor

2. AN/TTC-38, Tactical Telephone Communication
System, used ot division headguarters and corps level, is
powered by a 30-kW generator.

3. ANJTYC-39, Automatic Message Switch, is used
for secure awtomatic switching of data and narrative
information ot corps and theater army nodes. This system
is powered by a 60-kW generator.

4, AN/ MSC-46, Sateilite Communication Terminal.
is currently being developed. A 100-k W generator powers
the total system, supplying single-phase power to most of
the internal subsysiems and three-phase power to the

micrownve power amplifier,

1-3.2.4 Welding Equipment

Welding equipment in use in the Army typically is
designed to operate from a wide variety of power
sources—either from its own internal engine, from a
single-phase source, or from one phase of a polyphase
source. Electric-powered welding equipment likely to be
included in ficldable mobile repair shops. used for main-
tenance and light construction. typically requires 12 kW
from a single-phase source. Usually larger units are
powered from buiit-in diesei engines.

1-3.2.5 Medical Equipment
Stentizers and X-ray machines are the most commonly
encountered clectrically operated items found in Army

Cotd Rt o .
field hospitals. Examples of the sierilizers include the

Sterilizer, Surgical Instrument and Dressing, Field, Elec-
trical and Fuel QOperated (FSN 6530-00-926-2151)and the
Sterilizer, Surgical Instrument and Dressing, Dual Cham-
ber. referred to as the “piggyback™ unit (FSN 6530-00-
027-5260). Either of these sterilizers may be configured to
operate f[om cither single-phase or three-phase power

-
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and draws 9 kW in cach case. {With the appropriate
attachment, either sterilizer may be operated {rom fuel
also.) This equipment is designed 1o be compatible with
most avnilabic sources ol power, including generator- and
utility-supplied power in the United States and abroad.

Tha \d
The Military Radiographic and Fluoroscopic X ray

{FSN 6525-01-192-1884) is used in Army field hospitals.
This unit also can be powered from asingle-phase (220V)
system or from two phases of a three-phase sysiem
{208V): it draws approximately 45 ¥W in cach case.

1-3.2.6 Other Equipment

Equipment powered by polyphase sysiems is not
limited to the items listed in the preceding paragraphs.
There are a number of special purpose, field-deployable
systems whose power requirements are sufficient to jus-
lify the use of a polyphase power source, frequently that
supphcd by built-in engine-driven-generator sets. One
sysiem is the Reverse Osmosis Water Purification Unit
{ROWPU), which decontaminaies water by pumping it
under high pressure through tubes containing a special

spiral-wound membrane. A 600-GPH (gallons per hour)

unit. which uses a 30-XW polyphase generntor for sup-
plying power to the large electric-motor-driven pumps, is
currently in use by the Army and Marine Corps. Larger
units with capacities of 3000 GPH, which will require
greater quantities of power, are being developed.

1-4 HANDBOOK OVERVIEW

1-4.1 HANDBOOK ORGANIZATION
The seven subsequent chapters of this handbook can be
divided into 1wo major groups. In the first group, general
considerations for safety in electrical equipment are dis-
cussed. In the second group, design safety considerations
for specific items of electrical equipment arc addressed.
The first group of chapters. covering general considern-

" [y -
tions for safety in clectrical equipment, consists of Chap-

ters 2 and 3. Safcly considerations nppropn:uc for, but
not unique to. specific electrical equipment are discussed
in Chapier 2, “General Safety Considerntions™. Topics
included in this chapier are risk assessment, hazard limits
{maximum surfacc temperatures, exposed voltages. cic.)
and sources of hazard information specific to electrical
equipment,

Chapter 3, “Sysiem Design™, describes general design
considerations for the electrical system as a whole and
considerations common to all parts of the system Dis-
cussed in this chapter are characteristics of the environ-
ment that affect the operation of electrical equipment and
typical environmenits in which the equipment is expected
10 opernte. Also discussed are sysiem considerations that
apply to all components in the system: such topics as
systemn grounding nnd material selection are included.

The group of chapters that treats the safety-related
design faciors for speciflic polyphase electrical sysiem
components comprises the largest portion of this hand-
book. Chapters in this group describe problems asso-
ciated with specific components, ¢.g., distribution system
components, (such as transformers, switchgear. and trans-
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mission lines), end-items, and penable and permanently
installed test and measurement equipment.

The design information for elecirical components is
presented in a uniform manner throughout this hand-
book. Hazards, dcs:gn features ncccssnry 1] mlmmizc
those hazards, and ﬁﬁt‘:fﬁiit‘.‘vﬁﬁl considerations are dis-
cussed for each component. The discussion of the design
information for cach component is organized into sub-
paragraphs with the title and content of cach subpara-
graph as follows:

I. Introducrion. This topic defines the component
and describes those components that are typically found
in polyphase systems of the capacity that could be
powered by engine-driven-generator sets (up to 750
kVA). -

2. Induced Environment. The alieration of the envi-
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ronment made by the component that could aifect the |

operation of the companent or other equipment located
ncarby is described. Subtopies, such as heating and pres-
ence of high volinge, are presented.

3. Hazards. In this subparagraph safety hazards that

are introduced by the equipment both in normnl opern-

tion and in the event of component failure are discussed.
Example hazards include clectrocution during normal
operation and fire or explosion resulting from overcur-
rents. which can occur in the event of component failure,

4. Design Considerations. Technical information
concerning proper design of electrical equipment to min-
imize associated hazards is presented.

5. Compaiibility and Interoperability. A discussion
of the compatibility and intcroperability issues associated
with the component and other components in the system
is presented. Two units are compatibie when their fea-
wures and characteristics allow each unit to be used as a
direct replacement for the other. Two units are interoper-
able when they can be operated satisfoctonily in the same
system simultaneously. Features and characteristies of
electrical components that affect or determine compati-
bility and mleropemblluy are discussed under this head-
ing. Honzards introduced when dissimilar units are used in
the same or similar systems are discussed. including those
problems that arise from the direct electricalinterconnec-
tion of incompatible electrical components and the poten-
tial problems that arise from incompatible or noninterop-
croble components in the same supply inventory. Ex-
emples of problems introduced for the latter reason
include ()) hazard due to improper connection of a
rl:placcmem componcnl that was connected improperly
because of different labeling or configuration and (2)
hazards introduced because of inadvertent use of supplies
or replacement parts intended for o similar but incompat-
ible component in the same inventory.

6. Test Criteria for Design and ftem Accepiance.
This subparagraph provides a list of performance parnme-
ters that should be verifted through acceptance testing to
prevent or detect hazards that could be introduced
through component failure or improper design. The
nature of the test is bricfly discussed along with the rea-
sons for the imponance of it.

7. Operational Precautions. The procedures that
must be specified in training programs and operating

manuals and the rationale for their imponance are dis-
cussed. The intent of this discussion is not to describe the
proccdures but to state considerations that should be
covered in published procedures.

HOW TO USE THIS HANDROOK
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The stoted objective of this handbook is to provide
technical guidance for those aspects of electrical system
and component design that affect the safety of personne!
and equipment, Since only those design issues that impact
safety nre addressed. this handbook should not be consid-
ered a complete handbook on polyphase clectrical sys-
tems, but instead it is intended to supplement the numer-
ous handbooks available on the subject of power genera-
tion and transmission systems, The intended applications
for this handbook are described by type of user, i.c.,

1. Design Engineer. When designing equipment for
polyphase electrical systems for military applications, the
design engineer should refer twice to the chapter or para-
graph pertaining to the equipment being designed. The
first reference should be prior 10 initiating the design, or

at least prior to completing the design, to identify those

design factors that affect safety. The second cheek should
be after the design is completed to determine whether all
safety considerations arc covered adequately and prop-
erly. This process should begin as early as possible to
insure the physical configuration, materinl selection, and
component selection are chosen properly for safe opera-
tion. Most of the material included in this handbook is
appropriate for the design engineer since the purpose of
this handbook is to discuss safery-related design issues,

2 Safew Manager Persons rcsponsiblc forthe safcty
of pcrsonncl using electricai gl:ncrnuon and distribution
equipment should use the description of hazards asso-
ciated with electirical equipment 1o identify critical or
hazardous areas in electrical systems.

3. Safety Engineer. Topics under the specific item of
eguipment, such as design considerations, will be of inter-
est to the safety engineer because they provide informa-
tion on features that should be incorporated into the
systems to enhance overall safety. This information can
be used as the basis of a checklist 1o insure that equipment
designs include adequate and appropriate provisions for
safety and that modifications do not defeat existing safety
features.

In addition, safety engincers and other engineers
charged with enginecring the safety into military equip-
ment may find the material in Chapter 2 applicable to the

assessment of the safety of electrical equipment. Material

in this chapicr provides information spegific to electrical
systems and can augment the system safety information
found in safety handbooks and MIL-STD-882.

4, Equipment User. The user of equipment will profit
from the information found in the chapter or paragraph
that discusses the design features and the operational
procedures specific to the item of equipment or compo-
nent of interest. This information will provide insight into
the purpose of the design features and installation proce-
dures. With this undcrslnnding the user will bc less Iikcly
to negote maa\erlcnuy sx‘m‘:iy provisions of thc uc;q,ﬁ.
cither through inappropriate field-cxpedicnt repair of the
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unit or improper installation. This understanding will
make the user more cognizant of design and operational
factors that affect the safety of personnel and equipment
during operation of electrical equipment.

REFERENCES

1. MIL-STD-882B, Sysiem Sufety Program Require-
ments, 30 March 1984,

MIL-HDBK-765(MI)

2 G. Stromme, “Muliiple Levels and Classifications of
Emergency Electrical Power Systems™, Conference
Record (or IEEE Indusirial- and Power System
Technica! Conference, Houston, TX, 1980, pp. 27-30.




Downloaded from http://www.everyspec.com

MIL-HDBK-765(MI)

CHAPTER 2

GENERAL SAFETY CONSIDERATIONS

Discussed in this chapter are those safeiyv-related consideraiions thar must be addressed during the
development of electrical equipment. primarily in establishing those equipment requirements that impact
safery or in assessing the safety of the sysiem. MIL-STD-882 provides guidance on the management of a safety

program -conducted during equipment development and provides. among other iopics. a risk assessment
nraredira The informarion i thiv chantar cunnlpa_nﬂnn‘ MIL-STD-882 hu nrnwdum .mfnrnmnnn thar is

FTULCUMHIT, FIiC GYUriiiuiiirm 171 siiid Lislprshy S pricingciiie 0 d i CC L pEL i) LEes)

unique to electrical systems. Considerations imporiant for ussessing the rtsl\ assoc:a.'ed with electrical
apparaius are discussed along with guidance for determining acceptable risk for those systems. Also discussed
are hazards that are common to various items in polyvphase elecirical systems—e.g., electrical shock. noise,
fire, and extreme temperaiures—and the resirictions placed on equipment to assure thar no unnecessary
hazards are introduced. Finally, sources of safety information are identified. These sources inciude standards
and specifications for safety programs, and safety considerations for equipment design as well as daia bases
coniaining elecirical accidenr information.

2-0 LIST OF SYMBOLS system design. and the remaining chapters focus on safety

as = vibration expressed as linear displacement, considerations in the design of different components.

peak-to-penk or rms corresponding to the

manner in which a. is specified. m 2-2  RISK ASSESSMENT
a, = vibration expressed as acceleration. peak-to- Risk nssessment is defined by MIL-STD-882(Ref. 1) as
peak or rms. mfs’ the determination of the level of risk. cither in relative or
a; = rms acceleration in x-direction {secc Fig. 2-5). absotute terms, due to one or more specified hazards. The
£ purposes of risk assessments are to identify hazards that
dow = rms acceleration in x-direction {see Fig. 2-5), require the maost attention and to enable management to
m/s’ make intelligent decisions about the level of auention
g,y = rms acceleraiion in j-direciion (see Fig. 2-5). required for reducing the hazard. Risk is specified in
g terms of two factors—the severity of consequences from
am = rms acceleration in y-direction (see Fig. 2-5), the hazard and the likelihood of occurrence of the hazard.
m/s’ Usually a hazard is introduced by an unintentional
a4 = rms acceleration in z-direction (sce Fig. 2-4), redirection of energy. In an clectrical system the effects of
g such o hazard can be far-reaching due to the large amount
a = rms acceleration in z-direction (see Fig. 2-4), of potential energy associated with electrical systems and
m/s’ to the extensive area over which energy is distributed. The
J = frequency, Hz consequences of an accident in an electrical sysiem may
{ = current. mA ar A be catastrophic, and personnel located a considerable
{ = tme, s distance from the original fault can be affected by the

hazard.

Assessment of risk begins with the determination of the
2-1 INTRODUCTION hazards and the nature gflhcir impact. To determine risk
General issues that are not specific to o particuiar item related to clecirical apparatus, the consequences of an
of equipment are discussed in this chapter. Safety opics— identificd hozard arc assessed by one of several
such as risk assessment, sources of safety information, methods—ao technical review of the operation of the sys-
and general requirements for hazard reduction—which tem. o review of “lessons learned " from data bases record-
pentain to all electrical components are discussed. Safety ing accidents on similar equipment. or by following pre-
considerations that are specific to the design of electrical scribed safety measurcs given in published electrical
hardware arc discussed clsewhere in this handbook. safety texts (Refs. 2 and 3). Par. 2-4 identifies sources of

Chapter 3 focuses on safety considerations in electrical information that may be used to identify hazards.

J
]
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2-2.1 HAZARD SEVERITY

Several techniques are available for the determination
of hazard severity. In one technique the severity is
expressed by the amount of monetary loss likely 1o be
incurred if the hazard causes an accident. Although this
mecthod permits precise assessment of loss, certain incal-
culable losses, such asloss of life or permanent bodily
injury, are difficult 1o express in monetary terms,

To quantify the severity of a given hazard, it is often
sufﬁci:m to spccifv the cffect in terms of the four calcgo-
ries Sﬁeﬁucu in MIL-STD-882 fREf
gories and their designations are

. Carastrophic (Category l)—results in death or
system loss

2. Critica! (Category 1I)—severe injury or illness

3. Marginal (Category I —minor injury or illness.
minor system damage

4. Negligible (Category 1V)—insigniftcant injury, ill-
ness. or damage.

Severity of electrical hazards may be determined from
the same sources for the identification of hazards in the
preceding paragraph. The techniques are as follows:

. From the hazards identified, find examples of
similar occurrences in lessons-learned datn bases, safety
handbooks, or literature in which the effects of hnzards
are discussed. From the description, determine the degree

of crverity hy ramnanrino the offecte nf the hazarde with
i SR FRay vy LRLNpaI e v baaheie Wi i Hkawiue et

the definitions of the categories given in MIL-STD-882.
2. Foreach hazard, determine the conseguences of it
by an analysis or review of the hazard mechanism, and
determine the degree of severity by comparing the effect
with the definition of each category given in MIL-STD-
882. (Elecirical safety texibooks generally describe., or at
least enumerate, the hazard mechanisms.)
Potential accident scenarios in the proposed applica-
tion may differ from cases documented in texts, hand-
books. and data bases because of the vurinbilily in cir-

1 N
L ¥ l csc IUI.II caic-

CUmsiances surrounumg cncn pOSSIDIC BCCIUCIII. LDI'ISC'
quently, existing information on accident severity from
these sources may or may not be appropriate for the
situation being analyzed. In all cases, sound engineering
judgmtm and o logical analysis must be npplicd Lo nscer-
tnin the renconnble hazard consequence prior to deter-
mining the appropriate severity category.

The severity of a hazard is generally considered to be
the “worst case™ or most severe consequence, which is a
direct result of the hazord. However, a more nccurate
assessment of hazard severity would include intangible
and indirect cffects of the hazard. Intangible effects
include adverse publicity and lower morale, which could
result from an accident. Indirect effects include lost pro-
ductive time and a decrease in staff effectiveness because
of incapacimlion of troined key personnel. Typically, the
intangible and indirect effects are not included because of
the difficuity of accurately quantifying the losses as-
sociated with these effects. The consideration of the
intangible or indirect effects is usually limited te applying
judgment as to whether the intangible or indirect effects
warrant the clevation of the risk severity classification to
the next higher level. Note that if the indirect consequence

2
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has a low conditional probability of occurrence (prob-
ability that the indirect event will occur given that an
accident has resulted from the hazard) but has a severity
that is much greater than the direct consequence of the
hazard alone, then the assessment of risk should be consid-
cred (or two cases—i.e., one in which the indirect conse-
quence does not occur and one in which it does. The cases
will have different severities and different probabilities of
occurrence. Since the purpose of risk assessment is 10
rank hazards in terms of significance, consideration of

hath ancas will nlltnw the cace thnt ic mact cioniflicant tn
oOin C3585 Wi audw LaC Cast (adl 15 Most J.blllll\-dlll (4]

determine the relative necessity for corrective action.
Equipment to be used in a tactical environment pro-
vides an example of where indirect consequences of a
hazard may lead to far more severe consequences. An
accident from the hazard may lead to incapacitation of
critical troops or equipment, which reduces the fighting
cffectiveness: this may result in numerous troops being
subjected to hostile action. Stated another way, if the
reliability of critical military systems including both per-
sonnel and equipment can be maierially reduced by
hazards, then any assessment of the sevenity of the hazard
must be ndjusted accordingly. The assessment of hazard
severity must be based on a careful analysis of the conse-
quences of a panticular hazard occurring when the system
is operated in a battlefield environment. This assessment

inclndes nn analvcienftheextent af damaooe orininrv thne
Bite ittt il Ay e W tER LA W Lalliapt W Reigata § o reies

would be likely due to increased vulnerability to enemy
action. These considerations might well necessitate the
addition of a fifth severity category, “multiple incapaci-
wating injuries or casualties™, (Hazards identifted in this
category would be the most significant and should there-
fore be reduced through design modifications.)

2-2.2 HAZARD PROBABILITY

The probabilily of the occurrence of o hazard may be
siated quantitatively or quuui;‘.\iivmy Guaniiiative state-
ments of probability usually consist of the probability of
the hazard occurring within the lifetime of the system;
within a specified period, i.c., one year; within a specified
period of aperation, i.e., per hour of operation: or for a
certain number of operations. For tlectrical equipment
thot is operated continuously, the probability of the
eccurrence usually is expressed appropriately in terms of
the probability of occurrence over the life of the system.
In some cases. the occurrence of an accident depends on
the simulinneous occurrence of two or more conditions.
In these cases the probability of the occurrence of an
accident may be determined by fault tree analysis, which
determines quantitatively the combination of individual
cvent probabilities. Quantiative techniques for determin-
ing hazard probability are described in numerous sysiem

enfaty tawte inaludine Dafe 4 nnd §
SHICHY WAL, INCIUGINE »CiS5. < anu 4.

Hazard probability, like hazord severity, nlse may be
determined according to qualitative classifications. Quali-
tative determinations of hozard probability are more eas-
ily performed than are quantitative determinations. MIL-
STD-882 recommends probability be specified quali-
tatively according to the following categories:
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1. Frequent—Ilikely to occur frequently (defined as
“A" frequency in MIL-STD-882)

2. Probable—occurs severnl times over the life of the
equipment (defined as “B™ frequency)

3. Occasional—likely to occur sometime in the life
an item {defined as “C” {requency)

4. Remote—unlikely to occur but possible (defined
as “D~ frequency)

5. Imgprobable—unlikely to occur but not impossi-
ble {(defined as “E” frequency).
A more complete discussion of these qualitative prob-
ability ctassifications is given in MIL-STD-882.

The probability of occurrence of a hazard that depends
on the occurrence of multiple eventis—whose individual
probabilities are specified by qualitative classifications—
may be determined by a procedure described in Ref. 6. In
this technique. judiciously chosen probability values are
assigned 1o each classification. This assignment permits
the use of a conventional fault tree snalysis to calculate a
quantitative probability for the combination. Finally, a
quantitative probability classification is obtained from
the quantitative calculations by reference to o set of
defined ranges.

For electrical systems the probability of a fault may be
determined by stondard fault tree analysis techniques by
using reliability data specified for elecirical components
apd specified probabilities of human error found in
handbooks such as Ref. 7. il data are not specified for a
specific component or system, the failure rate data for n
similar component or system may be used by taking into
account differences that might influence the probability.

g
i

2-2.3 RISK ACCEPTANCE CRITERIA

Although zere risk is the goal for all systems, it will
seldom be achieved because it may be obtained only at the
sacrifice of performance objectives or at great expense,
Therefore, systems will always have some finite probabil-
iy that a specified hazard will occur. Obviously, the
greater the severity of the hazard. the lower this probabil-
ity must be. The level of ncceptable risk may be deter-
mined hypothetically on the basis of economics by con-
sidering the probable losses from hazards along with the
cost of measures to prevent them and the cost of reduced
performance atiributed to those measures, The coilection
of data necessary for those calculations would be tedious
and would probably require numerous assumptions dur-
ing the course of the analysis, [nstead, the assessment of
the accepinble risk is frequently made by management
based upon recommendations of safety personnel who
are knowledgeable of sysiemns similar to the one under
development and who are familiar with the relative fre-
quentcy of accidents on those systems. .

‘No detectable risk should be accepted without an
attempt to reduce it by the pracess that follows. First, the
hazard should be reduced by equipment design to reduce
hazard probability and/or severity. Second, if it is not
possible to reduce the hazard without jeopardizing perfor-
mance requirements, warning devices to detect the pres-

design. Next. warning labels should be affixed to equip-
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ment to warn personne! of potential hazards. Finally, if”
the hazard cannot be reduced by any other means, train-
ing programs should be used to educaie all personnel
about safety measures to avoid the hazard.

Even when ali safety measures have been incorporated. |
some risks still remain. Fig. 2-1 illustrates the iwo types of
risk assessment matrices given in MIL-STD-882 and
identifies regions of acceptable and unaccepiable risk.
Also identified are regions in which risk is conditionally
acceptable. Note that the definitions of acceptable risk
shown in Fig. 2-] are only examples. Other factors 1o be
considered in determination of aceeptable risk include the
consequences of safety measures, the performance value
of equipment. and monetary considerations.

2.7 DECINITION NE HATZARD FIMITS |
2-3 DEFINITION OF HAZARD LIMITS |
2-3.1 ELECTRICAL SHOCK

Electrical shock is a potential hazard associated with
electrical apparntus. Consequences of clectrical shock
include

I. Poteatial damage to the body caused by the flow
of clectric current through it

2. Injury that may be produced by the involuntary
muscular contractions that occur when the current flows
through nerve and muscle tissue

3. Burns a1 the lacations where the current enters or
leaves the body or along the current path.

Etectric shock directly nffects the body by interfering
with the normal mechanisms of muscle control by the
nervous system. The most significam effects are the dis-
ruption of breathing, the disruption of hean action, and
the “hold-on" effect. If the muscles that control the dia-
phragm are parnlyzed by the current flow, the subject may
suffocate unless the circuit is broken quickly and proper
breathing is restored either by natural means or by artili-¢
cial respiration. The more common cause of death from;
electrocution is the initiation of ventricular fibrillation in|
the heart. In this condition the normal contro! mechanism:
of heart muscles by nerves is rendered inoperative, and!
the various muscles contract randomly, or quiver, which:
prevents the vital pumping action of the heart. The “hold-
on” cffect is the involuntary gripping of an energized
conductor by the victim, who, although conseious, can-
not release the grip. This incapacity to break the circuit
prolongs the current flow, which enhances the cffect on.
the victim and increases the likelihood of fatal suffocation®
or ventricular fibrillation. Table 2-1 gives the effects of
various levels of efectrical current flow on the body.

The risk of electrocution is dependent on three factors,”
namely,

. Path of currem
2. Frequency and level of current
3. Duration of current flow.
These factors are discussed in the paragraphs that follow.

The path of current flow through the body during
electrical shock is determined by points of contact with
the electrical source. Shock occurring when hands or
arms contact a voltage source and the feet are grounded,
c.g.. standing on damp earth, generally is serious because.
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Hazard Categories

Frequency of | il mn v
Occurrence Catastrophic Critical Marginal Negligible

A — Frequent 1A 2A
B — Probable 1B 2B

C — Occasional 1C

D — Remote
E — improbable
Hazard Categories
Frequency of i ] i v
Occurrence Catastrophic Critical Marginal Negligible

A — Frequent

B — Probable
€ — Occasional
D — Remois

E — Improbable

KEY :

i:l Unacceptable Undesirable (Managing Activity
Decision Required)

Acceptable With Review [] Acceprable Without Review

by Managing Activity

Figure 2-1. Example Risk Assessment Matrices Showing Regions of Acceptable, Conditionally
Acceptable, and Unacceptable Risk (Ref. 1) '
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TABLE 2-1
EFFECTS OF ELECTRIC CURRENT ON HUMANS (Ref. 2)
i Curreni. mA
Alternating
Effect Direct 60 Hz 10.000 Hz
Men Women Men Women Men Women

Slight sensation on hand i 0.6 0.4 0.3 7 5
Perception threshold 5.2 15 L1 0.7 12 8
Shock—not painful, muscular

control not lost 9 6 1.8 1.2 17 Il
Shock—painful, muscular

control not lost 69 41 9 6 55 37
Shock—painful, let-go

threshold 16 h]| 16 10.5 75 60
Shock—painful and severe,

muscular contractions,

breathing difficult 920 60 23 15 94 63
Shock-—possibie ventricular

fibrillation efiect from 3-s

shocks 500 500 i00 i00
Short shocks having duration

s 165/ /1 165//1
High-voliage surges 50° 50° 13.6* 13.6°

*Energy in W-s or )

Note that as low as 30 V can be considered dangerous. (Sce par. 8, TB 385-4.)

From Accident Prevention Manual for Indusiricl Operaiions. Engineering and Technology, Volume. 8th Edition. Copyright © 1980 by

Nationa) Safet

SOIELY L Ou

Council, Chicago. IL. Used with permission,

the current path travels through the trunk of the body
where the life-sustaining organs are located.

The level of current flow is dependent on conductor
voitages, the resistance of the body beiween poinis of
contact, and the effective resistance a1 the points of con-
tact. High-voliage sources pose the greatest threat of
injury from electrical shock. However, low-voltage
sources, such as 117 Vac or less, can be very hazardous
when the contoct area is large (which reduces resistance),
when the skin is moist or damp at the point of contact, or
when the outer layers of 1he epidermis are penetrated. For
the last reason, it is most important that exposed conduc-
tors be configured so that inadvertent penetration of the
skin is impossible,

The frequency of the current also affects the severity of
injury from electrical shock. Unfortunately, the frequency
(50-60 Hz) normally used for power is likely to induce
ventricular fibrillation. Electrocution is more likely ot
normal power frequencies than it is a1t DC frequencies or

nt freannaenmise nhava 1NN He SCarrante nt hioh frenusncisc
SGUATEQUENTICS GUOVE s v 2. \LUTTENS a1 Qg QUi nits

usually do not induce electrocution because of the “skin
effect™, i.c.. a high-Irequency effect in which current flow

is confined to surfaces (“skin™}) of imperfect conductors.
However, severe skin burns may be incurred from electri-
cal shock from high-frequencey currents.

The probability of ciectrocution increases with dura-
tion of current flow through the body. The graph in Fig.
2-2 illustraies relationships beiween currents a1t which
clecirocution is probable and durations of current flow
for 60-Hz power (Refs. 3. 8. and 9).

2-3.2 NOISE

Exposure to excessive noisec may result in either a tem-
porary or permanent loss of hearing. Permanent loss is
caused by irreversible damage to the corti—the organ of
the inner ear that senses sound waves, determines their
speciral content, and passes the information to the brain
through the auditory nerves. An early svmptom of hear-
ing loss is a dirinished sensitivity 10 high frequencies,
usuatly first noted by difficulty in understanding speech in
a noisy environment. Other sympioms include tinnitus (a

rinoine sensation). muffled hearine. and o sensation of
ging sensation), mullled heanng, ang a sensation of

fullness in the ears. These early symploms of hearing
damage may progress to a total loss of hearing.
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*“Let Go" range is the range of current that produces a painful alectrical shock but does nat inhibit
muscular control, hence the victim can consciously release his grip on energized conductors.

Figure 2-2. Current Sufficient to Cause Electrocution vs Time for 60-Hz Power (Ref. 8)

Noise that can lead 1o hearing damage is divided into
two categories, i.c., steady siate and impulse noise. Steady
staie noise corresponds to a tone or combination of tones
that, although not necessarily constant in frequency or
amplitude, remains ot a steady, elevated level for a long
period of time. The parameters describing steady state
noise are amplitude and frequency spectral content. In
contrast, impulse noise is o noise pulse of short duration
or burst, which rises above a tolerable background level
of noise. Impulse noise is characterized by peak ampli-
tude and duration.

The hazard duc 0 noise exposure increases with noise

AT As s raa et Anwimeiime e sannosviand

exposure levels are specified in three ways. i.e.,

. Hearing damage-risk criteria that specify the
relationship between noise exposure—described in ampli-
tude, duration. and spectral characteristics-—and the
probability of iemporary or permanent hearing loss.

These criteria serve as the basis for standards that set
limits for noise cxposure or generation.

2. Hearing conservation criterin define noise expo-
sure limits for personne! and specify hearing conservation
programs. These criteria are specified in TB-MED-501
(Ref. 10) and MIL-STD-1472 (Ref. 11}.

3. Material design standards provide specific noise
limits for equipment to conform with standards for noise
cnvironmental exposure given by criteria in ltem | with
allownnces made for hearing protection and necessity for
personal communication. For the Army, equipment
requirements are specified in M1L-STD-1474 (Ref. 12).

Fig. 2-3 from Ref. 10 iltustrates the relation between the
risk associated with intensity of stcady state noisc cx-
posure and duration. For noise levels below 80 dBA, the
risk of hearing damage is negligible even for long-term
exposures. Al 84 dBA, exposure for up to 8 h produces
negligible risk. Noisc intensities above i 16 dBA for even

2-6
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short periods produce a risk Category |[B*, which means
that a critical injury—e.g., severe noisc-induced, sensory-
neural hearing loss; severe occupational illness: or major
propernty damage—probably will occur because of the
noise exposure. Short-term exposure. < 2.2 min. to noise
levels between 84 and 116 dBA produces an inermedinte
risk Categary [11C. which implies that an injury of margi-
nal significance may occur in time, c.g.. a mild high-
frequency hearing loss with no communication handicap.
Examples of noise produced at this level include lawn-
mowers with a noisc level at the operator’s position in the
range of 80 to 90 dB and chain saws at a range of 100 to
125 d8.

The risks associated with impulse and ultrasoric noise
are also specified in TB-M ED-501. Impulse noises exceed-
ing 140 dBP, which are typical of small arms fire, are
categorized as a risk Category 11B. Table 2-2 gives levels
of ultrasonic noise, which, if lasting 8 h orlonger, produce
a risk Category 1B,

Lower limits may be prescribed for situations in which
adequate or safe performance of tasks requires that the
operator hear and respond to scunds that could be
masked by noise levels below the threshold {or significant
risk. Both MIL-STD-1472 (Rei. 11} and MIL-STD-1474
{Rci. 12} define maximum recommended sound levels for
specific areas such as general work spaces, areas in which
frequent telephone use is required. and extremely quiet

*Risk definitions such as {1B. I[IC, ctc., nre the concatenation of
a Roman numerni indicating hnzard severity with a letter indicat-
ing hazard frequency. Definitions of the various symbols are
given in pars. 2-2.1 and 2-2.2.

MIL-HDBK-765(Ml)

TABLE 2-2
ULTRASONICNOISETHRESHOLDSFOR
A RISK CATEGORY IIIB AFTER 8-h
EXPOSURE (Ref. 10)

One-Third Octave Band Level of Noise in
Center Frequency, One-Third Octave Band,
kHz dB
10 80
i2.5 80
i6. BO
20. 105
25.. 110
3l 115
40. 115

areas. Table 2-3 summarizes the limits for occupied areas
as specified in MIL-STD-1474,

Typically, acoustical noise limits for equipment are
specified for noise levels at the normal operator position,
cither within the equipment for vehicles or adjacent 1o it
for power hand taols. For some equipment, additional
requirements are imposed an the maximum level of
acoustical noise that can be emitted into the surrounding
environment. This noise, referred to as exterior noise,
should be limited to prevent adverse effects on personnel
who must work near the equipment for long periods or
whose presence in the area is coincidental and who, there-
fore, would not be expected Lo wear ear protection. Limits
for exterior noise with reference to measurement proce-
dures are given in MIL-STD-1474 for motor vehicles,

16—
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2.23 480 960

Ouration of Noise Exposure, min

—_ Figure 2-3. Risk Assessment Codes for Noise Amplitude and Deviation (Ref. 10)
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) TABLE 2-3
STEADY STATE NOISE LIMITS FOR
PERSONNEL-OCCUPIED AREAS (Ref. 12)

Oclave :
Band ‘Category”
Center
Frequency,
Hz Al 8 ct D* E F
63 130dB 121dB |11 dB 106dB
125 L9 1 101 96

250 110 103 94 39
500 106 102 88 83
1000 105 i00 35 80
2000 112 100 g4’ 79
4000 110 100 84 79
8000 110 100 86 Bl

dBA 108 100 90 <85 75 65
Criteria
Alternate PSIL-4 Criteria’ 67 57

NOTES:
* Definitions of categories are

{Notc that Categorics, A, B, C, and D are based primarily on
hearing conservation priorities, whereas the remaining cate-
gorics are based primanily on communication requirements).

Category A. Nodirect person-lo-person voice communica-
tion required. Maximum design limit, Hear-
ing protection required.

Category B. Svstem requirement for clectrically nided com-
munication via attenuating helmet or headset,
Noise levels are hazardous to unprotected
cars.

Category C. No [requent, direct person-io-person voice
communication required. Occasionad shouted
communicalion may be possible at o distance
of 0.3 m (1 ). Hearing protection required.

Category D. No frequent, direct person-to-person voice
communication required. Occasional shouted
communication may be possible at a distance
of 0.6 m (2 f1). Levels in excess of Category D
require hearing protection.

Category E. Occasional telephone or radio use or occa-
siona! communication at distancesupto 1.5m
(5 1) required. (For mobile or transportable
systems).

Category F. Frequen: telephone or radio use or {requent,
dircet communication at distancesupto 1.5 m
{5 1) required. (For mobile or transponable
systems).

* 1n those cases where the mission profile for the equipment
being developed cxceeds 8 h of operation in each 24 h. the
limits specified in Categories A, B, C, and D shall be reduced
sufficiently o allow for an exposure for longer than § h, as
approved by the procuring activity in conjunction with the
Surgeon General's Office. HQDA, DASG-PSP, Washing-
ton. DC 20314,

‘ Criterin in Categorics E and F arc defined by either the sound
level in dBA or the preferred speech interference level { PSIL-
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4). The dBA sound level is the desired requirement. Where it
is not possible to meet the sperificd dBA level, the corres-
ponding PS1L-4 level requirements shall be met.

4 PSIL-4—Preferred Speech Interference Level—A message
of effectiveness of notse in making speech. Itis the arithmetic
mean in dB of sound pressure levels in the four active bands
with the center frequencics of 500, 1000, 2000. and 4000 Hz.

construction equipment, and mobile generating sets. The
specific levels quoted ronge from 76 1o 85 dBA at dis-
tances of 7 or 15.2 m (23 or 50 {1.)

2-33 TEMPERATURE

2-3.3.1  High Temperature (Burns)

Tissue burns are produced from the heating of the skin
either by direct contact with a hot material or by absorp-
tion of radiant energy, c.g., common sunburn. Burns are
classified into three degrees of severity, i.c..

1. First-Degree Burns. The lirst-degree burn is the
least severe. It is choracierized by a redness of the skin
accompanied by pain in the area of the burn.

2. Second-Degree Burns. The second-degrec burnis
more severe than the first-degree burn and is character-
ized by the presence of blisters, often containing fluid.
Second-degree bums are more painful than first-degree
burns, especially if the blister opens, because the separa-
tion of skin layers resulis in exposure of nerve endings.

3. Third-Degree Burns. The most severe burns are
classified ns third-degree burns and are characierized by
significant damage to the skin and underlying tissue.
Third-degree burns may be identified by a white, light
grey, brown, or black appearance of the skin where the
color depends on the severity of the burn and the source
(contact with fluid, flame. or heated surface).

The severity of a burn depends on several factors
including

|. The temperature ot the surface of the contact

2. The duration of contact

3. The thermal coupling between the heated surface
and the tissuc in contact with it.

Table 2-4 lists effects on skin in contact with heated
surfaces under different conditions.

TABLE 2-4
EFFECTS ON SKIN FROM CONTACT
WITH HEATED SURFACES
(Adapted from Refs. 13 and 14)

Temperature,

°C (°F) Sensation or Effect

100 (212} Second-degree burn on |5-s contact
82  (180) Second-degree burn on 30-s contact
71 (160) Second-degree burn on 60-s contact
60 (140} Pain: tissue damage

49 (120) Pain; “burning heat™

33 ( 91) Warm sensation

$
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Tablc 24 indicates that burn hazard is not significant
when the temperature of the contacied surface is below
49°C (120°F). For this reason, MIL-STD-1472 (Ref. 11)
requires that exposed equipment surfaces that must be
handled must be kept below 49°C (120°F), and surfaces
that arc subject L0 inadv ‘ertent contact must be kept betow
60°C (140°F).

2-3.3.2 Low Temperature (Ref. 13)

Skin contact with low-temperature surfaces may result
in burn-likc injury to the tissue. Typicaiiy, frostbite is
induced by brief contact with severely cold temperatures
or prolonged contact with a moderately cold environ-
ment, (Temperatures do not have to be below freezing.) In
severe cases the tissue actually {reezes and dies, If the
v result from

mrnulnlnr}rurcscl: are affected_ canorense ma

Seid v aasnaniss s mar e daAULEIES, ouub.-..

impaired circulation in the vicinity.

The probability of frostbite increases with decreasing
temperature and with increasing thermal conductivity
between cold material and skin, .g., immersion in o cold
liquid. In nir or liquids the cooling effect that preduces
frosibite is accelernted by motion of the cooling medium.
A 16.1-km/h {10-mph) wind in ombient air at —6°C
(21° F) produces a cooling cffect equivalent to still air at
~152C(5°F). This effect, called the windchill effect, does
not induce the fi n-.-ezing of tissue when the air temperature
I.S IIDO\-C lfCCllﬂg. Uul Il UOCS I'CUUCC HIC CKPUSljﬁ-: uml::
that can be tolerated when the ambient temperature is
below freezing.

However, it is not necessary for the ambient tempern-
ture to be below freezing for damage to occur. Frostbite
may be induced even when the temperature is near but
slightly above freezing. Also the exposure to cold temper-
atures may reduce circulation and thereby cause numb-
ness or chilblains, which are characterized by itching and
swelling. Long-term exposure at even higher tempera-
tures, up to £2°C (54°F), can produce symptoms of
trench foot, or immersion foot. In this ailment, the legs
become cold, pale, and numb; this is (ollowed by swelling
and redness. Damage 1o nerves may oceur. and a loss of
fecling may last for weeks after the return to ambiemt
temperature.

2-34 FIRE

Fire is an exothermic oxidation-reduction reaction,
which is self-sustaining until cither of the reactants is
consumed. From the safety perspective fire produces sev-
cral important effects: (1) heat, possibly intense: (2) gases
produced by partial or compiete combustion of the burn-
ing material; and (3) the consumption of the fuel.

The most obvious hazard due to firc is the destruction
of property—e.g.. damage due to towl or partial con-
sumption, melting, baking, and smoke. However, the
primary hazards to human life arc the emitted smoke and
gases because these hazards are the principal causes of
death from fire.

Fire or combustion can take place when three ingre-

dienis are present—i.e., a fuel, an oxidizer, and an igni-
tion source. For fire to be initisted nnd sustnined requires

that the fuel and oxidizer exist in suitable proportions;

-
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have the proper contact area; and a physical shape that
allows sustained combustion. ¢.g.. the fuel must not have
a shape that conducts heat away from the site of combus-
tion faster than the rate at which the heat is generated.
Numerous materials—solids, liquids. or gases—may be
used as fuel, Typically, only fuels that are easily ignitable
are burned intentionally for the generation of heat or
mechanical energy. The suitability of 2 material for use as
o (uel or the suitability of 8 material for use where fire
retardant charncteristics are desired may be determined
by examining the temperatures at which combustion is
initioted or sustnined and the concentration of oxygen
necessary 1o sustain combustion, The flammability char-
acteristics of materinls are usually specified in one or

more of the foilowing terms:

). Flash Poins. The minimum tempernture at which
o liquid will give off combustible vapors a1 a rate that is
sufficient to produce a concentration of the vnpor in the
adjacent atmosphere that can be ignited

2, Fire Poins. The lowest temperature at which a
liquid will give off vapor at o rate sufficient to maintain
combustion

3. Ignition Temperaiure. The minimum tempera-
ture at which a flammable material will begin burning
because of its own heat in the absence of spark, flame, or
other local ignition source

4. Lower rlﬁﬁiiﬁﬁvuiﬁ‘ Limir. The pereeniage of
fuel in air at one aimosphere that will ignite and burn

5. Oxygen Index. The lowest oxygen concentration
that will suppornt the combustion of a given material.

Table 2-5 lists combustion characteristics of various
materinls. including solids. liquids. and gases that are
used in, or found near, electrical apparatus.

Fire must be initiated by a source of encrgy suificient 1o
raise the temperature of some portion of the fuel 1o a
temperature above the ignition temperature. Typical igni-
tion sources are

1. Open flame from candles. gas pilot lights, etc.

2. Electrical or mechanical sparks. including those
produced by static discharge nnd arcing of electrical cir-
cuits or welding equipment and those from grinding or
colliding hard material

1. u‘ﬂ'ﬁl‘ E‘l"rﬂ“e I\"ﬂl‘ll”d h\] '\ﬂl

nepe alartrical
< CQIL0 SUTNACCs proGults oy nct cS. S Cal

gases, elecin
resistance, or friction between moving pans

4. Spontancous ignition caused by heat buildup of
fuel constituents to the point at which heat is sufficient to
ignite the bulk of the material

5. Chemical reaction in which two reactive compo-
nents produce energy sufficient to ignite the surrounding
material -

6. Adiabatic compression of gases

7. Radiation, esperially concentrated solar radia-
tion or intense radiation from o high-energy source such
as a laser -

8. Catalytic action that makes possible. or acceler-
ates, exothermic reactions that give off heat suffictent to
ignite adjacent materials.

As mentioned previously. the form of the fuel has a
3 :L,mf'cnm effect on its combustion nroncmcs IT a mate-

LANL CLICL1 N 113 L0 OLyLig ULed

1
rial that is ignited casily is ground into a fine dust. i1 will
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TABLE 2-5 -
IGNITION TEMPERATURES OF COMMON MATERIALS (Refs. 15 and 16)
Material Temperature
°C °F
Absorbent Cotton 228 to 230 442 1o 446
Acetate 246 475
Acctone 538 1000
Acetylene 305 381
Acrylic 293 560
Benzene (Benzol) 85710982 1575 10 1800
Butane 466 871
Carbon Monoxide 609 1128
Carbon Soot 186 366
Ccliophane 242 468
Cellulose Acetate 475 887
CeHulose Nitraie 141 285
Ccllulose Triacetate, Fiber 540 1004
Coal Jl6 600
Cotton Batting 266 511
Cotton Sheeting 240 464
Creosote 36 637
Ethane 510 950
Ethanol 371 700
Ethyl Alcohol LX) 793
Ethylene - 490 914
Fuel Qil #1 254 490
Fuel Qil #2 257 494
Fucl Oil #3 259 498
Fuel Qil #4 263 505
Fuel Oil #6 407 765
Gasoline 280 10 456 53610853
(depending on ociane)

Gasoline, Aviation Grade ) ~

100-130 Grade 440 824

115-145 Grade 471 880
Hay 172 342
Hydrogen 400 752
Isopropyl Alcohol (Rubbing) 456 852
Jute Fiber 193 379
Kerosene 123 254
Leather 212 414
Linseed Qil, Liquid a3 650
Linseed Qil, Oxidized 462 864
Magnesium 507 0945
March Heads 163 325
Methane 537 999
Methyl Alcohol 470 . 878
Natural Gas 482 10 612 900 to 1170
Newspaper 418 785
Nylon 424 795
Nylon 6 485 J 905
Nylon 6/6, Fiber 532 990
Nylon 6/10 458 856
Octane 231 448

— - 2-10
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TABLE 2-5 (cont’d)

Material Femperoture
OC o F
Paint 462 864
Paper 449 10 499 840 10 930
ParafTin Propane 493 to 604 92010 1120
Paraffin Wax _ 225 437
Phenolic 571 1o 580 1060 10 1076
Polycarbonate 499 930
Polyester 43210 488 81010910
Polvether 416 780
Polyethylene 349 660
Polypropyicne 402 756
Polypropylene, Fiber 570 1058
Polystyrene, Bends 491 915
Polyslyn:ne High Impact, Flame-Retardant 423 793
Polystyrene, High Impact, High Rubber 478 892
Polystyrene, Medium Impact, Low Rubber 468 874
Polytetrafluoroethylene 529 10 531 984 10 987
Polyurcthane Rigid Foam 416 780
Polyvinyl Chloride (Clothing, Upholstery, etc.) 416 780
Polyviny! Chloride-Acetate 446 10 557 83510 1035
Polyvinyl Chloride, Semirigid, 105-C 425 797
Apnplinnee Compound

Polyvmyl Chlondc 533 992
Propane 466 871
Rayon, Qiled Viscose 248 478
Rayon, Unoiled Viscose 234 453
Silicon 550 to 564 1022 10 1047
Sulphur 232 450
Shellac 432 §i0
Styrene 490 914
Turpentine 253 488
Varnish 462 864
Woods 208 to 261 406 10 502
Wood Fiberboard 218 10 229 424 10 444
Xylene-(M) 530 986
Xylene{O) 496 924
Xylene{P) 530 986

ignite more casily for two reasons. The surface aren for
the reaction with oxygen to take place is greater, and the
mass of individual particles is smaller, which allows faster
heating to combustion temperatures.

Note that materials used as fuels for internal combus-
tion engines are necessarily flammable. The presence of
volatile fuels, with their low flash points, greatly increases
the risk of fire. Contributing factors are the ignition sys-
tem of the engine and hot exhaust goses, fuel spillage
during engine refueling, fuel leaks from ruptured or cor-
roded fuel tanks and lines. and escaping fuel vapors from
improperly vented tanks. 1{ the escaping fuel, orits vapor,
contacts any of the sources of ignition, the fuel supply
mny be ignited and explode and result in injury 1o person-

nel or in 8 larger fire that consumes nearby materials,

-

2-3.5 VIBRATION (Ref. 11)

Rotating objects that are imbalanced, vehicles iravel-
ing over roads that are not smooth, and vibrating tools
may all set up vibrations that are transmitted 10 person-
nel. Such vibrations may be transmitted through handles
grasped by the individuals or through seats. The degree of
vibration may be specified in several different ways.

In many cases the displacement of the vibrating object
is specified as o peak-to-peak or rms displacement. In
other cases, the vibration is expressed in terms of the
accelernlion expressed in meters per second squared or
number of g (acceleration due to grovity), The two mea-
surements may be related at any I'rtqucncy Sby
= 0 47 (2-11

wl ¥ Y i 8y

iy oy
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where
a, = vibration expressed as acceleration, peak-to-
peak or rms, m/s’
as = vibration expressed as linear displacement,
pecak-to-peak or rms corresponding to the
manner in which a, is specified, m
S = frequency, Hz
Vibration of the whole body (not including the eflects
on hearing perceived as noise) exhibits various effects on
personnel for both shori-term and long-term exposures.
Short-term exposure to low frequency vibration may
produce discomfort and frustration by interfering with
the individuals coordination, especially in the perior-
mance of delicate manual tasks. The effects of vibration
will vary widely across individuals and depend on the
nature of tasks being performed. the conditioning of the
individual to a vibrating environment, and the individu-
al's tolerance of vibration. Long-term exposure 10 low
frequency vibration, < | Hz, produces the symptoms of

MIL-HDBK-765(M1)

motion sickness including nausea, fatigue. and dizziness.
Again, the duration of exposure necessary 10 produce
these symptoms depends on the frequency of the vibra-
tion and the tolerance (natural and conditioned) of the
individual, Fig. 2-4 is a graph representing the amoum of
vibration necessary 1o induce motion sickness for differ-
ent durations of time (from 0.5 10 8 h) over a range of
frequencies (0.05 to 1 Hz), For higher frequencies com-
monly encountered in moving vehicles. the vibration
should be kept below the levels specified in Fig. 2-5 10
maintain the individual's proficiency 10 perform tasks
associated with operniing the vehicle. However, perfor-
mance of tasks requiring fine detail work would require
maintenance of vibration at significanily lower levels. For
the comfort of the individual. vibration should be reduced
below 326, of the values shown in Fig. 2-5, but where
safety of the individual is the only concern, the level of
vibration should not exceed twice the values shown in the
figure.
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Figure 2-4. Level of Low-Frequency Vibration Sufficient to Produce Motion Sickness in 10% of

Population (Ref. 11)
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A secondary safety-related effect of vibration is the
degradation of mechanical siructures and assemblies over
time due 1o vibration. Metal fatigue and looscning of
fasteners can result from vibration. thereby directly
endangering equipment or personnel or indirectly endan-
gering human lives or health in cases where persons are
dependent on the equipment or affecied personnel.

Additional information on effects of whole-body vibra-
tion may be found in Refs. 17 through !9,

2-3.6 TOXIC FUMES

Toxic fumes are any gases whose presence causes injury
to exposed personnel. Toxic gases may couse injury
through several mechanisms including irritation or burn-
ing of the skin and eyes, irritation of the lungs or respira-
tory tract, interference with the absorption of exygeninto
the bloodstream, or internal poisoning from absorption
of toxic material through the lungs or skin into the blood-
stream. Sources of toxic fumes from normal operation of
clectrical equipment include exhausts and cvaporating
fuet from engines. However, other emissions may be pro-
duced during electrically caused fires or by intense com-
ponent heating due to overload conditions. Common
toxic emissions are listed and described in the following
paragraphs:

\.Carbon Monoxide (C0O). CO is a product of
incomplete combustion and is usually found in the
exhaust from internal combustion engines such as those
used with engine-driven-generator sets. CO poisons by
combining with the hemoglobin in the blood and thus
negates the oxygen-carrying capability of the affecied
cells. Relatively low concentrations can induce death:
1.28S% by volume will be fatal in 1-3 min, 0.64 G5 in 10-15
min, and 0.32S% in 30-60 min. Any concentration over
0.05%% is considered dangerous (Ref. 13).

2. Carbon Dioxide (CO:). CO;, normally compris-
ing about 0.035% of the atmosphere by volume, can affect
respiration when the concentration is above 295. How-
ever, concentrations of 56 may be tolerated for a dura-
tion of | h without permanent eflects. Concentrations of
i0%h can cause death if breathed longer than a few
minutes.

1, Hydrogen Chloride (HCl). HCl when dissolved
in water forms hydrochloric acid. n very caustic sub-
stance. HC1 is produced during the burning of a com-
monly used plastic wire insulation material. polyvinyl
chloride.

4. Hydrogen Sulfide (H:S). H,S is produced during
incomplete combustion of matcrials containing sulfur
such as rubber used as an insulation material. Its presence
may be detecied easily by the familiar rouen egg smell
usually associated with burning sulfur. In strong concen-
trations. however, hydrogen sulfide desensitizes the sensc
of smell rapidly. As a consequence, exposed personnel
may be unaware of the continuing presence of even
hazardous cencentrations. Concentrations of 400-700
parts per million (ppm) may be fatal in 30-60 min.

5. Sulfur Dioxide (S0.). SO, is produced during the
complcte combustion of {ucls containing sulfur and is
more toxic than H:S. Only” 150-ppm concentration is
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required to induce death in 30-60 min. SO; is extremely
irritating because it dissolves in moisture to form sulfu-
rous acid. Fortunately, the irritation makes it extremely
difficult 1o withstand lethal conceatrations of this gas.
6. Oxides of Niirogen. The oxides of nitrogen in-

clude nitrous oxide (NO), nitric oxide (NO3), and nitro-
gen tetroxide (N30Q4). These gases are produced by com-
bustion of wood products and high-temperaiure com-
bustion of fuels used in internal combustion engines.
Exposures of 100 ppm for 30 min may be fatal,

Limits for combustion product concentrations are
specified in MIL-HDBK-759 (Ref. 20).

2-3.7 OPERATION IN HAZARDOUS
ATMOSPHERES .

Hazardous atmospheres are those aimospheres .in
which the presence of o mechanism that is normally harm-
less in air can cause an accident. The most common
hazardous atmosphere is one with an extremely explosive
mixture of gases or girborne particulates that can be
ignited easily. Operation of conventional equipment with
switch contacts, sliding brushes on a commutator, or
static charges can provide the right condition for gases in
the atmosphere 1o be ignited and, thereby, produce an
cxplosion.

The National Electrical Code (Ref, 21) divides hazard-
ous atmospheres into three classes. This classification is
based on the type of hazardous material present and is
further subdivided into two divisions based on the degree
orseverity of the hazard. The classes are listed as follows:

I. Class I. Atmospheres containing » combustible
mixture of gases

2. Class II. Aumospheres containing a combustible
dust

3. Class i Atmospheres conteining nirborne fibers
or other combustibles,

Within each class, two subclassifications or divisions
are defined. Division 1 describes those situntions where
the condition, i.e.. the combustible mixture, is expected to
exist cither continuously or intermittently under normai
operating conditions. Division 11, in contrast, describes
situations in which the hazardous condition exists only in
abnormal circumstances. such as equipment failure or
operator crror. Further classification within each division
is based on the flammability characteristics of materials
present in the atmosphere.

Equipment intended for use in hazardous atmospheres
is designed to (1) minimize the occurrence of heated
sources or electrical ares and (2) confine any combustion
orexplosion 1o asmall area to preventignition of the total
environment. Components, such as relays or switches.,
containing exposed contacts and motors that use brushes
cannot be used in hazardous aimospheres because the
clectrical arcs could initiate a fire or explosion. In cases
requiring use of components that could ignite the explo-
sive atmosphere, such components must be mounted in
an “explosion-proof™ enclosure. This enclosure is de-
signed to confine an explosion 1o a small area and to
release the combustion products slowly through small
openings so that they are cooled to a safe temperature
through expansion. !
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2.4 SOURCES OFHAZARD
INFORMATION

Information for hazard or risk assessment is available
from several sources in industry and Government. Avail-
able information includes accident data. failure-rate data,
and standards and recommended practices (or construc-
tion and installation of equipment. The accident data and
failure-rate data provide information that is directly
applicable to risk assessment—i.e.. the identification of
hazards and their severity and the probability of their
occurrence. Frequently the standards and recommended
practices also will provide indirectly information on
hazards by specifying measures to prevent accidents due
to the hazard. In.many cases the nature of significant
hazards may be inferred from these specifications.

The subparagraphs that follow describe organizations
that provide this information. Addresses and type of
information available are included in these descriptions.

2-4.1 INDUSTRIAL EXPERIENCE
Industrial organizations providing safety information

include the following types of organizations:

1. Professional sociceties

2. Standardization organizations

3. Association of manufacturers

4. [nsurance companies.
Specific examples of these organizations are listed in the
subparagraphs that {ollow.

Institute of Electrical and Electronics
Engineers (IEEE)

The IEEE, the major professional society for electrical
engincers, publishes a series of stondards and recom-
mended practice documents concerning all facets of elec-
trical engineering. Included in this series is information
about power system design, including both sofety and
performance aspects. IEEE also publishes a manual of
reliability data for electrical components, which is useful
for estimating the probability of occurrence of hazards
duc to component failure (Ref, 22). Aa index of IEEE
sinndards may be obtained from

2-4.1.1

1EEE Service Center
445 Hoes Lane
Piscataway, NJ 08854,

American National Standards Institute
{ANSI)

ANSI is o nongovernmental institute founded 1o coor-
dinate the development of voluntary standards for use by
US industrics and consumers, and to represent the United
States in those orgonizations that perform a similar func-
tion ot the international level, Siandards submitted by
various sponsoring organizations—e.g., |EEE ond Na-
tional Electrical Manufacturers Association (NEMA)—
are reviewed to minimize redundancy across standards
and to insure that they are responsive te needs. ANSI also
serves as a clearinghouse for these revised standards. as

2-4.1.2
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well as for standnrds developed by other countries and
approved by international standardization organizations—
such as the International Organization for Standardiza-
tion (1SO) and the International Electrotechnical Com-
mission (IEC). ANSI standards are available for many
topic areas including structural and mechanical fabrica-
tion, materials production, and electrical and electronic
design practices. A catalog of safety standards is available
from

American National Standards Institute, Inc,
1430 Broadway
New York. NY 10018.

Siandards pertinent 1o safety of electrical devices and
wiring, fire protection. occupational safety, and other
safety practices are identified in this catnlog.

National Fire Protection Association
(NFPA)

The NFPA maintains a collection of standards whose
sole purpose is the prevention of fire or the minimization
of damoge from fire in a variety of situations. Standards
are available that cover combustion properties of specific
materials, specific structures, and problems unique to
specific industries. Most pertinent ta the subjects in this
handbook are the two most popular NFPA standards: the
Nationa) Electrical Code (Ref. 21) and the Fire Proiec-
tion Handbook (Ref. 16). Requests for information con-
cerning NFPA publications may be addressed to

2-4.1.3

National Fire Protection Association
Banerymarch Park
Quincy, MA 02269,

2-4.1.4  Electrical Generating Systems
Association (EGSA)

The EGSA is an association of manufacturers of clec-
trical generators and equipment used in electrical gencrat-
ing systems. Publications by this association address two
scparate areas, marketing and enginegring. In the engi-
neering arex EGSA publishes performance specifications
for engine-driven-gencrator sets, instrumentation and
control systems incorporated into the engine-driven-
generator sets, and switching systems for use with standby
engine-driven-gencrator sets. Information regarding
EGSA publications may be obtained by writing to

Electrical Generating Systems Association
P.O. Box 9257
Coral Springs, FL 33065.

Naiional Electrical Manufacturers
Association (NEMA)

NEMA is o trade association for the manufacturers of
products used in the generation, transmission. distribu-
tion, control, and cnd use of electricity. lis publications
include standards cavering the design, and general publi-
cations describing topics associated with the application,

2-4.1.5

]
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of elecirical equipment. Of special interest are those
standards that discuss design. material selection, installa-
tion and testing for motors, switchgear, uninterruptible
power supplies. industrial baueries, and control devices.
An index of publications, pubhshcd semiannually, may
be obtained from

National Electrical Manufacturers Association
2101 L Street, NW
Washington, DC 20037.

2-4.1.6 Underwriters Laboratories (UL)

The UL is an independent testing taboratory that per-
forms two functions for the electrical indusiry. The first
function is the development of standards for the electrical
industry that govern characteristics of electrical compo-
nents used in electrical apparatus, such as wiring and
power connectors. The second function is the testing of
components and the publication of an “approved " list of
components that satisfy the test criteria. Information
concerning UL publications may be obtained from

Underwriters Laboratories, Inc.
333 Pfingsten Rd.
Northbrook, 1L 60062.

2-4.1.7 Insuranee Organizations

[nsurance organizations have an economic interest in
the minimization of accidents that result in losses for
insured companies. Hence certain organizations are
sponsored by companies within the insurnnce industry for
the purpose of specifying safe procedures, developing
standards, testing components, and investigoting acci-
dents. One example is the Factory Mutual Engineering
Corporation, a parnt of the Factory Mutual System of
insurance companies. This organization publishes infor-
mation on the proper design and installation of equip-
ment in an attempt to minimize losses due to nccidents.
especially those due to fire. A significant portion of a
comprehensive handbook published by the Factory Mu-
tual Engineering Corporation discusses electrical fires,
their causes, and preventive measures (Ref. 23). Another
useful publication is Loss Prevention Daia (Ref. 24), a
collection of sheets maintained in a set of eight loose-leaf
binders. This collection covers a variety of industrial
safety topics with a specific section on clectrical safety.

A catalog of availnble information may be obtained
from

Training Resource Center for Loss Central Management
Factory Mutual Engineering Corporation
1151 Boston-Providence Turnpike
P.O. Box 9102
Norwood, MA 02062.

2-4.1.8 Electric Power Research Institute (EPRI)

EPRIis a relatively new organization (founded in 1972)
formed by the clectric utility companies. This organiza-
tion's purpose is 1o plan and manage a national research
program covering topics that benefit the elecicic power

MIL-:HDBK-765{MI)

industry. EPRI supports research in the development of
new technology in all phases of the power generation and
distribution process, with particular emphasis on safety,
cconomy, cfficiency, reliability, and the environment,
Mast technical efforts are performed under contract by
universities, research institutes, manufacturers of electri-
cal apparatus, or individual uiilities. A final report de-
scribing the research and results is produced for every
study, and multiple repons summarizing various phases
are usually produced.
Areas of research within EPRI are best summarized by
the names of divisions that comprise i1, namely,
l. Advanced Power Systems
2. Electrical Systems .
3. Energy Anslysis and Environment
4. Enecrgy Management :‘lnd Utilization
5. Nuclear Power,
Information on availnble reports or current programs
may be obtained by writing

Technical Information Center
EPRI
3412 Hillside Drive
Palo Alta, CA 94301.

2-4.1.9 Equipment Manufacturers

Equipment manufacturers publish information on the
proper application of their products, in which they stress
operational procedures for maximizing reliable service
and safe operation. Publications range from simple,
printed instruction sheets to comprehensive texts cover-
ing the design rationale, installation procedures, and
operating instructions. Such information may be obtained
from any reputable manufocturer of the product of
interest,

2-4.2 INTERNATIONAL EXPERIENCE

lnternational standardization is becoming more im-
porant as clectrical equipment trade beiween countries
increases, From the military perspective, standardization
at the international level is especially important to design
equipment for use in all North Atlantic Treaty Orgoniza-
tion (NATO) countrics. A set of international. veluntary
standards is being developed by iwo international organi-
zations that coordinate the activities of the standards
organizations in various countries.® A description of
these international organizations follows.

International Electrotechnical
Commission (1EC) -

The IEC is the principal arganization responsible for
management of the international. voluntary siandardiza-
tion program for clectrical and elecironic engincering.
The {EC was founded in 1906 and is presently composed
of 42 national committees representing 805 of the popu-
lation of the world. Lisison is maintained with approxi-
mately 200 other organizations, both governmental and

2-4.2.1

*In the United States, this coordinating organization is ANSI.
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private. Information available from 1EC consists of
standards covering components of electronic and electri-
cal systems, motors and appliances, materials for insula-
tors and conductors. electrical tests, and instrumentation.
Standards that are directly applicable to subjects dis-
cussed in this handbook include generators and motors.
safety requirements for equipment, installation of equip-
ment in various situations (¢.g., grounding), and compo-
nents used for power switching and distribution. Stan-
dards published by the {EC are printed both in French
and English on facing pages in the same document and
may be obtained in the United States through ANSI:

American National Standards Institute, Inc.
1430 North Broadway
New York, NY 10018.

A catnlog of publications, published twice a year, is also
available through ANSI for o nominal charge.

2-4.2.2 International Organization for
Standardization (ISQ)

[SO, founded by the United Nations in 1947, coordi-
nates the development of standards covering subjects not
covered by 1EC. These two organizations, sithough
separate, coordinate their activities and have headquar-
ters at the same location. The distinction among the sub-
jecet areas covered by cach organization has been made
less ctear by technical advances that have broadened sig-
nificantly the number of disciplines involved in the elec-
tronics and electrical industries. Therefore, even closer
cooperation between these two organizations is expected
in the future.

2-4.23 Other Standardization Organizations
Most countries in the world have governmental or
privatc organizations that manage the development of
both voluntary and mandatory standards in their own
country. Some of the organizations more frequently
encountered, and their English abbreviations, are (Ref.

25)

AS Standards Association of Australia

B.S. British Siandards Institution

CSA Canndian Standards Association

DIN Deutscher Normenausschuss (West Ger-
many)

DS Dansk Swandardisenngsrad {Denmark)

DTD Ministry of Technology (Great Britain)

IS Indian Standards Association

" JIS Japanese Standards Association

MNC Mectalinormcentralen (Sweden)

NBN [nstitut Belge de Normalisation (Belgium)

NF Association Francaise de Normalisation
{France)

NZSS Standards Association of New Zealand

ONORM Osterreichischer Normenausschuss {Aus-
trin)

SABS South African Bureau of Standards
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SIS Sveriges Standardiseringskommission
(Sweden)

Wbl Verein Deutscher Eisenhuttenleute (Ger-
many: Stahl-Eisen-WerkstofTbhiatt)

UNI1 Ente Nazionale Italiano di Unificazione
{ltaly)

v Nederlands Normalisatie-Instituut
{Netherlands)

VSM Normenburo des Vereins Schweizerischer

Maschinenindusirieller (Switzerland),

2-4.3 GOVERNMENT EXPERIENCE

2-4.3.1 Department of Defense (DoD)

Safety and hazard information available from agencies
in the DoD include accident daia. handbooks covering
appropriate design and application information for equip-
ment. and standards and specifications that govern the
construction of equipment.

Data Bzases for Accidents Involving
Military Personnel

The United States Army, Air Force, and Navy/Ma-
rines all maintain datn bases describing accidents involv-
ing military personne] and civilian personnel working for
the military. Information contained in these data bases
includes date and nature of the accident. number and
name of persons involved, extent of damage to personnetl
and materiel, and cause of accident. All data bases are
computerized. which allows selective retrieval of records
based upon specified criterin. Data may be requesied
from any service by personnel in service, contractors. or
Government civilinn employees. However, the amount of
data that may be released is governed by the privacy act
and any classification that may be applied to the dain or
parts of it. Information may be requested in writing {rom
the following organizations:

l. Army: Commander

US Army Safety Center
Fort Rucker, AL 36362

2-43.1.1

Air Force Inspection and
Safety Center

AFISC/SER

Norton Air Force Base, CA
92409

2. Air Foree:

Commander, Navol Safety
Center

Code 14, Naval Air Suation

Norfolk, VA 23511-5796.

3. Navy/Marines:

2-4.3.1.2 Military Standards and Specifications
Military standards and specifications are written for
the procurement of equipment that is svitable for the
intended application and that meets performance and .
maintenance requirements. Since one of the typical per-
formance requirements is that equipment must be capable
of being operated safely by the personne! who will use it,
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the general performance specifications or standards that
cover n class of equipment, or group of equipment items,
typically specify requirements for incorporating safety
features. In addition, there are specific standards that
describe procedures, such as grounding and management
of safety programs, to be perfarmed specificaily for
safery. :

2-43.1.3 Military Handbooks

The military produces numerous handbooks including
the military handbook series, field manuals (FM-}), and
the US Army Materiel Command (AMC) Engineering
Design Handbook series (AMCP 706-). These hand-
books describe conventions, operoting or installation
procedures, and other topics with general application.
Safety-related considerations pertinent to this handbook
topic arc incorporated in many of these handbooks.

2-4.3.2 Occupational Safety and
Health Administration (OSHA)

OSHA was formed by Congress in 1970 and placed
under the Department of Labor. It was formed for the
purposes that foilow:

I. Todevelop standards or promulgate the adoption
of codes or standards developed by voluntary standards
associations

2. To conduct inspections to insure compliance

3. To maintain statistics of all *disabling, serious, or
significant injuries or illnesses, whether or not involving
loss of time from work other than minor injuries requiring
first-aid treatment™ (Ref. 26).

To accomplish these goals, OSHA coordinates acci-
dent recordkeeping at the state level for participating
stotes and tabulates summaries of cecident information
for the country. 1n addition, OSHA is required by law (o
monitor safety of federnl employees and to keep adequate
records of all occupational aecidents and illnesses for
evaluation and for development of appropriate corrective
action. Summary data are maintained with the Federal
Accident Reponting Sysiem (FARS) to wrack accident
trends in the entire federal Government (including DoD).
Results are summarized in an annual report.

2-5 APPLICABLE DOCUMENTS

Listed in pars. 2-5.1 through 2-5.4 are documents
related 1o safety aspects of polyphase systems. Topies
covered by the documents are management of safety pro-
grams and requirements for safe design for general appli-
cation and for specific components. Note thot although
many decuments are listed, the list is not complete. Thisis
especially true for military standards and commercial
standards because there are a large number of sinndards
that cover specialized topics. In these cases only represen-
tative documents have been cited.

2-5.1 MILITARY STANDARDS AND
SPECIFICATIONS
2.5.1.1 General Safety Considerations,
Documents

1

MIL-HOBK-765(M!)

MIL-HDBK-764{M1), Safety Engineering Design
Guide for Army Materiel

AR-380-30, Reporting of Critical Inielligence
Information

AR-380-30, Policy for Safeguarding and Control-
ling COMSEC Information

EM 385-1-1. US Army Corps of Engincers Safety
and Health Requiremenis Manual

MIL-STD-721, Definitions of Effectiveness Terms
Sor Reliability, Maintainability, Human Fac-
rors, and Safery

MIL-STD-882, Svstem Safery Program Require-
menis

MIL-STD-1472. Human Engineering Design Cri-
teria for Military Systems, Equipmem. and
Facilities

MIL-STD-1474, Noise Limiis for Army Maieriel

TB-MED-501, Hearing Conservarion.

2-5.1.2 Documents on Safety for Electrical
Systems
MIL-STD-1857, Grounding, Bonding, and Shield-
ing Design Pracrices
MIL-STD-454, Siandard General Requirements
Sfor Electronic Equipment
AR-185-30, Safery Color Code Markings and Signs.

2-5.1.3 Engine-Driven-Generator Set Standards

and Specifications

MIL-STD-178. Definition Applicable 10 Speed-
Governing of Electric Generator Sei

MIL-STD-633, Mobile Electric Power Engine
Generator Standard Family Characieristics
Daia Sheer

MIL-STD-705, Generaror Sets. Engine-Driven,
Methods of Tests and Instructions

MIL-STD-882, System Safery Program Require-
menis

MIL-HDBK-705, Generaror Sets, Electrical, Mea-
surements and Instrumentations

FM-21-30, Electric Power Generators in the Field

MIL-G-18195, Generaror Set, Gus Turbine Engine,
60- Kilowant, 400-Hertz, General Purpose

MIL-G-52732, Generator Sets. Gasoline Engine
Driven. 0.5-Kilowan thru 10-Kilowan, 60-
Hertz and 28-Volt Direct Current, Type I{Tac-
tical), Class 2 (Uiility). General Specification
Jor

MIL-G-52884, Generaior Sets. Diesel Engine
Driven, 15- thru 200-Kilowat. 50-. 60-, and
400-Hertz, (Tactical). General Specificetion

Jor
MIL-G-82058. Generator Set. Diesel Engine, 750-
Kilowai1, 30/60-Heriz, Prime, Utiliry.

2-5.1.4 Documents Describing Distribution of
Electric Power
MIL-B-5087, Bonding, Electrical, and Lightning
Protection for Aerospace Systems
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MIL-HDBK 419, Grounding. Bonding, and Shield-
ing for Electronic Equipments & Facilities,
Volumes I & 2

MIL-STD-13100, Shipboard Bonding, Grounding,
and Other Techniques for Elecrromagnetic
Compatibility and Safeiy.

2-5.1.5 Documents Describing Electrical

Components

MIL-STD-1360, Fuse, Fuseholders, and Associated
Hardware, Selection and Use of

MIL-STD-1498, Circuir Breakers, Selection and
Use of

MIL-C-2212. Conuroller. Electric Motor AC or
DC. and Associared Swuchmg Devices

MIL-F-5373. Fuseholder, Block-Type, Aircrafi

MIL-C-7079, Circuir Breaker. Non-Trip-Free,
General Specification for

MIL-A-8094, Arrester, Lightning, General Specifi-
cation for Design of

MIL-T-15108, Transformers, Power, Step Down,

Single Phase, | kVA Approximate Minimum
Rating, Dry Type. Naval Shipboard

MIL-F-15160, Fuse, Instrumen:. Power. and Tele-
phone

MIL-T-17221, Transformers, Power, Distribution,
Single Phase, 400-Hertz, Insulation Syvstem
Class 220 deg C. Dry Air Cooler, Naval Ship-
board Use

MIL-F-19207, Fuseholder., Extracior Post-Tipe,
Blown Fuse Ind:ra:mg and Nenindicaring,

urru.'uu .)pt.'l.yu.uuuujuv

MIL-F-21346, Fuseholder, Black and Shroud Type.
and Associared Fuse Clips, General Specifica-
tions for

MIL-1-23264, Insulator. Standoff. Style 01, 02, 03,
04. and 06

MIL-C-23280. Cabines.
CY-2675

MIL-F-23419, Fuse, Insirument-Type. General
Specification for

MIL-P-21928, Ponel. Elecirical, Power Distribu-
tion and Manual Transfer, Circuit Breaker
Type

MIEL-1-23972, Insulator Assemblies, Rack, Second-
ary

MIL-E-24142, Enclosure for Electrical Fittings and

Eivtirene r'annfnf cn.f'lrl'llllﬂn fnr
FaRATUTES, UOHTTur GpelyilSnlm y s

MIL-P-29183. Panelboard, Power Distribution.
Portable. Weatherproof. General Specification
Jor

MIL-C-39019, Circuit Breakers. Magnetic, Low-
Power, Sealed, Trip Free. General Specifica-
tion for

MIL-C-55629, Circuit Breaker, Magneiic, Unsealed
or Panel Seal. Trip Free, General Specification
Jor

MIL-R-55223, Regulaior, Vohage CN—JH()}GRC

MIL-D-55456, Disiribuiion Box. J-1077((} U. Dis-

tribution Box, J-2317(/U

Electrical Equipment

MIL-HDBK-765(Ml)

B MIL-P-81653, Power Coniroller, Solid-Siate,

General Specification for

MIL-C-81883, Control Group, Electric Power OK-
XXX (V) A General Specification for

MIL-T-82402, Transformer, Drv-Type. Power Dis-
tribution. Step Up and Step Down Service,
1000 k VA and Below

MIL-C-83383, Circuit Breaker. Remote Control
Thermal, Trip Free, General Specification for

MIL-P-83825, Panel Assy., Awromaric Power Trans-
fer for MB-TEEN and EMU Series Diesel
Engine Generator Seis.

2-5.1.6 Documents Describing Testing and
Test Equipment
MIL-STD-1309, Definitions of Terms for Test.
Measuremeni, und Diagnostic Equipment
MIL-D-82134, Dummy Load, Elecirical, 60/100-
kW, 55[90-kVAR 3-Phase. 60f400-Hers:.
AC,

2.52 GOVERNMENT STANDARDS AND
SPECIFICATIONS

o Fme D lane ol
LY 1UT LIFCIniLdl

Documeni on Saf
Systems
OSHA Safery and Healih Standards 29CFR1910,

Subpar: S. Elecirical.

T30
&*Jeksd

2.8.2.2 Documents nurrlhlnn Testine and

Documents Describin 12 and

Test Equipment

W-C-375, Circuit Breaker, Molded Case. Branch
Circuir, and Service

W.T-631, Transformer, Power Distribution

W-F-870, Fuseholder and Fuseclips (For Plug and
Enclosed Cartridge Fuses)

W-F-1726. Fuse. Cariridge, Class H. General
Specification

W.F-1814, Fuse. Cariridge. High Imerrupring

Capacity, General Specification.

2-5.3 INTERNATIONAL SOURCES
The following documents are all published by the

International Electrotechnical Commission (1EC).

2-5.3.1 Documents on Saflety for Electrical

. Systems

IEC#479, Effects of Current Passing Through the
Human Body

iEC#3536, Classification of Electricei end Electronic
Equipment With Regard 1o Prorection Against
Electric Shock.

Motor-Generator Standard and

Snocification
Pl il pytut i Lt ]

1EC#34, Rotating Electrical Machines.

2-53.2
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2-5.3.3 Documents Describing Distribution of

Electric Power

IEC#79, Elecirical Apparatus for Explosive Gas
Atmospheres

LEC#364, Elecirical Installations in Buildings

IECEG62), Elecirical Installaiions for Owidoor Sites
Under Heavy Conditions (Including Open-
Cast Mines and Quarries)

LEC#664, Insulation Coordinaiion Within Low-
Voliage Systems Including Clearances and
Creepage Disiances for Equipment.

2-5.3.4 Documents Describing Electrical

Components

IEC#56. Migh-Voltage Alternating-Current Circuit
Breakers )

1EC&76, Power Transformers

1EC#99. Lightning Arresters

LEC# 144, Degrees of Protection of Enclosures for
Low- Voltage Swirchgear and Conrtrolgear

1EC#157, Low- Voliage Switchgear and Conirolgear

IEC#158, Low-Voitage Comrolgear

IECH#214, On-Load Tap Changers

LEC#241, Fusesfor Domestic and Similar Purpeoses

1IEC#269, Low-Voltage Fuses

1ECH#282. High-Voliage Fuses

1ECH#289. Reactors

LECH298, AC Metel- Enclosed Switchgear and Con-
trolgear for Raied Voliages Above | kV and
Up to and Including 72.5 kV

IEC#354, Loading Guide for Oil-Immersed Trans-
Fmiis 2
JU’:H’I:I’.I

IEC#420. High-Voliage Aliernating Curreni Fuse-
Switch Combinartions and Fuse-Circuit Breaker
Combinations

LECH445, Identification of Apparatus Terminals
and General Rules for a Uniform System of
Terminal Marking, Using an Alphanumeric
Noration

1EC#466, High- Voltage Insulation- Enclosed Switch-
gear and Controlgear

1EC470, High-Voliage Aliernaring Current Con-
taciors

1EC#518, Dimensional Standardization of Termi-
nals for High-Voliage Switchgear and Control-
geor

1ECk542, Application Guide for On-Load Tap
Changers

IECH606. Application Guide for Power Trans-
Sformers

IEC#616, Terminal and Tapping Markings for
Power Transformers

IECR644, Specification for High-Voltage Fuse-
Links for Motor Circuir Applications

IECH#742, Isolating Transformers and Sufery Isolai-
ing Transformers— Requiremenis.

2-5.3.5 Documents Describing Testing and
Test Equipment
1ECH267, Guide 1o the Jesting of Circuit Breakers
iith Respect ro Qui-of- Phase Switching

MIL-HDBK-765(MI)

YEC#348, Safery Requirements for Electronic Mea-
suring Apparatus

IEC#414, Safety Requiremenus for Indicating and
Recording Electrical Measuring Instruments
and Their Accessaries

[EC#695, Fire Hazard Testing.

2.54 COMMERCIAL SOURCES
2.5.4.1 General Safety Consideratjons,
Documen
ANSI C2, National Electrical Safety Code.

2-5.4.2 Documents on Safety for Electrical

2-20

Systems
ANSI{NFPA 70. Narional Elecirical Code
ANSI| C2-1984, Narional Eleciricel Safery Code.

Motor-Generator Standards and

Specifications

ANSI C50.30, IEEE Sud 67, Operation and Main-
tenance of Turbine-Generators

ANSI} UL 874, Eleciric Motorsand Genergiors for
Use in Hazardous Locations, Class I, Groups
Cand D, Class Il. Groups E, Fand G, Safety
Standard for

ANSI/IEEE Sid 117, Insulating Materials for AC
Electrical Machinery

1EEE Std 126, Governing of fnternal Combustion

Engine-Generator Units
1neee

2-5.43

VAVEEE Sid 275, Thermal Evaluaiion of
lation Systems for AC Eleciric Machinery
Emploving Form-Wound Preinsulaied Siator

Coils.

AND
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2-5.4.4 Documents Describing Distribution of

Electric Power

ANSI C33.27, Electrical Outler Boxes and Fitiings
Jor Use in Hazardous Locatians

ANSI1 C33.84, Electrical Qurler Boxes and Fintings

ANSI C33.85, Power Cutlets

ANSI1C31.91, Electrical Rigid Nonmetallic Conduit

ANS1C331.92, Electrical Flexible Metal Conduit

ANSI C62.1, AC Power Circuirs, Surge Arrester
Jor

ANSI C62.2, Valve Tvpe Lighining Arresters for
AC Systems: Application

ANSI C62.92. IEEE Std 143, Ground Fault Neu-
tralizers. Grounding of Synchronous Genera-
tor Systems, Newtral Grounding of Transmis-
sion Lines, Application

ANSI C76.1, IEEE Si1d 21, Ourdoor Apparatus
Bushings

ANSI/IEEE Sud 12. Newrtral Grounding Devices

ANSI/IEEE Sid 80. Safety in AC Substation
Grounding

ANSI/IEEE Std 141, Electric Power Distribution
Jor Industrial Planis

ANSI/IEEE Std 142, Grounding of Industrial and
Commercial Power Systems
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ANST/IEEE Std 241, Eleciric Power Sysiems in
Commercial Buildings

ANSIJIEEE Sud 446, Emergency and Siandby
Power Systems

NEMA LA-1, Surge Arresters

NEMA PB 2, Dead-Fron:t.Disiribution Swirch-
boards

NEMA RN |, PVC Externally Coated Galvanized
Rigid Steel Conduit and Electrical Mesallic
Tubing

NEMA TC 2, Electric Plastic Tubing, Conduit. and
Fintings

NEMA TC 3. PVC Finings for Use With Rigid
PVC Conduir and Tubing

ANSIJUL 96, Components, Safeiy Standard for
Lightning Protection

ANSIJUL 467, Grounding and Bonding Equip-
ment, Safery Standard for

ANSIJUL 486A, Wire Connectors and Soldering
Lugs for Use With Copper Conduciors

ANSI1JUL 4868, Wire Conneciors for Aluminum
Conductors

ANSIfUL 498, Attachment Plugs and Receptacles,
Safety Standard for

ANSIJUL 514B, Fiutings for Conduir and Qutlet
Boxes, Safety Standard for

ANSI/UL 817, Cord Sets and Power-Supply Cords,
Safety Standard for

ANSIJUL 1010, Receptacle-Plug Combinations
Jor Use in Hazardous Locations, Safety Stan-
dard for

ANSIJ UL 1053, Ground- Fault Sensing and Relay-
ing Equipment, Safeiy Standard for

UL 6, Elecirical Rigid Metal Conduir

UL 543, Elecrrical Fiber Conduit

UL 797, Elecirical Meral Tubing

UL 891, Electrical Dead-Front Switchboards

UL 943, Ground Fault Circuir Interrupiers

ANSI/NFPA 78, Lighining Proiection Code.

2-5.4.5 Documents Describing Electrical

ot

ANSi Ci17.076. Pressurized Components of AC
High-Voltage Circuit Breakers

ANSI C33.10, Fuseholders

ANSI C133.26. IEEE Std 547, Thermal Protectors
Jor Electric Motors

ANST C31.42, Fuses

ANSI C17.078, IEEE Sud 343, External Insulation
Jor Qurdoor AC High-Voliage Circuit Breakers

ANS] C37.13, 1EEE Sid 20, Low-Voltage AC
Power Circuit Breakers Used in Enclosures

ANS! C37.19, Low-Voliage AC Power Circuil
Breakers and Switchgear Assemblies

ANSI C37.24, 1EEE Std 144, Sofar Radiation on
QOutdoor Metal-Clad Switchgear

ANSI] C37.27, 1EEE Sud )31, Low-Voltage AC
Nonintegrally Fused Power Circuit Breakers,
Application for

MIL:-HDBK:765(Ml)

ANSI C37.29, 1EEE Sud 508, Low-Voltage AC
Power Circuii Protectors Used in Enclosures

ANSI C37.30, IEEE Sid 324, High-Voliage Air
Switches, Insulaiors. and Bus Supports

ANSI C37.34, IEEE Sid 326, High-Voltage Air
Switches

ANSI C137.35., High-Voltage Disconneciing
Switches, Operation and Maimienance of

ANSI C37.60. LEEE Std 437, Automatic Circuir
Reclosures for AC Sysiems

ANSI C37.61, 1EEE Sid 321, Auromatic Circuit
Reclosures, Application, Operation, and Main-
renance

ANS1 C57.12.00. IEEE Std 462, Distribution,
Power and Regulating Transformers

ANSI C89.2, Dry-Type Transformers for General
Applications

ANSL C97.1, Low-Voliage Cariridge Fuses

IEEE Std 22A. Imterrupter Swiiches 10 Swiich
Capacitance Loads

{EEE Std 76, Transformer Askarel in Equipmen,
Acceplance and AMaintenance

IEEE Sud | 12A., Polyphase Induction Morors and
Generarors

VEEE Std 283, Qil-Immersed Transformers Instal-
lation

IEEE Std 345, Thermal Evaluation of Oil-Immersed
Disiribution Transformers

YEEE Std 387, Diesel Generator Units Applied as
Standby Power Supplies for Nuclear Power
Generaiing Stations

IEEE Std 484, [nsiallation Design and Insiaflation
of Large Lead Storage Batteries for Generating
Stations and Substarions

UL 489, Molded Case Circuit Breakers and Cireuit
Breaker Enclosures

ANSI1/UL 20, Snop Switches, Safery Standard for
General Use

ANSI/UL 50, Cabinets and Boxes, Safety Sian-
dard for

ANSI1}UL 98, Enclosed and Dead- Fronr Switches,
Safery Standard for

ANSI/UL i98C, High-interrupring Capacity Fuses.
Curreni-Limiting Types. Safety Standard for

ANSIJUL 198H, Class T Fuses. Safery Standard
Jor

ANSI/UL 347, High-Volage Indusirial Control
Equipmen:, Safery Standard for

ANSIJUL 508, Industrial Conirol Equipment.
Safery Siandard for .

ANSI{UL 698, Industrial Control Equipment for
Use in Hazardous Locarions, Class I. Groups
A, B, C.and D, and Class 11, Groups E. F, and
G. Safery Standard for

ANSI/UL 823, Efeciric Hearers for Use in Hazard-
ous Locations, Class I, Groups, A, B, C.and D,
and Class I, Groups E, F, and G, Safety Stan-
dard for

ANSIfUL 869, Service Equipmen:. Safeiy Stan-
dard for

LS9
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ANSI/UL 877, Circuit Breakers and Circuii-
Breaker Enciosures for Use in Hazardous
Locations, Class [, Groups A, B, C. and D. and
Class II, Groups E, F, and G, Safety Standard
Jor

ANSIJUL 977, Fused Power Circuit Devices,
Safeiyv Standard for

ANSI/UL 1008, Automatic Transfer Switches,
Safeiv Standard for

ANSI/ UL 1054, Special- Use Swirches, Safery Stan-
dard for

ANSI/UL 1077, Protectors for Use in Electrical
Equipment, Safety Siandard for Supple-
mentary

ANSIJUL 1097, Double Insulation Syvsiems for
Use in Electrical Equipmeni, Safety Standard
Jfor

ANSIfNFPA 496, Purged Enclosures for Electrical
Equipment in Hazardous Locations

ANSI/NEMA 250, Enclosures for Electrical Equip-
menti (1000 volts maximum)

NEMA AB |, Molded Case Circuit Breakers

NEMA SG 2, High-Voliage Fuses, Standard for

NEMA SG 3, Low-Volitage Power Circuit Breakers

NEMA 5G 5, Pawer Switchgear Assemblies

NEMA SG 6, Power Switching Equipment

NEMA SG [3, Automatic Circuit Reclosures,
Auiomatic Line Sectionalizers and Oil-Filled
Capacitor Switches

NEMA TR-P4, Distribution Transformers, Under-
ground Type

NEMA TR 27, Dry-Type Transformers, Commer-
cial, Institutional, and Industrial.

2-5.4.6 Documents Describing Testing and Test

Equipment

ANSI C39.5, Electrical and Electronic Measuring
and Conirolling instrumentation, Safery Re-
quirements for

IEEE Std 118, Elecirical Measurements in Power
Circuirs.
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CHAPTER 3

SYSTEM DESIGN

Discussed in this chapier are the safeiy-related topics for electrical sysiems thar do not pertain to a single
componeni but rather apply to the whole sysiem. Included are requirements for electrical equipment based on
environmental factors such as moisture, lightning, temperature. gases, particulates, solar radiation. and
pressure. Brief descriptions of each factar include a definition and a range of 1ypical values for naiural
environmenis. Concise descriptions are given for the four climates of the earth: hot-dry, hoi-wet, temperate,
and cold. Also equipmeni design considerations thar impact the safe and reliable operation of electrical
systems are discussed. The topics discussed are those that pertain to the configuration of the sysiem—i.e.,
grounding; interface with permanent power svstem; or that apply 1o all componenis. e.g., materiaf selection

and arcing.

3-0 LIST OF SYMBOLS

d = depih in water, m (ft)

g = acceleration due to gravity, 9.8 m/s’ (32 ftfs )
Py = barometric pressure at sea lcvcl Pa (Ib/in))

p = density of water, kg/m’ (Ib/ft")

A = wavelength. m
Q. = solar irradiance, W-m™um™

3-1 INTROD UCTION

To insurc that an clectrical system is capable of safe
operation, it is necessary that
1. Components are carefully designed to eliminate
hazards that could exist when the equipment is operated
in its intended environment.
2. The components are constructed sufficiently rugged
and environmentally resistant that additionad hazards are
not introduced by physicaf deterioration of the structure

or materialg,

3. System components are properly interconnected
to prevent hazards that would be produced by inadvertent
fault currents or applicaiion of hazardous vollages to
exposed conductors that are expected to be at ground
potential,

To design electrical components and systems that can
be operated safely, the designer must be cognizant of
several factors including typical hazards of clectrical
apparatus, the performance requirements for the equip-
ment including the nature of the electrical interaction of it
with other equipment. the environment in which the
equipment is Lo be operated. and the effect of the environ-
ment on performance of the equipment. The purpose of
this chapter is to provide a discussion of these factors as
they pertain to the total elecirical system or multiple
components in the system. Toward this objective, two
major subject areas are discussed. First, the physical
cnvironment, including typical ranges of environmental

e
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factors, in which efectrical equipment will be used by the
military, is described. Second, technical considerations
including both those that apply to the design of compo-
nents. ¢.g.. material selection, and those that apply to
interconnection of various components, ¢.g., grounding,
are discussed. Component specific information is dis-
cussed in Chapters 4 through 8. Each of these chapters or
major paragraphs within the chapiers provides informa-
tion concerning the design of the componem that is the
subject of that chapter or paragraph. Thisis in contrast to
the information in Chapter 3. which describes considera-
tions applicable 1o all components or to the interconnec-
tion of various components into a system.

3-2 ENVIRONMENT

3-2.1 CHARACTERISTICS OF THE
ENVIRONMENT

The nnermmn of electneanl enmnrpo-m {or for that mat-

4% 2 AAl2%280 U8 LRLLATiNall Rt b= Lt (241 Lt

ter nny equlpmcnt) is nﬂ'cctcd by factors in the natural
environment. such as temperature, humidity, atmospheric
contaminonts, and changes in these environmental fae-
tors induced by nearby personnel or equipment. Typical
factors in the induced environment that differ from the
natural environment are sound, vibration, temperature
clevation, and radiation. The expected range of the natu-
ral and induced [actors of the anaticipated environment
must be defined quantitatively to establish requirements
for the design. The purpose of this paragraph is to discuss
environmental faciors that impact the operation of eiec-
trical equipment normally used in polyphase systems. For
cach environmental factor, the nature and cffect of the
factor are described and a range of typical values is given.
These discussions are not intended to provide a compiete
description of the environment and its cffects. More
extensive discussions of environmental effects, both natu-
ral and induced. are given in other handbooks. (Refs. 1.2,
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and 3). These handbooks provide information on the
expected values for each factor across various conditions,
measurement techniques for the factor. impact of the
factor on personnel and equipment, and equipment tests
to determine the effect of environmental extremes on
performance or resistance to degradation.

3-2.1.1 Moisture

Moisture refers to the presence of a limited quantity of
liquid-phase water. Liquid-phase water includes water as
a liquid. an aerosol. or condensation on a surface. Some-
times the definition of liquid-phase water is expanded 1o
include water vapor at high humidity levels. Water is
always present in the atmosphere in concentrations rang-
ing from 36} relative humidity in the desert environment
o 100% humidity during precipitation in more temperate
areas. Naiurai moisiure may be found in severai {orms
including falling rain, condensation on surfaces, fog, or
simply accumulated water trapped in cavities or absorbed
into material. At low temperatures moisture will frecze,
which significantly changes its properties and effects on
material,

The effects of moisture on marerials and equipment nre
the same os the effects of water: they differ only in degree.
Specific effects on clectrical equipment are

\. Decreased Surface- or Bulk- Resistivity of Insular-
ing Materials. Moisture contnining dissolved saltsevenin
minute concentrations may form a conductive path
across surfaces of insulators or through porous materials,
but pure water is a poor conductor nnd does not introduce
significant conductive paths. However, contaminants—
which are nlwnys prescat in the atmophere, on surfnc:s.
or in materinls—enter solution upon coniact with water
and thereby release ions that provide a conductive mech-
anism across surfaces or through porous materials.

2. Dimensional Changes in Materials. Absorption of
moisture by hydroscopic materinls frequently will cause
swelling of fibers or will reduce the strength of the mate-
rial such that its dimensions are suscepiible to changes
due 10 externally applicd stresses.

3. Increased Corrosion Rare. Moisture provides the
vehicle for the chemical combining of certain metals, ¢.g..
iron, and oxvgen and, when present. greatly increases the
rate of metallic oxidation.

4. Dissolving of Adhesives for Cohesive Properties
of Material}). Excessive moisture frequently will degrade
the stirength of adhesives or the cohesive strength of mate-
nals and will lead to structural failure unless moisture-

emcictnnt matarinle nnd factaming tacrhniones tre pesrd
TCSISLGTNIN MGETIALS G0N0 145WETNINEG WINNIQUS It U,

5. Deposits Left Afier Evaporation of Waier. Con-
taminants in water remain on surfaces after water evapo-
rates. These residue contaminanis are usually poor con-
ductors but may increase the electrical resistance of
cicctrical contacts or may interfere with the operntion of
high-tolerance mechanical assemblies. This type of water
damage is most significant for equipment that is sub-
merged inadvertently in water, e.g., due to ffooding or to
accidental submersion.
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freezing and thereby causes rupture of eellular structure,
delamination of layered materials, rupturing of cavities or
pockets. or increased brittleness of normally pliable, cel-
lular materials.

7. Increased Loads From Accumulation of Frozen
Precipitarion. Accumulation of snow on flat surfaces or
frozen glaze on suspended objects significantly affects the
weight of the structure and. in severe cases, may lead to its
collapse. Accumulation of ice on suspended cables may
significantly increase their dinmeter, and the increased
wind loading may lead to tensile failure of the conductors
or collapse of the supporting structure.

8. Limitation on Mechanical Movemen:t by Frozen
Moisiure. Equipment that requires mechanical move-
ment of components for operation may be disabled when
coated with ice. The ice may either lock some movable
¢omponenis inio one¢ posiiion of preveni a movable com-
ponent from seating properly. Forexample.icecanlock a
movable contact in an outdoor switchgear in one position
or can bridge a contact and thereby prevent proper
contact,

9. Physical Damage From Frozen Precipitation.
Moisture in the form of large hail can cause significant
damage 10 wood, shingles, or sheer metal structures os
well as direct injury to personnel.

The major impact of moisture on safety is the introduc-
tion of unintended conductive paths in or around equip-
ment either by conduction through the water in the com-
ponents or by failure of mechanical suppornts that separnte
energized components. These paths can connect ener-
gized. imernal components that are normally protected to
exposed. conductive components that are not normally

mnarotreds thiue marcannel may he avnncad 1A hasardane
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voliages with no warning or protection. Moisture-induced
leakage paths to ground also can contribute to the hazard
by reducing the resistance of the electrical circuit through
a person to ground and thereby increase the current flow
through the body upon contact with energized conduc-
tors. The failure of supports may be induced by moisture
through corrosion of metal structures, erosion of soil
around supports. or rotting of wooden poles.

Rates of rainfall span a wide range of values—{rom
verylight, i.e..almost negligible, does not wet completely
cxposed suriaces, to heavy, i.c., greater than 7.6 mmjhor
0.3in./h. Normal intensities vary greaily with geographic
location; the heaviest precipitations are found in the trop-
ics, at the middle latitudes, over coastlines with onshore

prevailing winds. and on the windward side of mountain
mnges that are pnmllpi with those coastlines. Average

yearly rainfalls in the most humid regionsare 2m (80 in.)
per vear with the h:ghe51 average rainfall, over 1.7 m/yr
(460 in./ yr), occurring in M1, Waialeale, Kanai. Hawaii,
Average annual rainfzail for the United States is about
0.74 m (29 in.), with the highest average rainfall occurring
along the Gulf of Mexico—1.45 m/yr (57 in./yr) in New
Orleans. The annual average for European countries is
between 0.5 and 0.8 m/yr (20 and 30 in./yr).

Rainwater is seldom pure. Dissolved CO: from the

6. Internal Mechanical Stress From Freezin, ing Mois- ulmosphcrc makes the roinwater acidic and Ioucrsthc pH
fure. Moisture entrapped in materials expands upon i06.8-6,9,{7.0 is neuiral,) Gascous emissions—<.g., niitric
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oxide (NOz), sulfur dioxide (SO:), and hydrogen sulfide
(H)S)—{rom industrialized areas and motor vehicles
lower the pH to values between 6 and 2 and cause "acid
rain” in areas downwind of urban areas. Data from the
castern United States show that 60 to 706, of the acidity in
precipitation is due to sulfuric acid that presumably orig-
inotes from siationary sources. The remaining 30- 4003 is
nitric acid that usuaily originates from mobile sources
{Ref. 4). An example of severe acid-rain condition is the
highly acidic rain that falis shorily after the launching of n
solid-fuel rocket. This rain is sufficiently acidic to eich
paint on vehicles near the launch area,

Pure water is a reasonable insulator and has a conduc-
tivity of less than 0.01 pmhojm. However. dissolving
reactive gases in waler raises its conductivity. Rainwaier
samples collected during an EPA study in various rural

and urban locations in the United States had conductivi-

ties ranging from |1 to 23,000 umhos/m (Rel. 5). The
conductivity of rainwater reaching a surface is greater
than falling rain due to the dissolving of soluble material
at the surface. The specific conductivity values {or rain
depend on specific surfece materials and concentrations.

The primary negative effect of acid rain is the destruc-
tion of natural life—both vegetation and aquatic life in
affected streams and {akes. Additionally, acid rain can-
taining dissolved SO, induces rapid corrosion in unpro-
tected ferrous metals. These effects are discussed in par.

3-2.1.2 Static Electricity and Lightning
3-2.1.2.1 Lightning

Lightning is an clectrostatic discharge between oppo-
sitely charged clouds or between charged clouds aond
ground. 18 the latter situation that is potentially hazard-
ous to personnel and clectrical equipment and, conse-
quently, is the situation described here. Positive charges
induced in clouds by convective air currents induce nega-
tively charged regions on the ground. The negotive
charges are concentrated on clevated structures, trees,
and terrain features because of their closer proximity to
the clouds. When the electrical field sirength in the region
between the cloud and the charged arca of the ground
approaches the level sufficient 10 ionize the air, o lightning
stroke is formed which begins at the cloud, The stroke is
developed as a series of steps, each step being 100 80 m
(3310262 ft) long and extending from the lower tip of the
preceding step toward the ground. As the progressing

stroke nears the ground, the chnrgc is concentrated on the
gj—nnnd under the ciroke and raises the electrie field

Dl MINEDT b SR UAL anll Faisis b =L F31=

strength in that region. When the stroke descends to (00
m (328 f1) above the carth. o lecader forms between the
ground and the descending siroke. This leader completes
the ionized conductive path between the cloud and
ground. and a current of about 100 A begins to flow. Next
a rapidly moving return stroke follows the established
path upwnrd and carries a large amount of current, typi-
cally 10.000 10 30,000 A. The return stroke lasts until the
charge is depleted {rom the ground ncar the point of
impnct usunlly 50-100 ms. Addilional chargc ts drawn

into the arca where ihe cnnrgc IS UCPICICU DV ihec siroke
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from the surrounding area, and additioaal return strokes
are gencrated until the charge differential in the area is
neutralized. A typical lightning flash consists of 3 or 4
return strokes with durations of ! ms and separated by 30
to 80 ms (Ref. 6).

When the lightning strike draws charge from 2 broad,
horizontal region of the cloud, the flash may consist of
one or more strokes having a longer duration, typically
150 ms but sometimes lasting 500 ms. Currents for these
flashes arc substantially lower than the current asseciated
with the normal |-ms return strokes, typically 38to 130 A.
However. the damage from the longer duration stroke
may be greater.

Lightning occurs most frequently in locations where
aimospheric conditions favor the development of large

storms with strong convective currents. in the United
Sintee thundersinrme occur most frrqm-r!tlv in central

WA AT tALISRI RIS SRl sdaSaS =Ll 22 SRILISs

Florida (100 days per year) and in the Midwest (70 days
per year). Areas that are most susceptible to lightning are
elevated areas thn protrude above surrounding terrain.
Objects that are located near the base of, or between taller
objeets, are provided direct protection {rom lightning by
the taller objects. To access the degree of protection
afforded by taller objects, one source (Ref. 7) suggests
visualizing an imaginary impenetrable sphere, 96 m (300
ft} in diameer. rolling across the terrain and riding over
terrain features such as towers, trees. buildings. ete. Any
object that the sphere may contact has a greater than
0.005 probability of being hit by a lightning stroke of 10
kA or greater, Objects that cannot be touched by the
sphere because of neighboring taller objects are “pro-
tected™ and have a probability of less than 0.005 of being
struck. An interesting observation of this model is that
npparatus mounted more than 45 m (150 {t) above the
ground on the sides of towers is vulnerable o direct
lightning strikes.

Physical damage or electrocution usually results from
the voliage drop that is produced by the large current flow
through materials having some resistance, Trees are splin-
tered {rom the intense hear generated by lightning cur-
rents {orced through the high-resistance tree trunk,
although relatively litile damage occurs to aleminum-
skin aircraft that are struck by lightning.

Electrocution may occur from direct hits by a lightning
stroke. but usually injury occurs because anly a portion of
the siroke current flows through the victim. Large voliage
gradients are produced on the surface of the ground sur-
rounding the point at which the lightning current enters
the grnnnd

The difference in potentiai between a person’s feet
where they contact the ground is called “step-potentinl™
this is shown in Fig. 3-1. il 5 person is standing near the
point where a lightning stroke enters the ground, where
the potential gradient is high. the step-potential may be
sufficient 10 cause electrocution or injury. Examples of
injurious step-potentials produced by lightning are doc-
umented in Ref. 8. [n onec case. a soccer player was
stunned by lightning striking a soccer goal: in anolher
case, cows were killed by llbhlmng strikinga ncnrby fence
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struck directly but shocked through induced step-
potentials.

Touch-potential is the difference in potential between
the ground on which o person is standing and an object
within his reach. Hazardous touch-potentials can resultif
a person standing some distance away from the impact
point of a lightning stroke touches a fence or pipe that is
grounded near the impact point. This situation is depicted
in Fig. 3-2. A similar hazard would result il o person
standing near the point of i u:npncl were touching an object
grounded &i a remoic poini. Under similar conditions,
touch-potentials can be much higher than step-potentials
because the potential is generated by mare widely sepa-
rated ground-contact points: however, the severity is
determined by many factors including the strength (cur-
rent) of the lightning stroke, the ground resistance, and
the contact resistance between the victim and the ground.

Damage to equipment and facilitics from lightning may
be incurred by voltages or currents associated with the
strike. Voltages that can cause damage arc induced by

Lightning
Current

_J
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high electric fields immediately before the strike and the
voltage drops in conductors that carry current from the
lightning strike. These voltages may be coupled into elec-
tronic equipment through direct connection. capacitive
coupling, or inductive coupling. The resultant transient
voliages easily can produce diclectric breakdown in
unprotected, sensitive, solid-state components and can
damage conventional electrical components and clectri-
cal insulation. Damage from lightning currents includes
shattering of poor conductors or nonconductors and

1 4 imcinmtn r . H
almost insianinnecus vaperization of smal! conduciors

(American Wire Gage (AWG) No. 14 or smaller wire)
from shori-duration lightning strokes. The currents asso-
ciated with the longer duration, continuous sirokes are
more likely 1o initiate fires in materials adjacent to con-
ductors because of the prolonged period of intense heat
{Ref. 9).
Damage from lightning may be prevented by several
measures. These include
1. Providing lightning rods connecied to low-
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Figure 3-1. Elevated Potential of Ground in Vicinity of Lightning Strike Showing Development of
Step-Poiential
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resistance grounding systems capable of sinking the
stroke current without excessive voltage rise at or pear the
ground connection

2. Adding protective devices ot input terminals of
clecirical apparatus to eliminate overvoltages and 1o
bypass excessive current.

3-2.1.2.2 Suatic Electricity

Static electricity is the accumulation of charge on insu-
lated objects and is usually produced by rubbing, rolling,
or sliding contact between dissimilar materials. In com-
parison to lightning, the amount of charge present is
limited and the energy available is not sufficient to cause
directly the dramatic damage that often accompanies a
lightning stroke. The principal hazard associated with
static electricity is the initiation of fire f[rom an clectro-
static spark in an explosive atmosphere. Fuel-filling
operations can be especially hazardous because both the
mechanism for inducing o static charge and the flamma-
ble atmosphere are present. A static charge is developed

3-5

Potential of
Ground Where
Person Is
Standing

Development of Hazardous Touch-Potential on a Conducting Structure That Is

by the flow of fuel out of hoses or metallic pipes. If one of
the containers is made from an insulating moterial or if
ihere is no eiecirical continuiiy beiween the iank being
filled and the source, then charges may accumulate until
an electrostatic discharge occurs, If aspark is produced at
the tip of o hose used to fill a tank. fuel vapors may be
ignited, Similar hazards exist for transferring dusts and
solvents (Ref. 10).

Electrostatic energy produced by accumulation of
charge is not sufficient to damage electromechanical
equipment, transformers. etc.. used in power distribution
systems. However, solid-state clectronic equipment is
vulnerable unless safe discharge paths are built into the
equipment. These paths include shunt resistors or zener
diodes connected between sensitive inputs and ground.
Static eleciricity generated in the process of packaging or
unpacking of scnsitive electronic components may be
sufficient 1o cause damage.

Although some discomfort may be realized from it. an
clectrostatic shock seldom produces the harmiul cffects
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on the body that accompany electrical shock from o
power saurce. Physical harm is mare likely to occur from
the involuntary or surprise reaction accompanying the
unexpected shock. e.g.. falls or dropping of heavy objects,

3-2.1.3 Temperature

The temperature of the environment around a piece of
equipment usually impacts directly on the internal tempera-
tures of the equipment. This impact affects operation of
equipment in the following ways:

I. Rate of Power Dissipation. Colder temperatures
increase the rate of power dissipation by means of convec-
tive cooling; warmer temperatures reduce the cffective-
ness of convective cooling.

2. Rigidity of Materials. Warmer temperatures may
soften plasiics and other low melting-point materials and
thereby reduce the structural integrity of the equipment.
Cold temperntures reduce flexibility and ductility of
materials and increase the probability of fracture upon
impact and breakage with applied stress. Cold tempera-
tures also increase the viscosity of lubricants and increase
the modulus of elasticity of materials.

3. Marerial Dimensions. Expansion of materials
upon heating and contraction upon cooling can affect
component tolerances: these changes. in extreme cases,
cause deterioration in component fit, binding or loose-
ness in bearings, and warping of bimetallic components.

The temperature of the notural environment on earth
ranges from —33° 1o 58°C (—126° 10 136°F), a span of
146 deg C (262 deg F). The temperature does not vary
over the full range a1 any single location on earth, but it
1M _Ase ™ 12N _Aan Y cnn

dane uneu Aver " "n nt eams
G5 VY Ove S View=GEg Oy SBAaN 4l SCMT

T & be=ieg
locations. Actual temperatures at specific locations depend
on a number of foctors including the present and past
solar insulation, winds, upwind environment, soil type,
ground cover, presence of water, and altitude, The typical
tempernture range for arctic regions is —62° to 3°C{—80°
to 38°F); for the African desert, —3° to 49°C (27° to
{20° F); and {or the Panamanian Jungle, 22° 1o 31°C(71°
to 88°F) (Ref. 11}, Tempernture ranges for design of
equipment for various ground applications are given in
Table 3-1.

Temperatures in an enclosed area. such as an equip-
ment shelter or cabinet, usunily will be increased by heat
generated from sources in the area and by radiant heat
entering the enclosure through windows or being absorbed
by external surfaces and conducted to the interior. The
temperature in the interior depends on a number of fac-
tors including the rate ot which heat is cbsorbed from
external radiation, the amount of heat dissipation from
other equipment in the shelter, external ambient tempern-
ture, the extent of thermal coupling between the inside
and ouiside of the enclosure, the rate of nir exchange
between inside and outside, and whether or not environ-
mental conditioning systems arc used. Estimates of heat
increase may be made by techniques discussed in texts on
thermal design or heat transfer theory {Ref. 13). Exam-
ples of temperature extremes in enclosed areas are given
in Table 3-2.
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TABLE 3-1
DESIGN TEMPERATURE RANGES FOR
VARIOUS APPLICATIONS (Refs. 11 and 12)

Temperawure Range
Classification *C °F

Ground Level Building, Shei-
tered

Ground Level, Semisheltered
in Black Boxes, Exposed to
Natural Climatic Environ-
ments

Ground Level. Unsheliered
and Exposed to Naturaf and
Induced Environments

Ground Level, Semisheltered
in Black Boxes. Exposed to
Severe Natwral and induced
Environmenis

—65 10 8585 to 185

—65 10 8585 to 185

—65 1085850 i85

—65 to 160385 10 320

TABLE 3-2
EXAMPLES OF TEMPERATURE
EXTREMES IN ENCLOSED AREAS

(Ref. 2)
[ PP
§ CIII'}CI AL
Place °C °F
Inside Tank 60 140
Inside Boxcar 67 153
Airplane Cockpit, Yuma, AZ 84 183
Airplane Cockpit, Edwards
Air Force Base, CA 103 217
Typical Qutdoor Enclosure in
Sun, Intermediate Climate 60 140

3-2.1.4 Corrosive Guses and Acrosols

Many nirborne gases and aerosols produced by indus-
trinl and natural sources are corrosive to metallic and
nonmetallic materinls. Discussed in this paragraph are
some of the more common airborne corrosive ngents that
must be considered when designing equipment for use in
unprotected environments. More detailed information on
cifects of corrosive gases and acrosols may be found in
Refs. 2, 3, 14, and 135,

3-2.1.4.1 Salt Spray
Salts from oceans and landlocked lakes contain sodium,
chloride. magnesium, and sulfate ions. In the atmosphere




Downloaded from http://www.everyspec.com

over and near the ocean, salts comprised of these ions are
present in aqueous solution in fogs and sprays, and in the
mmosphcr: as small solid particulates (nerosols). Con-
ccnlmnons of salt in atmospheres near the ocean ore lto
10 ug; m* (originally specified as 10 to 100 1b/ mi’ in Ref.
2), varving greatly with meteorological conditions. Storms
can increase concentrations of salt by an order of magni-
tude greater than these values. However, these concentra-
tions decrease rapidly with increasing distance inland.

Salts combined with moisture increase corrosion by
providing a highly canductive solution suitable for chem-
ical. ion-exchange processes of corrosion. Also certain
salts, when dissolved in water, form acidic or nlkaline
solutions that artack metnls on contact, Salt also attacks
nonmetols. Salt crystallization in concrete can break
down the nggregate matrix and structurally weaken the
concrete surface. Degradation of some paints and coat-
ings is accelerated by salt spray, Deposits of salt on
ceramic insulators can produce leakage paths leading to
arc-over in high-voltage systems.

3-2.i.4.2 Ozone

Ozone (O,) is gascous oxygen with a molecular compo-
sition of three oxygen atoms instead of the usual two, Itis
a reactive exidant produced by photochemical reactions
in polluted air. intense ultraviolet radiation, and electrical
discharge. Aumospheric concentrations typically range
between O and 0.1 parts per million (ppm). with higher
values found in the afternoon downwind of urban centers
or other industrial complexes.

Ozone artacks elastomers by reacting with the surfoce
10 produce a brittle coating, which is easily cracked. Flex-
ing of the elastomer breaks the coating, exposes new
material, and causes propagation of the cracks to the
intertor of the material. Qzone also combines with dyes
and surface pigments 1o cause (ading due to bleaching.
Ozone also oxidizes metnls. However, the oxide coating
for iron produced by ozone is protective and prevents
further oxidation of the base metal provided the oxide is
intact. In severe conditions. such as locations adjacent to
ultraviotet sources or arcs, the high concentration of
ozone will induce corrosion of metals beyond the surface
coating.

3-2.1.4.3 Sulfur Compounds

Guseous sulfur compounds found in the atmosphere
include sulfur dioxide (SO3), sulfur trioxide {(§0,), and
hydrogen sulfide (H:S). These compounds are by-
products of the combustion of fuel containing sulfur.
Sulfur dioxide and sulfur trioxide. when dissolved in
water, react to form sulfurous acid and sulfuric acid.
respectively. Both acids cause a breakdown in the protec-
tive oxide fitms that form on certain metals, such as
afuminum, Hydrogen sulfide causes the familiar tarnish-
ing of silver in humid aimospheres,

$0:is 0 necessary ingredient in the corrosion process of
iron. Corrosion of iron or steel requires the presence of
oxygen, water in liquid form (or at high humidity), and
sulfuric acid. The sulfuric acid. produced by caualyiic
oxidation of SO; from the atmosphere with moisture on
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the metailic surface. attacks the base metal. Temperature
affects the process only to the degree that it affects surface
“wetness”. Warm surfaces that are kept dry and surfaces
in contact with frozen moisture do not corrode signifi-
cantly (Ref. 16). Low concentrations of sulfur com-
pounds are sufficient to cnable corrosion processes to
occur in the presence of moisture. Concentrations of only
0.025 ppm were sufficient to cause an 115, weight reduc-
tion in test panels wicth dimensions of 100 X 150 X 0.89
mm {4 X 6:X0.035in.) over a one-vear period. Raising the
concentration to only 0.12 ppm mcrcased the weight loss
10 about 1763 of the ‘initial We:ght which is an approxi-
mate increase of 5065 (Ref, J). Fortunately, ambient con-
centrations of sullur compounds are low—background
SO: values of 0.2 to | parts per billion (ppb) and back-
ground H:S values of only 4,5 ppb. Higher concentra-
tions may be found dowawind of industrial plants that
produce emissions from combustion.

3-2.1.4.4 Oxides of Nitrogen

Nitrous oxide (NO} and nitric oxide (NQ;) are gascous
compounds that are produced by fixation of atmospheric
nitrogen during high-temperature combustion. Both are
found in urban atmospheres at concentrations around 50
ppb. However, background levels are significantly lower—
4 ppb for NO; and 2 ppb for NO over land—for locations
between latitude 65 deg S and 65 deg N. Even lower
concentrations are found outside this region. NO: is a
corrosive oxidant but, a1 normal concentrations. does not
contribute to material dcgrndauon as much as sulfur
compounds and ozone do.

3-2.1.4.5 Susceptibility of Electrical Systems

The effect of corrosive gases and acrosols on electrical
components may affect adversely electrical systems in
several ways. Negative efforts include

l. Increased contact resistance due to tarnishing of
silver by H;S

2. Reduced strength of structural members in cases
of moderate or severe corrosion

3. Reduced current capacity and increased resistance
of corroded conductors due to reduction in conductor
dimensions

4. Affected component fit and movement of rotating
or sliding mechanical parts due to changes in dimensions
and surface conditions caused by corrosion

5. Reduced surface resistance of insulating materials
due to deposition of films.

Electrical components susceptible to gaseous or aero-
sol corrosion include high-voliage insulators, switchgear,
and other outdoor equipment subject to siructural dam-
age. Susceptibility of these components can be minimized
if proper corrosion conirol measures are implemented.
Degree of damage from gascous or acrosol corrosion is
influenced by several environmenial conditions, i.c.,

I. Temperature. Temperature directly affects corro-
sion reaction rates. More imporiantly, temperatures
affect condensation of moisture on equipment, which
more directly affects the corrosion process.
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2. Moisture or Humidity. Typically, moisture is
required for the corrosion process. In some forms, how-
ever, moisture may reduce corrosion, ¢.g.. the cleansing
effect of rain may remove corrosive films from material,

3. Air Movemeni. Winds disperse aimospheric pol-
lutants and prevent the settlement of particulate matter,

4. Presence of Voliage. The presence of voliage on
conductors can increase or decrease corrosion by affect-
ing the natural galvanic action that causes corrosion
where dissimilar metals are in conact,

3-2.1.5 Sand and Dust

Airborne paniculate matter—sand and dusi—is the
most damaging environmental factor for military equip-
ment. Sand and dust are defined as small, hard particles.
Particles with diameters between 150 and 800 pm are
defined as sand; dust particles have diameters less than
150 pm. Although damage [rom particles certainly can
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occur when the particles are mechanically introduced into

mechanical or electrical apparatus, a greater concern is
damage from the airborne particles because of the diffi-
culty of preventing their entry into the equipment.

Sand and dust are comprised of minerals from the crust
of the earth that are broken and ground into small pari-
cles by oceans, glacicrs, and meteorological processes.
The particles may become airborne through several
mechanisms including vehicular wraffic (especially fast

moving or large ground vehicles and helicopters), metco-
rological conditions such as high winds and sand or dust
storms, and industrial activity that yields particulate mat-
ter as an cffluent. Sand —because of the large mass of the
individual particles—tends to settle from the atmosphere
quickly and, thercfore, requires substantial acrodynamic
force to remain airborne. Consequently, sand is found
typically very near vehicular traffic and at low altitudes
during storms. Smaller dust particles, i.e., <2 pm{0.08 X
107 in.). have sufficiently low mass that even residual
motions of apparently still air are sufficient 1o keep them
airborne. However, these permanently airborne particles
make up only a small portion of the typical dust concen-
tration; usually less than 3gp of the total mass are particles
in this range. Most of the mass of a dust cloud is com-
prised of particles with dinmeters between 3 and 150 um
{0.1X 107 and 5.9X 107 in.). Thedistribution based on
the number of particles is skewed toward the smailer
diameters due to the reduced mass of the lower particles.
Particles smailer then 3 um (0.1 X 107 in.) make up 229,
of the total number of particles in a typical dust cloud
produced by tanks at Ft. Knox, KY {Ref. 17). The distri-
bution of particle size is shown in Fig. 3-3.

The ro1al concentration of dust particles is quite vari-
ablc and depends on the meteorological conditions (espe-
cially wind and moisture), and the number, characteris-
tics, and speed of vehicles stirring up the dust. Typical

N

100
g P g
90
2
S
c 80 7.
f yAd
- [/2] 70 ‘_70
°s 0 7
£8 50
£ V/i
&%T 40 |
K]
33
= [-]
% 30 o 0 f ) 3
&
20 o=—————c Range A
i t= = —x Range B
10
4]
0.7 1 2 3 5 10 20 30 50 100
Particle Diameter, um
Figure 3-3. Particle Size Distributions of Dust Collected at Air Inlet of Army Tanks at Two Tank

Ranges in Ft. Knox. KY (Percent Within Range) (Ref. 3)
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background concentrations of dust for rural, metropoli-
tan, and industrial environments are given in Table 3-3.
Conccmrnuons in the vicinity of vehicles are h:%hr:r and
reach 3.5 gim (originally spcaﬁcd as 100 mg/ft” in Ref.
3) in the vicinity of an M48 tank in the desen.

TABLE 3-3
DUST CONCENTRATIONS IN YVARIOUS
REGIONS (Refs. 3 and 18)

Average Dust
Concentration
R'cgion ug/ m* ugf '
Rural and suburban 46to 113 1.3tc 3.2
Metropolitan 1130459 | 3.21013.0
Industrial 45910 1713 | 13.010 48.5
*Mixed units as originafly presented in Ref, 3

The cffects of sand and dust on cquipment are quite
varied and depend upon the equipment involved, the type
of particle. and how the particles come in contact with the
equipment. Types of damage arc

|. Erosion. Wind-borne sand can remove maiter and
thus ruin finished surfaces, remove paint, and in severe
cases con deteriorate structural srength due to eroded
structural supports. Moving parts, e.g., turbine blndes
and hghggngg; rotars, are ﬂng_:;g!lv vulnerable to sand
erosion because of the substnnunl vclocmcs at which the
particles impact the surfaces.

2. Abrasion. Hard particles of sand falling in gears,
on rotating shaits. or within other close-fitting, moving
parts cause rapid wear to containing parts. The presence
of lubricating oils or grease causes the sand to adhere to
the surfoces longer and thereby increases the amount of
damage from the sand.

3. Corrosive Effects, Although sand and dust usunily
are nonreactive and do not corrode materials directly,
their long-ierm presence on surfaces moy aceelerate cor-
rosion through absorption end retention of corrosive
gases and moisture necessary for chemical reactions that
produce corrosive acids.

4. Electrical Arc-Over. An accumulation of dust on
high-voltage insulators provides a conductive path during
hlgh humzduy conditions. Moisture accumulallng on the
dust layer dissolves compounds thot provide the ions
necessary for conduction. In high-voliage spplications,
the conductive path may result in a sustained arc, which
must be extinguished by removal of the applied voltage.

5. Thermal Insulation. The accumulation of dust on
electrical apparatus provides an insulating layer, which
reduces the heat dissipation capacity of the underlying
components. Components vulnernble to heat include

electronic motors, transformers, electronic equipment,
(!nnrl hanke)

and lnad reeicinre
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6. Paimi Contaminarion. Dust that (alls on paint
while it is drying can provide a wicking path through the
paint for corroding acids and thus negate the protection
afforded by the paint.

1. Limited Visibility. Airborne sand and dust can
limit visibility when concentrations are suffictently high.
Table 3=3 presents visibility limitation relative 10 concen-
trations of dust generated by moving vehicles. In most
cases of limited visibility. the effect is temporary and does
nmjcopardizc safety. However, uhcnncrilica! opcrmion
that f\":qull"t‘:s visual ﬁu‘)ﬁlit‘jﬁﬁg is uén‘lg ﬁeuﬁl‘l‘ﬁﬁl. an
ill-timed dust cloud could create a serious hazard, e.g..
when working around exposed energized conductors.

TABLE 3-4
VISIBILITY IN DUST (Refs. 3 and 19)
Dust Concentration Visibility
mg/m’ mg/f’* m ft
4 0.1 no effect | no effect
7 0.2 no cffect | no effect
8.16 0.231 i5 50
8.30 0.235 15 50
30.7 0.87 3 10
85.1 2.41 3 10
89.3 2.5 0 0

*Mixed urits as originally presented in Refs, 3 and 19,

8. Electrical Insulation. Most sand and dust particles
are nonconducting. Settlement of particles on electrical
relay or switch contacts may prevent elecirical continuity
between contacts and may cause faulty operation of
equipment.

3-2.1.6 Solar Radiation

Radiation incident on the earth from the sun is primar-
ily broadband radiation in the infrared. visible, and ultra-
violet regions. Most of the energy (99.9%%) lies in the

spectrum between 100 nm and 100um. The nominal

intensity of solar rudlnuon at the top of the atmosphere of
the earth is 1.353 W/ m?. This intensity varics about 6¢5
over o one-year period due to regular annual changes in
the distance between the carth and sun. The spectrum of
this radiation rescmbles that of a blackbody radintor with
a temperature ncar $900 K (10,620 R). This spectrum is
illustrated by the solid black line on the plot in Fig. 3-4.

Only about 53¢ of the solar radiation incident on the
carth reaches the ground Of this amount, 3165 is direct
radiation and 22¢p is diffuse radiation. The rrmmnmg
rﬂﬂlﬂiloﬂ ll‘.l.Cl(lCl“ on Cﬂl’lﬂ IS I'CHCCICU DaCh Iﬂl(_J sﬁﬁfc Dy
the atmosphere or is absorbed by clouds and atmospheric
gases. The energy budget is described concisely in Table
3-5.

The solar radiation at high altitudes is the highesi atthe
latitude corresponding to the solar declination at true
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Figure 3-4. Spectral Distribution of Solar Energy With and Without Atmospheric Absorption

(Refs. 2 and 20)

TABLE 3-5
DISPOSITION OF SOLAR
(Refs. 2 and 21)

ENERGY

Fraction
of Total
Reflected or scattered back into space:
By clouds 0.24
By air molecules. dust, water vapor 0.06
Absorbed:
By clouds 0.03
By air molecules, dust, water vapor 0.14
Reaches earth:
As diffuse sky radiation 0.22
As direct beam radiation .31
Total solar energy available at top of
atmosphere 1.00

. 3-10 e ———

solar noon, i.c., the location on earth where the sun passes
directly overhead. Nominal insulation values are depen-

dent on the tunical phearntinn af the atmaocnheare a1t that
Nl on IRC LypIica, pasorplion €1 1nC aimoespnere at nat

location and are determined by the composition of the
aimosphere and the cloud cover. Attimes other than solar
noon, solar insulation values are less than the peak value
for two reasons. First, the sun is not incideni perpendicu-
larto o level plane at the surface of the earth. and second,
radiation must travel along a longer path through the
atmosphere of the earth. At other tatitudes the diurnal
peak solar insulation is also reduced because of the non-
normal angle of incidence and the increased depth of the
atmosphere. In addition, the cumulative quantity of insu-
lation over # diurnal cycle in the winter hemisphere is
reduced because of the shortened days.

The spectrum of solar radiation received at the ground
is also shown in Fig. 34, The “gaps” in this spectrum
correspond to selective absorption of cerain regions of
the specirum by various atmospheric constituents, such
as moisture, ozone, and CO:. The peak value is quite

v
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variable depending on the meieorological and atmo-
spheric conditions, the 1ime of dav, season of year. and
location on earth. In the United States the daily mean
values range between 240 and 390 W/m* (500 and 800

langleys/day) in the month of June,

Effects of solar radiation on material and equipment
{and on the operation of the equipment) include photo-
chemical degradation of materials, radiant heating, and
common sunburn to workers. The photochemical degra-
dation generally is bleaching, discoloration, or embrit-
tiement of various materials due 10 long-term exposure to
sunlight, especially to the ultraviolet radiation in sunlight.
The tensile strength of fibers and textiles is reduced from
exposure to sunlight direetly from absorption of the radi-
ation and indirectly from photochemically produced oxi-
dants. Dyes used for textife coloring nre bicached, and the
base material is yellowed. Paper suffers similar degrada-
tion—embritilement, weakening, and yellowing of the
paper as well as bleaching of printing dyes. Many
plastics—unless compounded for exposure to sunlight—
alsa underoo discoloration, embrittlement, loss of

PLAR L 4 e g A e AR L Y e

strength, degraded electrical properties, and cracking due
10 ultraviolet-induced oxidation. Typical problems asso-
ciated with the use of plastics in sunlight are darkening of
the plastic material used for windows or viewing ports
and embrittlement of insulation used on wire. Damage
may be minimized either by selecting o plastic material
that is inherently immune to sunlight-induced degrado-
tion or by adding compounds 10 the plastic that absorb
the radiation and convert i1 to heat. Although most syn-
thetic elastomers are resistant to sunlight, natural rubber

MIL-HDBK-765(Ml)

and styrene-butnadiene rubber (SBR) are subject to crack-
ing, crazing, checking, and discolaration. Information on
the selection of compounds for use where sunlight expo-
sure is unavoidable is given in Refs. 2. 22, and 23.

3-2.1.7 Pressure

The pressure of the environment refers to the pressure
exeried over the entire surface of an object by the weight
of the atmosphere or water above it. The pressure pro-
duces a force that is constant over the surface and normal
to the surface at every point. Heace the pressure affects
only objects that have sealed volumes whose pressure may
differ from the pressure of the environment. (Volumes
that are not enclosed totally would be filled with air or
water at a pressure cqunl to the outside and. conse-
quently, would not cxpéfléﬁfé any force due 1o differen-
tial pressure.) A representative pressure profile is de-
scribed in Table 3-6. This table presents nominal atmo-
spheric pressures for altitudes up to 16 km a1 45 deg N
latitude tn both January and July. The difference in pres-
sure values is brought about by differences in density due
to seasonal temperature variations. Published data on
other typical nimospheres can provide designers with
expeeted pressure, temperature. and density data over a
wide ronge of altitudes (see Refs, 24 and 25). Information
about expeeted pressures for equipment at high eleva-
tions, such ns in mountainous terrain, is pertinent to the
design of power equipment.

The actual pressure changes daily based on current
meteorological conditions, season of the year, and loca-
tion on the earth, The pressure referenced to sea level

TABLE 3-6
PROPERTIES OF SUPPLEMENTAL REFERENCE ATMOSPHERES TO 16 km
{Refs. 2 and 20)

Pressure Midlatitude 45 deg N
Geometric January July

Altitude, km Pa in. Hg Pa in. Hg
0 101.800 30.0615 101,350 29.9286

l §9.734 26.4984 90.220 26.6419

2 78.975 23.3213 80.159 23.6709

3 69.376 20.4867 71,043 20.9790

4 60.813 17.9581 62.806 18.5466

5 53.132 15.6899 55,362 16.3483

6 46,275 13.6650 48.663 . 14.3702

7 -40,164 11.8604 42,640 12.5216

8 34,733 10.2566 37.235 10.9955

9 29,928 8.8377 32,402 9.5683

10 25.684 7.5895 28.090 8.2950

i) 21,991 6.8939 24,255 7.1625

12 18.825 5.55%0 20.858 6.1594

13 16,109 4.7570 17.857 5.2732

14 13.780 4.0692 15.251 4.5036

15 11.784 3.4798 13.025 3.8463

16 10.075 2.9751 11.125 3.2852

——— e - o = - - 31 " e e -
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varies with a standard deviation of slightly over 2000 Pa
(20 millibar {mb)) in the fall-winier-spring period over the
region between the equator and 40 deg N latitude. Varia-
tion in the summer is somewhat less, with very small
variations noted in the arctic region. Extremes in pressure
occur during hurricanes, typhoons, and tornados. A low
value of 87.7 kPa (25.90 in. #Hg) was estimated for the eye
ol'Typhoon Ida. High values in excess of 106 kPa (31.30
in. Hg) have been rcported in h|gh pressurc systems
(Refs. 2 and 26).

Pressure increases with the depth underwater. The
pressure P may be estimated by
P = pgd + Po, Pa (3-1)

Wil -
p = density of water, kg/m’

g = acceleration due to gravity, 9.8 m/s’
d = depth in water. m

Ps = barometic pressure at sea level, Pa.

In English units, the equation becomes

% + Py, bfin?

where
p= dcnsity of water, Ib/f’
d = depth in water, fi
Po = barometric pressure at sen level, Iblm

The most important effects of decreased air density are
reduced heat transfer. reduction in breakdown vollage,
lower boiling temperatures of liquids, and increased igni-
tion temperature of fuels, The pressure never changes
radically under atmospheric conditions; therefore, most
of these effects are not significant for equipment used at
ground level. Only reductions in heat transfer and break-
down voltage are discussed further, For more informa-
tion on effects due to changing pressure, see Ref. 2.

Reduction in heat transfer occurs as a result of an
absence of a sulficient number of molecules traasporting
heat energy and is proportional to the reduction in pres-
sure. Henee, for given air flow rotes and temperatures (of
both the air and the object being cooled), the rate of
cooling is directly proportional to the absolute pressure.

The reduction in clectrical breakdown atl lower pres-
sures is somewhat more complex. As the air density
decreases with decreasing pressure, the breakdown velt-
age decreases until the effect of diminishing electron den-
sity from the rarefied gas becomes significant. Then the
breakdown voltage increases until, at vacuum, the break-
down from gas conduction is no longer possibie. The
pressure-breakdown voliage relationship for gases is usu-
ally expressed graphically in Paschen's curves. Examples
of Paschen’s curves showing the breakdown voltage of
five gases in uniform ficlds are shown in Fig. 3-5. Note
that in Poschen’scurves, the hreakdown \.'nlmne is plotted

amdwriil SR Vel Sae Ui vaintaty +LRLLR2
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field (voltage divided by spacing) sufficient to cause
breakdown is dependent on the spacing. This effectis due
to the greater number of free electrons that are present in
the larger volume between more widely spaced electrodes.
The curves shown in Fig. 3-5 are for uniform electric
fields, i.c., the clectric {ield in the volume between two
large, flat plates. In practice, the voltage required 1o
initiate breakdown will depend on geometry and will be
lower because of the concentration of fields at corners or
edges of elecirodes.

3-2.2 NATURAL ENVIRONMENTS

Environments on the earth may be categorized into
four climates—hot-wet, hot-dry, intermediate, and cold.
Each of these climates may be described by a range of
values for each of the environmental characteristics de-
scribed in par, 3-2.1, Table 3-7 lists the climates and the
more imponiant characteristics of each. Each of the cli-
mates is discussed briefly in the four subparmgraphs
within this paragraph. The various climates are discussed
in more detail in Ref. 1.

3.2.2.1 Hot-Wet Climates

The hot-wet climate, also referred 1o as the tropical
climate, is typically found within 25 deg of the equator
and covers all land arcas except desents. As the name
uuplica. these areas are characienized by mgu icmpera-
tures, high humidities, and frequent precipitation—all of
which provide an environment conducive 1o the growth of
lush vegetation. Vegetation in established jungles consists
of large wrees whose tops join to produce a “canopy” that
restricts the exchange of air from within the jungle with
the air above it and shields the jungle oor from sunlight.

Temperatures in the hot-wet climates remain relatively
high and constant throughout the year. Average tempera-
tures for the warmer months in a typical tropic climaie are
usually 32°C (90° F} with cooler seasons only to6to 8 deg
C (i1 to 14 deg F) lower. Diurnal variations are reason-
ably large—3 to 14 deg C (5 1o 25 deg F). Temperniures
under the jungle canopy vary somewhat less. Daily min-
imum temperatures under the canopy are essentially the
same as those in clear areas. However, a1 midday the

temperature under the canopy is typically 4 deg C (7 deg

F) lower than temperatures in the clearings.

The average solar rediation is greater than it is in most
of the other climates. However, peak intensitics are lower
because of absorption by moisture in the aimosphere. The
canopy forms a cap, which traps the atmosphere below it
and prevents the passage of solar radiation to the ground
below. The high humidity and the lackof sunlight keep
the jungle floor moist and thereby promote growth of
bacteria and fungi, which inhibit the growth of vegetation
on lhcjunglc floor.

There are several equipment design considerations
unigue to this environment. The rapid growth of vegeta-
tion may interfere with the structures and power lines;
consequently, frequent brush clearing may be necessary.
The high humidity promotes the growth of (ungus on
susceptible mmcnnls and may cause loss of strength in

mmcnnls that tend to absorb moisture. Corrosuon of

against the pressure-spacing product because thc c!ccmc
’ - .
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(Ref. 9)

metals is another eifect of the high moisture: corrosion is
worse in tropical arcas ncar salt water, ¢.g., islands. The
accumulation of moisture in soil impairs construction of
firm foundations for buildings and can make wheeled or
tracked vehicle travel difficult.

3-2.2.2 Hot-Dry Climates

Hot-dry climates arc sometimes called desert climates.
but the term is somewhat inaccurate because the desent
may be a cold region as well. Hot-dry climates are found
near the equator where the metecorological conditions and
terrain produce high temperatures and low humidity.
Desert regions are found in North Africa, West Pakistan,
India, Arabian Peninsula near the Red Sen. the south-
western region of the United States, and Northern
MMawionn

Typical characieristics of the hot-dry climate are hot
days. wide diurnal temperature variations. low humidi-
ties, and intense solar radiation. Visibility is generally
good except during windy conditions when blowing sand
and dust obscure vision, The low humidity results in
generally clear skies, which allow both o high inward
encrgy flow during the daytime and a high outward flow
at night, and thereby causes the rapid cooling of the desent
areas during the evening. Temperatures in the desert fre-
qucmly exceed J8°C (100°F) and in many cases have
daiiy averages that exceed 38°C (100° F). Temperatures
dunng cooler seasons are significantly lower.

+

3-13

Wind is typically 6 to 11 km/h (3.7 10 6.8 mph). How-
ever, high winds that blow sand 1o produce an abrasive
and eroding atmosphere will sometimes occur. Another
problem introduced by blowing sand is the accumulation
of static on surfaces impacted by the sand. If appropriate
discharge paths are not provided within electrical equip-
ment, damage may be induced.

In addition to the damage from mechanical abrasion
and clectrostatic discharge, equipment is suscepiible to
merheating ifopcru(ed in direct sunlight in this environ-
ment. Adequate cooiing or shieiding must be provided io
prevent damage.

3-2.2.3 Intermediate Climate

Intermediate climate is the “other™ ¢limate. which in-
cludee nll nrenc af the world that do not {all in the hot-wet,

o la ot aliy SIS B L W snlab e RN s e L= L)

hot-dry, or coid climates. Intermediate climates are mod-
eraie in temperature and rainfall and. as such. generally
do not set the requiremenis for equipment.

Temperatures in the intermediate climates range from
—21° 10 43°C (—5° 10 110°F), although variations over
this ronge wypically will not be found in one location
within one season.

Humidities are typically 20 1o 100%p—again. usually
without transitions from onc end of the range to the other
at any given location within o season.
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TABLE 3-7

SUMMARY OF DIURNAL EXTREMES OF TEMPERATURE,
SOLAR RADIATION, AND RELATIVE HUMIDITY (Refs. 1 and 27)

Operational Conditions Storage and Transit Conditions
Climaie Climatic Ambient Air Solar Ambient Relative| Induced Air | Induced Relative
Category | Subeategory | Temperature, Radiation, Humidity, Temperature, Humidity,
°C(°F) W/m’(cakem > min™) % °CrehH <
| Nearly Nearly
Wet-Warm Constant Negligible 9510 100 Constam 95 to 100
24 (75) 27(30)
Hot-Wet” 2 26to 35 0w 1130 7410 100 321071 1010 85
Tl Wer-Hot (78 10 95) (010 1.62) (90 to 160)
3 291038 0w 1130 63 to 90 321071 10 10 85
Humid-Hot (85 10 100) {010 1.62) (90 to 160)
Coastat Desert
o 4 21052 0101130 5t0 20 2to 7l 210 50
arutmLsy Hot-Dry (90 to 125) {0 1o 1.62) (90 to 160}
5 2l o 43 010 1130 201085 211063 5t050
[ntermedinte (70 to 110} (0 w0 1.62) {70 to 145}
[nter- Hot-Dry
mediate " P v P . 31 s T o - .
0 =&l o —32 tending loward| —Z310—34 |lending ioward
Intermediate | (=510 —25) Negligible Satwration (—10 10 —30) Saturation
Cold
7 —3710—46 Tending Toward| —3710 =46 |Tending Toward
Cold (—3510-50) Negligible Saturation (—35 10 —50) Saturation
Cold 8 =351 10 =57 Tending Toward! —51t0—57 |Tending Toward
Extreme Cald | (—6010 —70) Negligible Sawration {—60 to —70) Saturation
12724 Cald Climatac Precipitation in cold climates occurs primanily in the
[ -y s LIS Sy lBRRREA ST vkl P LIV 1) WU WlULGD VLUl yl l WALy L AL

Cold climates. often referred to as arctic climates, are
characterized by temperatures that remain below freezing
for periods sufficiently long to allow significant accumu-
lation of frozen precipitation {usually snow), Cold cli-
mates are further subdivided into subclassifications of
intermediate cold. cold. and extreme cold. These subclas-
sifications are based on a 155 probability over a 6-h period
of the occurrence of temperatures that do not exceed
~25°, =50°, —=70°C, respectively, (—13°, —58°, or
—94°F). In extreme cold zones, melting does not occur
for periods lasting 4 to 8 months.

Cold climates result (rom either a low level of solar
insulation {typical of the polar regions) or a depression in
air temperature from adiabatic expansion at high cleva-
tions. Consequently, the cold climates are found in both

polar regions: on the Greenland ice dome: and in the

mountainous arcas in western North America, Europe,
and Asia. Recorded mean temperatures (or each of these
regions are given in Toble 3-8. Seasonal variation in
temperature increases with increasing latitude. with the
largest variations occurring ot the poles.
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diate cllmmes may have fr:czmg rain. Mountain ranges
that lie perpendicularly to the intand flow of moist air
from oceans receive substanticl snow(all due te the cool-
ing of air as it rises 1o pass over the mountains. Examples
arc the Himalayas. the Sierra Nevada, the Cascades, and
the mountain ranges in Alaska. Typical annual snowfall
for intermediate cold climates is | to 1.5 m (40 to 60 in.).
However, annual accumulations are usually only 0.25 10
0.5 m (10 10 20 in.) because of the packing, melting, and
refreczing of snow. Snowiaii is somewhat less in extreme
cold regions. However, the annual accumulation is about
the same because of the lack of melting. Structures for usc
in these climates must be able 1o suppon the weight of

snowfalls or be designed to shed the snow. Typ:cal densi-
ties of npwly fallen dry snow.are 70 10 100 ko/m’ {44t

6.2 b/ ft’) with higher densities of 450 kg/m’ (28.1 Ib/fi")
for old, wet snow. Snow that has been comprcssed fora
pcnod of time can reach densities of 830 kg/m® (51.8
Ib/1i%).
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TABLE 3-8

COMPARATIVE TEMPERATURES FOR COLD CLIMATIC CATEGORIES (Ref. 1)

Climatic Category

Station

Mean Temperature. °C (°F)

Lowland Regime
[ntermediate Cold
Cold

Extremely Cold

Highland Regime

Intermediate Cold

Extremely Cold

Peoria, IL
Bucharest, Romania
Peking, China

Harbin. China

Moose Factory, China
Yakutsk, Siberia

Ft. Yukon, AK
Eureka, Canada

Lake Moraine, CO
3050 m (10,000 ft)

Camp Century, Greenland
1830 m (6000 ft) (1961)

Coldest
Month

Annual

Year Range

- @2 noen| n ¢
-3 @0 11 D] 9 @49
-4 @49 12 (53] 13 (59

-19 (-2 3 38| 3 (79
=20 (=a) | -1 (30) | 19 (66)

=37 =39 | -1 an | 441y
=292 -7 20| 37 99
-39 (=38) | =19 (=3)| 30 (36)
-7 (20) 2 36| 14 (57
—42 (—44) | =25 (—14) 24 (75)

Frozen moisture other than snowfall may accumuiate.
lee may accumulate as a result of freezing rain (clear,
glaze ice), deposition of frozen cloud or fog (rime), or
deposition of condensation in still air equivalent todew in
temperate regions (hoarfrost). The negative effects of icc
on equipment operation are clogged ventilation openings,
restricted mechanical movement. exertion of pressure on
opposite sides of crevices, and edded weight to suspended
structures.

Solar radiation in the cold environments ranges from
near zero at the poles during winter to reasonably high
average values during summer because of the increased
daylight. The visible perception of solar radiation is
increased by the highly reflective snow and ice surfoces.
Visibility is reduced by the whitcout phenomenon, in
which illumination of surfaces by sunlight diffused through
cloud cover obscures the horizon line, surface [eatures,
and tlextures.

In cold regions the soil may be frozen year round and in
some cases may melt on the surface but remain frozen
underneath, In regions where melting does occur, some
difficulty may be encountered in establishing foundations
for structures because of the shifting of the soil that occurs

_between melting and (reezing. Because of the poor electri-
cal conductivity of ice, adeguate ground or earth connec-
tions may be difficult in regions where frozen soil or
accumulated snow is encountered.

3-2.3 BATTLEFIELD ENVIRONMENT

The nature of the battleficld environment depends on
the effectiveness of the enemy whose objective is to make
the environment as severe as possible. The specific eavi-
ronment of the baitlefield may be described by the envi-
ronmental factors of the climate of 'thc location of the
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battlefield with the additional induced environmental fac-
tors due to the presence of active military forces. The
extent of the induced factors is difficult o predict because
they depend entirely on the level of, nature of, and prox-
imity to military operations. A brief discussion of the
induced environmental factors found on the battlefield
follows.

3-2.3.1 Frogments and Projectiles

High-speed projcetiles, including small arms fire, frag-
ments from exploding artillery rounds, and debris scat-
tered from mortar rounds pose many threats to electrical
equipment. Possible damage includes physical penetra-
tion of the equipment, deformation of the structural
members of machines, breaknge of rigid insulation. and
introduction of unintentional circuit paths by conductive
debris.
3.23.2 Chemicals

Gaseous chemicals found in the baulefield environ-
ment include combustion products and nuclear, biologi-
cal. and chemica! (NBC) agents. Combustion products
include those associated with antillery projectiles, small
rockets and missiles. small arms fire,” ns well as the
exhaust from dicsel-powered vehicles. NBC materials
include solid dusts, liquids (mists and rains), and gases.
NBC materials are far more hazardous 1o personnci than
to equipment. More significant are the effects of decon-
taminants, which are necessary to remove toxic residues
from equipment. Decomamination agents are supertrop-
ical bleach (STB) and Decomaminating Solution No. 2
{DS2). STB is corrosive to mctals and damaging 1o
fabrics: DS2 is corrosive to aluminum, cadmium. tin. and
zinc (Ref. 28).
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3-2.3.3 Overpressure

Pressurc waves created by artillery that impact flat
surfaces may be sufficient to collapse enclosures or build-
ings onto equipment. In the nuclear battlefield, the prob-
lem is extreme. Maojor structural damage to buildings,
vehicles, and wilities is induced by overpressures as small
as 3.4 to 21 kPa (0.5 10 3 psi). Overpressures in excess of
21 kPa (3 psi) may be induced within a 6-km (19,700-{1)
radius of a 100-kT nuclear biast.

3-2.3.4 Electromagnetic Pulse (EMP)

The EMP produced by nuclear detonation can disrupt
the operation of most electronic systems unless specific
protection is provided, e.g., shiclding. EMPs a1 ground
level on the order of 10 kV/ m have been measured during
high-altitude tests. In a 1961 tesi, the electric service in
Hawaii was severely disturbed by o high-altitude nuclear
test i0C0 km (600 mi) away (Ref. 29).

3-2.3.5 lonizing Radiation

Radiation is the direct product of batideficid nucicar
events. Small levels, less than 500 rad. are sufficient to
upset sensitive electronic components, such as very large
scale integration (VLSI) circuits. Damage to micropro-
cessors and memory devices would occur ot levels below
the levels that incapacitaie personnel.

3-3 SYSTEM DESIGN CHOICES AND
TECHNICAL CONSIDERATIONS

Certain design considerations that impact sysiem safety
apply 1o more than one iype of pawer subsysiem or affect
the design of the entire sysiem. These considerations
include system control, materinl seiection, and ground-
ing. These and other considerations are discussed in this
paragraph. but safety considerations that periain specifi-
colly to one particular piece of equipment or subsystem
are discussed in the chapter(s) describing that item.

3-3.1 SYSTEM CONTROL

The function of an electrical power sysiem is to provide
power at a nominally constant voitage to allow loads to
draw the amount of current necessary to perform their
function provided the capacity of the supply is not
exceeded. Real-time control functions associated with
power systems include control of the source voliage level
and reconfiguration of the distnbution system to isolate
safely those sections that draw excessive current. These
two centrol functions are described in the subparngraphs
that follow.

3-3.1.1 Voltage Control

Volinge control in o power systiem is the maintenance of

voltage within a reasonably constant range appropriate
for loads connected 1o the system. Voltage NMuciuations
should be kept below 4 1o 655 for isolated or infrequent
cvents, below 3 to 495 for fluctuations occurring several
times each hour, and below |.5 10 263 for frequent (Tuctua-
tions. Voltage regulation is typically performed at the
generator by the control unit associated with the genera-

aintenance of
tenoar

MIL-HDBK-765(M))

3-16

tor. However, line losses that vary with load current may
cause voltage at remote points to fall below tolerable
limits or to fluctunle excessively. When the refatively
constant load currents are transmitted long distances,
manually adjustable transformers may be used to boosi
the voltage 10 compensate for the voltage loss in the lines.
However. if the expected line loss is significant and the
load current is subject to wide variations. the compen-
sated voliage out of the transformer may rise 1o unaccep-
table values when the load is reduced.

Voltage regulating transformers that change taps auto-
matically to maintain & constant output voltage may be
used to maintain the output voltage at a constant level.
Three single-phase transformers may be used for the regu-
lation of three-phase power. However, certain problems
arise il the transformers are improperly connected—
specifically from excessive third-harmonic levels, surge
currents passing through the regulator, and fault cur-
rents. Table 3-9 lists possible connections of three single-
phase transformer-regulators and indicates the relative
safety of using each connection on both grounded neutral
and ungrounded polyphase systems.

3-3.1.2 Configuration Control

Conftguration control is the manual or cutomatic
reconfliguration of an clectrical distribution sysiem 1o
allow operation as nearly normal as possible when main-
tenance or repair of the system is being performed or
when partions of the system are damaged. It alsoincludes
the incorporation of alternative sources of electric power
into the system when the primary source fails. Conf'gurn-
tion control for power systems is discussed in par. 3-3.2.

The capability for manual reconfiguration of the sys-
tem may be incorporated by distributing power with a
grid or loop configuration, with switches at various poinis
to remove power from sections of the line for repair. If
power may be fed 1o loads nlong more than one route,
e.g.. from two directions around a continuous loop, then
when o fault occurs in a line, the defective section may be
removed from the circuit without interruption of power.
Such configurations are desirable because they provide
more reliable service and eliminate the need for repair of
lines that are energized. Reconfiguration of the neiwork
usually is performed when it is not encrgized, e.g., when
power is removed because of a blown fuse or circuit
breaker. Consequently, the switchgear used to isolate
sections of lines may not be capable of interrupting load
currents, and injury may result if such operation is
attempted. Switchgear of this type should be opened 2
short distance. or “inched™. If no significant arc is
detected, the switch may then be completely opened

safely.
A second cxample of reconfiguration is the use of
automatic reclosers and scetionalizers. The recloser is

similar to a circuit breaker that opens the line when a fault
current is detected and then. after a fixed delay, closes.
Short duration faults that are due to transient conditions
such as arcs. lines which are blown together. and birds will
clear with no further attention befare the power is reap-
plicd. In these cases power is restored with no necessary

—
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TABLE 3-9
SAFE AND DANGEROUS CONNECTIONS OF THREE SINGLE-PHASE
RECULATORS FOR THREE-PHASE REGULATION (Ref. 9)

Effect*
Regulator System Third Linc Line
Connection Connection Harmaonic Surges Ground Conclusion
Grounded Y Grounded S S! S S
Ungrounded Y Grounded D SI D D
Detta Grounded S S1 S2 52
Grounded Y Ungrounded D Sl D D
Ungrounded Y Ungrounded D Sl1 S D
Delta Uagrounded 5 Sl S s
*S = safe
S1 = safe if suitnble bypass series winding protection is suppiied
52 = conditionally safe—overexcitation of regulators may lead
19 failure if faull allowed to persist
D = dangerous -

Reprinted with permission from D.G. Fink and H.W. Beaty, Standard Handbook for Electrical Engineers, copyright © 1978, McGraw-Hill, lnc.

i
repair. Reclosers are usually used with sectionalizers or
fuses 1o open the line in the event that the fault is “persis-
tent” and docs not clear when the power is interrupted.
The sectionalizer is a switch that detects the pulses of fault
current resulting from the cycling of the recloser. Aftern
predetermined number of fault curremt cycles, the sec-
tionalizer-opens the circuit containing the fault while the
recloser is open. If multiple sectionalizers are used on
multiple lines from the rectoser, only the line with fault is
deenergized, and power is returned to the other lines for

normal operation. Appropriatcly sized fuses also may be

used in the place of the sectionalizers to isolate the line
with the fault; the recloser can function to extinguish the
resultant arc at the fuse.

INTERFACE TO PERMANENT
POWER S5YSTEMS

Local power sources are interconnected with a central-
ized power utility for one of two reasons. The first reason
is to provide o more relinble local power supply through
redundancy in power sources. The second is to reduce
operating costs by using alternative energy sources for the
generation of electricity and thereby reduce the amount of
energy which must be purchased from the utility. Where
increased reliability is the motivation for local electricity
generation. astandby or an uninterruptable power system
is used to provide clectrical power when the primaory
supply is interrupted. Where the motivation is economy,
generators may be connected in parnllel with the utility
power to provide power according to the capacity of the
generators to reduce utility costs. Since the interconnee-
tion between the generators and the line are different in
these two situations, they are discussed scparately in the
two paragraphs that follow.

3-3.2

37

3-3.2.1 Standby or Uninterruptible Power
Supplies
In standby power sysiems, the alternative source must

provide electrical power that is compatible with the power
svailable from the utility, Compatibility specifically in-
cludes same voliage: same frequency; and same phase
configuration, e.g.. three-phnse delta or three-phase wye. |
Alternative sources do not have 1o have the same capacity
a3 the primary source because usually alternative power
sources support only critical portions of the load and

“shed ™ nonessential loads during power outages. T Typical
configurations for standby systems are shown in Fig, 3-6.
Selection of an appropriate configuration is based on the
classifications listed in par, 1-3.1.2.3, especially those
classifications that specify the maximum duration of
power outage that can be tolernted by the equipment to be
protected. When short interruptions can be tolerated, the
configuration shown in Fig. 3-6(A) may be used. In this
configuration, power from the backup supply or genera-
tor is connceted to desired loads through a transfer
switch, a crucial picce of equipment for the safe operation
of the system. When continuous power is required 1o
operate sensitive or critical loads such as computers, an
uninterruptible power supply (UPS), such as that shown
in Fig. 3-6(B). is used. In this configuration critical loads
are powered by a continuously opcrating generator that
may be o mechanical generator or an clectronic inverter.
Energy input to the generator is derived from a source
with some internal siornge capability. For mechanical
systems, stored energy is derived from the rotational iner-
tin of flywheels, In inverter-based systems the cnergy is
stored in electrical storage batteries. The operating time
afforded by the encrgy storage capacity may vary signifi-
cantly. The inertia of mechanical systems provides energy
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for ashor period until an alternate energy source such as
an engine can be brought on-line. Inverter-based systems
may be connected to & bank of barteries that have suffi-
cient capacity to operate the inverter for periods longer
than expected power outages.

A critical safety concern in the -backup system is the
switching between sources of power. Some loads, such as
lighting or resistance heating, may be switched (rom one
supply to another regardless of cleetrical frequency or

phase. Other loads, such as transformers and especially
motors ore cencitive to ahrunt changes in n]‘!"l(r When a

SIS, R SRRISANIYR L0 QUIRIpS Rlddlgea

motor 61 rest is connected. lhe current drnwn is about six
times the rated current listed on the nameplate. However,
if a motor is switched instamaneously from one power

MIL-HDBK-765(Ml)

source Lo another with the same [requency and voltage,
the current drawn depends upon the discontinuity in
phase. I the second source were in phase with the first. no
change in motor current would be observed. However, if
the voltage in the second source were 180 deg out of
phase, currents in excess of the iocked-rotor rating of the
motor will be drawn, with possible resultant damage to
interconnecting wiring ond components and induction of
harmful forces within the motor itself. If a delay is intro-

duced between the time power is interrupted and reap-
nlgpd the effect can be reduced becnuse the voliage gener-

mcd in the motor decreases as the motor “spins down" If
the motor stops. then the curreat drawn is six times the

nameplate rating. If power is reapplied to the motor

Transier
Utility Switch
Power O———— Engine-Driven-
Sourca Generator Set
Noncritical Critical
Elecirical Electrical
Loads Loads
(A) Standby Power Systems
Utility Energy Generator Critical
Power _T_"' Storage or Electrical
Source System r=» Inverter Loads
1
|
_—————
T 1
| Alternate
|  Energy !
| Cmiirmm I
Noncritical P SRRSO
. P J -
Electrical
Loads

(B} Uninterruptible Power System

Figure 3-6.
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before it comes to rest, the current may be above or below
this amount, depending on the relationship between the
applied voliage and the voliage generated by the genera-
tor action of the motor as it spins. Since the phase rela-
tionship at the time power is reapplied is random, the
current drawn will be greater than start-up currents some
of the time and less at other times. The magnitude also is
influenced by the length of the interruption. More
extreme values occur with short interruptions followed by
rcapplicmion of power to the motor when it is rotating

nesr operaiing speed.
Once a power failure is detected by a standby system, a

period of at least 10 s is required to bring o diesel genera-
tor on-line (30 to 90's for a turbine generator). This period
is sufficient to allow motor armatures 10 come 10 rest 50
that the reapplication of power does not cause currents in
excess of starting currents to be drawn. However, when
power from the utility becomes available, and the transfer
back to the utility is made quickly, high current surges
may be produced. One method of preventing these dam-
aging current surges is (o build in a delay in the transfer
switch 1o allow the motor to spin down te an accepiable
speed. A minimum delay is 1.5 times the open-circuit time
constant of the motor, i.c., the period required for volt-
ages generated through the generator nction of the spin-
ning motor armature to decrease to 3755 of the applied
voltnge valuc. Typical times of 1.5 10 2 s arc usually
seceptable for induction motors. Longer periods are
required if power-factor correction capacitors are con-
nected across motors or if synchronous motors are used
(Ref. 30).

If 2 second interruption cann
load is switched back to the uuluy, lhcn phusc-
synchronized switching is necessary. This method uses a
switching apparatus that monitors the phase of both the
primary and backup supply and transfers the load when
the self-gencrnted motor voltage is in phase with the
primary supply. This method requires some anticipation
on the part of the transfer apparatus. The frequency of
internally generated voliage inthe motors is dependent on
the shaft speed. Since motors differ in rate of spin accord-
ing to motor characteristics and the load to which theyare
connecied, ihe transier must be made as quickly as possi-
ble to minimize differences in motor phase when more
than one motor is on the circuit.

Uninterruptible power supplies, such as the configura-
tion shown in Fig. 3-6(B), are used in applications where
even short duration power interruptions cannot be toler-
ated, e.p.. computer systems, In these systems power to
critical loads is usually defivered directly from o motor-
generator or inverter, which derives its power from the
utility. When power from the utility fails. the source of
energy is switched 0 an alternative source such as a
diesel-powered generator for a mechanical system or bat-
teries for a static-inverter-based system. Inertial energy in
the rotating system is used 10 keep the generator rotating
to provide electrical energy during the transition. In an
alternative configuration, power 1o critical loads is deliv-
ered by a static inverter, which is powered from storage
batieries continuously charged by utility power. If power

-

not he tolera
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is interrupted. the charging of batteries stops. However,
batterics continue 10 deliver power unul their capacity is
used. Note that in cither case the power delivered to the
load is generated by the same generator in the primary
and backup modes, so phase problems associated with
load switching are eliminated.

If the standby system is to be operated in countrics
other than the United States. provision for operation at
ather voltage levels and line frequencies may be neces-
sary. Ulility system opcrnlion at 50 Hz is common in
CUTOPC ﬂﬂﬂ f\5|ﬂ nno anll.’Hll um:-w-grounu voliﬁgt‘:s OI
100. 127, 220, and 240 V may be used in the place of the
conventionn] 120 V that is used in the U.S, Connection
devices are also different in most other couniries. Power
systems used in developing countries and small island
countries {requently do not operate as rcliably as power
systems in the U.S. Consequently, operation of backup
power systemns may be a daily occurrence, and the equip-
ment should be designed. installed, and maintained
accordingly.

3-3.3 COGENERATION

Cogeneration is the operation of a power source, such
as a generator, in parallef with the utility, e.g., an engine-
driven-generator set or static inverter. Power generated
by the generator in excess of the on-site load is {ed back
into the utility service in exchange for a reduction in
utility charges. Considerations {or the paralleling of a
generator or inverter with the utility power source are
similar to the considerations for paralleling two genera-
tors. First, the local generator or inverier must be compat-
ible with the power from the utility, i.e., it must have the
same output voltage, frequency, and configuration, c.g..
three-phase wye or three-phase delta, In additien the
control circuitry of the generntor must be designed for
paralle! operation with n power bus that can accept or
deliver a seemingly “infinite™ current with minimal voli-
nge variations. The control circuitry must be designed to
provide positive feedback based on the measured power
delivered to the utility. Computer-based control systems
may be used to periorm the following functions, which
otherwise would be performed by individual svstems:

I. Outpur current monitoring or control

2. Overcurrent protection (out or in}

3. Under- or overvoltage relay (to separate generator
fram utility when voliage from systems differs)

4, Frequency difference (separates generntor or in-
verier from utility when bus frequency falls outside the
accepiable range)

5. Synchromzcr (controls frequency output of gener-
ator or inverter in order to match that of utility before the
generator or inverter is brought on-line),

3-3.4 SYSTEM GROUNDING (Ref. 31)

Grounding of selected points in an elecirical system is
done to prevent damage or injury that results from
higher-than-normal voltages on conductors, exposed or
otherwise. Appropriate grounding accomplishes the fol-
lowing (Ref. 32):
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1. Prevents the buildup of hazardous voliages on .

electrical wiring from lightning, static clectricity, switch-
ing surges, and contact with high-voltage systems

2. Provides a safe path for fault currents. Appro-
priate grounding provides a relatively safe “shon circuit™
for ground faults that are unintentional contact between
energized conductors and cabinets, structural members,
or other conductors. The resulting high currents trip
overcurrent protection devices and temporarily eliminate
the hazard until the problcm can be rcpain:d pcrrnnncmly

ror (ntSl: [casons, srou"ulng Ul lﬂ: clcl.l[“-dl Dyblc"l l)
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not designed in isolation {rom the rest of the system but”
rather must be coordinated with the overall system design
for overcurrent protection and ground fault protection.

3-3.4.1 Ground Resistance

The usual purpose of a ground connection is to provide
a connection to a hypothetical “mass of the earth™ to
insure that any exposed, elecirically powered apparatus is
at the same potential as ground. (Scc Fig. 3-7(A).) How-

o f s N ‘_ rmrd
periect connection to carth cannot achieved

TVer,
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Line Power - ov .
(Grounded | Neutral || Neutral
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(B) Fault Condltlon with High Resistance Ground Connection—
Significant Step- and Touch-Potentlals
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because of the inherent resistance in the carth. Conse-
quenily, currenis into the ground connection induce volt-
ages at the peint of connection due to the effective series
resistance. These induced voltages can be hazardous
when the current into the ground connection is large, such
as the currenis produced by lightning or by laults in
high-voliage systems. The resultant hazard is manifest in
two ways: (1) hazardous step-potentials and (2) hazard-
ous touch-potentials. Step- and touch-potentials were
defined and discussed in the context of lightning strikes in
par. 3-2.1.2. Similariy, hazardous siep- and touch-
potentials may be developed by a fault between a high-
voltage linc and the ground. This situation is dcp:ctcd in
Fig. 3-71(B).

Hazardous step- and touch-potentiails that may occur
undar fault condition:s mav he nrevenied hy dmnﬂlmng

uncer iault condions REFASY W Y waitwAr W e missars

the resistance of the ground. Th:s can be accomplished by
using more or larger grounding elecirodes, by chemically
treating the soil, or by incorporating both measures. In
critical cases an electrode network or ground mat is used
to establish better contact with the ground and to mini-
mize potential gradients in the aren. Techniques for mak-
ing the appropriatc physical ground connections are dis-
cussed in par. 5-2.4.

3-3.4.2 Grounding Techniques for Polyphase
Systems
Several techniques are available for grounding of poly-
phase systems, and the sclection of the most appropriate
one dcpends on power source(s), load. presence of ground
fauli circuit mterruptcr! {GFCI), and potenunl hazardsto
be minimized. The mosi commaon techniques are

i. Solid Grounding. One conductor, usually the neu-
tral of the three-phase wye sysiem, is connecied to ground
through the lowest-resistance, practical ground connce-
tion. Advantages of this system are simplicity and lowest
possible induced neutral voliage during foults, Disadvan-
tages are high, possibly damaging, fault currents.

2, Resisiance Grounding. The neutral is connected to
ground through a resistance sufficient to limit the fault
currents. Two approaches arc used: (1) low-resistance
grounding that limits the fault current to a safe value that
is still high enough to trip overcurrent protection devices
and (2} high-resistance grounding that allows only a small
fault current to flow. High-resistance grounding allows
the system to remain in operation when a fault condition
exists. However, high-resistance grounding should be

-l ] 1Y eh N 1] H ]
Used OMuy wath {4 SYsiom 15 woii mainiames and

detected problems, which do not prevent sysiem opern-
tion, willi be corrected instead of ignored. Resistance
grounding is used only on three-phase, threc-wire {delia)
configurations because normal neutral current in o four-
wire system would flow through the grounding resistance:
this would introduce power loss and phase voltage imbal-
ance, Also the National Electrical Code (Ref. 32} does not
permit resistance grounding where line conductors are
less than 150 V rms with respect to ground.

MIL-HDBK-765(M})

3-3.43 Grounding Considerations
3-3.4.3.1 Grounding at Utility Service Entrance
Appropriate ground connections for electrical sysiems

that are connected to a utility service are shown in Fig.
1-R. The dashed lines in the dingram show the path of a

e 2 3R RSN NN 220 RN Rlige il adlv (311 L)

possible fault current. Note that the ground connections
insure that exposed equipment housings remain a1 ground
potential when a foult occurs. However, the fault currem
does not flow into the ground, but rather it flows into
low-resistance ground conductors. Consequently, these
conductors should meet the following requirements:

1. Be permanent and continuous

2. Have ample capacity to conduct safely any ground-
fault current likely to be imposed on them

3. Have lmpcdnnce sufﬁm:mly low to limit the volt-
age to ground io g safe ﬁ:‘lf,ﬁnuuc sad to facilita
operation of circuit protection devices.

The optional ground connections shown are necessary
for preserving the safety of the system provided the
ground conductors are present, The opiional ground
connections do provide some redundancy in the event of
damage to the equipment-grounding conductor but should
never be used in place of it.

Py T
ai¢ ine

3-3.4.3.2 Grounding of Local Generators

A recommended grounding scheme for local genera-
tors is shown in Fig. 3-9. This configuration is similar to
that of service-supplied configuration except that only
one ground connection is required because of the proxim-_
ity of the gencrator and loads.

Typically genermon donot gcn:rutc pcrfcct sine waves

ek 8 = o s e & s | Y- =t

but gencruic o waveform with upic {0% harmonic distor-
tion (Ref, 33), The third harmonic from all phases is
in-phase and, therefore, additive in the neutral. Use of
resistance grounding attenuates this harmonic without
inducing loss at the fundamental line frequency provided
the generator load is balanced. Resistance grounding is
cven more strongly recommended for generators that
operate in parallel with o utility supply to protect the
generator windings from excessive transient foult cur-
rents (Ref, 34).

Generators that serve as standby power systems should
be grounded in the same manncr as the utility, ic., the
neutral connection should be tied to a low-resistance
ground electrode installed for the generator. In most cases
the neutral of the generater also is connected to the neu-
tral of the utility. However, if the penerator is located

reamataly fram tha naint af carvics snteu enrh thot o differ.
FRabd s n Y IRV ML PULLE U 30 Vinh G Y SULES it W i

ence in ground potential exists between the gencrator
ground and the service ground. it may be desirable to
switch the neutral with a se1 of make-before-break con-
tacts on the transfer switch used to change service.

The grounding of generators that are used as standby
power sources for systems with ground fault interruption
must be designed carefully 10 insure that ground paths are
notintroduced that bypass the GFCl circuitry. Anappro-
priate grounding configurntion for the grounding of a
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Utility Supply Service Emtrance Load -
Generator Equipment
Gaonerator Frama
Equipment
or Transformer o
-~ E re Housing
ryY :l : Q Line
) ~{Goo) o Nowra
Bondged b [ IE
Connaction A $
gondes 1 |
. Connection {Eﬁquinmnm Optional
rounding Ground
AT QGiound Conneclions &> Canducior | /V c §
-=--= Fault Current Path

Note: Articte 550 of the NEC (Ret. 32) roquires that the neutmi conductor of mobile home power wiring
shall no: e grounded to the frame of tho structurs or to the equipment ground wiring within the
structure, The metailic frame of the structure and all expesed metailic surtaces must be grounded
through an equipment ground conductor in the cable supplying power to the structure. (This does
not prectude addlitional grounding through grounding alectrodes.) The sarvics entrance
equipmem—usuatly consisting of a cisconnect switch, an overcusrem protactive device, and
connector tor tha power cablo—{s mounted nears the mobilo home But not on il, Amy shettors are
also wirad in accordance with this articis, However, they typically share common service equipment
whaen the shellers are located in close praximily and aro powered from tha same sourco.

MIL-STD-1587 requires tha! the neutral conductor of o grounded power Sysiam be connected o
ground at cnly one point within the immedinte equipmen area,

,,,,, . [ o S

Figure 3-8. Grounding Configuraiion for a Single-Source Service Suppiied System

Generator Eguipment
Generator Equipmem
" Frame " Housing ™|
:1 P P Une
/‘ i ""'E N [ '0 Neutral
/ / - = T
Cptional Resistance \ /1
Grounding —Seo Equipmont Optional
txt Grounding »#1” Ground
Conductot Connection

Ground ~ L.y

=== Fault Curmant Path

Note: Use of the optional ground connection at the ioad does not eliminate the requirement {or a dedicated
oquipment grounding connectos, Sea notes on Fig. 3-8,

Figure 3-9. Grounding Configuration for System Powered Solely by Local Generator
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three-phase, utility-powered sysiem, which includes a
generator for standby power, is shown in Fig 3-10. Infor-
mation on additional configurations is given in Ref, 35,

Generators that ore operated in parallel with uvtility
should not be solidly grounded because significant,
imbalanced currents may flow. Consequently, the neutral
of the generator should be resistance grounded. If desired.
the resistor may be shorted to provide solid grounding
when utility service is disconnecied (Ref. 34).

3-3.4.3.3 Separation of System Grounds

The high-veltage system associated with a transformer
should not be grounded together with the low-voltage
system associated with the secondary. If the two systems
share a common ground, then large fault transient volt-
ages, which are possible with the high-voltage primary
system, may be induced in the ground connection for the
secandary system. This situntion is shown in Fig. 3-11{A).
Fig. 3-11(B)illustrates the appropriate method of separat-
ing the grounds to prevent the occurrence of this hazard.

3.3.4.3.4 Grounding of Delta Configurations
Grounding onc phase of a three-phase source as shown
in Fig. 3-12(A) is somctimes done {or reasons of case of
installation and economy. However, this configuration is
not recommended because the line-to-ground voltage is
73.26p higher in comparison to the wye-driven configura-
tion shown in Fig. 3-12(B). In the latter configuration, 8

MIL-HDBK-765(MI)

converted wye-voltage source is used to maintain all three
phases of the delta-connected loads at an equal voltage
aboveground. If a wye-connected source is not available,
then a grounding transformer may be used with a dela-
connecied power source to generate 2 ground connection
point,

A polyphase grounding transformer is a multiwinding
transformer that genecrates a neutral potential from the
three phasc voltages. {The necutral potential in this con-
text is the potential of the center or neutral connection of
the source il the phase voltages were generated by a
wyc-connected source.) Grounding of this neutral con-
nection as shown in Fig. 3-12(C) maintains the three
phases at equal voliages (magnitude) with respect to
ground.

3-3.5 SYSTEM LOAD CONSIDERATIONS
3-3.5.! Matching Power System to Load

When the source of electrical power is a lixed, commer-
cial utility, the considerntion of compatibility between
loads and source is simply one of compatible configurntion—
three-phase wye or delta, or single-phase—and adequate
capacity. Because the increase in cost of additional capac-
ity ot the time of installation is not great, the usual proc-
tice is to make conservative estimates of required capacity
to ollow for errors in the estimates or for {uture expan-
sion. These conditions are not true for systems powered
by engine-driven-generator sets since the initial cost of the

Sarvice Transfer
Entrance Switch
Equipment
Ground -
Utility [ —=——| Faul To Loads
Service i Interrupter .
TJransformer I
i
|
AN o__l,-\_e
=3 J L
£Engine-Driven-
Generator Set
Sea notes on Figure 3-8

Figure 3-10. Grounding Configuration of System Using On-Site Generation and Ground Fault

Protection -

- —_ 32
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Induction of High Voltage on Secondary Ground

Conductor by Primary Fault

Figure 3-11.

system is high nnd increases in direct proportion to the
generating capacity. Also, engine life is reduced by opera-
tion at either minimum or maximum load: optimum life
geaerally can be obtained with loads in the 50 e 90%
range (Ref. 16). Therefore, for these systems, the power
source must be matched more closely to the electrical
loads it supplies.

There are three objectives to be achieved by proper
matching of the source to the load. i.ce.,

1. Reliable system operation—i.e., minimal chance
of system shutdown due to component (ailure in the
engine-driven-generator set

2. Acceptable quality of the power produced—i.e.,

voltage regulation, frequencyregulation. and waveform !

29, L L L

.

Proper Grounding of Distribution Transformers

3. Reduced initinl cost.
Matching the engine-driven-generator set to the load con-
sists of defining the power requirements of the load and
selecting or designing n generator that will deliver that
power. Estimates of power should be realistic with some
allowance for expansion, Typical estimates are usually
biased high because the designer adds the power require-
ments of all the devices to be operated to determine the
*worst-case™ power requirements. Generators sclected 10
satis{y those requirements will probably operate at a frac-
tion of their capacity most of the time. To make realistic
estimates, loads that will not be operated simulianeously
should be identified. c.g.. equipment used in either
summer or winter but not both and equipment used in
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(A} 30-3W Deita System with One Phase Grounded

Ve

(B) 30-3W Deita Syatem Driven by Wye-Connected Source
to Provide Ground Point .

.
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{C) Use of Grounding Tranatformer to Producs Grounding
Point

Figure 3-12. Grounding of Delta Configuration

cither daytime or nighttime. Only the larger load should
be used in the estimation. Another typical error that
causes overestimation is the overlooking of the duty cycle
of eauipment that is not operated continuously. Note,
houcvcr. that allowances must be made for the posnblluy
that all cycling loads could operate simultancously—an
occurrence that also reduces the diversity of the load and
therefore the value for expected variability in the esti-
mated load profile (Ref. 17). Decreasing diversity
decrenses the required maximum capacity and increascs
the probability that the sctual load will remain in the
desired operating power output range of the generator. In
cases where high-divcrsily load combinations are antici-
pated, provisions may be mcorpomtcd in the power dis-

teihitinn cuctam tn Eannancs e
tribution system to scquence operation of significant

items to reduce diversity. Also controls for motors may be

staged so that motor-starting currents (typically six times
the running current) are not drawn simultaneously.

If widely diversified loads are unavoidable, addition of
fixed clectrical loads to the system can meet the manufac-
turer’s minimum design load for the generator during
periods of light generator loads., One procedure for
increasing loading is to operate certain equipment, such
as electronics or heaters, to provide an acceptable load on
the engine-driven-generator set. Alternatively, load banks
consisting of power-dissipating resistors may be used 1o
provide the minimum recommended load. A more desir-
nble solution is to design the system with two generators
so that when an operation is anticipated at a level that can
be accommodated by one generator, the other may be
switched off until power demand again warrants its use.

Another problem, which arises when small loads are
connected 10 a sysiem having larger capacity, is the reduc-
tion in effectiveness of fault current protection. Properly
designed systems include overcurrent protection that
trips upon detection of currents in excess of wiring or
source capacity. This device protects the wiring from
overcurrent damage and quickly deenergizes circuits con-
taining a fault to eliminate any hazards that are produced
by the fault condition. If o small load is connected to a
high-capacity source without additionat overcurrent pro-
tection sized for the load. internal faults may cause fault
currenis that are not sufficient 1o trip overcurrent protec-
tion devices. These fault currents, although not sufficient
to cause domage to the source, may cause damage to the
load and could be accompanicd by a hazard resulting
from the fault, c.g., hazardous voltage on an exposed
conductor, that persists because of the ineffectiveness of
overcurrent protection.

3-3.5.2 Load Allocation

Load allocation is the paritioning of electrical loads
among clectrical sources 1o achieve maximum use of
generating capacity. The most common objective of load
allocation is to balance the load between phases of a
threc-phase system. Three-phase systems that power only
three-phase loads—e.g.. motors and three-phase, trans-
formcr-powcn:d cquipmcm—arc inherently balanced pro-
vided the loads are operating as designed. However, when
single-phase loads are connected to a three-phase system,
the system usually will become unbalanced, i.c., the cur-
rent delivered by the individual phoses will be different.
Unbalanced operation of nthree-phase generator is unde-
sirable because the three stotor coils are not operating at
the same capacity. Since there is a limit to the power that
may be delivered by each phase of o generator, unbal-
anced operation implies that at least one and probably
two ol the phases ore operating signiﬁcamly below capac-
ity and overall output cnpncuy of the generator is
reduced.

Unbalanced loads are alse haznrdous to the generator
and to certain types of loads. Three-phase motors require
that voltngcs be balanced within 196 for operation at the

rated capacity. With imbalances in source voliage of 565,
the motor must be derated 2563 (Ref, 38). The amount of

U LS U Uil LGOS it 411U

voltage imbalance caused by current |mbalancc depends
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on the droop characteristics of the generator. These char-
acteristics vary among generator models: therefore, the
requirements for balancing current loads to achicve
acceptable motor operation are difficult to specify quan-
titatively. In general, however, it is sufficient to say that
power drawn from the different phases of the generator
should be balanced as closely as possible. especially when
three-phase motors are driven by the generator.

Load allocation may also apply to the assignmem of
loads among multiple generators, which mtghx be doneto
keep generators operating within acccplnolc ioad ranges
as discussed in par. 3-3.5.1. Considerations in allocating
loads among generators relate to the shedding of nones-
sential loads when power capacity is reduced ¢ither when
switchover from uiility power Lo generators occurs or
when one generator becomes inoperative in a multiple-
generator configuration. Similarly, essentinl loads, such
as life-sustnining equipment in hospitals, must be sup-
plicd through switching the equipment 10 any available
source of power in the system to provide maximum
power-system reliability for that equipment.

3-3.6 GROUND FAULT PROTECTION

Ground fault protection (GFP) genernlly consists of
equipment that disconnects power upon detection of
undesirabie current to ground. The components used to
accomplish this may be referred to as GFP, ground fault
interrupter (GF1), or ground foult circuit interrupter
{GFCI). The advantage of ground fault protection is that
only very small ground fault currents are necessary to lnp
the prnu-rnm- device, wherens the alternntive rl-nlnrrc
fault currents in excess of circuit capacity bcfore the
overcurrent devices break the circuit.

GFP devices work on the principle that the new current
summed over nll conductors suppiying an electrical load
must be zero. Stated simply for single-phase loads, the
current out 1o the load on the “hot " line should be exactly
the same as the return current on the neutral—a condition
that is necessarily true provided no alternative return
paths cxist. However, if a fault exists between the “hot™
line and ground (not the neutral), the fault current causes
a difference beiween currenis in ihe “hot” wire and the
neutrnl. This difference may be detected by a current
transformer placed around the pair of wires. The seasitiv-
ity of this system may be set sufficiently high for single-
circuit systems so that the circuit will be interrupted upon
the detection of fault currents below levels sufficient 1o
injure personnel. The same principle may be applicable to
three-phase systems. Here the net current is sensed in the
three phases and neutral by a current transformer sur-
rounding the four wires.

GFP may be used for protection of personnel or for the
protection of equipment. For the latter application the
National Electrical Code (NEC) (Ref. 32) requires ground
foult protection on three-phase feeder systems with a
phasc-to-phasc voltage between 150 and 600 V and cur-
rent capacities greater than 1000 A. For these nppllca-

.
tions. approprintely sized overcurrent protection equip-

ment will pass sufficient current to sustain arcs capable of
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doing significant damage to the service equipment over a
period of time.

When GFP is used in a system. care must be exercised
50 that the neutral is not grounded on the load side of the
current-sensing transformer; this wiil cause the ground
fault protection device to trip under any load above the
ground (ault setting. Svsiems with capacity for local
generation of electricity, i.e.. standby or cogeneration
systems, must be designed carefully so that the grounding
of the generator does not interfere with the GFP by
providing an aiternative grounding path for the neutrai at
any location that bypasses the current sensor. A suggested
grounding configuration for these systems is givenin Fig.
3-10.,

3-3.7 MATERIAL SELECTION

As for any item of equipment, the materials from which
it is to be fabricated must be selecied on the basis of
environmeniz! and functional requirements dictated by
the intended application for the piece of equipment.
Improperly selected materials may be the cause of prema-
ture equipment failure either due to failure of the compo-
nent made (rom the material or incompatibility with
other components in the unit. The characteristics listed in
Table 3-10 are considerations for material selection. Not
all of these characieristics are significant considerations
for every type of maierial or {or every application.

Tables 3-11 through 3-14 (Refs. 9, 39, 40, and 41) give
specific characteristics of metals, thermoplastics, thermo-
setting plastics. nnd ceramics, These tables are included to
provide o general background of the properties of com-
mon materials used in electrical apparatus. More detail
on properties of materinls is found in Refs. 41 and 42.

Matenals should be selected to satisfy requirements of
the application. There arc some common guidelines,
however, for all applications of power sysiems in tactical
environments. These guidelines nre discussed in the para-
graphs that follow.

Matcrials that may give off hazardous gases or particu-
lates should be avoided. especially if they are 1o be used in
confined spaces. For example. asbestos. a known carcin-
ogen and formerly very popular as a high-temperature
clectrica! and thermial insulatorn, should not be used inany
applicotion where nonhazardous high-lemperature mate-
rinls can be substituted. Asbestos fibers can be released to
the atmosphere if the material is used where it could be
abraided. handled. cut, or flexed. Similarly, materials
that produce toxic chemicals when burned should not be
used in applications where they may burn in an enclosed
environment, e.g., polyvinyl chloride, when burned. re-
leases hydrogen chloride gas and for that reason is not
used in aircraft applications (Ref. 43). Fluorinated plas-
tics are commonly used for electrical insulation in high-
temperature applications, i.c.. above 250°C or 480°F.
Some formulations of {luorinated plastics release toxic
gases including hydrogen fluoride upon combustion or
thermal decomposition at temperatures well above the
operating range, i.c.. near 400°C (750°F). Therefore.
these materials should not be used in unventilated spaces
where fault conditions could produce temperatures that
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TABLE 3-10
MATERIAL SELECTION
CHARACTERISTICS

_______ [ o PP,

JVICCHHIIICHI auengin
Teansile Strength
Impact Strength
Hardness, Toughness, or Ductility
Abrasion Resistance
Flex Life
Elasticity
Maximum Elongazion
Moisture Absorption
Temperature Characteristics
Meliing Temperature
Softening Temperature
Ignition Temperature
Low-Temperature Characteristics
Electrical Characteristics
Conductivity or Bulk Resistance
Diclectric Strength
Diclectric Constant
Loss Dissipation Factor
Corrosion Resistance (and Compatibility With Other
Materials)
Corcna Resistance
Arc Resistance
Reodiation Resistance
Chemical Resistance
Fungous Resistance
Bacteria Resistance .
Soivent Resistance ‘
Ultraviolet (UV) Resistance
Fabrication Capabilities
Applicable Fastening Techniques (welding.
adhesives, soldering, brazing)
Forming Techniaues (machine, casting,

SITAIRALE R RRiRANg iR YRR Iiaiity R

Ficld Repairability

R

greatly exceed the ratings of the material. Even ordinary
materials may produce loxic combustion products when
burned in enclosed areas. For example, carbon monoxide
is a common product of incomplete combustion. and hy-
drogen cyanide {(HCN) is produced by combustion of
wool, silk, polyacrylonitryl, nylon, polyurethane. and
paper.

Materiais that ore 1o be used in tacticai situntions
should be resistant to hazards of the baulefield, which
potentially includes radiation. Not only should insulation
materials be as resistant as possible. but oll materials

should be capable of being washed with decontaminating
solutions heated 10 Irrr!prrnlnm of 120°C (250°F).

SUIRIITIS v e U seilipeiaiai e W R &Y

Since military equipment may be used in any Iocation
in the world. susceptibility to corrosion is an important
consideration. Specific materials that are resistant to cor-
rosion should be sclected. Equally important however is
the combination of materials. Combinations should be
selected to prevent the introduction of corrosion into
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compoenents that might weaken or cause premature fail-
ure in other critical components. Table 3-15 lists the
common metals used in equipment in order of electronega-
tivity. Wherever possible. when two or more materials are
fastened logclhcr. selected mntcrials should be those that
are iocnied close iogeiher on this table 1o reduce the
probability of galvanic corrosion. If not close together in
the table, the joined parts should have a protective

coating.

3-3.3 PHYSICAL CONFIGURATION

Asin material selection, design of the physical configura-
tion—the enclosure, supports, and the arrangement of
components—must satisfy the requirements of the appli-
cation and protect personnel from hazards associated
with the equipment. Many of the considerations for the
configuration design of safe equipment are speciiic to the
item of equipment, Those equipment-specific considera-
tions for equipment in this handbook are discussed in the
chapter or paragroph pertaining to the item of equipment.

A major consideration in the design of all electrical

equipment is the thermal design. Almost all electrical

components gencrate heat and have a maximum tempera-
ture that they can tolerate. Therefore, the housing must
provide cooling of the equipment while protecting it from
other environmental factors, For some cquipment natu-
ral convection through a ventilated enclosure is satisfac-
tory. Such enclosures typically have louvers or overhangs
to prevent the entry of falling precipitation. However,
additional protection may be necessary for equipment
that is sensitive to humidity or dirt. Equipment that has
hlgh-volmge conductors, clectrical wmdmgs. or cxposed
moving parts that couid be affected by moisture, sand, or
dust should be mounted in sealed cnclosures with provi-
sion for heat removal through a thermally conductive
path or by circulnting coolant through external cooling
fins. This construction also is appropriate for preventing
the nccumulation of thermally insulating dirt on electrical
components, a circumstance that could lead to higher
operating temperntures and shortened equipment life.
Vulnerable components may be mounted in sealed. oil-
filled containers having an inert, smooth outer surface,
which may be routincly cleaned or, more commonly,will
be cleaned naturally by precipitation or wind.

A complicating requirement for thermal design of tac-
tical equipment is the necessity to suppress the infrared
signoture of the equipment. Heat-generating equipment.
cspccanlly cngme-dnvcn-gcncrmor sets, must be cooled
with large volumes of air to meet requirements of low
surface temperntures and cxil air temperatures. This
requirement, coupled with the requirement for a low-
noisc signature, has led to the development of new designs
for tactical engine-driven-generator sets that incorporate
baffled airflow for cooling and exhaust gas dilution and
sound-deadened insulation for noise suppression.

An advantage of the sell-heating characteristic of elec-
trical equipment is that moisture will not accumulate
within the equipment, even in humid environments, pro-
vided the equipment is operated continuously at a level
that maintains the temperature above ambicnt. However,
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Metal

Corrosion Resistance

Gray lron, Cant

Malleable iron, Cant

Wroughi lron, Hot-Rolled

Low-Carban Steel
Hot-Rolled
Cold-Worked

Medium-Carbon Steel
Hot-Rolled
Cold-Worked
Hard and Tempered

High-Carbon Steel
Annealed
Hot-Rolled
Hard and Tempered

Mantensitic Stainless Steed
Anncaled
Hard and Tempered

TABLE 3-11
PROPERTIES OF COMMON METALS (Ref. 39)
Density Melting Eleetrical Tensile Strenth
mass weight* Poinm Resistivity MPa kpsi
kg/m’ ibjin! °C *F at 20°C
(68°F)
pilem
7200 0.26 50-200 186-223 27-33
172-207 15-30
138-165 W0-24
7170-7280 0.259-0.26) 3.0 J435-359 50-52
7695 0.273 1510 2750 131 48
7835 0.28) 1510-1524 2750-2775 14.3
448 65
538 78
7835 0.283 1480-1510 2700-2750 9
617 91
689 100
7 13
7815 0.283 }]
724 105
800 116
1103 160
7150 0.28 1480-1530 2700-2790 70
)87 15-120
827139 120-200

Resistant to strong sulfuric
acid. cold concentrated
phosphoric. and nitric scids.
Altacked by dilute sulfuric,
phosphoric, and nitric acids.
Reststamt to sodium hydrox-
ide, soda ash, and ommonia.

Resistant (o simospheric
corrosion in rural, indus-
trial, and marine atmo-
spheres and {resh and salt
walers.

Current improved wrought
iron has a1 least 256 greater
corrosion resisiance than
former grade.

Rusied by oxygen and water
ot room temperature: rate of
attack increases sharply as
pH gocs above 4 and
decreases below a pH of §,
Diluie salt solutions increase
corrosion rate. Attacked by
acids in general, bur satisfoc-
tortly resistant to alkalis at
normal temperature. Corro-
sion rate in ardinary rusting
aot appreciably aflecied by
carbon or alloy content or
by cold working.

Same as low-carbon steel.

Rusts when brought into
contact with moisture and
air at room temperature;
ratcs aot appreciably
affected by carbon content,
If salts are present, corro-
sion rate i increased.
Attacked readily by acids,
but resistant to alkalis at
f00m temperalure.

Good resistance 1o weather
and water: also good resis-
1ance to some chemicals,

*\Weight density in Ib/in. as originally specified in Ref, 19,

Reprinted with permission from H, Jasick. Ed.. Antenns Engineering Handbook. copyright @ 196]. MeGraw-Hill, Inc.

(cont’d on next page)
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TABLE 3-11 (cont'd)

Metal

Density Meliing Electrical Tensite Strenth
mass weight® Poini Resistivity  MPa kpsi
kg/m’ Ib/in’ *C *F at 20°C
(68°F)
. ullcm

Corrosion Resistance

Aluminum Alloy, Wrought T2710 0.098 643657  1190-1215

{1100)
Anncaled
Hall-Hard
Hard

292 %0 13
- 124 I8
3.0 165 23

Aluminum Alloy, Wrought 2710 0.098 582-649  1030-1200

Annecaled
Heat-Treated
(6061)

1.8 128 18
i Y] INTH)
30 43(T6)

Elecurolytic Tough-Pitch 8885-8940 0.J21-0.323 1064-108) 1949-198! L

Copper
Anoealed
Hard

Beryllium Copper
Annealed
Hard

Yellow Brass

Hard

221241 32-35
343-379 50-55

81958750 0.296-0.298 871982  1600-1800
482 414-532 60-80
5.82 1138-1276  165-185

8470 0.306 904932  1660-1710 6.4
317-045 46-50
510-758 74-110

High resistance 10 rural,
industrial, and marine
stmospheres. Good resis-
tance 10 most neutral or
neasly acutral fresh waters,
$c3 waler, organic acidy, and
aohydrides; alcohols, alde-
hydes: esters; ketones; oils;
gasoline: greases, waxes, and
other perroleum derivatives;
ammonis and ammonium
compounds; nitric acid
above B25%: essential oily;
amides; nitro paraffins; coal-
1ar derivatives. Hydrogen
peroxide; and many ncutral
agucous inorganic sali sotu-
tions.

High resistance to rurl
atmospheres, good resis-
tance 10 industrial and
marine atmospheres, Degree
and nature of attack in other
environments are greatly
influenced by heat treat-
meni,

Geaerally good resistance to
industrial, rural. and marine
simespheres. also to gaso-
lines, fue! ails. and lacquers.
Genenally poor resisiance to
gmmonia, ferric and ammo-
nium compounds, and cya-
nides, Good resistance 10
weak acids and bases: some
resistance to strong ocids
and bases,

Same as clecurolytic tough-
pitch copper,

Generally good resistanee 1o
industrial, rural, and marine
aumospheres; also gasolines,
fuel oils, and tacquers. Poor
resistance to ammonia, fer-
ric and ammonium com-
pounds. and cyanides. Sus-
ceptible to dezincification
and stress corrosion crack-
ing. Some resistance 1o weak
acids and bases. Poor reais-
tance to strong acids and
bases nnd to soft and high-
salinity water.

*Weight density in lbfin

. as originaily specified in Ref. 39,

(coni'd on next page)
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TABLE 3-11 (cont'd)

Metal

Corrosion Resisiance

Nicke! Silver, Wrought
Annesled
Hard

Phosphor Bronze,
865 (Grade )
Half-Hard

Snrins
Sprnng

Nicke! Alloy. Wrought
Anncaled
Spring

Nickel Alloy, Cast, As Cast
Gold

Annealed .
Cold-Worked
As Cast

Sibver

Cold-Worked

Grade A Tin
Anncaled Sheey
Cold-Raolled Sheet
As Cast

Density Melting Electrical Tensile Strenth
mass utighl_ * Poin1 Resistivity MPa kpsi
kg/m' Ibjin: =C F at 20°C
(68°F)
uflcm
BE90 0314 999-1037  1830-1900 8
159-421 52-6)
586 85
8800 0.)18 BE2-1027 1620-18B0 13
524-724 76-105
172 112
11,350 124 12
870 0318 1299-1349 2370-2460 48.2
483-586 70-85
689-963 100-140
8540 0.312 1316-134)  2400-2450 33.2 448-62) 6590
19.320 0.698 1063 1945 35
131 19
n1 . ¥
124 18
10490 0.379 961 1761 1.59
152 b
n 54
103 15
7310 0.264 232 449 1.5
15.2 ° 22
19.3 28
14.5 21

Attacked rapidly by
oxidizing acids. Resistan: to
sodium and poizssium
hydroxide but attacked
rapidiy by ammonium
hydroxide and moist
ammonin, Good resitiance
to rural and marine aimos-
pheres and 1o fresh and sah
waters. Subject to siress cor-
rosion.

Generally good resisiance to
atmosphere, water, sall
water, and salt solutions.
Some resistance to alkaline
salutions and inorganic
acids, Poor resisiance to
organic atids, cyanides, and
ferric and ammonium com-
pounds.

Resistant to sulfuric, sulfu-
rots, phosphoric. and
chromic acids. Attacked by
acetic, formic, and nitrie
acids, Resistant to atmo-
sphere. and {resh end saht
waters.

Good resisianer to flowing
salt water, ditute acidy,
hydrochloric, hydrofluoric,
sulfuric, phosphoric, and
most organic acids and
strong caustic soda. Not
resisuani 1o strongly oxidiz-
ing solutions such &3 nitric
acid and fernic chloride.
Same as nicke! alloy.

Docs not oxidize when
heated in air. Resists alkalis,
salts, and most acids. Ne1
attacked by oxypen or suk-
fus. Rapidly anacked by
chlorine and bromine,

Docs oot oaidize when
heated in air, Resists most
dilute mineral acids and
alkalis. Attacked rapidly by
nitric and hot sulfuric acids.
Auacked rapidly by sulfur-
bearing pases.

‘ Resists distilled sea and soft

tap water, Auacked by
strong scids, alkalis, and
acid salhts. Oxygen in solu-
tion accelerates rate of
attack.

*Wreight density in Ibfin. as originally specified in Ref. 39.
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TABLE 3-11 (cont'd)

Meal

Tensile Streath
MPa kpsi

Electrical
Resistivity
at 20°C
168°F)
pilem

Melting
Point
.C llF

Corrosion Resistance

Commereial Rolled Zine 7140
Hot-Rolled -

£0ld B ~llad
AU UL

Zinc Alloy, Cast
Die-Cast

Tungsten, Cold-Worked 19.375

0.258

0.24

0.70

419 786
6.06 145-172

186 727

M00 6152 5.48 4832068  70-200

Excellen: resistance to both
metropolitan and rura)
lugmn!mnc carrasion, alio
hot soapy waier, printing
inks, trichlorocthviens, ear-
bon teirachloride, dry illum-
inaling gas, and moisture-
and acid-free hydrocarbons.
Fair resistance 1o pure ethy!
and methyi icohois, give-
crine, water, and petrolcum
products. Poor resistanee to
steam, spray inseclicides,
animal oils, strong acids,
basry, and mixtures of
glycerine or alcohol and
water,

Resists most acids and alks-
lis 10 100°C (212*F),
attacked by nitric-
hvdrofluoric mixture at
room temperuture. &nd by
aqus regia a1 100°C
(212°F).

*Weight density in [bfin. as originally specified in Ref, 39,

when cqmpmcm musi be operaied on an iniermitient 3-3.9

feas

CIN

el

{Refs. 47 and 48)

basis or must be stored [or long periods, then provisions An arc is produced by the conducnon of an cleciric

must be made to proteet it from effects of moisture, ie.,
fungous growth and insulation breakdown. Appropriate
material selection is necessary to minimize this problem.
Scaled construction and pouting of critical ¢lecironic

components are possible alternatives to minimize prob-

lems due 10 moisture accumulation.

Taetical equipment that is subject to NBC exposure
must be constructed 1o fecilitate decontamination. Equip-
ment subject to decontamination should be constructed
so that all surfaces that are open 1o the atmosphere are
accessible for cleaning and can withstand the solutions
used, Where possible, exposed surfaces should be smooth
and have minimal cavities, crevices, and dead spaces
where radicactive debris may accumulate. Where cavities

P .
BIC RCOTSSary. aftess F!E{C'S or removable covers should be

provided along with droin holes to allow removal of
decontaminating solutions. Complex assemblics may be
designed for decontamination by making them easy to
disassemble for cleaning or incorporating seals, gaskets,
or other means to exclude both NBC agents or decontam-
inating solutions from internal components (Ref. 46). The
process for nuclenr decontamination, like the process for
chemical or biological decontamination. consists of wash-
ing the equipment with n solution designed to remove any
residue of the toxic ogent. For chemical and biological

ngcms. the u:f.'onmmlnnuon Bgl:ﬂl. may aiso IICIJIHHILI: or

P et e ttilay

detoxify the residue.

cither by the narrow spacing

current through an ionized column of gas whose ioniza-
tion is maimained by the current through it. Significant
voltage gradients are required to initiate an arc produced

of elecirical conductors

which are at different potentials—such as swiich conzacts

at the moment they are opencd—or by overvolinges that

....... ic smemAdizaad 1he e en

hivdrogen is produced when
apparatus,

331 . .

arc produced by lightning-induced transicnts on lines
with insufficient insulator spacings to accommodate
them. Once the arc is initiated. it will be maintained
provided there is a sufficient voliage gradient to maintain
current through the arc’'and provided there ore sufficient
ions present in the arc channel 10 support conduction.
The energy released by the current through the high-
resistance channel maintains a high temperature within
the are and thereby maintains the hmh degree of ioniza-

tion necessary to maintain the arc. Howc\'er. the high
temperatures can be quite damaging 1o nearby equipment
and can cause the initiation of fires, mehing of material,
and the unintentional welding 1ogether of components.
Also the sudden heating of air associated with large arcs
produces large tronsiént pressures that can damage or
destroy enclosures that house the arcing apparatus. Arcs
generate intense visible and uliraviolet fight, which can
cause temporary eve damage to nearby personnel. Ozone
is o gaseous product of arcing in the atmosphere, and

nesr

arcs occur in oil-filled

S VLISl
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TABLE 3-12
ELECTRICAL PROPERTIES OF THERMOPLASTICS (Ref. 40)
Matenal Volume Dielectric Dielectric Strength® Dissipation Arc
Resistivity,  Ceonstant Factor Resistance **
C frem at 60 Hz. a1 60 Hz, 5
dimensionless  V/mm V/mil dimensionless

Acetal 101 1718 19,700 500 0.004-0.005 129
ABS 103117 2.6-3.5 11,800-17,700 300450 0.003-0.007 45-90
Acrylic _ >0 3339 15,700 400 0.04-0.05 (no tracking)
Acrylic, High-lmpact 101s-101? 3.5-3,7 17,700-18900  450-480 0.04-0.05 (no tracking)
Cellulose Acetate 10101002 | 3,2.7.5  11,400-23,600 290-600 0.01-0.10 50-130
Cellulose Acctate Butyrate 101 jgn 3.2-6.4 9800-15.700 250400 0.01-0.04 50-150
Ccllulose Propionate 1012-1Q'e 3342 11.800-17.700 300-450 0.01-0.05 170-190
Ethyl Vinyl Aceiate LS X 108 3.16 20,700 525 0.003 50-150
Chlorotrifluoroethylenc 104 2.65 17.700 450 0.015 >360
Fluorinated Ethylene Propylene o

(FEP) >0 2.1 19,700 500 0.0002 >165
Polvtetrafluorocthylene (TFE) >0 2.1 15.700 400 <0.0001 (no tracking)
Nyton 6 10+-1013 6.1 11,800-15.700  300-400 0.4-0.6 140
Nylon 6/6 10Y4-1018 3.64.0 11,800-15,700 300400 0.014 140
Nylon /10 1QH-101 4.0-7.6 11.800-15,700 300400 0.04-0.05 i40
Polyallomer >100 23  19,700-40,000 500-1000 0.0001-0.0005
Polycarbonate 6.1 X 101 297 16,100 4{0 0.0001-0.0005 10-120
Polyethylene, Low-Density 1013-101 228 17,700-40,000 450-1000 0.006 100-200
Poiyethylene, Medium-Density i0s- i 2.3 17.700-40.000 450-1000 0.0001-0.0005 i00-200
Polyethylene, High-Density 6 X 10109 2.3 17.700-40,000 430-1000 0.003-0.002 100-200
Polyethylene, High-Molecular

Weight >10te 2,3-26 19,700-28.000  500-710 0.0003 100-200
Polyimide 10161047 15 15,700 400 0.002-0.003 230
Polypropylenc 1013101 2.1-2.7  17,700-25.600  450-650  0.0007-0.005 36-136
Polystyrene 1017-10  2,5-265 19.700-27.,600  500-700 0.0001-0.0005 60-100
Polystyrene, High-Impact 1001017 2.5-1.5 19,700 500 0.003-0.005 60-90
Polyurethane 22X 1on 6.8 33.500-40.000 850-1000 0.276 100-150
Polyvinyl Chloride {Flexible) 10m-10'% 59 11.800-40,000 300-1000 0.08-0.15 50-100
Polyvinyl Chloride (Rigid) 1012- (e 3.4 16,700-40.900  425-1040 0.01-0.02 50-100
Polyviny! Dichloride (Rigid) 1015 3.08 47,000-61,000 1200-1550  0.018-0.0208 50-100
Styrene Acrylonitrile (SAN) 1014 2.8-3  15,700-19,700 400-500 0.006-0.008 100-150
lonomer >0 2.8-2.5 40,000 1000 6.00) 100
Polymethylpentene >0 212 27.600 700 0.001 100-200
Polyary! Suifone 3.2X 10t 394 13,800-15,700 350400 0.003 67
Thermoplastic Polyester 4 X 101 3.3 23,200 590 0.002 190
Polyphenylene Sulfide 101 3 23,430 595 0.0004 75-150
Polyphenylene Oxide 1017 2.58  15,700-19.700 400-500 0.00035 75
Polysulfone S$X 10 2.82 16,700 425  0.008-0.0056 122
Polyethersulfone 1017101 35 15,700 400 0.001 100-200

*Shont time, for 3.!3 mm (/8 in.) thickness. Reprinted with permission. Copyright © by The Electrical Connector
** According 10 ASTM D495 (Ref. 44), Study Group, Inc. )
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TABLE 3-13
ELECTRICAL PROPERTIES OF THERMOSETTING PLASTICS (Ref. 40)

Property
Material Electrical Dielectric Diclectric Strength Dissipation Arc
Resistivity,  Constant at 60 Hz Factor Resistance,*
- fi-em J:Ei_s‘?:!{_l.'___ Vimm V/mil o 60.“’: s
UIIRSOSIUINCSS ' aimensioniess
Alkyd (Mineral-Filled) 101-10n 5.0-1.5  13.800-17.700 350-450 0.009-0.06 75-190
Alkyd (Glass-Filled) 10 57 ‘ 13.800 350 0.01 180
Diallyl Phthalate (Mincrak-Filled) >gn 5.2 15.600-16,500 395-420 0.03-0.06 140-190
Diallyl Phthalate (Glass-Filled) 1012-101 4.3  15600-17.700 395450 0.01-0.05 125-180
Epoxy (Mineral-Filled) >10 3.5-5.0 1i.800-15.700 300-400 0.01 150-190
Epoxy (Glass-Filled) >100 3.5-5.0 11.800-15,700 300-400 0.01 120-1580
Melamine (Celiulose-Filled) — 6.2-7.8  11.800-15,700 350400 0.019-0.033 95-135
Melamine (Glass-Filled) 2X1ov 9.7-11.1 6700-11.800 170-300 0.0£4-0.023 180
Phenolic { Wood-Flour-Filled) 10°-101 5.0-13.0 7900-15,700 200400 0.05-0.3 (iracks)
Phenolic (Glass-Filled) IX 1o 7.1 5500-15.700  140-400 0.05 to 190
Polvester (Glass-Filled) 101210 5.3-1.3  13.600-16.500 345420 0.011-0.04i 120-240
Silicone {Mineral-Filied) 10t 3.5-3.6 7900-15.700  200-400 0.004-0.005 250420
Silicone (Glass-Filled) 1010.10%4 3.3-5.2 7900-15.700  200-400 0.004-0.03 150-250
Urea (Cellulose-Filled) 1012-1013 7095  11.800-15,700 300400 0.035-0.043 80-150

*According to ASTM D495 (Ref. 44),

TABLE 3-14
PROPERTIES OF CERAMICS AND GLASS USED FOR ELECTRICAL INSULATION
(Refs. 9 and 41)

Maximum . Tensile Diclectric Resistivity Application
Operating Strength, Strength, a1t 25°C (7T F) ‘
Temperniure, MPa psi Vimm Vymi " fem
.c OF
Ceramics
High-Voliage
Forceiain 980 1800 21-M 3000-3000  9800-16.000 250400 1072 )0n Power line tnsulators
Steatite 980-1095 1800-2000  55-69  8000-10.000  BOOC-13.800 200-150 10%-10% High-{requency
insutators, electrical
appliznee insulation
Low-Voluge .
Poreclain 925 1700 1-17 1600-2500 1600-4000  40-100 . 100 Switwch bases, wire
. bolders, lamp bases
Glass
Fused Silica 1050 1920 3562 5000-9000° - - 104- 1917 High-temperature insu-
lation
Borosilicate
(Pyrex*) 435 815 4169  6000-10,000 - - 1n Line insulators
*Modutus of rupiure—breaking strengih measured by bending. Reprined with permission. Copyright © by The Electrical Connector

Study Group, Inc.
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TABLE 3-15
GALVANIC SERIES (Ref. 45)

Less Noble (Anodic)
+ )

Magnesium
Magnesium Allovs

Zinc
Aluminum [100
Cadmium
Aluminum 2024-Td

Steel or Iron
. Cast Iron
Chromium Iron
{Active)
Ni-Resist
Type 304 Stoinless
{Active)
Type 316 Stainless
{Active)

Electric
current
flows
from
+ 10—,

No serious,
corrosion

will result
if fasteners
are selected

Lead Tin Solders
Lead
Tin

from alloys

in the same Nickel (Active)

Inconel

group {or {rom
groups below)
as parts to be
fastened.

Brasses
Copper
Bronzes
Copper-Nickel Alloys
Monel

Silver Solder

Nickel (Passive)
Incone! (Passive)

Chromium-Iron
{ Passive)

Type 304 Stainless
(Passive)
Type 316 Stainless
{Pnssive)

Silver

Titanium

Graphite
Gold

Platinum

More Nobte (Cathodic)

Not all arcs are damaging. Arcing almost certainly will
occur with the opening of a switch on a high-voltage line,
and the switches designed for that appiication include
features to extinguish the arc before damage can occur.
Arcs may be extinguished by two mechanisms—i.e., (1)
Iengthening the current path so that the energy supplied

MIL-HDBK-765(MI)
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to the arc is no longer sufficient to sustain the degree of
ionization required to support conduction and (2) by
cooling the conductive channel of the arc either by a gas
stream or by deflecting the arc onto plates. Lengthening
of the current path is performed by rapid separation of
switch contacts or by designing the gcometry of the switch
so that the electrostatic forces on the are cause it to bow
out by taking a curved path whose radius increases with
time. Cooling of the arc channel is performed with jets of
compressed gns. which blow through the arc and mix ceol
gas in the arc to dilute it. Also arc chutes are incorporated
into high-voltage switches to extinguish the arc by cooling
and segmenting it with insulating barriers. Arcchutes are
insulating cylinders with parallel plates perpendicular 10
the arc. The arc is deflected onto the edges of the plazes,
which tend to cool the arc channel upon contact as well as
lengthen it as it deforms around the contour of the plates.

The design of arc suppression for high-voltage switch-
gear takes into account the cyclic reversal of the alternat-
ing current, which, for 60-Hz systems, causes current to
fnll to zero 120 times each second. !t takes less vollage to
strike or restrike an arcthan it does to sustain one. There-
fore, switchgear is designed to climinate conditions con-
ducive to arcing as quickly as possible so that, when the
arc is extinguished naturally because of the current-zero,
it cannot restrike on the next half cycle and thereby take
advantage of the naturally occurring current zero to
quench the arc, Forsituations where the current does not
fall to zero periodically, the arc will be sustained more
casily and, therefore, will last longer. This is especially
true where electrode spacing is sufficient to prevent re-
striking of an arc once extinguished but will sustain an
established arc. Since the energy (and damage) duetothe
arc are proportional to the duration, the domage duc to
these arcs may be more severe. This phenomenon will
occur during arcing with direct current sources or poly-
phase sources where the phases are located sufficiently
close that the arcs among nll the phases pass through a
common region that is continuously ionized because of
the continuous presence of current. This situation should
be avoided by approprinie separation of phases of three-
phase systems such that, il arcs do occur, they will be from
a single-phase-to-ground or phase-to-phase and ncver
involve all three phases simultancously.

These design features may be incorporated where the
generation of arcs is predictable, such as in switchgear.
However, the extinguishing of unanticipated arcs is more
difficult. These arcs may be produced by failure of struc-
tures that separate high-voltage conductors: by transient
overvoltages: or by the occurrence of temporary conduct-
ing material between high-voltage conductors, e.g., flying
birds or dropped tools. Generally, these arcs are extin-
guished by removing the voliage from the line with over-
current protection devices or by use of rectosures, which
remove the voltage (or a period sufficient for the arc to
extinguish and then automatically reconnect the voltage
Lo resume service. Also ground-foult protection frequently
is used to detect and interrupt currents from arcing but
whose values (ail below the levels that trip overcurreat
protection devices.
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CHAPTER 4

ENGINE-DRIVEN-GENERATOR SET

For all power systems within the scope of this handbook, engine-driven-generator sets are either the primary
power source. i.e.. tactical or portable systems, or the backup power source, i.e., standby power systems. In
this chaprer safety aspects associated with engine-driven-generaior sets are discussed. The effects of engine-
driven-generator seis on the environment are discussed as well as the hazards they introduce. These environ-
menal faciors include the effects of exhausi, noise, high voliage. and elevated temperatures. Design features

i 4

thai shou!d be mcorporated to minimize hazards are presented and include the physical configuration of the
system, safety controls and interlocks, labeling, and engine seleciion. Features that aid or prevent compatibil-
ity between generators are identified and discussed. Finally, safety procedures that should be specified in

operating manuals are identified and discussed.

INTRODUCTION
DEFINITION OF ENGINE-DRIVEN-
GENERATOR SET
An enginc-driven-generator st is a seif-contained
power source consisting of a fuel-powered engine used to
turn the armature of an electrical generator to produce
electrical current. Components of engine-driven-generator

scts are
|, Engine or Prime Mover, A onﬂnlme diesel, or

turbine engine, which is used to supply mechanical energy
to the generator

2. Generator. The clectromechanical machine used
to convert the mechanical energy in a rototing shaft to
clectrical energy

3, Conrrol andlor Monitoring System. Scnsors,
indicators, and associnted circuitry that arc accessary to
monitor operation of the engine-driven-generator set and
to perform necessary control functions, which include
frequency (engine speed) control, voltage regulation, and
evercurrent proteciion

4. Mounting Platform. The housing and supports for
the engine-driven-generator set. Platforms may be de-
signed to be permanent, fixed installation, relocatable
operation, i.c., skid mounted, or mobile, e.g., trailer or
vehicle mounted.

Distinguishing features of engine-driven-generator scts
include the type of engine used, i.c., gnsoline, diesel, or
turbine: the output winding configuration of the genera-
tor; and the means of ficld current excitation, ¢.g.. direct
excitation through brushes or brushless excitation. The
configuration chosen for o specific application is deter-
mined by the required capacity of the engine-driven-
gencerator set and the logistics necessary for its operation
and maintenance. In the past gasoline engine-driven-
generator sets have been used for applications requiringa
}- Gf 'H'Iﬂ LAY ar leccs diecel
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geaerator having o capac
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engine-driven generators have been used for larger capac-
ities. Guos turbine gencrators are used for special applica-
tions including 400-Hz nircraft ground support and large
750-k W units. The desire to minimize the number of fuels
has led to the replacement of gasoline generators with
dicsel units. Thus all tactical generators could be fueled
from the same fucl pools nirendy used for military vehi-
cies. (Turbine generators may be fueled with diesel fuels
as well as with a number of other fuels including aviation
turbine fueis and. in an cmergency, gasoline.j

4-1.2 EXAMPLE OF ENGINE-DRIVEN-
GENERATOR SETS USED BY THE
ARMY

To reduce the number of engine-driven-generalor set
models in the Army inventory, the Depariment of

Defense (DoD) has standardized the use of 36 models to

satisfy power requircments between 0.5 and 7350 kVA.

These models are identified and described in MIL-STD-

633 (Ref. 1). Table 4-1 summarizes the engine-driven-

gencrator scis listed in MIL-STD-633, including five dis-

continued models, which presently exist in inventories.

4-2 INDUCED ENVIRONMENT

The presence of an operating engine-driven-gencrator
set will necessarily modify the environment because of the
amount of energy rcleased during the production of elec-
tricity and {he resultant presence of potentially hazardous
materinls. Environmental factors specifically induced by
opcrntion of electrical generntors arc described in the

F L

parngmpns that foilow.

4-2.1 ELEVATED TEMPERATURES (Ref. 2)
Only 20 1o 3055 of the usable energy valuc of fuel is

converted to electricity. Most of the remaining energy is
released from the engine in the form of heat. either

Citasul
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TABLE 4-1
ENGINE-DRIVEN-GENERATOR SETS SPECIFIED BY MIL-STD-633,
SUMMARY OF CHARACTERISTICS (Ref. 1)

Designation Capacity, Vohlage, Frequency, Prime Mover Type
kw v Hz

MEP-014A Q.5 120

Gasoline . Tactical

RATTTY N

MEP{ISA 0.5
MEP-0QI15A 1.5 120/ 240
MEPGI6A 3 120

2
S
I

Caealin
F IR

ine Tact

Gasoline Tactical

g2 38

Gasoline Tactical

120] 208
MEP-021A k] 120 400 Gasoline Tactical

240
120/208

MEP-0I17A 5 120 60 Gasoline Tacucal

240
120/208

MEP-002A 5 120 60 Gasoline Tactical

240
1207208

MEP-022A 5 120 400 Gasoline Tactical !

240 N
120/208

MEP-018A 10 120 60 Gasoline Tactical

240
1207208

MEP-003A 10 120 60 Diesel Tactical | _

MEP-412A*

&

120 60 Turbine Tactical

MEP-023A 10 120 400 Gasoline Tactical

120/208
MEP-112A 10 120 400 Dicse! Tactical

240
1201240

MEP-414A 15 120/208 50-60 Diesel Tactical
24071416
MEP-103A 15 120/ 208 50-60 Dicsel Tactical

240/416

*Not 1ype classified for Army use, (cont’d on next page)
4-2
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TABLE 4-1 {cont'd)

Designation Capacity, Voluge, Frequency, Prime Mover Type
kw v Hz
MEP-113A 15 120/ 208 400 Diesel ?
240/416
MEP-005A _ 30 1204208 50-60 Diesel Tactical
240/416
MEP-104A 30 120/208 50-60 Diescl Tactical
240/416
MEP-114A 30 120/208 400 Diesel Tactical
2404416
MEP-006A 60 120/208 50-60 Diesel Tactical
240416
MEP-105A 60 1204208 50-60 Diesel Tactical
240/416
MEP-115A 60 120/208 400 Diesel Tactical
2407416
MEP-404A° 60 1207208 400 Turbine Tactical
2404416
MEP-305A" 60 1157200 400 Turbine Tactical
28vdc
MEP-357A° 72 115/200 400 Diesel Tactical
21 28vde
MEP-007B 100 120/208 50-60 Diesel Tactical
2407416
MEP-116B 100 1201208 400 Diesel Tactical
. 2407416
MEP-009B 200 . 1207208 50-60 "Diesel Tactical
’ 2407416
MEP-O11A 500 240014160 50-60 Diesel Tactical
220073800
MEP-029 500 1201208 50-60 Dicsel Tactical
2407416
MEP-208A 750 240074160 50-60 . Diesel Prime
2400
MEP-409A 750 240014160 50-60 Turbine Prime
2400

*Not type classified for Army use.

(cont'd an next page)
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- TABLE 4-1 (cont™d)

Designation Capacity, Volinge, Frequency, Prime Mover Type
kW v Hz

MEP-007A® 100 120/208 50-60 Diesel Tactical
2407416

MEP-106A" 100 120/208 50-60 Diesel Tactical
240/416

MEP-116A% 100 120/208 400 Diesel Tactical
240/416

MEP-009" 200 120/208 50-60 Ditse! Tactical
240416

MEP-108A" 200 120/208 50-60 Diesel Tactical
2407416

b . L. . . .
Exist in inventories but will not be procured in future.

radisted from the engine and generator or released from
the exhausi in the form of hot gases. Sources of heat from
the engine-driven-gencrator set arc

1. Engine Block. During operation the temperature
over most of the engine block is slightly above the coolant

4 Y 1 .
temperature for liquid-cooled engines or higher for air-

cooled engines. Hottest areas are typically near the
cylinder heads and the exhaust pons where temperatures
may reach 540°C (1000°F). Approximately 156 of
cngine heat toss is dissipated direcily from the block,

2. Engine Coolant. In liquid-cooled engines the
coolant mixture is under pressure and may be heated to
90°C (195°F) under normal operating conditions and to
higher temperatures when the cooling system malfunc-
tions. The mixture is cooled with a radiator, which
transfers the hent to the stmosphere. Surfaces of the
radiator and the hoses icading to it may reach tempera-
tures near those of the coolant, which are sufficiently hot
1o produce minor burns. Approximately 4055 of the heat
lost by the engine is rejected via the coolant.

3. Exhaust Svsigm. Exhaust gases for typical diese)
engines have temperatures of about 650°C (1200°F) and
account for approximately 456p of engine heat loss. These
gases heat the interior of the components of the cxhaust
system to temperatures comparable 1o those in the engine.
Exterior surfaces show slightly lower temperaturcs be-
cause of the cooling efiect of the air.

4, Elecirical Generator. Energy losses due to the
resistance of conductors in the winding result in the heat-
ing of those conductors. The heat produced is equivalent
1o 4 1o 65p of the output of the generator,

4-2.2 VIBRATION AND SOUND
Vibration of the engine may be transmitted through
mountings to buildings and thereby may induce noise

throughout the area or possibly may cause fatigue or
loasening of fasteners. The pulsating nature of the
exhaust of the engine produces high noise levels unless
noise reduction mechanisms are incorporated. Typical
diesel engine-driven-generator sets with minimum
silancers produce noise levels of over 95dBA 3.0 m{10f1)
from the point of discharge. These noise tevels exceed the
standard noise requirements specified in MIL-STD-1474
{Ref. 3). Silencers available from some manufacturers
reduce this level to below 85 dBA (Ref. 2). Reduction of
noise levels significantly below this level requires acoustic
insulation of the motor to reduce mechanical noise asso-
ciated with moving parts of the engine. New signature-
suppressed generators currently under development by
the Army usc these technigues to achieve required inaudi-
biltity at o distance of 400 m (1300 f1), i.c.. the noisc level
measured at 15m {50 f1) is below 49 d BA ni those frequen-
cics to which the car is most sensitive,

4-2.3 EXHAUST GASES

The emission of exhaust gases, especially in confined
areas, affects the environment through the high tempera-
ture and pulsating pressure of the exhaust and through

- high concentrations of cenain compounds in the gases,

The tempernoture of the exhaust generally only affects
maierinls near the point of exhaust discharge and the
components of any exhaust sysitem used to pipe the
exhaust 10 another location. The effects of clevated
temperatures associated with engine exhaust systems are
discussed in par. 4-2.1, and noise considerations of
exhaust systems are discussed in par. 4-2.2.

A more significant effect of exhaust is the presence of
compounds in concentrations much higher than ambient.
If the exhaust is trapped in confined areas, the resuliing
concentrations will be sufficient to affee1 personnel and

44
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materials. The exhaust products of internal combustion
engines include the products of combustion as well as
by-producis of chemical reactions, induced by the heat of
combustion, between aimospheric components. Com-
bustion products include water vapor. carbon dioxide
{CO3;), carbon monoxide (CO), sulfur dioxide (SO1). and
hydrocarbons. The most significant combustion by-
products arc the oxides of nitrogen resulting from the
combination of atmospheric nitrogen and oxygen during
high-temperature combustion. For gasoline engines, emis-
sions are generaliy gnseous, Diesei engines produce par-
ticulate mauter in the form of soot. Elfects of these emis-
stons include moisture effects (if temperatures and concen-
trations cause moisture condensation) and toxic effects
on personncl. (See par. 4-3.7.) The solid carbon produet,
soot, from diesel engines isconductive and may introduce

leakoge paths across insulating surfaces on whlch soot
accumulates. Sulfur oxides break down protective oxide
films on materials that otherwise would be resistant to
corrosion in unpolluted aumospheres.

4-2.4 HAZARDOUS VOLTAGES AND
CURRENTS

Due to its intended function, an operating generator
always has voltage present at the level being delivered to
the load. Voltage is always present on windings, monitor-
ing instrumentation, and interconnecting wiring. Vollage
levels are the same as the rated output of the generator:
available current flow is dependent on the configuration
of the generator and may significantly exceed the contin-
uous rated current output. The current available for short

tranciente nunon occorrence of a foult isdetermined hvthe
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dynamic characteristics of the control system of the
generator—specifically, whether it maintains the rated
voltage when the delivered current increases. Current
available for longer periods is determined first by any
overcurrent protection that is in the circuit and. second.
by the thermal limitations of the windings of the
generator.

4-2.5 PRESENCE OF FUELS

The presence of fuels associnted with an engine-driven-
generator set significantiy impacts the environment be-
cause of the vapors associated with the fuels. The aromas
associated with common fuels. gasoline. and diesel fuel
are objectional, and some materials may be affected by

strong concentrations of these vapors.
The ereatect notentinl imnnet nf\m'r‘\nn how
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hazard due 1o the flammability of the vapors, One of the
most significant lammability characteristics of o liquid
fucl is the flash point. i.c.. the temperature at which the
liquid evaporates at a rate sufficient to produce an ignit-
able air-fuel mixiure close 1o the surface of the fuel.
Gasoline has an extremely low flash point of about
=46°C (—50°F); the flash point of fuel oil is higher—
above 43°C(110° F). The actual temperature necessary to
initiaze combustion is high for gasoline, between 280° and
456°C(536° and 853° F) dcpcnding on ociane rming Thc

energy required may be very litile if the combuistion is

‘ever, isfire
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initiated in a very localized area. i.c.. asin that initiated by
a small spark, Combustion only accurs if the perceniage
of gasoline in air is between 1.4 and 7.655. The combus-
tion temperaiure of fuel oil is lower—about 250° to0
270°C (480° 10 520°F).

4-3 HAZARDS

4-3.1 FIRE

Fire is one of the most significant hazards associated
with the operation of engine-driven-generator scts because
the key ingredients—i.e., fuel. air. and a source of
ignition—necessary for the initiation and support of a fire
are all present in the engine-driven-generator set. Specific
factors that contribute to the fire hazard on the engine-
driven-generator set arc

1, Presence of o flammable i

2. Presence of hot gases and heated surfaces whose
temperatures are above the ignition temperature of (uels
and other combustible materials

3. Presence of electrical ignition systems. which
generate sparks capable of igniting fuel-air mixiures (gas-
oline engines)

4, Presence of electrical systems. which, in the evemt
of overload, can produce severe localized heating in
generator coils.

The potemial scvcrily of the hazard dcpends on the
insiailation and appiication of the engine-driven-genera-
tor sct. In all cases, the occurrence of fire from burning
fuel in the engine-driven-generator set may disable the
generator and require major repair to replace all combusti-
ble materials or materials damaged by heat—e.g., plas-
tics, low melting noml metals, and clcclncal coils. Dam-
age outside the generator may be even more catastrophic
if the generator is located near combustible materials orin
a confined area where the goses released from the fire
would prove hazardous to personnel ngarby.

The presence of a quantity of fuel having a significant
heat of combustion implies that the engine could ignite
materials that otherwise would be difficult o ignite and
that the heat released from the fuel fire would be sufficient
to damage nearby structural materials. The combustion
of lubricants tends to be incomplete and releases CO.
soot, and unburned hydrocarbons to the atmosphere.
Lighter fuels. e.g.. gasoline. tend to burn more completely.

The severity of the fire hazard associated with genera-
tors is also dependent on the application of the generntor,
i.c.. the required reliability of the output of the generazor.
Since a fire will most likely remove the gencrator from
service, the consequences of a power outage also contrib-
utc to the severity of the hazard. The effect of a power
outage could range from inconsequential for noncritical
loads to life threatening for an engine-driven-gencrator
set used as standby power for a hospital facility.

md or ens fuel
* -}

4-3.2 BURNS (TO PERSONNEL)

The heated surfaces of the engine and generator cause
tissue burns to personnel if touched during operation of
the engine immediatcly after shut down of the system. The

most severe burns can rosult from brief contact with the

L
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exhaust manifold, which may reach temperatures of
540°C (1000° F). The radiant heat given off by the mani-
fold and exhaust system, however, provides an advance
warning of the hot surface and thereby decreases the
likelihood of inadvertent contact. More significant
dangers are the possibility of burns from liquid coolans
or tubricants that are under pressure in the engine. Nor-
mal water-cooled dicsel engine water temperatures reach
80° 1095°C (180° 10 200° F) or hotter. [f these liquids are
released either by operator error (opening the radiator
cap while the engine is hot) or by malfunction, the liquid
will be propelled some distance from the engine and pos-
sibly onto the skin of personnel where it will remain until
the appropriate action can be taken to remove it. The
prolonged period of contact and the high thermai conduc-
tivity of the contact tend to make these burms more severe
than manifold-related burns.

Another factor that increases the probability of inci-
dental contact with heated surfaces is unexpected tempera-
ture increases on surfaces that usually operate at safe
lemperatures, i.c., less than 60°C or 140°F. Loose con-
nections, escaping exhnust, or an overlond can create a
situation in which these surfaces become hot. Examples
of surfaces expected to remain cool are generntor hous-
ings, junction boxes, and load-switching devices mounted
on the generator. Since operating personnel expect these
surfaces to be cool and routinely handle them during
normal maintenance, inadvertent burns are likely during
undetected malfunctions.

MECHAVICAL HAZARDS

EI]E]“I:‘CI[I\CII‘SCHEIHIU[ 3L 4T TR NY-Wulvel :IUII
devices that use mechanical energy as an intermediate
energy form. This energy, in the form of shafts usually
rotating at 1800 rpm. is primarily found inside the engine
and generator where it is safely shiclded by the functional
casings of the equipment. (Turbine engines operate at o
much higher speed. but the internal speed-reduction gears
reduce the speed of exposed shaft to lower speeds com-
patible with the generator.) The rotating components,
however, are exposed at points where the energy must be
coupled to the generator or to auxiliary components of
the engine, i.c.. fan or bautery-charging alternator. At
locations where rotating shafts are exposed, there exists
the hazard of injury to personne! either by direct contact
with the irregular surfaces on the rotating shaft or by
inadvertent contact when loose clothing becomes en-

iangled in the mechanical apparatusand draws the person

into it. The hazard is not as great for smooth shafisasit is
for shafis with couplings or pulleys with belts. Unfortu-
nately, it is dlmost always necessary to use these devices
between units to compensate for small misalignments or
to couple multipte devices to a single shaft.

A second mechanical hazard associated with rotating
machinery is due to the vibration induced by slight imbal-
ances in the armature, periodic explosions of the fucl-air
mixture, or reciprocating action of cngine components.
These vibrattons, if not nppropriatcly accounted forinthe
ul':S'lgﬁ can cause ;‘u"{‘)mérﬁs baih within ihe machine and
in the structures in which the machine is housed. These

) !
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problems include loosening of threaded fasieners, fotigue
of metal components, and the generation of noise as
mentioned in par, 4-2.2, Typically, the engine is mounted
with vibration isolation mounts to contain the vibrating
environment (o the engine itse!f where suitable fasieners
and materials are selected to withstand the vibration:
otherwise, damage 10 the structure could occur during
long-term operation, Connections to a properly mounted,
vibrating engine arc also a potential hazard because the
flexing of the fuel, exhaust, and electrical connections 1o
the cngine may lead to premature failure unless preven-
tive measures are taken. Failure in any of these connec-
tions may cause health hazards from release of flammable
materials or poisonous gases or from the introduction of
an clectrical fault that, under certain conditions. could

fmrmed e . .
lead 1o the presence of high voltage on exposed con-

ductors,

4-3.4 ELECTRICAL SHOCK
The presence of hazardous volioges in the generator
portion of the engine-driven-generator set as discussed in
par. 4-2.4 poses o hazard 1o personnel who service the
generator. These voltages are normally exposed on ter-
minal blocks. which are accessible for connection of the
generator as well as {or periodic inspection. Certain mal-
functions may cause voliage to be on conductors that
normally are not energized. These mallunctions include
i. Transfer switches that disconnect the neutral from
service could allow voltage on the neutral connection to
float to possibly hazardous levels unless the neutral is
separately grounded.

2. Nondetection of foulis hetweenon

an ungrounded conductor by overcurrent protectio
inadvertent contact by personnel.

Usually, moisture increases the hazard of electrical
shock by improving the ground connection in the path of
the shock current. However, it also may provide leakage
paths that energize conductors to which personnel arc
exposed. Moisture frequently collects in generator wind-
ings during periods of inactivity due to the absence of
heat, which normally evaporates the moisture. Condensa-
tion on internal insulators of the generator could lead to
internai fouits or unintentional icakage between ener-
gized lines and control lines and thereby could cause

damage to the generator.

4-3.5 ELECTRICAL FAILURES FROM
IMPROPER CONNECTION

The improper or erroncous connection of polyphase
systems can result in damage to equipment or injury o
personnel. Such connections include application of voli-
age to exposed conductors that are expected to be at
ground potential, application of voltage 1o grounded
conduetors, application of excess voliage to lines. or
application of imbalanced voltage to balanced three-
phase loads.

Omission of the ground connection on generator-load
circuits allows the buildup of hazardous voltages between

In manu
i many
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casces, the neutral and conductive enclosure are grounded
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together through a single connection 1o eanth. If this
connection is omitted in a polyphase generator-load sys-
tem, the exposed enclosure typically rises to voltages
dangerously above ground potential because of imbal-
ance in the phase-to-ground leakage resisiances.

Erroneous connection of power from a generator 1o a
grounded linc produces a low-resistance line-to-ground
fault, und high currenis will flow through the fault until
overcurrent protection devices can open the circuit. If
switchgear is used between the generator and the lood,
c!nﬂng the 5w1;ghncar onto the Moult may result in an
cxplos:on that could domage the swuchgenr and/or
nearby equipment.

Generators are typically made with two or more wind-
ings to deliver power to each phase. Connection of the
windings in serics provides higher voltage; connection of
the windings in parallel provides higher current capacity,
If the windings are connected in series when the parallel
configuration is appropriate orif a wye connection onthe
generator is used when a delta is appropriate, the voltoge
out of the generator will be higher than intended. This
cxcess voliage will damage moiors, electronics, heaters,
and most other clectrical loads that are connected to the
line.

In o three-phase svsiem motors may be damnged if the
phase loads are not balanced. Any erroncous connections
that produce a voltage imbalance will lower the effective
capacity of the three-phase motor and thereby shorten the
expected life of the motor. In a system containing three
equal, single-phase loads connected to the three lines, the
balance would be upset if two or more of the loads were
inndvenently connected to the same line,

Improper connection of generators that are parnilcied
with either a utility or a second gencrator is especially
hazardous because the energy available for damage is
more than that available from one generator alone. Mis-
connection of phases will cause high currents to flow

throanoh tha cansrntare anrathav nracannected 1in narnllal
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and possibly will damage the switchgear used to connect
them to the line. Considerations for proper paralleling of
generators are discussed in par. 4-5.5.

4-3.6 ACOUSTICAL NOISE—HEARING
LOSS

The acoustical noisc produced by engine-driven-genera-
tor sets discussed in par. 4-2.2 is sufficient for probable
hearing loss for generator maintenance personnel and for
personnel working near engine-driven-generator scts un-
less ear protection is worn or unless suitable noise-
suppression design features for an engine-driven-
generator set are employved. The degree of the hazard
depends on the noise level of the engine-driven-generator
set, the distance between the engine-driven-generator set

and the narcannal and 1ha daily aeriad af avnncure Far
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personnel working near the engine-driven-generator sets,
the hazard may be eliminated by suitnble exhaust silencers
and does noi exist in signature-suppressed generators that
are operated with the acoustic-enclosure doors closed.
However, the problem is most severe for operational and
maintenance personnel who must work in close proximity
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to operating engine-driven-generator sets, frequently with
the acoustic enclosure open to allow checking or adjust-
ing generator components. These personnel will expe-
rience hearing damage unless car protection devices are
worn,

4-3.7 TOXIC EMISSIONS

CO emissions from internal combustion engines are a
hazard to personnel in the plume of the engine exhaust or
in areas where the exhaust may accumulate, e.g., rooms

enntnining nn anoinadnven-generatar cet that hac n huﬂ.
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in the exhaust plumbing. Other poteniially hazardous
materials emitied from internal combustion engines arc
nitrogen dioxide {NO;) and aromatic hydrocarbons. The
hydrocarbons are found primarily in the particulate emis-
sions from diesel engines, and they have been shown to be
mutagenic when they react with NO;, The hazard is not
great, bowever, because the hydrocarbons are tightly
bound to the parniculate matter and appear to be pro-
tected from chemical reaction by the paniculate soot
(Ref. 4),

4-4 DESIGN CONSIDERATIONS

4-4.1 PHYSICAL CONFIGURATION OF
EQUIPMENT

Equipment should be consirucied so that operators
and maintcnance personnel arc not subjected to unneces-
sary hazards from exposure to moving parts, high volt-
age. or hotsurfuces. Physical guarding of hazardous areas
should be incorporated in the design of generators te
reduce the hazard to an acceptable level. Proper wiring
layout should be incorporated to prevent the develop-
ment of hazardous conditions during the life of the
equipment. Finally, tactical equipment must be designed
so that decontamination may be accomplished readily.
Provisions for implcmcming these concepts are discussed

it thae naraoranmbhe that fnll
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4-4.1.1 Principles of Guarding

Guarding is the enclosing of items with protective cov-
erings to prevent unauthorized tampering with the equip-
ment and to prevent inadvertent contact by, and injury to,
personnel. Mechanical guards protect personnel from
contacting moving parts, such as rotating shafis and beli-
driven pulleys, and from possible local ruptures or explo-
sions. Mechanical guards are frequently used with inter-
locks that prevent access to moving parts uniil the
machine is at its “lowest mechanical state™, i.e., energy
sources are disconnected, internal movement is stopped.
and stored energy is reduced 1o the lowest possible level.
Thermal guards or shiclds are used to protect operators
from inadvertent contact with heated surfaces by provid-

ino n arntactive rnnler ciirfores hatweasn the hat citrfnes
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and accessible areas. Finally, guards and nonbypassablc
interlocks are used to prevent contact with potentially
lethal high voltoges.

Guarding must be designed to prevent accidental con-
tact with hazardous features of motor-driven-generator
sets. To be cffective, however. the guarding must not
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prevent normal inspection and preventive maintenance,
Otherwise. the reliability of the equipment would be
compromised and maintenance personnel, inconvenienced
by the gunrds, would not replace the guards securely or
would leave them off completely after performing main-
tenance. The most effective guards are those that are
formed by configuring the equipment so that housings,
supports, and or other essentinl structures serve also as
protective guards. That is, the equipment is configured
such that hazardous features are not exposed. Guards
should be added when such configuration is not possibte.

4-4.1.2 Protection From Moving Parts

Mechanical guards should be incorporated where
necessary around rotaling components that could cause
injury through inndvertient contact or through entangle-
ment with loose clothing. Components of an engine-
driven-generator set that should be mechanically guarded
include cooling fans, engine-to-generator coupling, belt-
driven engine accessories, and the armature of the genera-
tor. Protective guards should be strong enough mechani-
cally to stand up to abuse and should offer mechanical
protection against intrusion throughout the life of the
machine. Openings in the guards lor ventilation, inspec-
tion. or access should be small enough to prevent penetra-
tion by fingers or clothing, The permissible size of these
openings depends on the separation between the guard
and the guarded components. Table 4-2 gives the largest
recommended openings for guards as specified in ANSI/
ASTM B15.1a(Ref. 5). Larger openings may be provided
for access to lubrication fittings or for inspection of criti-
cnl components. These openings, however, should have
secure covers that arc not easily removed by personnel not
authorized to operate the equipment.
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4-4.1.3 Protection From Heated Surfaces

Guards {or heated surfaces consist of a plate or cover
separated sufficiently from the hot surfaces such that it
remains at a safe tempernture. Thermal isolation is
achieved by designing the guard to dissipate rapidly the
thermal radiation of the hot surface or to provide suffi-
cient separation or insulation 1o prevent heat from the hot
surface reaching the protective guard. Frequently, guards
for hot surfaces are made from perforated matenial that
permits the {ree passage of air for convective cooling of
the guard as well as the surface bencath,

Componcnts of engine-driven-generator sets that should
be guarded 1o prevent contact by personnel arc the
exhaust system and the engine block. The exhaust sysiem
includes both the manifold at the engine and the piping
leading away from the engine, Most of the engine block is
at temperatures that can cause burns and should be cither
enclosed, placed in an inaccessible location. or placarded
to indicate the presence of hot surfaces.

4-4.1.4 Protection From High-Voliage Exposure

Encrgized conductors should be insulated or enclosed
in a grounded. metal enclosure to prevent accidenial con-
tact. Protective material should be sufficiently strong 10
resist deformation from external siresses that could bring
conductive material into contact with the encrgized
conductors.

Moisture protection should be incorporated to prevent
the development of moisture-induced leakage paths that
could extend the electrical hazard outside of proiccied
regions. Enclosures should be designed o prevent rain
from falling or being blown into high-voltage apparatus
containing uninsuiated conductors, e.g., switchgear,

TABLE 4-2

MAXIMUM DIMENSION OF OPENINGS IN GUARDS FOR
MECHANICAL TRANSMISSION APPARATUS (Ref. 5)

Separation Between Guard
and Pulley, Gear, or Other
Moving Mechanical Component

Largest Permissible Opening
{Measured Across Smallest
Dimension of Opening)

mm (in.) mm (in.)
less than 31.8 (1.25) 6.35 (0.250)
38 (1L.2SYupw 635 (2.50) 9.52 (0.373)
63.5 (2.50)upto 8B.9 (3.50) 12.70 (0.500)
88.9 ()1.50)upto 139.7 (5.30) 15.88 (0.625) .
139.7 (5.50) up to 165.1 (6.50) 19.05 (0.750)

165.1 (6.50)upto 190.5 (7.50)
190.5 (7.50)up o 311.2(12.25)
311.2(12.25 Y up 1o 387.4(15.25)
387.4 (15.25) up 1o 444.5 (17.50)
4445 (17.50) up o 762 (30.0)
762 (30.0) upto 1067 (42.0)

22.22 (0.875)
31.75 (1.250)
38.10 (1.500)
41.28 (1.625)
53.98 (2.125)
152.4 (6.00)

4-8
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generntors, and terminals. Where precipitation or con-
densation is unavoidable, insulators that have ribbed sur-
faces to increase the leakage path length should be used.
Also all conductors located nearby should be grounded so
that any leakage currents will be salelv drained away.

4-42 FIRE CONTROL SYSTEMS

Fire control systems are systems that, upon detection of
fire. take measures to contain or extinguish the fire by
spraying or flooding the area or by containing the fire by
automatically shutting off fuet supplics.

4-4.2.1 Extinguishing Systems

Extinguishing systems include both manual and auto-
matic apparatus designed to extinguish fire by smother-
ing or cooling th= {lames. The farmmliar firc extinguisher is
an example of a manual system. To operate manual sys-
tems, personnel must position the extinguisher near the
fire, activate it, and direct the flow of the extinguishing
agent toward the flames. Automatic systems are perma-
nently installed and configured 50 that, upon detection of
fire, the areas most susceptible to, or most likely damaged
by, fire are covered by the extinguishing agent. Manual
and automatic systems may usc the same extinguishing
agenis. Agents suitable for the combined liquid fuel and
electrical fires likely to occur in engine-driven-generator
sets are discussed in the paragraphs that follow.

4-4.2.1.1 Cuarbon Dioxide

CO:, a nonflammable gas a1 normal temperntures and
pressures, is nonpoisonous ot concentrations below 99%. It
acts to smother fire by displacing the oxygen necessary to
support combustion or, if stored under pressure and
cooled with rapid expansion upon expulsion, by produc-
ing o powdered dry ice, which rapidly cools the burning
objccts. Becausc of the low temperature of dry ice, CO;,

dry ice extinguishers should be used only on apparntus

that con withstand sudden cold temperntures,

Available CO: extinguisher configurations include
portable 1anks, fixed tanks with long, flexible hoses, or
central tanks connected to permanently installed nozzles.
These extinguishers are appropriate for electrical or lig-
uid fue! fires, ond they should contain sufficient gas to fill
completely the enclosed area in which they are to be used,
plus an allowance for lcakage, Extinguishers to be used in
open areas should have a capacity sufficient to Nood the
surface with gas and/or solid mixture for | min. Sizing
considerations are discussed in Ref. 6.

The effectiveness of CO; extinguishers is minimal for
materials that contain their own oxidizing agenis and
superheated materials with sufficient heat retention to
reignite after the CO; has dissipated, The hazards intro-
duced by she use of CO: as an extinguishing agent include
freezing of tissue upon exposure to the gaseous CO; and/
or dry ice stream, suffocation in oxygen-deficient atmo-
spheres (confined spaces), and reduced visibility during
emergency cxiting due to the dry ice “snow™.

Cips prede saa iy
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4-4.2.1.2 Halogenated Agents

Huologenated agents arc hydrocarbons in which the
hydrogen atoms arc replaced by an element {rom the
halogen series. Example halogens are listed in Table 4-3.

Thaoce ('n.n;mnrng fluorine are the most stable and lenst

RV LAt

toxic. Chlorine and bromine atoms increase the ability of
the halogenated agents to extinguish fires, but increased
toxicity is a result.

Concern about the toxicity of halogenated agents that
were developed before World War 11 led to the siudy of
effects of halogenated agents and the identification of
Halon 1301 and 1211 as safe fire-suppression agenis. Both
are gases at 23°C {74°F) but can be stored as liquids in

pressure vessels. While some halogenated agents are cor- |

rosive, these are not and thereby permit their use around
cicetrical apparatus without damage (o the equipment.
Halogenated agents suppress fires by chemically react-
ing with the burning reactants. Total flooding of the area
is not necessary to extinguish fires, and concentrations as
low as 5 to 8%% are sufficient. Human exposure to the
following compounds should be kep:r below specified
concentrations even for 15-min intervals—7¢5 for Halon
1301 and 4% for Halon 1211. A greater hazard is the toxic

materials that may be produced upon heating of these

halogenated compounds to 482°C (900° F) or from con-
tact with flame. Toxic compounds that may be produced
ot this temperature include hydrochloric acid (HC1} and
chlorinre gas (Cl;).

Halogenated agents are used usually as part of a perma-
nently installed system that totally floods the enclosed
area. This system is used in conjunction with other sys-
tems to shut down ventilation systems and to warn per-
sonnel of the presence of haologens. These systems are
installed on aircraft, vehicles, and engine-driven-generator
sets. Such systems are suitable in conditions where

I. A clean agent is required.

2. Live etectrical conductors are present.
3. Flammable gnses are present.

4, Surface burning materials are present.
5. Valuable objects are to be protecied.
6. Personnel arc present.

1. Water is limited.

4-4.2.1.3 Dry Chemicals

Sodium bicarbonate, potassium bicarbonate. potas-
sium chloride, urea-potassium bicarbonate. or monoam-
monium phosphate in powder form are sometimes used
to extinguish fires. These materizls extinguish fires by
smothering, cooling, radiation shielding, and chemical
reaction, They are mast effective for liquids and surface
burning materials. Since the materials are nonconductive,
dry chemicals are especially suitable for engine-driven-
generator set fires where cleetricity and fuel are both
present. Water or other wetting extinguishing agents moy
be necessary to extinguish {ires smoldering beneath the
materinl surface. Powders are especially suitable for lig-
uid fires and electrical fires.
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Dry chemical powders are not recommended for use in
apparatus, ¢.g., clectrical apparatus with open contacts,
that will be damaged or contaminated by the presence of
insulating particulate matter, Also, dry chemical powders
should be used only in applications where transient pro-
tection is sufficient because the materini, once applied and
heated. loses its effectiveness.

Dry chemicals are used in fixed or poriable fire-
extinguishing sysiems in which the powder is dispersed by
the flow of pressurized gas. The powder must be protecied
from temperatures in excess of 52°C (125°F) to prevemt
caking.

4-4.2.1.4 Foam Systems

Foam systems, which deliver a water and/or foaming
agent mixture, are suitable for-fires involving pooled
liquid fuels because the foam floats on top of liquids and
prevents oxygen from reaching the liquid. The foam must
be npplied at o high rate so that it will cool the fire and not
be vaporized by it. Also viscous foams may be used to fill
volumes and thereby climinate convective air currents
that (an flames. Foams are not especially suitable for
engine-driven-generator sets because the foam solution is
conductive and could introduce hazards when sproyed on
clectrical npparatus,

4-4.2.2 Configuration for Fire Control
Appropriate arrangement of the engine-driven-genera-
tor sets will minimize the potential damage to the unit in
casc of fire. Since the largest potential source of flamma-
ble material is the fuel, the fucl tanks should be located as
far as possibie from sources of ignition and away {rom
locations where fires are likely (0 be initiated. Fuel-filling
ponts should never be located above exhaust or ignition
system components because spillage or overflow of the
heavier-than-air vapors during the refilling operation
may be ignited. In fixed engine-driven-genernior set
mslallauons. the fuel tanks should be located outside the
structures and away from items subject to domage from
fire; dikes or trays should be provided to contain fuel in
the event of spillage. Except for fucl tanks that are inte-
grated into the engine-driven-generntor set, the fuel tank
should be mounted below the engine and the fuel pumped
up toit. This is necessary so that in the event of engine fire,
the pumps may be shut off and gravity will not continue
the flow of fuet to the engine. Automatic fucl-shutoff
vnlvcs should be installed on lincs to lhc cngim: so that if
fire is deiected, the fucl supply i is shui off to allow the fire
10 be extinguished more easily. Where the tank is sepa-
rated from the engine. plainly marked cutoff valves
should be placed near the fuel tank or o1 other accessible
locations where the fuel supply may be cut off.

4-4.3 SAFETY INTERLOCKS ;
4-4.3.1 Techniques for Safety Interlocks

Safety interlocks are mechanical or clectrical devices
that are configured to allow full operation of equipment
when all protective systems are operational and to pre-
vent operation when a hazardous condition exisis. e.g., o
panel is removed and high-voliage terminations or rotat-
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ing shafis are exposed. Examples of intertocks are switch
handles configured so that the enclosure housing cannot
be opened unless the switch is in the off position and
clectrical switches that shut off power when access panels
are removed.
Several mechanisms can be used 10 implement a safety

interlock. Common ones are

I, Spring-loaded switches that open upon opening
the enclosure panel or door

2. Instalintion of power through a panel-mounted
socket that is disconnecied from the equipment mounting
plug when the panel is removed

3. Configuration of the equipment power-switch
hand!le so that the switch must be in the off position before
the equipmcm acceess door may be opened.
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override the safety interlocks to observe equipment oper-
ation during maintenance, The addition of override
switches that allow modified operation. ¢.g.. slow speed.
low power, is safer than no provision for observation
because maintenance personnel may be inclined to invent
“jury-rigged™ mechanisms to override the interfocks.

4-4.3.2 Application of interlocks to Engine-
Driven-Generator Sets

Safety intertocks may be appropriate on engine-driven-
generator sets Lo prevent exposure of operators and main-
tenance personnel to voltages associated with the genera-
tor. The most likely applications are switches to prevent
operation of the cngine-driven-generator set when the
control panel is opened—exposing wiring to the indica-

tare and annteale__ar whan eritienl hafflae nre remaoved
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Removal of critical baffles prevents the proper airflow for
engine cooling.

" Interlocks are not routinely used on engine-driven-
generator sets. Rather, engine-driven-generalor sets arc
typically installed such that unauthorized personnel do
not have ready access 1o hazardous areas of the gencrator.
Interlocks might prevent certain repairs or inspections
necessary to nssurc continuous operstion of the engine-
driven-generator set. An interlock, because it would shut
down the supply of power, could introduce a grcmcr
hazard than would exist without it. Likewise in taciical
situations, it is usually critical to unit missions that the
enginc-driven-generator set remain operational continu-
ously, and mechanisms that would shut it down during
inspections would be unacceptable.

4-4.4 GENERATOR CONTROL AND
PROTECTIVE SYSTEM
4-4.4.1 Functions of Control Systems
Control systems for engine-driven-generator sets must
be dcsmncd to accomplish three funciions. nnmc!y.
chulnle operation. ‘c.g., automatic control of
spccd (frcquency) and voltage, and manual control of
voltage level and fuel source
2. Shut down equipment upon recognition of condi-
tions that are unsafe for equipment or nearby pcrsonncl
3, Provide indications to operating personnct on sta-
tus of equipment,
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Controi-system performance of these functions may be
cither totally mechanical, electronic, or a combination of
mechanical and elecironic. Electronic systems consist of
sensors; anolog or digital electronics to determine the
desired corrective action based upon the acquired mea-
surements: and solenoids, relays, of servomotors to effect
the desired control. New technology allows the economi-
cal use of microprocessors. which permit the monitoring
of additional parameters and implementation of more
effective control algorithms. More sophisticated safety
interlocks are possible with programmable digital
controllers.

4-4.4.2 Coatrol-System Design Coasiderations
Functional requiremems {or the controller are deter-
mined by the particular application. Valiage control and
frequency control limits are determined by the equipment
the engine-driven-generator sct is required to operate,
especially when the generntor is to be operated in paralle}
with another generator or another power source. The
most imnortant reauirements are voltaee tolerance. fre-
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quency mlcmnec and frequency-toad relationship (droop
characteristics). Manual controls on seis generally include
voltage level (fine adjustment of nominal output voliage)
and controls for connecting the generntor-on-line in
parallel with another power source.

Safety cutoff systems monitar cngine operating parame-
ters and, when unsafe conditions are noted, shut down the
generator through the cutoff of the*fuel supply (diesel
engines) or by deactivation of the engine ignition sysiem
(gasoline engines). Parameters recommended by Ref. 7
for monitoring by safety cutoff systems are listed in Table
4-4 for systems that are both critical to life or health of
personnel (Level 1) and those that are less critical (Level
2). Also, an clectrical schematic is given in Fig. 4-1 (Ref.
8), which shows the wiring of a typical safety control
system for a portable generator and indicates the parame-
ters that. when out of limits, cause the engine-driven-
generator set to be shut off. Note the emergency switch,
sometimes called a “baule override™ switch, that allows
the generaior 1o be operated under emergency conditions
when one or more of the parameters is out of range or
when a sensor malfunctions.

4-4.4.3 Other Protective Systems

Automatic fire control systems may be added to
engine-driven-generator sets where additional protection
is necessary for the generator and surrounding areas.
These systems usually are added externally to the genera-
tor because the choice of an appropriate extinguishing
agent and the capacity of the system are dependent on the
environment of the cnginc-d riven-generator set as well as

on the onit jteelf. Thie ic senecinlly true for nprmnnontlu
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installed engine-driven-generator scts mounted ms:dc
buildings where the fuel is stored somewhat remotely
from the generaotor. Halogenated agents and COQO; are
suitable for engine-driven-generator set fires. High-capac-
ity units, however, are required for generators installed
inside buildings and surrounded by fammable materials.
Under these conditions, automatic systems would be
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most effective with suitable heat or smoke detectors used
to activate the extinguishing system. Sensors should be
placed carefully so that normal exhaust and heat from the
engine do not activate the protective system.

4-4.5 ACOUSTICAL QUIETING

Ta achieve the degree of noise suppression on diesel
engines necessary to climinate risk of hearing loss, it
gcncrally is suflicient to provide noise suppressors on the
exhaust, Informaiion on the ues.gﬁ of silencers for recip-
rocating engine exhaust is given in Ref. 9. Commercinlly
available exhaust silencers or mufflers reduce the sound
of the exhaust noise below that of the combustion and
mechanical noise radiating directly from the engine. For
gasoline engines a proper cooling fan and intake design
will minimize directly radiated noisc: for diesel engines,
these snme noise sources should be corrected. Higher
cylinder pressures and the more rapid pressure rise in
diesel engines, however, cnuse greater noise emission due
to transmission af the combustion wave through the
cnginc block and the noise from mechanical sources such
as piston slap. These noise sources can be reduced by
proper mechanical design of the engine with features used
on diesel passenger car engines, c.g.. vibration dampers,
stiffening ribs on the engine block, covers for noise-
cmitting surfaces, and acoustic isolators between exiernal
surfaces and the engine block {Refs. 10 and 11).

Gas turbines, which must be properly balanced for safe
and relinble operation. generate less vibration than the
reciprocating engines. The noise genernted at the intake
and exhaust has higher frequency components than a
reciprocating engine. This noise may be easily silenced by
proper bafflcing of the intnke and exhaust ports of the
engine,

Further overall reduction of noise from either engine
may be obtained by housing the engine in an acoustically
insulated enclosure. {Acoustic insulation should be used
on the inside of targe surfaces to reduce sound transmitted
through them.) Also the engine-driven-gencrator set
should be mounted with vibration isolators to minimize
transmission of mechanical noise to the outer surfaces of
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lation of cooling air over the surface of the engine and
through the cooling system rodiator with appropriate
baffles at the air intake and exhaust pons to minimize the
transmission of noise through those openings.

4-4.6 TERMINAL DESIGN
Terminals for connection of an engine-driven-generator
se1 10 a distribution system should be designed 1o main-

tain o reliable connection and conﬁgured to minimize the
nrnh-ﬂnlnu of imnroner connection

......... D A LS SRR,

Tcrmmals also should be designed to withstand vibra-
tion produced by engine-driven-generator scts without
becoming loose. Vibration-resistant threaded auts or
locking washers should be used. In addition, the terminal
should be designed 10 accommodate dimensional changes
in the conductors or lugs used with it. Temperature
cycling associated with changing ambicnt temperature.
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TABLE 4-4
SAFETY INDICATORS AND SHUTDOWNS (Ref. 7)
Indicator Function (at Battery Voliage) Level | Level 2

Ccv S RA Ccv S RA
{a) Overcrank . X X X X X 0
{b) Low Waier Temperature < 21°C (70°F) X X X 0
(¢) High Engine Temperature Prealarm X X 0.
(d) High Engine Temperature X X N X X ¢
{¢) Low Lube Oi} Pressure Prealarm X X 0
{f) Low Lube Qil Pressure X X X X X 0
{g) Overspeed X X X X X 0
(h} Low Fuel Main Tank X X 0 0
(i) EPS Supplying Load X 0
(j) Control Switch Not in Auto Position X X 0
(k) Bauery Charges Mallunctioning X V]
(I} Low Voltage in Baitery X 0
(m) Lamp Test X X
{n) Contacts for Local and Remote Common Alarm X X X X
{a} Audlbl& nlal AL Sllbllbllla .J"Ilvh LAl 0
(p) Low Staning Air Pressure X 0
(@) Low Starting Hydraulic Pressure X 0
(r) Air Shutdown Damper When Used X X X X X 0

X X

(s) Remote Emergency Stop

KEY:

CV = Control-panel-mounted visual indication
RA = Remote nudible

S = Shutdown of EPS

X = Required

0 = QOptional

EPS = Emergeacy power supply

ambient heating associnted with the engine-driven-gencra-
tor set, and, most importantly, resistive heating of the
interconnection cause expansion of the conductors or
lugs used with the terminal. The expansion causes defor-
mation of the terminal, which may become permanent if
the terminal design is not suificiently clastic to accommo-
date the expansion. Cycling expansions can then loosen
the connection further, which, in turn. increnses the resis-
tive temperanture heating of the junction and cccelerates
the loosening process. The process is further accelerated if
the terminal material has a temperature coefficient of
expansion that differs significantly from that of the con-
ductor or if the conductor is susceptible to deformation ns
is the case with aluminum wire sometimes used as a
conductor.

Terminals should also have adequate separation
between phase connections so that errant strands of a
connecied cable cannot contact the terminals, wiring
associated with another phase, or the neutral. Terminals
that are constructed to contain strands should be used in
all cases. Split lugs with captive nuts are required for
generators specified under MIL-STD-633. If crimped
eyelet lugs are used, provision—c.g., barrier terminal
strips with vibration-resistant fasteners—should be made
to prevent the lugs from loosening and moving into con-
tact with adjacent terminals,
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Reprinted with permission from NFPA 110-1985, Emergency
and Standby Power Svsiems. Copyright © 1985, National Fire
Protection Associntion, Quincy, MA 02269. This reprinted
material is not the complete and official position of the NFPA
on the referenced subject which is represented only by the
standard in its entirety.

" Terminals should be clearly labeled for proper connec-
tion. Output connections for three-phase generators
should be marked with the capital letter L with subscript |
through 3 to indicate order of phase sequence, ic., the
order in which each line reaches its maximum voltage. A
separate equipment ground connection should be located
next to the output connccuons and marked *GND™. The
lil.nl.lll ﬂ: LUIIII‘-EIIUII l) Illlll kﬁd IJ', lhb a“blhl Iyl e. A \- .y !4'

Separate windings in the generator may be connected 1o a
terminal block called o changeover block so that the
windings may be connected in different configurations to
provide different output voltages and current capacities.
The labeling of terminals should be uniform and consis-
tent with standard practices to minimize the possibility of
confusion when the generator is being configured. Fig.
4-2 (Ref. 12) illustrates the standard system for labeling
terminals for generators with multiple windings for each
phase. Fig. 4-Yillustrates the conventional positioning of
terminals on the changeover block. Unless there is an
overriding technical reason 1o use an alternative configu-
ration, this configuration should be used to minimize the
chance of misinterpretation of terminal connection and
10 allow the use of standardized reconfiguration blocks
on o series of generators.
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- K; — Run Relay
QV — Overvoliage
RP — Revarse Powar
UF — Under Frequency {400-cycle only)
CL — Ovarload

4-4.7 INSULATION MATERIAL SELECTION

The insulation system of a machine (generator or
motor) is defined as the collection of all the insulation
mazerials used in the machine including winding coatings.
sleeving, insulating bushings. and rigid insulation used
for terminal blocks and supports. Insulation sysiems are
rated according to the allowable temperature risc of the
machine in which they are used. The rating of a particular
material is determined by the machine baving the highest
temperature classification in which the material has been
successfully used. The actus! temperature the material
must withstand is affected by the npplication within the
machine since the buildup of heat is not uniform through-
out the machine. Furthermore. the allowable heat rise
specified in governing specifications for machines will
vary somewhat within each classification depending on
the type of machine, its intended operation {e.g., continu-
ous or intermitient operation), and the ambient tempera-
wres (if above 40°C or {05°F). Nominal maximum
temperature requirements for insulation materinls used in
these classifications are

4-14

SC — Short Circult

OP — Ol Prassure

WT — Watar Temperature
FL — FuellLevel
0S — Overspeed

Wiring Diagram of a Typical Safety Cantral System for Portable Generator Sets

i. Class A. 105°C (220°F)

2. Class B. 130°C (270°F)

3. Class F. i552C(310°F)

4. Class H. 185°C (360°F).
Note that these temperatures are presented as a guide
because the actual temperatures will depend on lactors
such ns the use of the insulation within the machine and
the stated type and/ or use of the machine. The determina-
tion of the classification of a new insulation maicral is
determined by comparison (through thermal testing) with
materials that have traditionally been used successfully in
machine insulation systems.

The selection of specific materials is made on the basis
of experience with materials in generntor applications,
i.e.. whether their classification has been supported by
observation in use over a period of time, and testing of the
materials to determine whether they retain the desired
clectrical and mechanical characteristics when operated
atanticipated temperatures for long periods. Accelerated
testing is performed ot clevated temperatures assuming
the 10«deg C rule. i.c.. increasing the environmental
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Figure 4-2. Terminal Marking of Generator
With Multiple Windings per Phase (Ref. 12)

temperature by 10-deg C (18-deg F) shortens the expected
life by one half provided the melting points or ignition
temperatures of the insulation materials are not ap-
proached. Therefore, incrensing the exposurc lempero-
ture significantly above the opernting temperaturc de-
creases the testing period nccessary 1o determine the
lifetime of the insulation. Examples of tests for generator
winding insulations arc given in Refs. 13 ond 14, In these
tests, coils in the same configuration o be used in the
motors or actunl motors are exposed to clevated tempera-
tures under controlled environmental conditions and
cveluated for deterioration in insulation performance.

Table 4-5 (Refs. £5 and 16) lists insulation materials,
for various tempernture classiftcations, used for windings
and internal wiring in gencrators. When relatively soft
insulations, such ns rubbers or certain thermoplastics, are
used, resistance to abrasion may be provided by an addi-
tional material covering, such as nylon, or by an outer
braid of nylon. glass. or polyester.

Bushings for support or protection of wiring or live
electrical components are generally made from phenolic.,
urea. cold-molded compositions, or other materials found
through experience to be suitable for use in rotnting
machinery. Where high voltages arc present, ceramic or
glass insulators may be neccessary; if used, provision
should be made to protect these relatively brittle materials
from fracture due to physical impact or thermal expan-
sion. The insulator must also be configured so that expan-
sion or warpage {from overheating or moisture absorption
does not introduce additiona! hazards of fire or electrical
shock.

Characteristics of insulation materials are summarized
in par. 3-3.7. *

MIL-HDBK-765(MI)
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4-4.8 CURRENT CAPACITY

The continuous current-carrying capacity of an engine-
driven-generator set usually is limited by the thermal
limitations of the generator windings. The maximum
temperature that the insulation can tolerate limits the
amount of heat dissipation allowed in the windings and.
in turn, limits the amount of current allowed to flow
through the windings over a long period of time.

Limitations on transient currents, i.e., currents that
flow for periods up to a few seconds, are more complex.
The actual current that can flow upon sudden application
of aload or fault depends on the voliage regulation circuit-
ry, the inertin of the rotnting components in the engine-
driven-generator set, and the respense time of the gover-
nor of the engine. Genérators that rectify a portion of the
generated AC power and feed the resultant DC through
brushes to a rotating field coil have a fast response, but
when severely overioaded, the voliage will collapse. Thus
these generators are sel{-protected: however, the inherent
current-limiting feature precludes the use of circuit break-
ers to isolate the portion of the load neiwork containing
the overioad. Volinge regulation circuits that rely on
inductive couplings to the armature typically require sev-
eral cycles to boost voliage output to the original level
after application of the load. Other techniques, such as
optical coupling of control signals to the armature, allow
much faster recovery to the nominal voltage output,

The sudden application of a load requires that the
engine in the engine-driven-generator set supply morc
energy to the generator. This sudden mechanical load on
the engine causes the speed to drop and lower the fre-
quency and voltage of the generated electricity. If the
rotational inertia of the generator is sufficiently large, the
generntor may “ride through™ short transients in current
consumption. If the engine has sufficient power, however,
then the sudden application of loads in excess of the
capacity of the engine-driven-generator set will stall or
slow the motor and excessively reduce the output voltage
and frequency to unaccepiable levels,

Requirements for current capacity in an engine-driven-
generator set are determined by calculating the maximum
anticipated demand load, i.c., the maximum toad that the
generator is required to deliver, with consideration given
1o transient loads and power factors. The most common
transient loads are motor-starting loads in which the
motor current may be six times the normal rated current
of the motor operating under load. In cases where motor-
starting loads are supplied by the engine-diven-gencrator
set, the engine-generator must hove a voltage-current
characteristic and transient current capacity such that
when the motor is started, the output voltage remains at a
level sufficient to

I. Start the motor

2. Maintain operation of other motors

3. Maintain operation of other equipment powered
from the same engine-driven-generator set.

Another consideration in the specification of transient
current requirements is overcurrent protection of the cir-
cuit. As mentioned earlier, staticcxcited generators are
sell-protected but usually do not have the capacity to
deliver sufficient peak current to open circuit breakers.
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To Output Terminal Block
(Through Circuit Breaker)

6
igi

o 0 0 O

J 8 4

©C O O

(C) 240/418 V Connection

(A) Electrical Diagram Showing Connections to Rear

of Changeover Block

(B) 120/208 V Connection

|

Figure 4-3. Changeover Block Used for DoD 120/208-240/416 V Engine-Driven-Generator Sets

Consequently, for applications where it is importiant that
a singie fault not disrupt operation of alt loads connected
to the generator, Ut is necessary for the engine-dniven-
generator set to have o current capacity sufficient to open
overcurrent devices under {ault conditions and to have
voltage regulated at a level sufficiently high to force
enough current through the fault 1o trip the circuit
brenker.

4-4.9 EQUIPMENT MARKING
Labeting should be intorporated into the design of

equipment to provide warnings about

t. Hazardsthat cannot be eliminated through appro-
priate design measures

2. Hazards that exist when the safety features are
inoperative during normal maintenance or repair

3. Operaiional procedures that, if not performed
properly, jeopardize the cquipment and safety of per-
sonnel.

On engine-driven-gencrator sets, hazard warning signs
or labels usually are required to warn of high tempera-
tures and high voltages. Labe!ls should be applied to
removable protective panels or guards to warn of the
hazardous conditions that exist upon removal. Labels
should also be applied to the equipment near the hazard
ot locations where the label will not be covered or
removed during normal maintenance or servicing of the
equipment.

The colors and configurations of warning signs shouid
conform to specifications given in Army Regulation (AR)
380-30 (Rel. 17) and American National Standards Insti-
tute (ANSI) Z.35.1-1972 (Ref. 18). In these standards,
signs are classified according io the severity of the hazard.
Classifications are

I. Class I. Warns of the possibility of irreversible
damage or injury
2. Class l1. Warns of the potential for severe damage
or injury that is reversible
1
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TABLE 4-5
TEMPERATURE GRADE OF INSULATION MATERIALS USED IN
ENGINE-DRIVEN-GENERATOR SETS* (Refs. 15 and 16)

Temperature, Grade
o

°C

Maierial

40 105 A

55 130

70 155

80 180

or greater

Enamels
Polyamide-overcoated polyvinyl formal

Dalunmidas
vosyainiad

Polyamide-overcoated acrylic
Polyvinyl formal

Wire insulation

Polyvinyl chioride

Polyvinyl chloride with nylon cover
Polyethylenc

Enamels
Polyamide-overcoated polyurethane

Enamels

Polyamide-overcoated terephthalate polyester covenings
Glass and/or polyester fibers with phenolic bond
Insulation

Silicone

Wire insulation
Polytetrafluoroethylene
Silicone with glass and polyester covers

*[nformation is provided as a guide only. Actual temperature depends on compounding and should be verified by testing in a specific

application,

3. Class 111, Provides general safety information

4, Class 1V, Provides fire-extinguishing or evacua-
tion information

5. Class V. Warns of radiation hazards.
Ap example of o warning sign is shown in Fig. 4-4. The
actual size of the sign is dcpcndcm on the lcnglh of the
message and the distance at which it must be viewed to
provide adequate warning. An approximate rule of
thumb for determining the required letter sizeisthat | 1 1o
12 m (35 to 40 ft) of viewing distance is attainable per 25
mm (! in.} of letter height. Colors used on the signs. as
indicated in Fig, 4-4, should conform to ANSI Z53.1
(Ref. 19). Warning or caution signs should not be affixed
with adhesives. Signs should be affixed with mechanical
fasteners and conformto MIL-P-514, Typc 11, Composi-
tion C, Grade A, Class |, 1o withsiand the ruggcdness Gf
military environments.

ANSI Z51.1 specifics colors to be used for marking
physical hazards and safety features. The significance of
specific colors according to this specification is given in
Table 4-6. For engine-dnven-generator sets red should be
used for fire-extinguishing equipment. emergency cutofl
switches, and fuel shutoiT valves. Orange should be used
around exposed rotating components and high-voltage
conductors. First aid equipment should be marked with
green.

Labeling shoulid alse be used to prevent accidents that
could result from the improper operation of equipment.

Placards showing the schematic of the generator windings
along with the terminals and changeover blocks should be
placed near the terminal block to aid in the proper con-
nection of the engine-driven-generator set. Start-up and
shutdown procedures should be described concisely on
placards placed in protected areas. such as inner surfaces
of doors. Critical procedures, such as fuel handling and
generator paralteling, should be highlighted.

Whits

/

Rod

5

HIGH VOLTAGE

- e w W - = T ew =

Black White

Y

Whlls
Black

Fioure 4.4
Figure 4-4,
753.1 (
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TABLE 4-6
STANDARD COLORS FOR MARKING
HAZARDS AND SAFETY EQUIPMENT

{(Ref. 19)

Color Significance

Red Identifies [ire protection equipment,
danger, and shutoff controls of
cquipment

Orange Identifies dangerous components of
equipment, including inner surfaces of
guards

Yellow Marks potcnlinl hazards such as suorﬁgc
cabineis for lammable maierials and
physical features that could cause injury
if bumped against or tripped over

Green Marks safety equipment and information

Blue Used for informationnl signs (other than
safety-specific information)

Purple Identifies radiation hazards

4-4.10 PROVISIONS FOR PARALLEL

OPERATION
Paranile) operation of an engine-driven-generator set
with another source of eleciric power requires that the

two power sources hove the same (requency and voltage
laual Furtharmars ths anmm-.:lnmpn-gpnprmnr et must

level, Furthermore, the engine-driven-generator set must

have features that allow it 1o be synchronized to the other
power sources, gracefully switched on-line, and operated
in parallel so that the load is shared appropriately,

For operation in parallel two engine-driven-generator
sets must have provisions for distributing the load equally
between the generators and for minimizing the flow of
current from one generator to the other. The current flow
between the generators represents o flow of reactive
power from one to the other. Although this power flow is
not measurnble as real power delivered by thc generator,
it does reduce the capacity of the pair of generators.
Balancing the voliuges generated by the generators min-
imizes the reactive power flow; however, changes in load
current or pawer factor will usually introduce a voliage
imbalance unless the pair of generators incorporates an
active control system 1o synchronize the two outputs or
the generators havc certain matched characteristics,

Isynchronous generators (gencrators whose output
frequency does not vary with the load) may be paralleled
if a common control system is used to regulate the output
voltage and frequency of both generators. The common
control system may consist of components in both engine-
driven-generator sets with control signals passed between
them to synchronize them. For scts that employ this
concept to be parallcled. the sets must be designed 1o
interface with cach other and are typically limited 1o units

o snemta mamsstlineesome
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When generators are to be paralleled with no electrical
connection other than the outputs, the following charac-
teristics of the generntors must match:

. Quipur voltage

2, Line frequency

1. Phaseconfiguration (number of phases and angle
of each)

4. Phase rotation

5. Speed regulation charecteristics

6. Voltage regulation characteristics.
The final two items in this list are necessary for proper
continuous sharing of the load under dynamic conditions.
Generators 1o be paralleled must have a frequency droop
charactcristic of about 2 Hz. i.e.. the output frequency
should decrease about 2 Hz as the generator load is
changed (rom near zero load to full lozd. This is required
for continuous synchronization of paraiieied generator
speeds without “hunting™ (instability of the generator
speed and frequency of the power) and equal distribution
of generator loading during load changes. The matched
voltage rcgulalion characteristic is necessary to prevent

the flow of reactive power from one generator 1o the

other. For generators to be paralleled, these six character-
istics must be carefully matched or should have provi-
sions for altering these charncteristics through adjust-
ments or tap selection in the control system of the
generator (Ref. 2).

In cddition to carefully designed compensation cir-
cuits, generators intended for parallel operation should
incorporatc certain features that permit graceful inter-
connections, i.c.,

. Indicators (usually lights) to indicate differences
in potentiai beiween the generators. Moniioring of these
indicators allows the operator to connect generators in
paraliel at times when voltage differences between the two
generniors are at o minimum.

2. Switch or circuit breaker to isolate the generator
from the line until the generator voltage and phase are
matched to those of the line.

3. Power output meters for operator moaitoring
and/or adjustment of droop characteristics and a current
meter for operator monitoring and/or ndjustment of
voliage-load characteristics.

4. Provision for adjustment of voltage level, voltage-
load characteristic, and droop characteristic if the genera-
tor is to be paraileled with nonidentical generators.

4-4.11 ENGINE SELECTION

Sclection among gasoline, diesel, and turbine engines
for the cngmc-dmen-gcncrnlor set is based on applica-
tion requirements for power, allowable weight, access for
maintenance, environmental conditions, and fuel avail-
nblluy The relative importance of cach of these consider-
ations aiso depends on the appucauon Fuel considera-
tions affect the choice of engine from a safety perspective
more than the other considerations and therefore are
discussed separately in par. 4-4.12. The other considera-

tions are similar in terms of operationa! hazards for gaso-
line and thi-:p! rngnnrc and do not affect the safclv of
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operation. Turbine engints operate on a different princi-
ple and turn at a much faster rate during operation.
Proper mechanical design. however, will reduce any addi-
tional hazards from the high-speed components.
Usually, gasoline engines are most appropriate for
small loads for which the additiond!l weight of the dicsel
engine represents a handicap. Diesel engines are heavier
but are more durnble and do not require maintenance as
frequently as gosoline engines. Diesel exhaust is cooler,
nommnlly 540°C (!000" F) compnn:d 10 930°C (1700° F)

[ PR | .. S arml ammiaas mamasnle .
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from sources other than exhaust when compared to gaso-
line engines; however, engine noise may be reduced by
appropriate design when required. Gasoline engines
generate more harmful emissions (NO, and CO); diesel
engines emit the more visible particulates and somewhat
more objectional odors (Ref. 20). Although emissions are
not important in tactical environments, generators are
used in training exercises and other missions. Conse-
quently, the goal should be a minimization of all pollu-
1ants. The choice between gasoline and diesel engines for
engine-driven-generator sets for Army-wide applications
generally will be diesel to minimize the number of fuels to
be handled by the supply system.

In comparison to reciprocating engines, gas turbine
engines are noisier and potcntially more dangerous

b £forh hinh rotatinnnl enead Earthic e
U\.ba"usc Ll tu:h’ QIRNCT IoLalionas speta, «~or tais reason,

their use is usunllyjusuﬁcd only in applications in which
their small size and low weight are required. However, gas
turbine gencrators may sometimes be used in certain
applications where the following features of gas turbine
generators may be advaniageous (Ref, 21):

1. Lower cost (for large capacity enginc-driven-
generator scts, c.g., 750 kW)

2. Faster stanting (and lower power required for
starting)

3. Easier to silence

4. Less vibration

5. Multifuel capability.

4-4.12 FUEL
Fuel considerations are among the most important

aspects in the selection of an engine type for an engine-

driven-generator set both in terms of the safety of fuel
storage and the logistics of supplying fuel for all engines,
vehicular as well as engine-driven-generator sets. Pres-
ently, engine-driven-generator sets are usually operated
from gasoline or diesel fuel, although some multifuel
engines will accept aviation fuels and kerosene, The Army
has _begun cvaluating methanol-fueled engine-driven-
generator sets, but this effort has been suspended because
of the logistical problems of introducing another fuelinto
the supply system.

UﬂSOllﬂB lS a VDlﬂHlC [ufl ﬂﬁﬁ fmllS \uﬂpOl’ Sulllﬁfﬁl io
form a combustible nir-gas mixture at almaost all ambient
temperatures. Consequently, its use as an engine fucl is
not preferred due to the increased risk of fire associated
with its high degree of flammability and the provisions
that must be madc for its safe stornge and distribution,

]
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Other disadvoantages of gnsoline are the deterioration
of it due 1o the evaporation and the oxidation of more
volatile compounds. The oxidized compounds produce a
gummy substance, which can foul the carburetor and
other components of the fuel system of the engine. Con-
scquently, gasoline is not recommended for use in standby
systems in which operation is infrequent or where the fuel
must be stored for periods of six months or longer.

Diecsel fuel is more easily stored because it is not as
volatile ns gnsolim: and does not deteriorate over long
periods. It is more viscous, however, and may even jell at
lower temperotures. In some low-temperature environ-
ments, diesel fucl may have to be heated in order to
transfer it from one tank (o another or from o tank to an
engine. Also special provisions should be made in diesel
engines to.improve their cold starting performance. e.g,
addition of fue! system heaters and glow plugs.

The logistical requirements of fuel distribution also
impact the sclection of engine 1ypes. Fuel should be readi-
ly available with no anticipated shortages throughout the
expected period of equipment use, For engine-driven-
generator sets used in permanent environments in the
continental United Siates, both diese! fuel and gasoline
are expected to remain in ample supply throughout the
foreseeable future, Diesel fuel is preferred, however, for
tectical equipment to eliminate the necessity of maintain-

oo Aimenl fual ic
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used for vehicular engines.

An alternative for situations in which fuel supplies are
uncertain is the multifuel engine. These diesel engines
have combustion chambers designed for optimum air/
fuel mixing and {or minimization of heat loss during the
compression of the air/fuel mixiure. As a result, these
engines may be fueled by diesel fuel, kerosene, or gasoline
and thereby allow use of any available fuel.

4-5 COMPATIBILITY AND
INTEROPERABILITY

Twao engine-driven-generator sets are said to be com-
patible il either may serve as the replacement for the other
orif they both may be operaied independently in the same

custerm Comnatibility imnliec that the generators pro-

SFeibhifi. SOUIPRIUINLY RIS 1O (N peikiaiiis

duce the same type of power—e.g.. 480 Vac. 3- phnsc.
4-wire—and can be powered from the same type of fuel.
Thus, compatible generators may be operated with the
same existing logistical supplies and power the same 1ypes
of loads.

The requirement for engine-driven-generatorsets 1o be
interoperable is more stringent, [nteroperability requires
that 1wo engine-driven-generator sets function together
when both are connected simultancously to the same
system in such 8 monner that the Oulpul of one can affect

=
5C15

ihe other, €.8., if ihe iwo engine-driven-gencrator
connected in parallel.

In this paragraph engine-driven-generator set charac-
teristics that afTect compatibility and interoperability are
presented. Features of engine-driven-gencerator seis that
aid or prevent compatibility are discussed. Finally, the

-
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interconnection of an engine-driven-generator set intoan
existing power disiribution system is discussed.

CLASSIFICATION OF ENGINE-
DRIVEN-GENERATOR SETS

Listed in Table 4-7 (Ref. 22) are the basic technical
characteristics of engine-driven-generator sets that affect
the compatibility or interoperability and that should be

specified before selecting or designing an engine-driven-
generator set for a specific nnn]!mllnn MIL-STD-1332

defines three clnssnl'muons bnscd on the groupings of the
most important of these characteristics. Two of the
charzcteristics—mode (frequency) and type—are listed in
the wabie. The third, class, describes the fevel of perfor-
mance of the generator to include both its frequency
regulation and voltage regulation characieristics. Class I,
or precise engine-driven-generator sets, provides clean,
well-regulnied power for eritical applications in which
excessive frtqucm:y and voltage variation cannot be tol-
erated. For less stringen1, general- purpose uppl:csuons

Class 2, or waciical generaiors, may be used. T This class is

further subdivided inio Classes 2A through 2C: 2A isa
substitute for commercial power, and Class 2C has min-
imal requirements for volinge and frequency reguintion.
Requirements for each classification are given in Table
4-8 (Ref. 22).

4-5.1

- TABLE 4-7

MIL-HDBK-765(MI)

4-5.2 COMPATIBILITY BETWEEN CLASSES
The requirement for compatibility between engine-
driven-generator sets implies that one unit should be able
to be used in place of another. This requircment nccessi-
tates similor electrical charactenistics and comparable use
of logistical supplies. i.c., fuel, lubricants, and mainte-
nance facilities. Specific requirements for electric compar-
ibility are
. Same output voltage levels
2 Same output cnnﬁnumtmn {or nhﬂny to bhe con-

figured to the samc output coni'gumuon)

3. Same power capacity if ont unit is to be used as a
replacement for another. A substituted smaller capacity
unit could be overloaded, whereas an excessively larger

unit might be operating below the desired 50 minimum

lbading,

4. The same or better vollagc and frequency regula-
tion characteristics, i.c., both units should be of the same
class for complete compalibility. Anengine-driven-genera-
tor set with a highcr classification may be substituied for
one with a lower classification.

5. The same type of prime mover—i.c.. gasoline.
diescl, or wrbine engine.

6. Similar confligurations to allow personnel already
familiar with one unit 1o use the other without additional
training or tools.

OPERATING CHARACTERISTICS OF ENGINE-DRIVEN-GENERATOR SETS

TN AE MATCHEND TND COMDATIRITITYVY nn INTERDNDED ARITITV (DA . n

AR BFEL IVESS B Wl LA 1 WAN WL AFIYIE FLA L AAFRALL R

L s A% B3V 4L A A7l A AN7YNAPLE,LA L } ‘l\ & ’

Characteristic That Must Be Matched for

Characteristic of Engine-Driven-Generator Set Compatibility Interoperability

Voliage Level, e.g.. 120V 1, 280V )¢, 480V 3¢ X X
Mode (Frequency) 30, 60, 400 Hz AC or DC X X
Phase Rotation X X
Frequency

Adjustment range A X

Regulation, droop characteristics A X

Characteristics that are adjustable P P
Voltage

Adjustment range A X

chulnlion droop characteristics A X

Characierisiics that are adjustabie P P
Engine Type (gasoline, diesel, or turbine) A - X
Mounting (fixed pad, skid. or trailer) A A
Type—Tactical or Prime X —

KEY:

X = Characteristic that must be matched

A = Characteristic for which matching may be necessary in some applicniions
P = Feature required if generator is to replace o generator that is opernted in parailel with another

- = Chaructenisiic for which matching is unnecessary

]
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i TABLE 4-8
FREQUENCY AND VOLTAGE REGULATION REQUIREMENTS FOR
CLASSIFICATIONS SPECIFIED IN MIL-STD-1332 (Ref. 22)

Precise Ulility Test Method
Characteristic Parameter Class | Class 2A Class 2B Class 2C MIL-STD-705
i. Voliage Characteristics
a. Regulation, %5 | 2 3 4 608.1
b. Steady Statc Stadility (variation). bandwidth S
(1) Shon-term. 30s | i 2 2 608.1
(2) Long-term, 4 h 2 2 4 4 608.2

c. Transient Performance
(1) Applicotion of rated load

{2) Dip, % 15 20 20 30 619.2

(b) Recovery, s 0.5 3 3 3 619.2
(2) Rejection of rated load

(a) Rise, S5 15 30 3o 30 619.2

(b) Recovery, s 0.5 3 3 3 619.2
(3) Application of simulated motor load (1wice rated

current)

{a) Dip. S 30 N/A 40 N/A 619.1

(b) Recavery 10 956 of rated volinge. s (Note |) 0.7 NIA 5 NfA 619.1

d. Waveform (Note 2)

(1} Maximum deviation factor, % 5 5 5 6 601.1
(2} Maximum individual harmonic. % 2 2 2 3 601.4
. Voltage Unbalance With Unbalanced Load, % (Note 3) 5 5 5 5 620.2
f. Phase Balance Voliage, % 1 I 1 1 508.1
g. Voltage Adjustment Range, %5 min (Notc 4) =5+ 17 10 =5+17 -5+5 5111
(Note 5)
2. Frequency Characteristics 0-3 0-5 3 3 608.1
a. Regulation, 5 Adj'able  Adj'able
b. Steady State Stability (variation), bendwidth 3
(1) Short-term. 30 s 0.5 0.5 2 4 608.1
(2) Long-term, 4 h 1 1 3 4 608.2
c. Transient Performance
(}) Application of rated load
(a) Undershoot, 4 4 4 4 608.1
(b) Recovery. s 2 4 4 4 608.1
{2) Rejection of rated load
(a) Overshoot, %o 4 4 4 . 5 608.1
(b} Recovery, s 2 4 : 4 - 6 608.1
d. Frequency Adjustment Range, 55 min (where required) +3 +4 £ - 43 511.2
NOTES: 1. The voliage shall stabilize a1 or above this voltage. {Not applicable 10 all sets rated of 5 kW or smaller, or 500 kW and
larger.)

2. Sperified values are for three-phase output: for single phase, ndd additional 1%.

3. With generator set connected (or three-phase output and supplying a single, line-1o-line, unity power factor. load of 256
of rate current and with no other load on the set. {Not applicable for single-phase connections or sets.)

4, For Mode 11 sets, the upper voliage adjusiment is + 1055 of the rated voliage. For Mode | sets operating at 50 Hz. the upper
vohage adjustment may be limited to the nominal voltoges appropriate for the generator—either 120/240 Vac or
2400/4160 Vac. ’

5. Values shown are (or teis rated at 15 kW and above.

Intcroperability requires that all the conditions for 2. Although engine-driven-generntor sets of differ-
compatibility be met and that the lollowing additional ent capacities may be operated together. the control cir-
requirements be sotisfied: cuits must be capable of governing each independently so

I. The engine-driven-generator sets must have that the load is divided proportionally between the gener-
matched voltage and frequency regulation characteristies, ators according to their individual capacities.
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4-53 FEATURES CAUSING
INCOMPATIBILITY

The absence of any of the features listed in par. 4-5.2
will cause the engine-driven-gencrator sets (o be incom-
patible and/or noninteroperable. Typical engine-driven-
generator set features that cause incompatibility include
. Different voltage outputs
Different modes (frequency}
Different output confi igurations
Different prime movers.

454 FEATURES AIDING COMPATIBILITY

Features that aid compatibility include those features
that increase the flexibility of the generator through pro-
visions for adjustment or reconfiguration to allow use
with, or repincement of, a vanety oi other units. Specific
features that enhance the compatibility or interoperability
of a given engine-driven-generator set are

l. Useof areconnectable generator. i.c.. a generator
with multiple windings that can be connected in various
configurations 1o produce single-phase. split-phase, or
threc-phase output power at one or two different voltage
levels.

2. Use of an adjusiable voltage and frequency regu-
lation system that allows adjustment of both the nominal
voltage and frequency of the cutput power and allows
adjusement of the droop in voliage or frequency with
increasing loads. (This feature is necessary for interoper-
ability of generators that are not identical.}

e
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3. Use of design features common with other unitsin
the inventory to allow use of uniform operating proce-
dures. An additional benefit of common components and
features in several engine-driven-generator sets in the
inventory is a reduction in the number of repair parts to
be stocked and a reduction in the number of maintenance
tools, manuals, and diagnostic equipment.

4. Use of multifuel engines in engine-driven-genera-
tor sets that can use o wide range of {uels.

INTEGRATION OF ENGINE-DRIVEN-
GENERATOR SETS INTO BACKUP
POWER SYSTEM

A common application of engine-driven-generator scts
is to suppiy power to critical loads when the primary
source of power is interrupted. Hence requirements for
the engine-driven-generator set are determined both by
the primary source of power and the loads that are to be
kept operational by the standby generator.

The configuration of a typical backup power sysiem is
shown in Fig. 4-5. In this systern power for all loads
normally is supplicd by a primary power source—usually
power from a commercial utility but may be any source of
continuous power. The engine-driven-generator sci(s)
shown in Fig. 4-5 supply power when the primary source
is interrupied. .

Contrel of the backup sysiem is exercised by the
transfer switch and the ancillary control circuitry of it.

4-5.5

Engine Stop and Stant Control Line
Au“:om::;c Engine-Oriven-| | 7T T°°° n—‘/
Gengrator Set N
S o R
1 ! l _____ ;
l |
) \
I |
- 1
Uiti 1ITT 0
Powor ool o— L3 amﬁmm/J
Sourca Circuit Genesrator Set
Braaker
L Emergency Bus
J S ) 3 )
Noncriticai I
Loads Critical Loads

Figure 4-5. Typical Conf’gurmlon of Backup Power System Using an Engine-Driven-Generator

Set
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These components perform the connection of the engine-
driven-generator set to critical loads in place of the pri-
mary power source, time the switching operations so that
mo1ors do not draw excessive currenis (see par. 3-3.2.1),
and start and stop the engine-driven-generator set.

Typically, all loads arc not connceted to the backup
power system because the cost of an engine-driven-
generator setcapabie of supplying power 1o all loads may
be excessive. Instead loads are partitioned into essential
loads and noncsscnnnl loads Essential londs—loads that,
if disconneeted, will resultin damage, ii‘ljiil ¥, OT monciary
lass—are connected to the center pole of the transfer
switch so that when an interruption of the primary service
occurs, they will be powered by the enginc-driven-
generator set {usually after o short delay). Nonessential
loads—Iloads that can tolerate o power outage—are con-
nected to the primary supply directly and the power Lo
them will not be sustained in the event of o power outage,

The engine-driven-generator set used in a backup sys-
tem must satisly certnin requirements imposed by the
sysiem to be protected. namely,

i. Theengine-driven-gencrator set must start quickiy
and reliably upon demand. Surting equipment must
operate completely from self-contained energy storage
devices. usually batteries. (The batteries may be kept in
the charged condition by power from the primary source;

however, Fnu.n-r will not be availoble from the arimaorv

from primary
source at the time the engine nceds to be started.)

2. The engine-driven-generator set must be capable
of intermittent operation with long periods of inactivity.
Fuel supplies must not deteriorate. The carburetor system
must not be fouled by evaporation of trace amounts of
fucl that remain after the engine has stopped. In cold
climates, provision may be necessary for heaters to main-
tain the engine (and fue! for diesel engines) at tempera-
tures that permit easy starting.

3. Backup systems arc usually installed in close
proximity 1o the ioads they are to protect. In many ¢ases
the engine-driven-generator set must be installed near,
and sometimes in, inhabited areas and in these installa-
tions adequate noise suppression is essential. Either venti-
lation must be provided for engine cooling or an alterna-
tive for heat removal, such as a water-cooled hent
exchanger. must be provided. The exhaust system must
be designed for safe discharge of the hot exhaust with
minimal danger of fire or accumulation of exhaust fumes
in inhabited areas.

Typical insiollotion considerations are illustrated in
Fig. 4-6 (Rcf. 23). Additional information—such as typi-
cal mounting, provisions for climinating heat and exhaust
gases from the engine, and reduction of noise—on per-
manent installation of enginc-driven-gencrator sets may
be obtained from the manufacturer of the engine-driven-
genoraior set being used.

Several modifications may be made to the configura-
tion of the backup system to relieve requirements on the
engine-driven-generator set. Perhaps the most significant
modiftcation is the reduction of required gencrating
capacity by load partitioning so that only essential loads
are powered by the generator. Through the judicious

me e - 4-23

MIL-HDBK-765(MI)

selection of londs 10 be powered through an essential-load
bus. a minimum capacity engine-driven-generator set can
maintain power for necessary loads. Further reductionin
capacity requiremenis may be obiained by sequencing
motors so that large motors are not started simultane-
ously. [[ high-current, intermittenly operating devices,
such as heaters, are used. control circuits may be added 10
coordinate power distribution so that simultaneous oper-
ation of oll units is prohibited and requirements for peak
capacity of the engine-generntor are reduced.

For load sysicms having & wide variability, mulkiple
gencerators operating in parallel may allow the operation
of engine-driven-generator sets near maximum capacity
by operating onec gencrator when the load ts light and
turning on the other generator only when poweris necded
to support additional loads. Note, however, that this
approach is not useful for widely varying loads because
engine-driven-generator sets should not be cycled on and
off rapidly.

Integration of engine-driven-generator seis into the
backup systems in forcign countrics may be performed in
the same manner as in the United States provided the
engine-driven-generator set is compatible with local
power. Interconnection of the generator into the system
must be performed with care because the color conven-
tions are different in various countries. Tablc 4-9¢( Ref 24)

cnmmnrizec the ralarcnnuesntian farwinn
summanzosine oo oreonvenuion iorwi

States and in Europe.

4-6 TEST CRITERIA FOR DESIGN OR
ITEM ACCEPTANCE

TESTS REQUIRED BY MILITARY
STANDARDS

MIL-STD-705 (Ref. 25) defines approximately 105
separale tests that are used to evaluate performance, to
verily operation, or 1o verify compliance with stated spec-
ifications of generating sysiems of engine-driven-genern-
tor se1s and ancillary equipment. Additional information
concerning procedures and test apparatus is givenin Ref.
26. Individual tests are identified in the paragraphs that
follow: however, the cited references should be consulted
for a definition of the parameter being evaluated at the
test port,

4-6.1

4-6.1.1 Insulation Tests
Insulation tests are performed 10 detect potential leak-
age paths, which could lead to development of high voit-
ages on expased conductors or short circuits, which could
lead 1o overcurrent damage of gencrator windings. Insu-
lation tests include
I. Insulation Resistance Test. This test measures

wlarra ictanss hatnwessn nansrninr windinoc and the
10N MEsisiance Selween genorator winaings and the

generator frame,

2. High Potential Test. High voliage is applied 10
windings, and breakdowns are noted. Voltage applied to
output windings is 1000 V higher than twice the highest
rated output voltage. For field coils, the voltage is usually

ten times the peak field coil voliage.
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Figure 4-6. Typical Permanent Installation of an Engine-Driven-Generator Set (Ref. 23)

4-6.1.2 Electrical Characterization Tests

Electrical characterization tests are performed to verily
that the generators will meet the requirements of the
applications for which they are intended and to verily
compatibility and interoperuability between the generator
under tcst and others of the same design. Characteriza-
tion tests will also identify subtle manufaciuring defects
that could lead to inefficient operation, overheating, or
premature {ailure, Characterization tests include

4-24

l. Winding Resisiance Test. The resistance of indi-
vidual windings is measured with a bridge or other
instrument suitable for low-resistance measurements.
Resistance information is useful for predicting heating
under load of n generator.

2. Open Circuit Saturation Curve Tesr. While the
generator is turning at the rated speed. voliage output
with no-load is measured for vorious levels of externally
supplied excitation. Voltage is plotted against excitation
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- TABLE 4-9. COLOR CODE FOR THREE-PHASE WIRING (Ref. 29) -
USA Europe
Phase A - Black Phase R or V Black
Phase B Blue or Black Phase S or V Brown
Phase C Red or Black Phase T or W Black
Neutral . White or Gray Neutral Blue

Protective Ground

Green or Green w/ Yellow Stripe

Protective Ground Green/ Yellow

to determine the break point (saturation point) at which
the increasing excitation does not produce an increase in
output volinge. The collected data are used in conjunction
with data from other tests as a quality control check on
quality of the iron and the length of air pap.

3. Synchronous Impedance Curve Tesr. With the
generator output shorted through ammeters, field current
is varied to produce short circuit currents from 010 1505
of the capacity of the generator. The results are plotied to
produce a curve called the shornt-circuit saturation curve,
This information is used to design protective devices
prOp:rIy and to assure designers that the air gap, coils,
and steel in the generator mect I'EQUll'l‘:ﬁ‘lfi'ﬂS

4. Zero Power Facior Saiuraiion Curve Test. With
the generator delivering rated current into o varinble load
whose power factor is between 0.3 and 0.4, terminal volt-
ages and field currents for various loadings are recorded.
The plot of terminal voltage against field current is called
the zero power factor saturation curve and is used in
conjunction with other test data 1o prediet field current of
the generator for any load condition.

5. Rated Load Current Saturation Curve Test. With
the generator delivering rated current into a variable load
whose power factoris equal to the rating of the generator,
the field current is varied to produce terminal voltages
between 50 and 12565 of the rated voliage. The [ield
current ond terminal voliage are recorded and plotied to
produce the rated load current saiuration curve. This
curve is used along with other test data to predict field
current of the generator for any toad condition.

6. Roraring Exciter Saiuration Curve Test. Slip
rings are added to the roiating field generator to allow
monitoring of the field current induced in the armature by
the excitation winding. The field currentis passed through
o resistor equal in value to the armature field winding.
While the generator is rotating, the excitation current ond
the resulting field current of the armature nre recorded
and ploticd to produce the rotating exciter sawuration
curve. This curve is used to determine the suitability of an
exciter for use in a generator,

1. Summation of Losses Test. This is a scries of tests
in which 2 generator is turned by a calibraied motor, and
quantiiative measurements of specific electrical losses
and frictional losses are made. Frictional losses are indi-
cated by the amount of power required of the prime
mover to turn the generator, and elecirical losses are
measured by electrical measurements. The specific losses
measured are bearing friction loss. brush [riction loss,
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brush-comam resistance |oss open-circuit core loss,
armature /°R loss, field I°R loss, siray-load loss, and
exciter loss.

8. Generaior Power Inpur Test. A complete genera-
tor is connected to a calibrated motorand a load, and the
amount of input power required 1o operate the generator
at rated capacity is measured. The results of this test are
used to determine the size of the engine required 1o drive
the generator.

9. Brush Potential Curve Test. While current is flow-
ing into the armature through brushes, potential along
one side of the brush is mcnsurcd to determine the poten-
tial profile seross the face of the brush. The TESUiiiﬁg
profile can be used to predict power losses atiributable 10
resistance of the brush.

10. Shori-Circuir Ratio Tesi. From o measurement
made on the open circuit saturation curve and the syn-
chronous impedance curve, the short circuit ratio is com-
puted. This numeric value indicates the regulation and
stability of the gencrators.

11. Direct Axis Synchronous Reactance Test. The
direct axis synchronous reactance is determined by mea-
surements made on the open circuit saturation curve and
the synchronous impedance curve.

12, Negaiive-Sequence Reaciance and Impedance
Tesi. From measurements made on an externally excited
polyphase generator with one phase shored, the negative-
sequence reactance and impedance are calculated. These
two parameters are used to determine wye-connected
generators under various load conditions.

13. 2ero-Sequenct Reaciance Tesi. From measure-
menis on o wye-connected generator with two phases
connected to the neutral, the zero-sequence reactance is
calculaied. This parameter is used to determince the per-
formance of three-phase, wye-connecied generators under
various load conditions.

14, Quadrature-Axis Synchronous Reactance Test.
In this test the ouiput of the generator is connected 1o an
AC source Lthat has the same {requency and voliage as the
generator. The frequency of the generator is then changed
slightly so that the two power sources alicrnately cancel
and reinforee. During cancellation the current flow is
determined by the quadrature-axis synchronous imped-
ance; therefore, this impedance may be determined by
inspection of an oscillographic recording of the voliage
and current flow. The quadrature-axis impedance is used
to predict the performance of the generator under various
load conditions.




Downloaded from http://www.everyspec.com

. MIL-HDBK-765({M!)

15. Direct Axis Transient Reactance Tesi. Aninde-
pendently excited gencrator is first operated with no [oad,
and then the output is shorted by a switch. The resulting
current flow and voliage are monitored with an oscillo-
scopic recorder (voltage and current for one phase on
three-phase systems). The transient characteristics of the
peak-to-peak current flow are analyzed graphically 10
determine the direct axis transient reactance. This parnme-
ter is used to measure the ability of the generator 10
withstand sudden load applications without the voltage
dropping below acceptable levels. e.g., as in the evalua-
tion of the starting capacity of the motor.

t6. Direct Axis Subtransient Reactance Test. The
dircet axis subtransient reactance is determined by per-
forming the transient reactance test and evaluating the
tronsient performance of the recorded waveform imme-
diately after the short circuit is applied. This parameteris
used 1o determine the required interrupting capacity for
generator overcurrent protective devices.

17. Direct Axis Transient Reaciance Test and Di-
rect Axis Subtransiemt Reactance Test. The data taken
during the direct axis transient reactance test may be
further analyzed grophically to determinc these two
parameters, whose vajues are used to predict performance
of the generator under dynamic load conditions.

18. Direct Axis Transient Open Circuir Time Con-
stant Test. The gencrator is operated with no load with
the ficld energized from an external source. The field
circuit is short-circuited, ond the time decay of the output
is measured on an oscillographic record of the terminal
voltage. This parameter is used to predict the behavior of
the gencrator under dynamic loading conditions.

19. Short-Circuit Time Constant of Armature Wind-
ing. From the oscillographic record obtained in the direct
axis transient reactance test, the transient behavior of the
centerline of the transiem wnvci‘orm is dctcrmincd This
pammu:r lS \.ISCU. ll‘l l"c Qfsigﬁ OI pTOICCll\C ue‘\iic‘:es lur
the generator and its load.

20. Inheren: Voltage Regufation Test. With the ficld
voltage of the generator supplied from an external source,
the engine-driven-generator set is opernted alternately
with no-load and with full load to determine the charac-
teristics of it in the absence of controllers. The vollage and
frequency data are used in the design of volinge-regulation
equipment for generators.

4-6.1.3 Controis and Instrumentation Tests
The controls and instrumentation tests verify that con-
trols of the engine-driven-generator set perform their
desired function reliably in o manner consistent with
accepted practice for generantors, that indicators accu-
rately reflect the current siatus of the performance of the
generator, and that automatic controliers and safety limit
switches funciion properly. These tests include
1. Stariand S1op Test. The measurement of the time
rcquincd to sinrt nnd stop the cnginc-dri\ en-generator set,

Th:e mrauidae 2alin ab tha no
1 nis oSt iUy 1GES INIOnmanen aooutl iad n\..‘lpuﬂSy l.mc

for engine-driven-generator sets used in backup systems
and the amount of time required to shut down the genera-
tor after development of o hazardous condition,

- tr— ——— - -

2. Overspeed Protective Device Tesi. The operation
of overspeed protective components is verified by attempis
to operate the engine-generatorin an overspeed condition
with the overspeed protective system connected.

3. Phase Sequence Tesi. With appropriate insiru-
mentation, the phase of each terminal and power outlet
on the generator is checked to insure that the elecirical
phase is consistent with the iabeling.

4. Phase Balance Test. The output voltage on cach
phase is measured to determine the degree of imbalance.

5. Circulating Curremt Test. In a rcconnectable
generator coils are connected in parallel pairs for pacallel
opecration. The generator is activated, and the current
Now circulating in the loop formed by the paralleled coils
is measured. Excess current in this loop leads 1o overheat-
ing of the generator and shortens service life.

6. Rheostat Range Test. While an engine-driven-
generator set with a manual {ield rheostat is operating, the
volinge level control is varied to determine the range of
output voliages obtninable. This range determines the
suitability of the generator 10 power nonstandard loads
and its ability to compensate for changes in the inherent
voltage regulation of the generator,

1. Regulator Range Test. The engine-driven-genera-
tor set is operated under varying load conditions to
determine the degree of regulntion. the voliage droop
characteristics, and the range of nominpal terminal volt-
ages obtainable. These parameters are important in
determining whether the generator can be paralleled and
whether the generator may be used with noastandard
equipment that requires supply voltages somewhat differ-
ent than the nomingl standard vaiues.

8. Frequency Adjustment Range Tes:. The engine-
driven-generator set is operated with an appropriate load.
and frequency ndjustments are varied to determine the
range of line frcqucncics obtainable. This information
sids in the assessment of Lumpuuun}uv of the eﬁgiﬁf-
driven-generator set with nonstandard loads and for
paraflel operation with other generators.

9. Circuit Interrupter Test (Short Circuit or Over-
load). With the engine-driven-generator set operating
initiaily at 6 rated load, a short circuit or excess load to the
output terminals is applied. and the resulting current and
the time necessary to irip any overcurrent proteciive
device are measured.

10. Circuir Interrupter Test {OQver- or Undervoliage).
The output of an engine-driven-generator sct is connected
to the overvollage sensor through a switching network
that is capable of changing the output from a normalto an
overvoltage condition, The voltage levelis switched, and
the length of time necessary for the response is measured.

1, Indicating Instrumens Test. The engine-driven-
generator set is operated, and indicalions on internal
instrumentation are compared with those on calibrated
instruments connected to the engine-generator,

12, Low Qil Pressure Protective Device Test. By use

of a cutofl valve, the oil pressure 10 the tow oil pressure
curaif ewitch ic reduced, and the time required hpfnn- the

cutoff switch is reduced, and the time required befor
engine is shutdown is measured.

13, Overtemperature Proteciive Device Test. Over-
heating of the engine is induced by blocking the flow of

m e — memy e = e
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cooling air across il. Temperature is monitored. and the
temperature at which the overtemperature protective
device stops operation of the engine is recorded.

14. Low Fuel Protective Device Tesr. The engine-
driven-generator set is operated until the low fuel condi-
tion is detected. and the time until the engine is automati-
caily shutdown is measured.

15. Controls. Direction of Rotation. The control
orieniation is inspected to ascertain that the direction of
rotation is consistent with standard practice for military
engine-driven-gencrator sets.

16. Reverse Power Protective Device Test. Withiwo
engine-driven-generator scts operating in paralltel with o
load, the frequency is reduced until the reverse voltage
protective device trips and removes that engine-driven-
geaerator set from the load. Load conditions are recorded
to calculate the reverse power (power into the generator)
necessary to operate the protective mechanism,

17. Reverse Battery Polarity Test. After a peried of
normal operation, the set is shutdown. the battery con-
nections reversed, and an attempt is made 1o restart the
engine. Then a visual inspection of damage is made.

\8. Paraileling Aid Device Test. Two engine-driven-
generator sets are connected in parnle! while one is oper-
ating and the other is brought on-linc by slowly bringing
its voltage and/or frequency into a matched condition
with the first. By use of external instrumeniation, the
actual phase and voltage differcnees are recorded at the
time the paralleling aid closes the circuit interrupter on
the second set.

4-6.1.4 Performance Tests

Performance tests measure the ability of the generntor
to deliver power with the quality and reliability desired
for its intended application and determine the generotor
does operate safely, (Note that there is some overlap in the
performance test and characterization test categories and
that some tests described in one category provide data
useful for both purposes.} These tests include

i. Voliage Waveform Tesi. The output waveform
produced by an engine-driven-generator set is recorded,
and the instantancous difference between it and an tdeal
sine wave is measured. Alternatively, o spectrum analyzer
can be used to determine the harmonic content of the
voltage waveform.

2. Voliage Modulation Tesi. By use of a diode wave-
form clipping circuit, the cycle-to-cycle variation in peak
height of the output voltage is measured by an oscillo-
graphic recorder.

3. Frequency and Voltage Regulation, Stability and
Transiert Response Tesr. The load connected to an
engine-driven-generator set is switched between full load,
no-load. and discrete intermediate values. By use of strip-
chan recorders. the effect of load change on frequency
and voltage—both overshoot (transient) phenomena and
steady state response—is recorded and measured.

4. Frequency and Volrage Stability Tesi. Anoperat-
ing engine-driven-generator set is monitored with fre-
quency- and voltage-monitoring instruments to deter-
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mine the amount by which the frequency and voliage vary
over long periods.

5. Voliage and Frequency Droop Tesi. Voliage and
frequency droop characieristics of regulated engine-
driven-generator sets are verified by measuring the termi-
nal voltage and [requency for various loads between zero
and full load.

6. Inherent Voliage Droop Tesi. The uncompen-
sated reduction of terminal voltage with increasing load is
measured. The resulting data are used to design an
appropriaie voltage regulntion circuit.

1. Voltage Dip for Low Power Factor Loads Test.
With an engine~driven-generator set operating, a load
with a power factor of0.4 or less suddenly is applied. The
magnitude and duration of the voltage dip duce 1o the
increased load are observed.

8. Voliage Dip and Rise for Rated Load Tesi. On a
normally operating engine-driven-generator set, the rated
load is alternately applied and removed. The oscillo-
graphic record is examined for excessive voliage and
current overshoot or undershoot on removal and applica-
tion of the load, respectively.

9. Voliage Unbalance With Unbalanced Load Test.
Loads are applied between one phasc and ground. and
voltages on all phases are recorded. The procedure is
repeated with the load applied on each of the other
phases. The voltage data for degree of unbalance between
phases are examined. Similarly, a single load is applied
between each pair of phases, and resultant voltages are
recorded and examined for difference in amplitude.

10. Unbalanced Load Heating Test. An unbalanced
load is connected to a three-phase generator, and then o
balanced load is added until the current capacity of the
generator is reached on one or mare lines. The engine-
driven-generator set is operated for a specified period.
shutdown. and the iemperature of the windings is mea-
sured to deteet overheating conditions that could shorten
the life of the genernior,

11. Shori-Circuit Test. Short circuits are applied to
operating engine-driven-generator sets, followed by visu-
al inspections for resultant damage.

12. Parallel Operation Tesi. Two (or more) engine-
driven-generator sets are operated in parallel under var-
ious londs. Voltage, current, and power are measured by
instrumeniation to verify that the load is shared equally
between the generators under all load conditions.

13. Maximum Power Test. Instrumentation record-
ings of data from temperature and pressure sensors on an
operating engine-driven-generator set monitor the per-
formance of the engine under variable load conditions.
The load is increased until the maximum load that the
generator set can provide without having the observed
performance characteristics exceeding the specified per-
formance characteristics is oblained.

14, Commutation Tes:. The generator is operated at
full load, and the brushes are observed for excessive arc-
ing. After completion of the 1est, the brushes are inspected
for excessive wear or pitting.

15. Shaft Current Tesi. Voltages are applied between
the shaft of a generator and the {rame. Currents induced




Downloaded from http://www.everyspec.com

by such voltages would flow through bearings and there-
by cause damage or shortened life.
16. DC Control Test. Alierthe engine-driven-genern-

tor set is operating, the batteries are removed and recon-
is monitored faor nrﬂnfh'\tlnnc

nected while nnlpnl
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caused by changes in the engine supply.

17. Inclined Operation Tesi. A check is made of
leakage or changesin the cooling system, fuel, or lubrica-
tion system incapacities that are induced from operation
of the engine-driven-generator set in positions other than
level.

I18. Sound Level Test. The noise level is measured.
and observers note specific noises emitted by the engine-
driven-generator sets operated in open areas.

19. Fuel Consumprion Tess. The cngine-drivcn-
generalor set is Opcruu:u for a specified ﬁéﬁﬁu at a rated
load. and the amount of fucl consumed is measured.

20. Temperarure Rise Tes:. The engine-driven-genera-
tor sct is opernted for a prescribed period and then shut-
down. Immediately after shutdown. temperatures of the
coils and other internal components are measured.

21. Endurance Tesi. Performance checks, such as
fuel consumption, frequency and waveform regulation,
and maximum power, are run on the engine-driven-
generaior set. The engine-driven-generator set is then
operated for o prescribed period under cyclic load condi-
tions. Next, the performance tests are repeated, and the
engine-driven-generator sct is cxamined for signs of
abnormal wear.

2. Torsional Vibration Test. A vibration-sensitive
instrument is attached to the cnginc-gcnerntor shaft to

Aara, nd - ik A
detect and measure vibratory modes due to twisting of the

shaft. These modes are not casily detected by visual
inspection and can lead 1o premature failure of the rotat-
ing components.

23. Overspeed Test. An enginc-driven-generator set
(or a generator driven by a separate motor) is operated in
an overspeed condition for a specified period to detect
vibrations and/ or other hazards that might appear under
these conditions.

4-6.1.5 Environmental Tests

Environmental tests measure the ability of the genern-
tor to operate reliably under the range of environmental
conditions encountered in a tactical environment. Envi-
ronmcmnl tests for engine-driven-generator sets include

Starring and Operating Test. The cnginc-drivcn-
_;g_rw_.-nnf’m"rd for low-temperature nnermlnn—

b

is placed in a specified environment (usuully low-tcmpcm-
ture), and an atempt is made to start the engine. In a
similar test, engine-driven-generator seis that nre not win-
terized arc tested for starting and operation in moderately
cold environments.

2. Srandby Operation Test. Engine-driven-generator
sets that are equipped with equipment, e.g., heaters, to
improve starting characteristics in cold weather are tested
for their ability 1o start in arctic conditions.

kR High- Temperamre Test, The engine-driven-genera-
tor sci is operaied in an envifonmeni ai & specsﬁcu
temperature until the operating conditions of the unit

orTHe
(upd vl
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have stabilized. The unit is then shutdown and the inter-
nal gencrator winding temperatures are measured to
determine whether the temperature rise limit for the
generator has been exceeded. The unit is also inspected
for degradation due to overheating. The perfermance
characlcnsucs of other components and circuits also are
determined.

4. Humidity Tesr1. Insulation resisiance, and voliage
and {requency regulation of an engine-driven-gencrator
set are measured. Then the unit is placed in an environ-
mental test chamber, and the tempernture and humidity
are cycled according to o prescribed schedule. Aftercom-
pletion of the exposure test, performance tests are
repeated to detect degraded performance.

5. Fungaus Resistance Test. The engine-driven-
gEnEraiorselis aam.-fu in a controlled chamber containing
mold spores and is Ieft for a specifted period. Attheend of
the period, the engine-driven-generator set is removed
and examined for presence of (ungi.

6. Rain Test. The engine-driven-generatar set is
placed in a simulated rain and allowed to soak for a
prescribed period. Then the unit is started and run for
another prescribed period. Atthe completion of the expo-
sure period, the unit is examined for water damage.

1. Sand and Dust Test. The engine-driven-gencrator
set is exposed o sand and dust driven by nirflow for a
specified period and then tested {or degraded engine or
generator performance.

8. Salt Fog Test. The engine-driven-generator set is
placed in o chamber containing an atomized salt water
spray-induced {og. After completion of the exposure

pericd, the unit is examined for excess corrosion.

9. Altitude Operation Test. The engine-driven-genera-
tor sct is operated in an altitude simulation chamber at
reduced pressure, Temperature measurements are made
to determine whether the reduced cooling efficiency of the
rarified atmosphere excessively affects the performance
of the engine-driven-generator set,

10. Storage Test (Exireme Cold). The unit is placed
in a cold chamber {or a specified period. After removal,
the unit is inspected, started, and tested to see whether
pcrformnncc was affected by the cold | storage.

ii. Storage Test(Extreme ot} Thistestisthesame
as the cold storage test except that high temperatures are
used.

12. Vibration Test. The unit is placed on a vibrating
table for aspecified period. After exposure, itis examined
for dnmnge duc ta the vibration,

13. Drop Tesr. Volunge and frequency regulation
tests are performed on an engine-driven-generator set.
Then the engine-driven-generator set is dropped onto 2
concrete base from aspeciﬁcd height and orientation. The
unit is examined after i impact. and the performance tests
arc repeated.

14. Lifting and Towing Test. The engine-driven-
generator set is lifted by use of integral lifting eyes, and
any tilt in the unit is measured after it is off the ground.
Thc unit is then I'aswncd to o fixed base, and eight times
the force necessary forlifting is appl.cd tothelifting cyes.
Also a towing force equal to five times the weight is
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applied to the towing eyes. The forces are relaxed, and the
frame is examined for damage.

i5. Railroad tmpact Tesi. The engine-driven-genera-
tor set is mounted on an appropriate railroad car, and the
car is impacted agninst others at a prescribed speed. The
generator is then examined for dafage.

16. Forklift Handling Tesi. The engine-driven-genern-
tor set is lifted with o forklift and transported over a
prescribed course containing typical bumps. It is then
examined for damage.

i7. Fuel Lift Test. The engine-driven-generator set
is started, and the fuel line is transferred 1o an avxiliary
tank located a prescribed distance below the generator.
The load is applied, and the operation is monitored for
degrnded performance.

18. Winterization Tesi. Heaters are tested for proper

-operation.

9. Recrifier Test. For generators cantaining rectifi-
ers, peak reverse vollnges are observed to ascertain
whether the dicde ratings are exceeded.

20, Looad Bank Test. An cnmm:-dm.cn generator sct

connected 1o a load bank is opcrmcd The dlsmpnuon of
the load bank is verificd by external instrumentation.

4-6.2 OTHER RECOMMENDED TESTS FOR
ENGINE-DRIVEN-GENERATOR SETS
Standards have been written that prescribe tests for the
cvaluation of performance of gencrators and engine-
driven-generator sets (Refs. 27, 28, 29, 30, }I, and 32).

Most of the tests described or specified by these docu-

menis are similar to the tests described by MIL-§TD.705,

Onc exception is the telephone influence factor west de-
scribed in Ref. 27; this test measures the influence of the
harmonics produced by an unloaded generator on tele-
phone circuits,

4.7 OPERATIONAL PRECAUTIONS

Even though enginc-driven-generator sets should be
designed to reduce the potential for accidental injury, the
hazard connot be completely removed. Therefore, np-
proprinte instructions for the proper application of the

jrife el gt Il AL L i R

equipment must be provided in the form of operating,
trnining, and maintenonce manuals. These manuals must
inform equipment users of the proper procedures for use
of the equipment and must warn them of hazards asso-
cialed with improper use.

The purpose of this paragraph is to identify the proce-
dures that should be included in the manuals provided to
users of the equipment. Detailed procedures are not de-
scribed because they are machine specific and, therefore,
are beyond the scope of this hnndbook Included in this
discussion arc the rationales for r)l"(‘)f:cuurca. the conse-
quences of improper performance of procedures, and an
identification of features that may be added to the equip-
memt to facilitate the performance of the procedures.
Emphasis is placed on procedures that impact the safe
operation of the cngine-driven-generator set, although
other procedures are listed as well,

- L= —
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4.7.1 LOCATION AND INSTALLATION OF
ENGINE-DRIVEN-GENERATOR SETS
4-7.1.1 Poriable and Mobile (Including Tactical)

Units

Site selection of portable and mobile generators should
be made with the following considerations:

1. Proximity 10 Load. Placing the generator adja-
cent to the load reduces losses in lines that could cause
unsatisfactory voltage regulation at the load.

2. Access. Clearance must be provided around the
generator for pcrformnncc of maintenance and repmr
functions. A confi gurnuon of the generator that permits
all maintenance functions to be performed from one side
of the unit increases the range of site possibilities. Also the
placement of filling tubes, inspection points, etc., in
accessible locations reduces the amount of clearance
required around the unit and still provides convenient
aceess for maintenance. Access to fuel tanks must be
adequate for fuel trucks.

J Moummg An cnginc-dri\.cn-gcncmwr set must
be p'mccu on firm soil that will support it for the period it
will be in place. Consideration must be given to likely
weather conditions, ¢.g., rainfall and freezing tempera-
tures, that affect the support provided by the ground.

4, Fuel Supplv. Fuel tanks, when not mounted on
the engine-driven-generator sct, should be located away
from sources of ignition and away from flammable mate-
rials to minimize the potential for damage to the tank and
nearby structures. Fuel lines should be protected from
personnel and vehicular traffic. Also fucl lines should not
be exposed 10 sources of heat or sunlight in order to
minimize the possibility of vapor lock.

Once the site is selected, it must be prepared for instal-
lation of the engine-driven-generator set. Specific steps
that may be neccessary are

1. Footing. If the soil is [oose or likely 1o become soft
when wet, then crushed rock, boards, or other material
can be used to provide a solid footing for the engine-
driven-gencrator set. The footing must be sufﬁmcmly
level to satisfy the requirements imposed by the engine-
driven-generator set. 1t must be capable of supporting the
weight of the engine-driven-generator set and of with-
standmg the vibration associated with the operation of
the engine-driven-generator set, Additional support may
be required if long-term operation is anticipated.

2. Shelter. Shelier from precipitation should be pro-
vided for engine-driven-gencrator sets that do not have
integral wcmhcrproof shelters. and they should allow free
circulation of air arcund the set for cooling and dissipa-
tion of exhaust. Adequate clearance should be provided
between the cnginc-driven-gcncrnlor set and flammable
mmcrinls used in the shelter in order to reduce the hazard

of fire. In 1actical situntions the shelter should be more

substantial to protect the cngmc-dmcn-gcn:rmor set
from small arms fire ond fragments. Examples of tactical
sheliers are given in Ref. 8.

3. Drainage. Drainage should be provided {or fuel
and lubricant spills to contain them, to keep the lamma-
ble materials awny from sources of heat. and to dilute the
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spilled liquid (with sclid material) 1o minimize the possi-
bility of fire. The addition of crushed rock or sand in a pit
surrounding the cngine-driven-generator set is recom-
mended to contain spills.

4. Exhausi. Designers should insure that the ex-
haust is directed away from the fuel supplics and person-
nel to minimize the possibility of fire and carbon monox-
ide poisoning.

5. Grounding Rods. Appropriate grounding rods
should be installed and connected to the engine-driven-
generator set Lo minimize the possibility of electrocution,
Grounding considerations are discussed in pars, 3-3.4 and
5-2.4.5.

4-7.1.2 Permanently Insizlled Engine-Driven-
Generator Sets
Constderations for the installation of permanent

generators are the same as those for mobile installations.
except that for permanent installations supports must be
more subsiantial and permanent in nature. Also in some
cases, the enginc-driven-generator set will be mounted in
an enciosed area, and the following additional procedures
must be observed:

|. Exhaust Piping. Selection of piping size and o
silencer must be made in accordance with the manufae-
turer’s recommendations 1o minimize the back pressure at
the engine because excessive back pressure will degrade
the performance of the engine.

2. Fuel Svstem. Auxiliary tanks should be located
outside of structures approximately a1 the same elevation
as the engine-driven-generator sct and at a location con-

venient for refilling. If the tank must be located higher -

than the engine-driven-generator set, provision must be
made to prevent the low of fucl into the engine, especially
when the engine is not operating, In addition, a small tank
on the engine will usually be necessary to (acilitate quick
starting for backup systems that are used only occasion-
ally. If the engine-dnven-generator set is used for cmer-
gency power in the event of a major catastrophe. asupply
of fuel sufficient for a specified operational period may
necessarily be stored with the generator to prevent sever-
ance of the unit from its fuel supply. Such installations.
however, must conform to local codes. which frequenily
prohibit indoor storage of fuels, especially gnsoline.

3. Cooling. Provision must be made for adequate
cooling of engines located within structures. Cooling sys-
tems may use water cooling with a local water supply or
with recirculated water cooled by o cooling tower. a con-
ventional engine radiator located remotely from the
engine, or airflow ducted through plenums over the
engine-driven-generntor sei.

4-7.2 PREVENTIVE MAINTENANCE
Preventive maintenance procedures necessary (or an
engine-driven-generator set depend on many factors—
i.c.. the type of prime mover, its size and speed of rotation,
and the operating conditions. Operator’s and mainte-
nance manuals must identify the preventive maintenance
activities and give a recommended schedule for their
performance. An example of o preventive maintenance
schedule for a typical 1800-rpm gasoline engine is shown
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in Table 4-10, This table lists representative activities that
shouid be performed on engines on a routine basis.
Preventive maintenance activities include lubrication
of the cquipment. routine replacement of limited-life
components or materials, and inspection 1o detect situa-
tions that wilt, if uncorrected. limit the life or reduce
performance of the generator. Proper record keeping is
essential so that readings or measurements may be com-
pared against previous values to detect engine degrada-
tion. (Sec the discussion of trend monitoring in par. 4-
7.4.} The enginc-driven-generator set should be designed
to facilitate preventive maintenance procedures. If the

TABLE 4-10. TYPICAL MAINTENANCE
SCHEDULE FOR 1800-rpm GASOLINE
ENGINE-DRIVEN-GENERATOR SET
(Ref. 21)

1. 25-h Interval (or four months, whichever occurs
first):
a. Adjust fan and aliernator belt
b. Add oil to oil cup for distributor housing
¢. Change oil in oil-type filter

2. 50-h Interval (or six months. whichever occurs
first):
a. Drain and refill crankcase

Clean cronkease ventilation air ¢cleaner

Clean dry-type air filters

Cheek transmission oil

Check battery

Clean external engine surface

Perform 25-h service

3. 100-h Interval {(or eight months, whichever occurs
{irst):

Replace oil filter elemem

Check erankcase ventilator valve

Clean crankcase inlet air cleaner

Clean fuel filter

Replace dry-type filter

Perform 25- and 50-h services

4. 200-h [nterval (or one year, whichever occurs first):
a. Adjust distributor contact points
b. Check spark plugs for fouling and proper gap
¢. Check timing
d. Check carburctor adjusiments
c. Perform 100-, 50-, and 25-h services

5. 500-h Interval (or two years, whichever occurs
first):
8. Drain and refill transmission
b. Replace crankease ventilator valve
c. Replace onc-piece-type fuel filter
d. Check valve-tappet clearance
c
f

LR g O
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. Check crankcase vacuum
. Check compression
g. Perform 200-, 100-, 50-, and 25-h services
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procedures are casily performed, they are more likely to
be performed properly. Likewise. if points to be inspected
are visible, the inspeetion will be more thorough, Equip-
ment provisions that aid the prc-.cmiw.c mainicnance pro-
gram include properly identified inspection and fluid
chcckpomls 51ghl glasscs or transparent fluid containers
that allow checking during operation, the grouping of all
access points for maintenance on one side of the engine-
driven-generator set (especially if unit is enclosed), easily
readable instrumentation. and necessary tools kept with
or attached to the engine-driven-generator sct.

4-7.3 ROUTINE OPERATION
4-7.3.1 Stan-Up

Procedures for start-up should begin with o check of
the engine-driven-generntor set equipment and installa-
tion to determine that the equipment is installed properiy
nnd. if operated previously, that ne changes have occurred
that would prevent normal. safe operation. These checks
should include inspection of coolant levels, lubricant lev-
els, condition of the battery, control positions {especially
those that are not {requently used), and load connections
{including changeover block or output selector switch).
These checks arc intended to prevent any inadvertent
introduction of conditions thal, if uncorrected, would
result in an unsafe condition or an undetecinble condition
that could lead 10 o generator failure, The specified star-
up procedure should include a procedure [or starting the
engine followed by specilic observations to confirm nor:
mal operation. These checks include engine speed. oil
pressure, and generator voliage. Once the engine is oper-

ating satisfactorily, the generator may be switched on-line -

as described in par. 4-7.4.

4-7.3.2 Operation

The procedure for routine opernlion consists of moni-
lonng the opcrnuon 1o lnsurc thai no I.II.'ISIIH: CGﬂGlllDl’l
develops and the renewal of supplies, e.g., refueling and
adding oil as required, necessary to sustain operation.
The monitoring should consist of checks on operating
parameters, such as oil pressure, temperature. and batiery-
charging circuits. for normal readings together with peri-
odic logging as discussed in pars, 4-7.4.2 and 4-7.4.3, The
instructions shou!d alsc point out any special items 10 be
inspected or observed

Becausc of the fire hazard associated with refueling
operations, special attention should be given to this topic
in the operating instructions. If the generator is designed
to permit refucling without stopping operation, warnings
should be posted that specificaily state the fire prevention
procedures that must be followed, Such warningsinclude
use of a clip lcad to eliminate the possibility of static
discharge between the gas delivery hose and fucl tonk
opening, and the requirement for the presence of fire-
extinguishing equipment prior 1o refueling. If the fuel
iank is located so that the generator may not be safely
refueled while in operation. the operming manual shoutd
warn against that specific procedure and Iabcels should be
attached to the cngmc-dnvcn-gcncramr set to warn
agoinst that operation, .

—————
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4.7.3.3 Engine Shutdown

Operating instructions should include the proper
method of disabling the engine-driven-generator set—an
operation that is typicallv accomplished by removing the
toad and then turning the battery switeh or circuit breaker
to its off position. Thc instructions should also specify a
minimum period of operation for the engine. typicaily (5
min. If the generator is needed for shoner periods, the
engine still should be operated for the minimum period to
allow it to come to opersting temperature, to remove
condensation from the exhaust system. and to charge the
battery {ully.

4-74 ROUTINE TESTING AND
MONITORING -

Routine testing and monitoring are performed 1o
detect any unsafe conditions or any conditions that
require repair to eliminate or reduce unnecessary down-
time, Testing and monitoring aetivities include those per-
formed as a part of scheduled preventive maintenance or
as a part of the normal operation of the equipment.

4-7.4.1 Monitoring of Electrical Performance

Electrical monitoring is performed on a routine basis as
o pan of normal operation to detect any conditions
related to the engine-driven-generator set or the load that
require corrective measures. liems to be monitored
include

1. Load Power. The load must be kept less than the
capacity of the generntor. If the power becomes too high,
nonessential loads must be removed.

2, Unbalanced Loads. in cases where individunl
single-phase loads are powered by an engine-driven-
generator set, some degree of load unbalance will occur,
especinlly if the lozds are intermittent. If excessive unbal-
ance persists, then the singlc-phase loads should be redis-
tributed because the capncﬂy of the generator is reduced
by unbalanced operation.

3. Frequency. The nominal {requency should remain
within the tolerance specified (or the generator. If the
nominal frequency is outside the range, appropriate
adjustmernus should be attempted to bring it back within
limits. !f the frequency cannot be properly adjusted or if
the frequency is unstable, repair or adjustment is required
for the engine or the frequency control circuitry.

4. Voliage, Qui-of-tolerance voliage at the genera-
tor may result from drastic change in the load or from
problems in the voitage control system. When an out-of-
tolerance voliage is noted. adjusiment of the voluage
should be attempted. 1 the control has to be readjusted to
maintoin the appropriate voliage level with changing
load, adjustment or repair of the voltage droop circuitry is
necessary, .
4-7.4.2 Engine Monitoring

Like clectrical monitoring. engine monitoring should
be performed to detect symptoms that indicate the need
for carrective action. Symptoms such as low oil pressure
or high water temperature indicate a condition that may
scriously damage the engine in a short period of time.
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Therefore, the engine should be shutdown immediately
when these conditions are noted. Other conditions that
should be observed include bauery-charging current or
volinge. oil consumpiion. and {uel consumption. Changes
in observed values from previously recorded values
should be investigated because maintenance or repair
may be required. Operating documentation should in-
clude the potential causes of the changes in these or other
noted parameters.

4-7.43 Trend ¥

Trend monitoring is the ongoing observation and
recording of performance indicators for either the genera-
tor or the engine with the goal of detecting symptoms of
problems as early as possible through comparison of
current values with nrzvggl_lglv recorded volues,

A trend monitoring program consists of making pertod-
ic observations of important engine parameters and
recording themin o log alang with other dara, e.g., electri-
cal load on the generator, that may significantly affect
them. The daia should be token under as nearly the same
conditions as possible, c.g., with the engine stabilized a1
operating temperature and the generator delivering
medium load. The data may be interpreted either by
examining tabulated data or by plotting data to demon-
strmc nbrupl chnngcs in monitored data or, prcfernbly.
trend in the daia away |fﬁﬁ‘l the pl‘fViGiiSu recorded
nominal values (or the engine—a deviation that is the
precursor 10 o more catastrophic change.

Theincorporation of trend monitoring into the preven-
tive maintenance program provides earlier detection of
problems requiring corrective zction so more time is
available to schedule the necessary repair. In some cases
effective trend monitoring programs have allowed the
extension of regularly scheduled maintenance intervals
for replacement of parts subject 1o wear by relying on the
trend monitoring approach to detect, in advance, the need
for replacement.

h Y |
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4.7.4.4 Engine-Driven-Generator Set Diagnostic
Testing
Procedures should be provid:d for opcrators and
mmmcnnnce pCI'SDIlﬂCI io pcrmrm iEsiz io ﬂfiffmiﬁt—.‘ ihc
condition of the engine-driven-generator set. Test proce-
dures may be described by reference to MIL-STD-705 or
by simplified descriptions of procedures that can be per-
formed in the ficld. Examples of tests that provide infor-
mation on the conditions of the engine-driven-generator
set are
l. Voltage regulation
2. Frequency regulation
J. Maximum power test
4, Engine diagnostic tests:
a. Gasoline engines:
(1) Dwell and timing
(2) Fuel consumption
(3} Vibrational analysis
. Diesel engines:

{1} Fuel consumption

P
(2) Vibrational anplysis.

MIL-HDBK-765(MI)

4-32

" Maintenance procedures should include criteria for
these tests 10 include expected values for the equipment
when new, tolernble values for operable equipment, and
threshold values that indicate maintenance is necessary.

4-7.5 LOAD AND GENERATOR
SWITCHING
The procedures for switching generators on- or off-line
are foirly critical because the generator. asource of signif-

innnt anerou ic heino asnnnectad ta o land thnt sanld
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contain a fault or, il already energized, could be out of
phase with the generator being connected. The large
transfer of energy that would occur under cither of these
conditions could be hazardous to the generator, switch-
gear used to connect the generator to the line, equipment
connected 1o the line, or o personnel operating the
generator.

4-71.5.1 Bringing Generator On-Line

Procedures for bringing a generator on-line should
begin with measures to insure that the anticipated load on
the line is within the capacity of the generator, that the
generator is connected properly to the line, and that the
engine is operating. Once these conditions are satisfied,
the procedure for bringing a gencrator on-line would be
o

lmres
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1. If possible, open the circuit breakers on the load
to be connected so that only a portion of the load will be
energized. This reduces the probability of encountering a
fault simply because of the smaller network being con-
nected.

2, Adjust the voltage to the desired value for the
load.

3. Adjust the frequency to the appropriate value.
Isochronous generators should be set to the desired line
frequency. Engine-driven-generator sets with droop-char-
acteristic reguintors should be set to a 2 to 3% higher
frequency to allow for the slight reduction in frequency
with increased load.

4. Close the switchgear or circuit breaker that con-

nects the generator to the line. Immediately observe the:
voltaee and current meters forindications of an overload,

i.e., reduced volinge or excessive current. If problems are
noted, open the circuit breaker.

5. Reconnect the remainder of the load while fre-
quently checking the current or power indicators on the
generator to make sure that an excessive load is not being
connected.

ne
a3

4-7.5.2 Connecting & Second Generator in
Parallel
Connecting a second generator in parallel with one that
is already in operation must be performed carefuily since
large currents will be induced in the conductors between
the generators if the generators arc not in phase at the
time they are connected. The procedure described here

assumes that one gencrator is nlrcady running and con-
nected to o load that is within s rnn-u-nu and that the

second generator is also running and thc oulpul terminals

+

-
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are connected to the same load. However, the output
breaker is off and thereby isolates the second generator
from the load. The ground terminals of both generators
are connected together with a large wire (6 AWG or
larger). The procedure follows:

1. Adjust the voliage of the second generator so the
indicated voltage on it maiches that of the loanded
generator.

2. Adjust the frequency control so the two synchron-
izing lamps repeatedly grow bright and then dim together
witha cycle of a1 least 3- 1o S-s duration. [fthe lampeyeles
alternate, i.c., one is on when the other is off, then the
phase rotation or phase connections on one of the genera-
tors is incorreet and must be corrected before the genera-
tors can be paralleled. If the parailcling operation is
attempted while the lamps are cycling at a faster rate, the
chance of connecting the generators when they are in
phase is reduced and damage is more likely.

3. When the synchronizing lamps become dark
together, quickly throw the circuit breaker that connects
the second generntor on-line.

4. Observe the power delivered by both generators,
and balance the power by increasing the speed of the one
delivering the lesser power or by reducing the speed con-
trol of the one delivering the greater power.

5. Ifthe speed is not correct, adjust the speed control

on both generators to bring their speeds into tolerance

while maintaining the power balance adjusted in Step 4.

6. Balance the current delivered by each generator,
i.e., reduce the circulating current between the two gener-
ators, by adjusting the voliage controls on the two sets so
that the currents delivered by the two scts are equal and
the voltage is within the desired range.

7. Observe the current and power division with
changing loads. If a proper balance is not maintained with
changing loads. then the voltage and frequency droop
charocteristics must be adjusted.

4-7.5.3 Bringing a Second Generator On-Line
Without Interruption
The procedure for bringing o second generator on-line
without interruption of power to the lond consists of

~ b A arar alls s
connecting the sccond generator in parallel with the first

as described in the preceding paragraph and then remov-
ing the first as described in the paragraph that follows.

4-7.5.4 Taking Generators Off-Line

Before a generntor that is operating in parallel with
another can be removed from service, the load on the
combination must be reduced to the level that can be
accommodated by the generator that is to remain in oper-
ation; otherwise, the remaining generator will be over-
loaded after the removal of the generator to be disabled.
Onee the load is reduced. the generator may be removed
from service by opening the circuit breaker. The engine-
driven-generator sct should be ailowed 1o cool by running
with no-load for a short period before the engine is shut

off.
Procedures should warn that once the generater is
disconnccted from parallel operation, hazardous voliages
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remain on the output terminals and certain locations
inside the control panel. Also warnings should be placed
on terminals to indicate that high voliages exist even
though the generator is not operating.

The remaval of a generator that is operating indepen-
dently off-linc is simply a matter of opening the circuit
breaker to disconnect the load from the generator. After
running a few minutes to cool down the engine. the dis-
connected generator may then be cur off.
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CHAPTER 5

DISTRIBUTION SYSTEM

This chapter discusses the various components that comprise the distribution system, including the
conductors for power disiribution, transformers, overcurrent protective devices, and special purpose con-
ditioners. Swiichgear. discussed more thoroughly in Chapter 6. is discussed brieflv. Hazard. design, inter-
operability, compatibilitv, and operational considerations are inciuded fqr each camponeni.

5-0 LIST OF SYMBOLS

£ = test voltage, V
E:; = test voliage measured between points i and j, V
Eoc = DC voltnge of rectifier, V
Ems = rms voltage 1o reciifier, V
I¢ = current that flows when test voltage is applied
between ground system being evaluated and ith
test rod. A
f-» = curremt that flows when test voltage is applied
between two test rods, A
R; = resistance of ground system being evaluated, {1
R, = resistance associated with ith test rod, {1

5-1 INTRODUCTION

Electrical distribution systems transform the voltage
of the source or transmission sysiem to the volinge level
of the loads and deliver encrgy for the various loads at

ol x 21l
cach instauglich orover o 5:;"1'35!-

The objective of the distribution sysiem is to transfer
electrical cnergy to various loads with minimal loss and
moximum reliability, The equipment used for distri-
bution of electricity may consist simply of a system of
interconnections by which power from the source is dis-
tributed only to local toads. For larger scale systems
transformers are used to boost voliage levels to improve
transmission over tong distances. Both systems include
devices 1o protect the system and loads from damage
due to overcurrents and/or faults.

5-1.1 DEFINITION OF A DISTRIBUTION
SYSTEM

A distribution system is the network that intercon-
nects the source(s) of electricity to loads. Included in
the distribution system is the network of elecirical con-
ductors interconnected with control and protective equip-
ment. This equipment includes components that protect
the system from damage, that minimize the number of
loads affeclcd by fmlurts and that improve the effi-

..... Tha tumas
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and the function of each type in a distribution system
follow:
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. Transformers. Used to aler the voltage level
(rom that of the source 1o the level or levels required by
the loads.

2. Circuit Breakers, Fuses. Cutouis, Swirches, and
Disconnecis. Used 10 disconnect malfunctioning equip-
ment, to control loads, and to permit maintenance and
repair.

3. Lighining Arrestors. Used 10 protect the entire
installation frem surge voltages due to lightning or
switching in the transmission system supplying the net-
work.

4. Overhead and Underground Condurtors. Used
to deliver the energy from the source to the loads.

5. Meters and Relays. Used 10 moniter the opera-
tion of the network and operate switches and circuit
breakers as required 10 minimize che extent of damage
or area affected by an abnormal condition in the system.

6. Instrument Transformers. Required for meter-
ing but are aiso necessary to reduce jarge currenis and
voltages to magnitudes suitable for instrumenation.

5-1.2 TYPES OF DISTRIBUTION SYSTEMS

Distribution systems may be described by the voliage
of the distributed power, the clectrical topology of the
network, and the physical configuration of the conduc-
tors. Specific descriptors include

1. Voltage and Phase. The electrical configuration
of the palyphase power being distributed, including the
volinge between phases {or phase to neutral). the num-
ber of phases, and phase connections (delta or wye)

2. Primary or Secondary System. In a distribution
system that distributes power at a high voltage and then
transforms it to o lower voltage for a local use, the
primary sysiem is the power distribution (rom the
source 1o one or more transformers. The secondary dis-
tribution system is the network that distributes power
{rom the low-volinge secondary to the loads, The second-
ary system may operate at the ultimate load vohage;
however, in many coses additional vnh'mr transforma-

5F Ralael

tion is used to permit secondary dlSll‘lbUIlOﬂ at higher
voliages, e.g.. 12XV,
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3. Svstem Topaology. The electrical connection ar-
rangement. Most frequent configurations are loop.
straight bus feeding multiple branch circuits, and tree
structured in which the source feeds branch circuits,
each of which. in turn. feeds multiple circuits.

2. Permanent or Temporory The expecied life of
the disiribution system-upplication. Guarrison and instal-
lations are permanent, whereas tactical and construc-
tion site systems are examples of temporary systems.

Disiribution actworks vary in scale from intrasiate
networks that tic together generating planis and users
in regional areas to local systems that tie a single gener-
ator to a small number of loads. The systems to be
emphasized in this handbook are those that can be fed
by an engine-driven-generator set cither as the sole
source or as a backup source for a permanent utility.
Where larger scale systems are described, the intention
is ¢o illustrate principles or considerations that usually
are specific to large systems but can be scaled down for
application to small systems as well.

The phasc configuration of the distribution system is
determined by the coanection of generator or trans-
former windings that supply power to it. Typical con-
figurations for a three-phase distribution include the
wye (36-4W) and delta (3&-3W) configurations. If a
deila configuration is used, however, grounding trans-
formers or o balanced wye-connected load should be
used to maintain all phases at cqual voliages with
respert 1o ground. Although the wye configuration has
the definite advaniage of providing o convenient ground-
ing mechanism, the delia transformer has the advantage
of lower waveform distortion because a path is pro-
vided around the delia loop that prevents induced
third harmonic currents from being applied to the load.

The transmission system supplying the large-scale
distribution network has a high voliage, which is typi-
cally 66, 132, 220. 345, or 500 kV. This source voliage is
reduced 1o the required load voltage by transformers.
Two or more voltage reductions may be required, e.g..
132 to 34 to 12 &V and finally o load voltage. The first
reduction. e.g.. 34 kV, dcfines the distribution neiwork
levels, ¢.g.. 120/208 V, three-phase or 120/240 V single-
phase, Source-to-primary voltage transformation may
be accomplished by one three-phase transformer or by
three single-phase transformers.

Distribution systems usually consist of a network of
transmission lines installed aerially on poles or buried
underground. Utility-fed sysiems having 3 750-kVA
capacity typically have primary voltages of 34.5 kKVA,
An intermediate voliage might be used if the loads are
scattered over a wide arca. For loads confined to a
small area or within a single building, the secondary
distribution would be made to the load voltage, e.g.,
240, 480, or 600 V. threc-phase. Systems served by
engine-driven-generator sets usually cover o smaller
area, and generaily, high veltages are not nccessary.
Power for these systems may be distributed at the load
voltage or a1 a moderaiely low primary voliage, e.z..
240014160 V, three-phase.

e ————— = = -
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The simplest distribution system is a tree configura-
tion fed from a single source. Other distribution net-
works, as shown in Fig. 3-1, are

I. A loop feeder connected to a singie source
2. A loop feeder supplied by several sources
3. A low-voltage secondary network system.

The tree network is the least expensive installation

but is also the least reliable. The single-source loop is

(B) Loop Configuration—Single Saurce
Primary _Rem
S ST T
! ioas ioag Loac
Primary =3
S T T

{C) Loop Configuration—Multipte So:irce

Primary Primary
Sourco Source
why Ll
m m
Primary ) | Primary
Sourco Loag Load Source
ﬂln Lood o rTl'\
. '
|
Load Load
[ Load

(D) Secondary Network System (Portion Shown)

Figure 5-1. Distribution Network
Configurations
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more relinble than the tree network because fault detec-
tion and clearing can be implemented that interrupt
only a small portion of the loads served by the distribu-
tion network. A loop-connected system with severnl
transformers is cven more reliable but requires an addi-
tional monetary invesiment in transformers. The most
reliable distribution network is a low-voltage secondary
network in which the low-voliage secondaries of distri-
bution transformers are connected in parallel 10 a grid.
and the primaries are fed from separnte circuits from
one or more sources (Ref. 1). The parallel connection of
transformer secondaries provides a high degree of re-
dundancy in routing power between sources and loads.
Toleranee to faults in the secondary network is en-
hanced by sectionalizers. which isolate sections where
faults have occurred. The apprapriate sclection of the
distribution configuration is made by balancing cost
and relinbility factors.

The distribution system currently being developed for
the Army for use in tactical situations is a secondary
distribution sysiem in which power is distributed at the
ioad voitage (i26 V208 'V') Portable disiribution cen-
ters are used to provide circuit protection, switching
capability, and conncction of power cable to multiple
power extension cables,

5-1.3 COMPONENTS USED IN
: DISTRIBUTION SYSTEMS

The cquipment to be discussed in subsequenmt para-
grnphs of this chapter are

. Distribution lines that transmit the energy from
source 10 the loads, (The term “transmission lines™

Ll AR LEeh AaatSS. § = di% SRS iR RiidraadR i SRAEN

he
is reserved for the transmission system network that is
the source for the distribution system.,)

2. Distribution transformers that modify the volt-
age in the network to the voltage required. Whether the
transformer between the transmission system and the
distribution primary is considered transmission or dis-
tribution equipment is a matter of preference. !n this
chapter it will be considered distribution equipment.
Other distribution transformers reduce voltages as re-
quired. The voltage levels and the number of trans-
formers are dictated by the requirements of the installn-
tion.

3. Power conditioners include o varicty of devices
such as capacitors for power-factor correction, voltage
regulators, motor generators, and rectifiers.

4. Uninterruptible power supplies for critical loads
. Switchgear

6. Metering and protective devices

7. Lightning arrestors.

5-2 TRANSMISSION AND
DISTRIBUTION LINES AND
BUS BARS

§-2.1 INTRODUCTION

The types of conductors used in the transmission or
distribution lines of the network are
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. Uninsulated nerial conductors made of copper.
alemipum. aluminum conductors steel reinforced
{ACSR), and copper-weld (single conductors and
stranded)

2. Insulated copper or aluminum single conduc-
tors. bundied and triplex cable {three-phase conductors
intertwined)

3. Insulated cables cither buried direcily in soil or
pulled through conduit

4, Insulated conductors laid on top of the ground
for temporary service or for service to equipmeny mov-
ing across the ground (dragline equipment)

5. Cables used in underwater instailations

6. Bus bars used for concentrnted loads occupying
limited space. c.g., inside manufacturing plants or repair
shops.

5-2.2 INDUCED ENVIRONMENT
Environmental impact due to the installation of a dis-
tribution system takes several forms. namely,

. The presence of high voliages on uninsulated
conductors is an environmentaj consideration because
of possible contact by cranes, oversize vehicles, or
children’s kites,

2. The elcctrical siress on solid insulation at or
near the veltage gradient at which corona develops
causes dendritic tracking in the solid insulatvion. Ulti-
mately, discharges will develop on these paths and a
permanent breakdown of the insulation will occur. Track-
ing will also occur over atmospheric-contaminated por-
celain surfaces during foggy conditions. Arcing over the
porcelain will usually result in only a temporary break-
down.

3. The overhead conductors and their supporting
structures (poles) do not enhance the beauty of the
landscape. Ouidoor switch yards barricaded by cyclone
fences can be equally offensive. Disiribution facilities
may be obtrusive due to the combined requirements for
physical barriers to prevent aceess by unauthorized per-
sons and for adequate space 1o permit maintenance and
repair of equipment.

5-2.3 HAZARDS

Authorized personne{ often must work in close prox-
imity 1o uninsulated, current-<carrying equipment in the
maintenance. repair, and operation of high-voltage equip-
ment. Grent care must be exercised 10 gchieve the maxi-
mum amount of safety during these activities. Suitable
barricrs should be provided to prevent exposure 1o arc-
ing, ¢.g.. from a switch that breaks the circuit in air.
Equipment that contains oil, e¢.g.. oil circuit breakers
and transformers, must be located at least 7.6 m (25 1)

fhnrrlnnlnllul awnv from switchoear in indoor installa-
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tions and 3 m (10 ft) away in ouidoor installations, (Sec
Items 172 and 180 B! of the Numional Electrical Safety
Cade (Ref. 2).)

The intense heat of a power arc over a porcelain insu-
lator foflowing a lightning {lashover can shatter the
insulators, and the fractured porcelain could be a grem
hazard to personnel near the insulator.
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Pollutants in the atmosphere can coltect in the cracks
(checks) that have developed in wooden poles. Under
certain fog conditions, a very small lenkage over 34-kV
insulators. across crossarms, and down the pole can
cause burning in the confined space of a crack in the

wnndan nnla
WOOacn pose.

A line-to-ground fault can producc a hazardous con-
ditien. The step-voliage, ic., the volinge on the surface
of the earth between the feet of o person wanlking, dur-
ing a ground foult can be lethal. A ground-fault current
of 100 A is lethal for a normal stride at a distance of 5.7
m {20 ft) from the fault and at & distance of 18 m (60 (1)
for faults of 1000 A. (See Ref. 3. p. 321.) Proximity to a
ground rod during fault conditions is also dangerous
because part of the fault curremt will divide among ali
grounded devices, e.g., ground rod and tower footing,
and pdt:minlly will produce hazardous step-potentials
in the wamty of cuch onc.

524 DESIGN CONSIDERATIONS
52.4.1 Installation

Overhead distribution conductors should have at least
thc minimum aboveground clearances specifted in the
National Electrical Safety Code (NESC) (Ref. 2, Table
232.}) for the particular ground surface condition—
c.g., over railroad tracks 9 m (30 t); 6.7 m (22 fl) over

e lasre e T
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prevent cranes nnd other vehicles from contacting the
lines are not required. Hanging barriers, however, should
be placed across rondways {requently used by construc-
tion vehicles to warn operators of impending contact
with the lines. The barriers should be placed at the
same height as the lines and on cither side at a distance
from the line sufficient for the operator to stop the vehi-
cle. Caution signs should be posted on towers and poles
to warn against inadvertent contact by unauthorized
personnel.

Adequate clearance must be provided between supply
conductors and guy wires or other conductive supports
10 prevent ground faults through the guy wires because
such ground faults, even though temporary, could pro-
duce hazardous step-potentinls and/for disable the dis-
tribution system. For systems operating up to 8.7 kV,
the NESC requires a clearance of 0.3 m {| f1) for sup-
port conductors that run paralle] with the linc conduc-
tors or 0.15 m (0.5 fl) for others. such as guy wires.
Additional clearance is appropriate for long guy wire

PR redas hann af i ad moy nt Ao
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to wind. (See Ref. 2, Table 235-6.)

Clearance should also be provided between line con-
ductors and one side of the pole to allow personnel to
climb poles to heights ahove the energized conductors.
For lines operating up 10 750 V, a horizontal clearance
of 0.6 m (2 f1) is required by the NESC to allow space
for workers to climb between the pole and energized
conductors covered with suitable protective coverings
thay are rated for the volinge involved. Additional
clearance must be provided at higher voltages—0.75 m
(2.5 fi) a1 voliages up 10 15 kV and 0.90 m (3 f) mt

T3
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volinges up to 28 kV. Other distribution equipment, .
c.g.. transformers and switchgear, should not be
mounted in the climbing space.

Additional clearance considerations include clearance
between paralle] conductors for various operating volt-

oges and spans hery clearance over build-
ings and signs, and clearance over waterways. These
clearances are also specified in the NESC (Ref. 2).

Buried cable should be of the proper construction—
i.c.. conductors protected by a shield, sheath, or wrapped
with a bare neutral conductor that is properly grounded.
Warnings against digging either by hand’ or machine
should be posted at locations where excavation is most
likely. These warnings serve the dua! purpose of pro-
tecting both the public and the equipment. Depth of
cable burial should be 0.8 m (2.5 f1) for voltages up 10
22 kV and 0.9 m (3 ft) for volinges up to 40 kV. The
bottom of the ditch should be Mat and well packed.
Backfill should not contain sharp materia! that could
damage the cable,

The installation procedures and sites for underwater
cable installations (submarine crossings) should insure
protection from damage due to tidal action or current
flow. Underwater cable should not be located at possi-
ble anchoring sites for ships, and signs should be posted
to warn of cable crossings. Cables used in underwater

|n¢ln||nl|nnc must he coleered on the hnn: nf :pr\nn-n'hn'l.
instplictions must 24515 O} serv

ity in the particular environment.

Overhead installotions over narrow valleys that may
be on airplane flyways should have red sphere warning
balls on the conductors or static wires.

Leen sunnons
Sciween WPV S,

5-2.4.2 Configuration

The network should be designed so that sections can
be deenergized—either manually for repair or mainte-
nance or automatically by operation of selected switch-
ing devices, fuses, cutouts, etc.—in such a way as to
minimize the amount of equipment being deenergized.
This cannot be a standardized design: it must be tai-
lored 1o the particular insiailation and therefore requires
considerable analysis and consideration,

5-2.43 Material Selection

Careful consideration should be given to the service
in which the conductors will be used. In low-voltage,
heavy-current installations, voltoge drop should be mini-
mized by the selection of a high<conductivity conduc-

AARmar munet ha
ust X

tor. The final devision to use COpper or ACSR m
made by considering the diameter of the conductors,
their weight, and the span between supports.

In overhead lines operated at higher voltages, the
tensile strength of the conductors is a more imporiant
considerntion than conductivity. The tensile strength
must take into account possible ice londing and cross-
winds. The maximum loading of ice is 13 mm (0.5 in.)
radial thickness and 200 Pa (4 Ib/ft?) of horizonial wind
pressure at a temperature of —18°C (0°F). Higher load-
ings may be encountered in high-wind conditions typi-
cal of tornadoes or hurricanes.

54
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Insulation in cables can be paper, rubber, cotlon,
thermoplastic, oil, or a combination of these. Once the
solid insulation is punctured by voltage breakdown. the
fault continues until complete destruction. Qil-filled
cable can t:mporanly recover but will uiumatdy fail.
Solid wrapping of a bus instaliation is :uujfci to track-
ing caused by corona and local discharges. which also
will induce insulation failure.

Bus bar support insulators are relatively failure proof
except in arcas of heavily contaminated atmospheres.
Under cenain fog or dew conditions, tracking nnd flash-
over can occur. String-type insulators and pin-type
insulators are subject to the same difficultics as bus
insulators but have the additional hazard of gunfire by
hunters or military action.

In confined spaces, flammable materinls—which could
possibly result in the sccumulation of smoke in the
event of fire—should not be used. Materials, e.g.. poly-
vinyl chloride, that produce toxic fumes upon burning
should not be used.

5-2.4.4 Labeling

All conductor switches and other equipment in o
switching center must be {abeled as 1o voltage level and
phase. Towers and poles of overhead lines should have
warning signs that indicate the voltage of the lines. The
location of the phases in an insiallation must be con-
sistent and designated 1, 2, 3 from left 1o right, top to
bottom, and front to back. The warning labels de-
scribed in par. 4-4.9 should be placed wherever high
voliage is exposed or could be exposed during normal
mainienance activities.

— o —— -

5-2.4.5 Groundmg and Bonding

Grounding conductors should be attached to machine
cases and cabinets by brazing, welding, mechanical or
compression connections, or ground clamps. Soldering
may only be used with connections to the lead sheaths
of cables. Fences and enclosures around electrical equip-
ment shall be connected to nn adequate ground by a
copper conncction of not less thon a No. 8 American
Wire Gage (AWG) conductor. If the fence posts are of
s conducting material, the metal fence fabric should be
clectrically bonded to the posts, If the posts are non-
conducting, e.g.. wood, a suitable ground must be pro-
vided at fn:quem intervals.

|~ P | =
l..uuuls-u riven- =generalor

grounded through the source connection with a conduc-
tor that has a greater current capacity than the phase
conductor that would supply a fault current or the max-
imum current that could flow through it.

The most commonly used ground connection is the
ground rod, i.c., n pipe or rod driven into the ground
with o clamp oattached to the protruding end for con-
nection of a wire. The diameter of the rod is usually
determined by the strength required to drive the rod to
the depth necessary because the ground resistance ob-
tnined does not decrease rapidly with increasing rod
diameter. Rods should be made from or coated with

-

scts and loads may

be

]
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conductive, corrosion-resistant coatings to prevent the
buildup of an insulnting oxide layer on the surface of
the ground rod. Longer rods generally provide lower
resistance grounds because of the increased contact arca
and the pcnctrmion into deecper regions, which have
lower soil resistance.

Lower ground resistance is obtained preferably by
connecting additional ground rods in parallel, rather
than by using chemical treatments to the soil, because
chemical treatments may be corrosive to the ground
rods and usually are not permanent.

Where convenient, buried conducting objects can be
used as grounds. Burial of cylinders, pipes, or plate in
trenches ot a depth where soil remains moist and un-
frozen should provide a low-resistance ground. Also
conductors encased in concrete below grade, such as
reinforcement bars in concrete foundotions, may be
used for grounding. For commercial subsiations where
very low resistance must be obtained 1o prevemt
hazardous step-potentials in the event of large fault cur-
rents, o ground mat is used—a network of buried con-
ductors supplemented by driven grounds. In environ-
ments where ground conductivity is especially poor, an
ontificial ground network should be constructed by
connecting all units together with a safety ground capa-
ble of conducting fault currents, The integrity of this

ground system is especially impeonam in order ta moin-

tain all equipmemn: enclasures in the system a1 the same
potential. Attempts to pass fauli currents through the
earth would result in excessive induced voliages at
ground terminals, Therefore, the ground network should
be connected to earth by using conventional techniques
such as ground rods and buried conductors. If possible,
grounds should be located in areas where moisture
would be available, i.e., as decp as possible in sand or
ice. Pipes or other buried conductors should be used for
ground connections to increase the probability of can-
tact with conductive soii.

The conductivity of wet, organic soil is 100 times
greater than that of moist soil and 1000 times greater
than that of dry soil. The resisionce of frozen soil is
particularly high. After a grounding bus has becn
created. it should be tested to determine whether it is
adequate for the intended purpose. especially if the
earth is o low-conductivity soil. (See Rcf 3 and par.
5-2.6.4.) -

A communication line closely coupled to a distribu-
tion line will have n volinee induced it b\l’ mmtncuc

RN IR WL TlatR W YRRlApE R ISR

induction. For safety reasons the communications line
must be grounded at intervals to prevent voltages hazoard-
ous (o personne!l and communication equipment from
occurring on the communication line. especially when
heavy fault current is nowmg in the distribution line.
To prevent induced current in the communication line.
however, only a single ground connection is necessary.
Modifications of the communications line may be neces-
sary 10 allow multiple grounding while minimizing the
induced currents along the line. The tcchmqucs avail-
abie for modifying the communication iine inciude trans-
former couplings and fiber optics,
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5-2.4.6 Overcurrent Detection Devices

Short circuits—phase to ground, phase to neutrnl.
phase to phase, and three phase—where the fault resis-
tance is low are easily detected by overcurrent relays or
breaker trip coils, High-resistance faults in which the
shoncircuit current is within the normal toad current
range are difficult to detect early enough for appro-
priate action to be taken. Several early detection tech-
niques are available, i.c.,

. Rapid Change in Current Load. Because of the
arcing nature of the high-resistance fault, there is a
power flow that does not rise and foll in a smooth curve
but rother has a jagged wave shope. This abnormal rate
of rise in the power curve can be used to detect o faull.

2. Noise on Elcﬂrical Line. Noisc on o cirl:ui: nlso
can be used 1o detect a fault. Care must be used in mak-
ing this determination because the connecied load in-
herenily may generate noise. For example, welders,
dimmers for incandescent lamps. and fluorescent lamps
all have harmonic currents.

3. Ground Fault [nierruprers. Faults between a
line and ground may be detected by differential relay
schemes in which the currents eniering and feaving a
load (transformer or line) are compared within a pro-
tected region. Negative-sequence current filters can be
used to detect single phase-to-ground or phase-to-phase
fault currents.

Corrective action for overloads in a radial system is
relatively simple. The fuse, switch. or circuit breaker—
discussed in pars, 5-2.4.6.1 and §-2.4.6.2—aot the remote
end of the line has the most sensitive setting and will
react to a fault “downstream™ before the devices closer
to the source take cetion, In this manner. the corrective
action minimizes the amount of load interrupted.

The protection of a loop-connected distribution sys-
-tem is more complicated since potcminl foult tocations

“}' "'}‘J!H"!" paths. F\.u maXimum \,ﬂ‘\.\.“‘v’fﬂcss

overload devices must be placed at locations where
power enters the loop. Sectionalizers must then be used
to isolate a portion of the loop if o fault occurs.

52.4.6.1 Fuses

Low-voltage fuses genernily contnin a thin metal
sirip. Under overload or foult conditions; this strip
melts, ares, and then opens and removes power from
the overloaded circuit. A time delay feature is provided
by bonding two conductors together with o low-melting-
point alloy. The conductors have a thermal mass suffi-
cient to heat slowly under slight overloads. Thus a short
delay occurs before the conductors separnte and inter-
rupt the currem flow. Classes of low-voltage (uses are
summarized in Table 5-1,

Current-timiting fuses are more sophisticated in de-
sign, i.c., they have multiple silver links that are sur-
rounded by compacted guartz sand. The links contain
numerous bridges that open rapidly upen fault condi-
tions, and the resulting arcs are cooled by the sand.

These fuses act rapidly, limiting, then i .mc.'r'..,.:...a. fault

currenis in milliscconds. The inhercnily high resistance
of the fuse during the current-limiting process results in

are fed
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the introduction of large transient voltages into the
supply feeding the fuse. These transients may damage
unprotecied equipment powered from the same line
(Ref. 11).

Fuses for higher vollage systems include matenials
that vaporize from the heat of the arcing fuse link
material. The fuse link is tension-spring loaded so that
when the link separates from overheating, the two
pieces are pulfled spart and thercby clongate the arc.
The arc heats and vaporizes the surrounding material,
usually boric acid. The released gases and water vapor
deionize and cool the arc and extinguish it in about
one cycie (a1 60 Hz). Upon interruption. gases are
released with explosive forces that can damage encto-
sures when fuses are mounted inside. Mufflers or

cilenreare incornorated into some fuse decionc 15
snengers C somce lust GLsigns 1o

nbsorb the energy from expelled gases.

High-voltage fuses provide protection in the event of
faults; however. they have limited effectiveness against
overcurrent conditions. Therefore, their primary pur-
pose is to protect equipment from damage, not to pro-
tect conductors.

The actual limiting current of the fuse is affected by
ambient temperature. Fuses should not be installed
where ambient heating will be excessive or, for high-
vollage fuses, should not be installed where the vented
gases could cause damage or injury. Likewise, fuse
holders should be kept in good operating condition to
maintain good electrical contact with the fuscs because
poor contact conditions will generate heat sufficient to
cause (uses to (il or to blow at lower currents.

Setection of fuses must be based on the voltage of the
circuit to be protected, the maximum continuous cur-
rent allowed in the circuit, the maximum (ault current
to be interrupted. and the time required for activation.
Fuse ratings for various branches and levels of a circuit
should be coordinoied so thpi service is mn-rrnnrr-d

only over 8 minimum portion of the system. For cxam-
ple. faults in branch circuits should blow fuses on that
branch alone and should not affect {uses at points in
the systems that feed the branch with the fault. Fuse
capacity and time delay characteristics also must be
chosen for compatibility with automatic rectosers. Infor-
mation concerning fuse characteristics is given in Refs.
11 and 12; coordination cansiderations are described in
Ref. 13.

are
=L MRSV Y 11133

5-2.4.6.2 Circuit Breakers

Circuit breakers are switches that are automatically
activated by a thermal, magnetic, or combination ther-
mal and magnetic mechanism that senses overcurrent
conditions. Magnetic breakers may be designed so thm
the trip current is independent of temperature: however,
thermai breakers generally become more seasitive with
increasing temperatures. Thermal sensing is useful for
loading detection: however, magnetic sensing is required

for rapid foult interruptions. The magnetic rip mecha-
b

nism may be modified to provide

such as overvoltage sensing and ground foult inter-
ruption.

15 nrnunh- -"{rlunnn—ﬂ Fan!umr
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TABLE 5-1. LOW-VOLTAGE FUSES (600 V AND BELOW)
(Adapted from Ref. 4)

Type UL Voltage, Current, Interrupting or Comments
Standaid* v A Short Circuit Rating, A
Noncurrent
Limiting
Plug 198F i25 0-30 Short circuit 10,000 Edison base and
Type S types
H 1988 250,600 0-600 Short circuit 10,000 Inierchangeable
with K serics and
RK series fuses
Current
Limiting
K 198D 250,600 0-600 Interrupting 50,000, Types:
100,000, and 200,000 K1—High degree of
current limiting
K5—Medium current
limiting
K-9—Fair current
fimiting
G 198C 300 0-60 Interrupting 100,000 Optional time delay
J 198C 600 0-600 Inierrupiing 200,000
L 198C 600 601-6000  Interrupting 200,000
R I98E 2504600 0-600 Interrupting 200,000 Types:
RK1—High degree of
current limiting
RK5—Medium degree of
current limiting
T 198H 2504600 0-600 Interrupting 200,000
cC 198C 500 0-20

Interrupting 200,000

*Fusc References:

UL 198B Class H Fuses, Underwriters Laboratories, Northbook, 1L, 1982, (Ref. 5)
UL 198C High-Interrupting Capacity Fuses, Current-Limiting Type, 1981. (Ref. 6)
UL 198D High-Interrupting Capacity Class K Fuses, [—], 1982. (Ref. 7)

UL I98E Class R Fuses, [—]. 1982. (Rei. 8)
UL 198F Plug Fuses, [—-}, 1982, (Ref. 9}
UL 198H Class T Fuses. [——}, 1982 (Ref. 10)

Circuit breakers use switching technology appropriate
for the voltage and current of lines. For circuits operat-
ing at volieges up to 600 V., nir circuit breakers are
used, i.e., circuit breakers in which the switch contacts
are surrounded by the atmosphere. Higher voltage lines—
up to 15 or 20 kV—may be interrupied with devices
that use an oir blast or magnetic field to lengthen and
break up the src. For extremely high voliages, circuit
breakers with immersed or sulfur hexafluoride (SF,)
insulated switchgear are used. The oilless breakers arc
more widely nccepied, especially {or indoor use, because
of the fire hazard associated with oil.

For systems of the size being discussed in this hand-
book, the most common type of breaker is the air-

5-7

insulated, molded-case circuit breaker. These breakers
have moldedcomposition bodies with provision for
panc! mounting, magnetic andfor thermal tripping
mechanisms, and one to three sections 10 accommodate
single or polyphase circuit interruption. Units with
higher interruption capacity incorporate arc chutes for
extinguishing the arc upon opening & circuit with a
faul.

In all but the smallest sizes. circuit breakers have a
“trip-free” handle. Once the breaker has been tripped.
“trip-free ™ handles come to rest in a position beiween
“off™ and “on" to provide a visual indication that the
breaker has been wripped. The handle must then be
moved beyond the off position to reset the breaker
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before it can be returned 1o the on position. This action
reduces the chances of an inadverient restoration of
power to a circuit containing a fault.

Breakers for separnte phases should be gonged to-
gether so that an overcurrent condition in onc phase
will cause all three phases to be disconnected.

A uscful accessory—used on ground fault inter-
rupters—is the push-to-trip feature, whick allows the
testing of a magnetically operated switching function,
Other accessories include a solenoid operated reset that
allows remote tripping of the breaker. auxiliary switches
for remote indication of breaker status, and handle
locks 10 prevent operation of the circuit breaker during
repair or maintenance of lines fed by the circuit breaker.

The air-blast circuit breakers used in higher voitage
applications are typically housed in metal cabinets in
drawout drawers {or maintenanrce and inspection. Inter-
locks should be provided to prevent the withdrawal of a
breaker if i1 is not in the open position.

As with fuses. the selection of circuit breaker ratings
at a location in o sysiem musi be coordinated with
other circuit breakers, reclosers, sectionalizers, and fuses
located elsewhere in the distribution system. Breaker
rating and time before tripping should be sclected so
that the lowest tevel branch circuit brenker trips and
isolates minimal portians of the network. Procedures
for coordination of circuit interrupiers are discussed in
Ref. 4.

Reclosers are circuit breakers that reclose after open-
ing to clear a fault, if the fault still exists after a preset
number of reclosings, the recloser locks out in the open
condition.

Sectionalizers arc breakers that operate before ather
breakers attempt to clear the foult. This serves the pur-
pase of reducing the amount of load that is interrupted
when the finn! fault-clearing operations clear the sys-
tem. Also these breakers and the main brenkers can be
of a lower roting than the breakers that would be
required if sectionalizers were not used. OUl circuit
breakers depend upon the quenching action of the oil to
extinguish the arc that is created when contacts part.
Blast (air and magnetic) breakers rely on the lengthen-
ing, cooling, and breaking up of the arc, which results
from blowing the are into an arc chute,

During maintenance operations on o breaker, it must
be separated (rom the system by disconnects that can be
locked in the open position. Both sides of the breaker
must be so separated to prevent “back feed”™ on the load
side of 0 breaker. When breakers cannot be physically
disconnected from the line for maintenance or repair,
the terminals of the breaker must be tied together by nn
external shorting bar and grounded by an adequaote
grounding conpection during maintenance or repair
operations.

5-2.5 COMPATIBILITY AND
INTEROPERABILITY
In the event that additional equipment must be added
to an existing distribution systerm, a carcful review must
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be made. Considerations for inegration of equipment
into. or replacement of equipment in. a distribution
network are

|. Replacement equipment must have a voliage
rating equal to that of the equipment originally speci-
fied. In most cases a higher rating may be tolerated.
{An example of a case where a higher voltage rating
should not be used is current-limiting fuses that can
cause excessive transicnts on the line when a fault
occurs,)

2. Replaced items must have a curremt capacity
compatible with that originaily specified, and fuses and
breakers should be replaced with units of equal char-
acteristics.

). Polyphase equipmen: should have the same elec-
trica! configuration, i.e., wye (3&-3W) or delta (3d-3W).

4. Equipment should be capable of operation in
the same environment, Equipment characteristics re-
lated to environmental conditions include operational
temperature range, resistance to humidity, tolerance of
solar rodiation. and resistance to corrosive atmospheric
poflutanis.

5. For ponable distribution equipment, conncctors
should mate with those used in existing equipment.

6. Carc must be taken that circuit breakers used
for replacement have a physically similar casc. Although
fuses are well standardized. circuit breakers are avail-
able in slightly different configurations, which may pre-
vent their installation in existing panels.

5-2.6 TEST CRITERIA FOR ITEM DESIGN
" AND ACCEPTANCE
It is assumed that all components used in an installa-
tion have been individually tested or inspected before
nssembly into o distribution system. The tests described
in this paragraph should be performed on the complete
system before it is put into service.

5-2.6.1 Inspection

A visual inspection is necessary to determine whether
a hazardous situation exisis so that it may be corrected
prior to use of the switchgear. Example points to be
covered during the inspection are

1. Verify that all connections are secure and made
in gccordance with design dingrams.

2. All sensing and control instrumentation must be
connected properly.

3. Current transformer secondaries musi be con-
nceted to a metering device, relay, or shon circuit. Cur-
rent transformer secondaries should not be left open-
circuited when in service because extremely high open-
circuit terminal voliages may be produced.

4, Transformers should.be checked for proper 1op
scilings based on the primary supply voliage and the
required load voliages.

5. Signal lights on panels must be verified to give
the proper indication. i.e.. circuit breaker closed or
open.
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5-2.6.2 High-Potential Testing

High-potential tesis should be applied to all bus
structures to verify the adequacy of the insulation.
High-voliage tests of overhead lines and cables should
be made before application of power. Contro! wiring
should be subjected to suilable high-voltage tests.

5-2.6.3 Relay Test

Extensive tesis must be performed on relays to verify
that they will operate at the appropriate value and
encrgize the intended circuit breaker trip coil and will
not operate when they should not,

5-2.6.4 Ground Resistance Testing (Ref. 3)

Ground rcnstancc tesis are pcrformcd ) vcnfy the
ﬁdfqum DI mc grounus Ol mc SVsiem. A mgn-l"i:ilimncc
or inadequate ground can allow the development of
unsafe touch- or step-potentials in the event of a fauiL.

An approximation of the resisiance of o ground can
be obtained by the foltowing test. Two additional ground
rods are driven. A known voliage is applicd between
the ground being evaluated and the first test ground rod
to obiain the current flow, This procedure is repeated
with the second test ground rod and then again with the
voltage applied to the two test rods.

The resistance of the ground rod being evaluated may
be determined by solving the following equations simul-
taneously:

Rc+ Ry = Eflgy, N1 (5-1)
R+ Ri= Ejlg-2, (1 (5-2)
R+ Rr=Ellh:, N (5-3)
where
E = test voliage, V
lo-i = current that flows when test voliage is
applied between ground system being
evaluated and ith test rod, A
h-1 = current that flows when test voliage is
applicd between two test rods, A
Rg = resistance of ground system being evalu-
ated, {1
Ri = resisinnce associated with ith test ground
rod, [l

This is not an accurate test. but it does provide a good
approximation for the ground resistance Re.

5-2.7 OPERATIONAL PRECAUTIONS

Inswuaflation of a distribution system should conform
to Scction 2 of the National Electrical Safety Code for
overhead lines and Section 3 for underground installa-
tions {Ref. 2).

In a tactical environment time and facilities may not
permit sirict adherence to the safety code. In such
cascs the insiallation should be made 1o conform o the

code as nearly as possible given the constraints im-
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posed by time and availability of equipmeni. For instal-
Intions thot nre not temporary, the installation should
be brought into compliance as quickly as possible under
the existing conditions.

Work on or near distribution lines that must remain
in-service must be done in a safe manner. The use of
rubber blankets, rubber hoses, and rubber gloves is
mandatory. All items in the National Electrical Safety
Code. Scction 4. shall be followed (Ref, 2). Any equip-
ment that may be deenergized should be removed from
service during the maintenance or repair operations.
(Sce Section 422 of Ref. 2.) Switches and disconnects
that have been opened must be tagged and remain open
until the tag is removed by the foreman in charge of the
maintenance. (See Section 423 of Ref. 2.) Grounds

muel he nineced an hnnnnmrrn 10 eliminate induead volt.
must D¢ pincee on equipment (o elimi nate inouceg voll

ages that might endanger personnel. {See Section 424 of
Ref. 2.)

Disconnects and grounding switches provided with
locks should be locked as well as tagged during the
maintenance.

Equipment should be tested for voliage before work-
ers begin their repair work. Tests to be performed are

I, Test the clectroscope on equipment known 1o be
alive.

2. Test the work area to determine that there is no
volinge present on the equipment,

3. Retest the eleciroscope to verify that it is stll
functioning properly.

Periodic inspections of the following items should be
made at regular intervals:

I. Poles. Condition of poles and change of
terrain—washouts. slides. etc.—affecting suppon

2. Crossarms and insulators for damage caused by
flashovers, gunshot, etc.

3. Conductors for flashover damage, mechanical
wear, etc.

4. Inadvertent storage or placement of flammable
materials near switches and circuit breakers.

5-3 DISTRIBUTION TRANSFORMERS

A distribution transformer is o static device, having
no motion or rotation, that consists of two or more
windings magnetically coupled by a sieel core common
to all windings. The function of the transformer is to
change the voltage of the source to the voltage of
another part of the network that requires a different
voltage. For example. the voliage of the primary net-
work, c.g.. 12.8 or 34.5 kV, is reduced to the voliage
load {120-240 V). This change in voltage is produced by
the difference beiween the number of turns in each
winding wound around o common iron core.

The windings of the coils arc insulaied by solid
insulation—cotton, plastic. eic.—and are cooled by a
liquid (1ronsformer oil) or by air.

Transformers come in o wide variety of designs.
Transformers can be mounted on a pole, mounted on &

ninifarm hatwaan fuia nabac r mnonnted incids hnild.
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ings. Larger transformers are designed for mounting on
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concrete pads or in specinlly constructed vaults. Trans-
formers used for temporary service may be mounted on
truilers or railroad cars.

Transformation from high to low three-phase voli-
ages may be made with either three single-phase trans-
formers or a three-phase transformer, i.c.. usually three
sets of identical windings on separate legs of an iron
core. The primary and secondary of either configura-
tion may be connected in a delin or wye configuration:
the nppmprinlc choice is dctcrmincd by the power
source and load Cﬁmigi.if&iiﬁﬁ. rlg 5-2 shows a lyp:cm
three-phase step-down transformer connection. Wind-
ings A-A’, B-B’, and C-C' may cach be single-phase
transformers or paired windings in a three-phase trans-
former. Il the common point of connection of the three
wye-connected windings is grounded. less insulation is
required around the grounded end of the windings, and
therefore, the transformer could be manufaciured fess
expensively.

]
4

Figure 5-2. Wye-Wye-Connected Transformer

Another commonly used connection is the delta con-
nection. Fig. 5-3 shows o wye-delta-connected trans-
former. Again A-A’, B-B’, and C-C’ are three single-
phase transformers or paired windings in a three-phase
transformer,

Figure 5-3. Wye-Delta-Connected
Transformer
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Many special configurations are available using
tapped windings or muliiple windings to provide com-
binations of voltages for special loads. Examples include
the center-tapped single-phase transformer used to sup-
ply 120~ and 240-V loads and the wye-connected (rans-
former, which can power a 208 V-3¢ moior load while
simultaneously powering 120-V loads. Common con-
figurations are described in Ref. 14.

Because of the nonlinearity of the iron in the mag-
netic circuit of the lrunsformcr. a third harmonic mag-
ﬁEiiZiﬁg Curreni is f‘cq“i.iircu i ihe power (o ihie trans-
former is sinusoidal and contains no third harmonic
cnergy, the energy will be 1aken from the output wind-
ing and thereby distort the output voltage. The second-
ary windings of a wye-connected transformer will have
a strong third harmoni¢c component even if the input
were & pure sine wave. The delta~connected transformer
provides a path for the third harmonic magnetizing
current around the loop formed by the delta, and there-
fore, the output voltage will not be distorted.

Wye-connected transformers ore used to provide a
well-established ground that maintoins all phases at an
equal rms voltage level with respect to ground. If the
delta configuration is used, the load must supply the
ground—i.e., be balanced and be wyc-connected—or
one corner of the delta must be grounded to prevent the
buildup of induced phase-to-ground volinges. However,
this groundedcorner configuration is not recommended
because it is incompatible with common three-phase
practice.

Other combinations are available and are described

Dol 14
cn i,

5.3.1 INDUCED ENVIRONMENT

There are mognetic losses in the sieel core of a trans-
former when the transformer is energized even if there
is no load connected to the transformer, Other losses
include resistnnce losses, sometimes called copper losses,
which vary with the square of the current and which
cause heating of the transformer. The rating of the
transformer is determined by the maximum heating
that can occur without causing damage to insulation.
Unless the transformer is protected, overload condi-
tions will cause the transfarmer to overheat and possi-
bly cause internal faults.

Other environmental effects of transformers are the
noise nssociated with the third harmonic magnetizing
current magnetostriction, the presence of high volinge
typical of primary distribution systems, and the pres-
ence of environmentally damaging oil that possibly con-
tains PCBs.

in
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A short circuit on or near the load-side terminals of a
transformer supplied by a low-impedance source will
subject the windings 1o extremely high magnetic forces.
The DC component of the fnult current can result in an
rms velue that is double the steady siate AC current
value. The transformers have low impedances on the
order of_3{). Thesc two factors combine to cause the

i 5
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fault current to be in the range of 60 times normal cur-
reat rating. Magnetic forces on the conductors are pro-
portional to the square of the current. Thus the braces
on the winding itseif could be subjected 10 3600 times
the normal force. A poorly designed or constructed
transformer could fail internally and possibly create the
hazard of an oil fire. °

A shon circuit near a transformer can cause destruc-
tive forces on bus bar insulators.

Dnmagc to the case of a transformer resulting in a
leak of the coolant i if the
coolant is PCB.

Lightning arrestors arc installed on the high side
{source) of transformers to protect them from lightning
and switching surges. Failure of the arrestor to limit the
surge can cause the insulation of the winding to fail
with the associated hazard of fire.

attar flisthas
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5-33 DESIGN CONSIDERATIONS

Several protective devices or elements of design are
incorporated in building transformers to protect them
fram overcurrent and surge voltages (lightning and
switching).

Protection from overcurrent in addition to external
devices, such as fuses and breakers controlled by relnys.
are built into transformers by hot-oil thermometers and
hot-spot thermometers. Both of these devices are usu-
ally used as advisories (warning lights); they do not
operate breakers. However, they can be used o activate

cooling fans and pumps. They have the disadvaniage of

a cuddeniv annlied
2 sugdenly apphed

heavy overload and the change in oil temperature. The
hot-spot temperature and the top-oil temperature, even
on a constant toad, will be quite diflerent. Several
designs of hot-spot thermomieters are in use in which
the oil temperature is augmented by o heat that is pro-
portional to the load current. Matching the time con-
stant of the heater to that of the transformer hot-spot is
difficult if rot impessible. These devices con act as a
guide, but the ultimate protection must be a circuit
breaker or fuse external to the transformer.

Surge protection includes internal surge protection as
well as external surge protection. External protection
takes several forms, namely,

I. Lightning arrestors

2. Spark gaps

3. Installation of insulators close to transformers
that have a lower sparkover voltage.

The inductance of the winding inhibits an impulse
charge from immediately flowing into the winding. This
delay causes the charge on the capacitances between
to charge m different rates, The

time lag berween application of

turns, or n'mr--\lﬂ:

stress on thc line-side turns is greater than on the tuerns
at the neutral end (Ref. 14).

By proper location of capacitor plates in the winding
of the dieleciric, stress can be made more uniform
between turns of the transformer and thereby increnses
the amount of surge voltage the transformer can with-
stand.
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Each transformer location on a system is subjected to
a different voltage level for a given impulse voltage that
is applied to a system because of the different reflection
and refraction characteristics of each node of the net-
work. Also the impulse that is applied to each trans-
former is a function of the network parameters and is
different for every configuration. Because of the large
number of combinations of conditions that can exist,
the problem can become extremely complex. Therefore.,
rather than selecting a transformer 1o withsiand a par-

tiritdne eurne valinoes haced nnan the valinoe thar ~anld
(Y1 Y] )ulb" 'U“.us\- Wil “PUII Sl ‘U.l“&h SANAAL WASUAING

be expected at the particular location, all transformers
in a particular system are selected from one of o number
of standard impulse, test strength transformers desig-
nated as “basic insulation level™ or BIL. The basic insu-
tation level is defined to be the lawest voliage of ane of
the standard voliage strengths available that will not be
exceeded at apy transformer location in the network.
All equipment at a given location has a common level
of surge-voliage withstand rating.

In selecting the basic insulation level, consideration
must be given to other protection devices incorporoted
into the system. As an example, when a spark gap
flashes over, the sudden interruption of the current in
the traveling wave causes the voliage difference between
phase end-turns to be extremely high (Ref. 14). When a
circuit breaker opens a heavy fault current. the arc may
restrike a1 the next voliage peak by reason of the
“trapped charge™ on the network. This subjects the sys-
tem to o crest voltage of double the original value, This
can repeat severnl times and result in six times the crest

vnltnas 10 annear at the trancfarmer terminnl. Madern
vollage 1o oppear Ot Whe (ransiormer lerminal, Modern

high-speed breakers usually open quickly enough to
limit this value to 2.5 times the normal value (Ref, 14).

The use of fans blowing on the cooling fins can
increase the load that can be carried by nearly 1007%.
The design of the cooling of the transformer greatly
influences this figure. Pole-top-type transformers never
use forced air cooling because ambient cooling is avail-
able in the atmosphere. Transformers in confined spaces
are limited in ability to carry load in direct relation o
the ambient temperature of the confined space. Forced
ventilation can partially eliminate this derating of trans-
formers in these confined instailations.

Transformers in high altitudes must be derated in
proportion to the rarity of the aumosphere available for
cooling. A compensating cffect ts the cooler tempera-
ture at the higher ahiitude.

Pole-mounted wransformers are hung on the poles on
o brocket for easy installation or replacement. The
mounting position of the bracket on the pole is usually
at right angles to the dircction of the overhead conduc-
tors, The transformer must be n!nc:d on the pole with

other equipment so thar the followmg conditions are

satisfied:
. Adequaie clearance must exist beiween the ener-

gized conductors associated with the transformer, light-
ning urrestor, fuse, switchgear, ctc., and grounded ob-
jects. such as the transformer case, guy wires. and the
lightning arrestor ground conncction.
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2. Blast direction of fuses and cutouts must not be
directed toward live equipment, such as phase wires,
transformer bushings. and lightning arrestors.

The location of transformers on pads and trailer
mountings relative to the other associaied equipment—
switches, breakers, fuses, and lightning arrestors—should
allow easy accessibility for replacement and repair and
should provide adequate spacing for the safety of
personnel.

A primary transformer (transmission to distribution
primary) usually is connected to the transmission sys-
tem through a disconnect and a circuit breaker. Between
the breaker and the transformer a lightning arrestor is
connected to the phase wire and ground. The voltage
drop in the lightning arrestor ground load nnd the carth
resistance produced by an impulse current will causc
the line voltage to be considerably higher than the
lightning arrestor rating, For this reason, the lightning
arrestor ground lead is connected to the transformer
case. The other winding must be protected against high

tank voliage by a protective gap. The volinge drop in

the lightning arrestor ground lead is the reason for the
relatively high impulse level of the low-voltage winding.

Secondary transformers (distribution primary to lond
voltage) arc connected 1o the primary by external fuses
to proteet the line, not the transformer. In some trans-
former designs, an internal circuit breaker actuated by a
bimetnt strip is included.

At each wransformer, a ground connection that has a
resistance of not greater than 25 {1 must be provided. In
addition, the neutral of the primary line must have at
least four ground connections per mile (Ref. 2, Scctions
96A2 and 96A3).

534 COMPATIBILITY AND
INTEROPERABILITY
The parameters that describe a three-phase trans-
former bank are

I. Primary voltage

2. Secondary vollage

1. Internn! connection: wyes-wye, wye=deha, delta-
delta

4. Polarity indication

5. Impedance

6. Taps

7. Number of windings (primary, secondary, and
possibly tertiary).

Modern transformers are designed to operate near
the knee of the iron magnetic-sawuration curve and,
therefore, are limited in the nllownble overvoliage. To
accommodate the variation of primary voltages encoun-
tered in field insinllations, taps are provided on the
primary winding. In small installations these taps are
preset before placing the bank in service. Large installa-
tions have wransformers with the ability to change taps
under load (TCUL). Taps are usually in the ronge of
+105%. Taps can be incorporated in the secondary wind-
ing and not the primary (sce par. 5-4.4). Several second-
ary voltages are in common usage. The most common
voltages are 120-240 V and [20-208 V. The 120-240 V
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combination results from 8 single-phase transformer
with a center tap in the secondary winding or a three-
phase, delta-connected secondary with one secondary
provided with a center tap. The 120-208 V combination
resulis from a wve-connected secondary with the 120 V
obtained from a phase-to-neutral connection and the
208 V obtained {rom a phase-to-phase connection.

Polarity indications are usunlly designated as H1-H2
for the high-voliage winding and X1-X2 for the low-
vollage winding. By definition Hl and X! have the
same polarity and are simultancously positive. Dot
polarity markings are also used, Thesc polarity mark-
ings must be carefuily considered in forming a three-
phase bank out of three single-phase transformers.

The impedance of the transformers is important in
the determination of voltage regulation, i.c., the change
in terminal voltage caused by a change in load. [mped-
ance is also imponiant in the paralle! operation of trans-
former banks. Transformers with different impedances

will not share the load as intended.
Taps (rnun( and nhnul nnnlp\ can be used 1o g(_lju_:_;

AApS (AR aaia Lty

the division of real nnd rcncmc power between banks
operating in parallel.

Insofar as it is possible, the location and configura-
tion of the high-voltage connection 1o transformers
should be uniform for a2 given installation to enable
ready replacement or exchange of cqu:pmcm and for
the safety of personnel.

Extreme care must be excreised in replacing a trans-
former bank, especially if the bank is operating in
parallel with another bank,

Transformers having identical windings will provide
higher voltage when connected in a wye configuration
than they provide in a delta configuration. The wye-
deltnconnected transformer has a phase shift of 30 deg,
whereas the wye-wye has no phase shift.

Tronsformer nameplates contain all the pertinent data
that describe the transformer.

§5-3.5 TEST CRITERIA FOR DESIGN AND
ITEM ACCEPTANCE

Excrecive Ince will land 16 hanting of the trancfarmer
gDl § Ve FWidd FYLEE Blhreddd AS llbullllﬁ AFE RAbN ll [FTE R L R TR
which can lead to premature insulation failure. Loss

testing is performed to insure that losses are within the
design limnits for the transformer.

Measurements of the load loss are made by connect-
ing the high-side winding to an adjustable low-voliage
source with the transformer low-side winding short cir-
cuited. The volftage of the source is adjusted until the
current is equal to the rated high-side current. See Fig.
5-4 for the test setup.

Measurement of the load loss includes the loss in the
voliage and the voltage coil of the wattmeter. The con-
nection to the transformer is‘opened, and the watimeter
is read without adjusting the source voltage. (A scpa-
rate source is essential for this test.) The losses in the
meters must be subtracted from the original measure-
ment to give the transformer load loss.

The measurement of no-load (iron) losses is madc by
using the meter connections shown in Fig. 5-5. The voli-
oge of the source is adjusted until the avernge voliage
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Transformer
Under Test

- T

Low-Voltage
Adjustable
Source

P Nl

— ——

3

(O

Wattmeter,

]

Figure 5-4. Transformer Load Loss Measurement Test Setup

meter AV reads 1.11 times the rated rms voltage. The
wattmeter will record the total system losses including
those in the wattmeter potential coil, the voltmeter, and
the potentinl transformer, in addition to-the iron loss in
the test transformer. Corrections must be made to elim-
inntc these losses. The detnils of the corrections and
refinements are beyond the scope of this handbook but
can be found in Ref. 15.
The turns rotio, the ratio of primary voltage to
secondary voltage, is verified to insure that the trans-
former will deliver the desired voliage when connected
o a primary distribution system of a specified voltage.
The voltage withstand test is conducted to insure that
the transformer can withsiand voltage impulses caused
by lightning surikes on a distribution network. Even
though lightning arrestors are generally mounted di-
rectly on the transformer, voliage spikes of thousands
of volis will be induced by lightning. Permanent break-
down or temporary arcing induced by the lightning-
induced transient could cause a fault that would inter-
rupt the electrical service or, if the transformer were not

properly grounded, could cause high voltages on exposed
conductors. The volinge withstand test is conducted to
determine whether the transformer can withstand tran-
sient voltages of n magnitude equal to the BIL rating of
the transformer, In the test a transient voltage is ap-
plied to terminals of the transformer twice. once a1 a
level well below the rating of thé transformer and 2
second time o1 the desired testing level, Waveforms are
recorded for both cases and compared. Failure of the
test is indicated by a diflerence between the recorded
woveform other than amplitude or by evidence of arc-
ing. Details of the test procedure are given in ANSI
C57.98 (Ref. 16).

Transformer winding resistance is measured to verify
that there are no winding defects or internal connec-
tions that have a high resistance and would develop
“hot spots” during operation. Thesc measurcments can
be made with a Wheatstone or Kelvin bridge. Care
must be taken in making the measurement to allow the
transient caused by the inductance of the winding to die
out before making the reading.

z Transtormer

Potemial Transtormer Under Test
1.!— - |
Adjustable | ' ]
Voltage {
Source 3 [ AV ] b=} Open
wattmeter ms |
Ammeter Le 1) voi |
meter | Average |
Lﬂ.ﬂ.ﬂ.ﬁ.ﬂ.j_‘ Magnitude — _|
Voltmeter
mM Current Transformer l

Figure 5-5. Transformer No-Load Loss Measurement Test Setup
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53.6 OPERATIONAL CONSIDERATIONS

Although all transformers arc tested in the fectory,
winding resistance and turns ratio should be verified
beforc placing the transformer in service to insure
against damage in shipment.

The ratio of a single-phase transformer can be mea-
sured by applying a small voltage. c.g., 120 V, to the
high-voltage winding and reading the voltage of both
windings with a high-impedance voltmeter (one having
an impedance greater than 500 times the winding
wnnprlnnnn\

(LI ]

Thc polarity of a single-distribution transformer in a

MIL-HDBK-765(MI)

radial distribution system is not important. The ratio °

and polarity tests of transformers are of prime impor-
tance, however, in insiallations that will operate in
parallel with existing transformers or if the transformers
are to be connected in delia configuration,

Before connecting a wye-delts trunsformer, o test
must be made in polarity before closing the delta, Two
corners of the delta are connected, leaving one corner
unconnecied as shown in Fig, 5-6. The wye connection
is encrgized with a three-phase source, and the voltage
is mensured between A and B. If the voltage A-B is less
than A-C. the delta may be closed even if the volinge
A-B is nonzero. [l Eop>Eac, onc of the windings—
cither A-C, C-D, or B-D—must be reversed and the

transformer retested,
i‘é E

—

Three-
Phase
Source

Figure 5-6. Polarity Test for a Delta-
Connection Transformer

The three-phase polarity and phase sequence tests
must be made if a new transformer bank is to be con-
nected in parallel with an existing bank. There are
many ways to connect the windings. Only o few connee-
tions are described to illustrate the procedure. The rela-
uonshnps between volmges are more clearly prcsentcd

u’ vecior dlubiaula i whu-h the 'v'v!lusl. llldﬁlllaud\- i5

represented by the lengih of the vector and the phase is
represented by the angular position. Note that arrow-
heads nre unnecessary since the direction of a voltage is
indicated by the labeling at each end.

Fig. 5-7 is a vector diagram of delta-delia bank volt-
ages after terminals Hy and xy have been tied together.
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X2
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Hy=x, X3 Hy

(A) Vector Diagram

I
w

l

Secondary
Transformer
No. 1

ﬁ:’

4

1

b3
[ %)

!

Secondary
Transformer
No.2

b e e e

f<

(B) Winding Designation

Figure 5-7. Vector Diagram of 2 Properly
Connected Delta-Deita Bank

The conditions indicated by Eq. 54 must be satisfied
before transformers moy be connected in parallel.

EHl'H: > EH: X3

EHI'!I’ V . (5-4)

E Hyxa =

where
Er; = volinge measured between terminal i and f,
v

If these conditions are not satisfied, either one trans-
former is off ratio, connccted backward. or both,

Fig. $-8 is a vector diagram of a wye-wye-connected
transformer bank after connecting H, and x,. The condi-
tion indicated by Eq. 5-5 must be satisfied before the
transformers may be connected in parailel,
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Hyxy 1q

(A) Vector Dlagu;m

Hj

Secondary
Transformer
No. 1

v

X3

Secondary
Transformer

No. 2 Xy

ﬁ

(B) Winding Designation

Figure 5-8. Vector Diagram of a Properly
Connected Wye-Wye Transformer

Ell‘I;'X|= E;'Xn V
Ey-u,> Edyxp ¥V
EH;-1‘> EH:"lp v-

(3-5)

If these conditions are not satisfied, one transformer is off
ratio, connected backward, or both.

A wye-delta transformer has an inherent phase shift of
30deg. The vector diagram of a properly connected trans-
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former after Hy and x, have been connected together is
given in Fig. 5-9. The conditions indicated by Eq. 5-6
must be satisfied. :

H

X2
Hyx, Ha
X3
{A) Vector Diagram
Hj
Ha
Secondary
Transformer
No. 1 H,
7Y
[
> |
L}
X3 1
X2 |
1
Secondary :
Transformer . .
No. 2 Xy '

{B) Winding Designation

Figure 5-9. Vector Diagram of a Properly
Connected Wye-Delta Transformer

i
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EH;‘!: = EH X

A"
Ey-n,> Enyxy : (56)
EH:'H|> EH:'x;, V

If these conditions are not satisfied, the transformer bank
is improperly connecied, one transformer is off ratio, or
both are off ratio and backward.

A properly designed and constructed transformer
should last 30 yr or longer if it is not abused by being
consistently overloaded. Overloading couses (1) the oil 1o
break down and produces acids that attack the insulstion
and (2) sludging that clogs oil circulation passages and
reduces the cooling capability.

The cost of complete maintenance of all cransformers,
e.g.. pole top, is not economically justified because the
cast over a2 30-yr period would be much greater than the
replacement of the small number of unmaintained trans-
formers that would fail.

Larger irnnsformers should be tested ﬁfﬁﬁuihd"j’ far
the diclectric strength of the oil, dissolved moisture
{which should be less than 80 parts per million (ppm)).
and acidity (which should be less than that which con be
neutralized of 0.2 mg of potassium hydroxide (KOH)).
Other tesis check amoums of dissolved oxygen ond
copper salts in the oil. Transformers can continue 1o
operate for long periods of time with oil that has deterio-
rated far bevond test guidelines. Ancconomic assessment
weighs the costs of maintenance, i.e., replacing the oil,
against the cxpected increase in service life of the
transformer.

Transformers also should be inspected at regular inter-
vals for deterioration of paint on the tank, bushings, seals,
conncctions, etc.

If the ail in the transformer contains polychlorinated
biphenyl (PCB]), regular inspections for leaks are required.
If the wransformer is located where leaks could possibly
cantaminate foodstuifs, the transformer must be moved,
rcplaccd or converted to o non-PCB-fifled unit. Conver-
sion of PCB-filled units to non-PCB involves ﬂushmg the
tronsformer periodically until the PCB concentration in
the transformer is expected to remain below 50 pans per
billion (ppb). However, periodic filtering of the trons-
former oil will probably be necessary 10 maintoin the PCB
concentration below that level. Periodic chemical analy-
sis of the oil is required to monitor the PCB concentration
in nll transformers that have used PCB-based oil (Ref.
17).

54 POWER CONDITIONERS
54.1 INTRODUCTION

Power conditioners include a wide variety of devices
that modify one or more of the variables that describe the
voltage of a source or a lond. Magnitude, phase angle,
frequency, power-factor correction, and constancy of the
voltage are some of the attributes that are controlled by
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power conditioners. Various conditioning devices are
presented in the paragraphs that follow.

5-4.1.1 Transformers

The input winding of a transformer is connected to an
AC source of power at one voltage, and it delivers power
to o load at a different (or the same) voliage. The {re-
quency of the voltage is unchanged by the transformer.
Tap-changing transformers are used to regulate the out-
put voltage £:1065. Transformers can also be used to shift
the phase of AC power. A wve-wye- or delia-delin-
connected thm:-phnsc transformer has no phase shift
between the primary and secondary voltages. A shift of 30
deg can be produced by a simple three-phase bank by
connecting it in a wye-delia or a delta-wye arrangement.
Specially built transformers can shift the phase angle in
small steps through a range of values. {Sce Fig. 5-i0.)
Note that windings A and A’ are wound on the same core
os ore B and B"and C and C°. )

Bl

Figure 5-10. Phase-Shifting Transformer

In some applications requiring DC, rectifiers are used.
The ripple in the DC output is reduced if the source is
six-phase rather than three-phase, Transformers can be
connected to make the change of three-phase to six-
phase. (Sce Fig. 5-11.)

The iransformer is an extremely simple deviee with no

AAphlgtia L1 s L5

moving parts, but the connection can be exiremely
complex,

5-4.1.2 Motor-Generators
Motor-generator scis have several applications. Cer-
1ain loads are extremely sensitive to voltage fluctuations

——— — - —
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Note: Winding polarity is indicated by dots.

.
M

Figure 5-11. Three—PhaSe to Six-Phase Transformer

of the source: digital equipment is ah exaomple. A motor-
generator set can be used os a buffer between the source
end the load. Except in very severe voliage disturbances,
the motor is unnffected and the voltage of the generator
remains constant,

Certain applications require a frequency different from
the available source. The source voliage is rectified by a
rectifier or motor-generator set. The DC is then used to
drive an inverter or 8 DC motor of a motor-generator set.
The AC frequency output of the inverter or gencrator ¢an
be varied over a wide range by changing the switching rate
of the inverter or the speed of the DC motor.

5-4.1.3 Power-Factor Correction Capacitors

Capacitor banks or synchronous condensers are used
for power-{actor correction of a load. Overloads on dis-
tribution lines resulting from low power-factor loads con
be relieved by connecting power-factor correcting capaci-
tors across the load. Low voliage ot the end of moderately
long distribution lines can be reduced by adding capaci-
tors at the load end of the line. Extremely long lines, near
s quarter wavelength in length, are aggravated by the
addition of capacitors. This is not a consideration unless
the frequency of transmission is high.

54.1.4 Rectifiers

Rectifiers arc used to convert AC power to DC, A
transformer is used if voltage conversion is necessary to
step the source voltage up or down. The rectifier filter
gircuit furnishes the desired DC voltage. Account must be
token of the average value, root-mean-square, and maxi-
mum value of a sine wave voltage in selecting the trans-
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former ratio 1o be used in this installation, as indicated by
Egs. 5-7 and 5-8.
For half-wave rectifiers

- Epc =045 Ems. V (5-7)
and for full-wave rectifiers
Eoc = 0.9 Emi, V (5-8)

where
Epc = DC output voltage of rectifier, V
Ewme = rms voltage input to rectifier, V,

5.4.1.5 Voltage Regulators

Voltage regulators take several different forms. Tap-
changing transformers are used in conjunction with larger
transformer banks. {n motor-generator sets, silicon-
controlled rectifiers (SCR) are used to control output
voliage. Other methods of control include saturable reac-
tors and ferroresonant transformers.

5-4.2 INDUCED ENVIRONMENT
Motor-generaior sets have rotating parts; transformers
have no moving parts. Motor-generator sets will raise the
ambicnt temperature more than a transformer of equal
capability. The losses in the motor and the gencrator arc
much higher than in a transformer because of frictional
losses and windage, in addition to the iron and copper

losses. '
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The noise of a motor-gencrator set, although much less
than un engine-driven-generator set. is much greater than
the magnetostriction noise produced by a transformer.

Capacitor banks create virtually no heat or noise. Dur-
ing normal operation. their prcxencc has very lintle effect
on the environment.

Mercury arc rectifiers produce noise and ultraviolet
light from the arc discharge, whereas dry-type reciifiers
generally have no environmental effects other than heat-

ing.

5-4.3 HAZARDS

Power conditioners have hazards associated with their
operation in addition to the high-voltage hazard that they
share with distribution transformers.

Since motor-generators have rotating parts, the cou-
plings between motor and generator. if exposed. are espe-
cially hazardous o personnel. The sparking of the com-
mutator and collector-ring brushes can provide a source
of ignition of combustible vapors from lubricants or other
volatile materinls. Motors must be protected against a
low supply voltage that might cause the moz1or o siall,
overheat, and couse a fire.

Capacitors have o fairly high failure rate compared to
the expected life of a transformer. A failure may result in
tank damage or an oil spill. Banks must be protected by a
fuse or cutcut that will blow in case of [ailure. Capacitors
have the additional hazard of retaining o charge after they
have been disconnected and momentarily shorted. The
shorting device must be left in place for o considerable
length of time during any associnted maintenance work.

5-4.4 DESIGN CONSIDERATIONS

Motor-generator sets have the hazord of the rotating
coupling between the units. Consegquently, they should be
installed so that no rotating parts are exposed. Means
must be provided to prevent start-up of a set when main-
tenance personnel are working on the unit—e.g., brush
replacement, coupling inspection, or maintenance.

In the design of an automatic tap-changing voltage-

regulator installation, the sensing device must have a
ther mnnnnndn of the error nrrm;l-

ted before the tap-changing acuon is initinted, lhnn the
magnitude of adjustment steps; otherwise, “hunting”
action will result.

Solid-state regulntors provide accurate regulation of
voltage by varying the [raction of time that the input
waveform is passed 10 the output using SCRs to perform
the switching. The sensitive control system required for
precise regulation necessarily includes high-gain compo-
nents that are potentially unstable. These regulators must
include filters to prevent line transients from affecting the
switching oi the SCRs and to prevent interference gener-
ated by the switching from reaching sensitive electronic
apparatus.

Tap-changing transformers consist of a transformer
with a tapped primary, a tapped secondary, or tapped
primary and secondary. An internal switch facilitates the
changing of taps. Tap changing can be designed 1o change
a1 no-load or 1o change whilg carrying load. In the first

loreer deadbhand. e
larger geadbang, e,

© e e — - =
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case, the tap changer must be removed from service, and
the tap connections arc made manually. In the second
case, the wop changing is accomplished by internal
switches that must be able to carry full-load current.

In lond tap-changing transformers, two taps are bridged
during 1ap changing. In Europe the 1two tnpping switches
are bridged with a resistor. Tap changing must be very
rapid to avoid overheating the resistor. Failure of one of
the switches could burn open the resistor. vaporize the oil.

and possibly cause an cxplosion and fire. [n the United
Starec

Siaies. a

two equal windings—is used to bridge the two coniacts
during tap changing. This method is more expensive bm
safer. The reactor is designed to saturaie when a voltage
slightly higher than the voltege between the 1aps is
impressed on it, This limits the surge voltage induced
during wp changing to very little more than the tap-to-tap
voliage (on the order of 2.56¢). The tap changer requires
two switch contacts and a bridging reactor, which operate
in the sequence shown in Fig. 5-12 to switch between taps
safely without introducing transients on che line. An air
gapis introduced in the iron core of the reactor to further
limi1 the peak voliage of the surge introduced when taps
are changed.

All tap-changing trnnsformcrs must be installed with'
adequate clearance to insure the safety of personnel
involved in their routine activities. All companments of
the control mechanism must remain closed when the
changer is in-service except for inspection pornts for use by
trained personnel. The tap changer contains oil and
incorporates swuchmg devices and must be segregnted
nnccihim

Ui
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explosion ot fire (Ref. 2, Section 172 and Section 180 B1).

Capacitors must discharge 1o 30 V or [ess within 2 s per
Ref. 18. If filters are used. automatic capacitor discharge
deviees such as blecder resistors should be used.

5-4.5 COMPATIBILITY AND
INTEROPERABILITY

5-4.5.1 Transformer

Transformer banks can be built {rom single-phase
transformers connected in wye-wye, wye-delta, or delta-
delia configurations. The bank has a primary and a
secondary winding and can also include o wertiary. If a
three-phase bank, or connection of three single-phase
transformers, is to be used as a replacement in a sysiem
where another transformer is opernting in paraliel, the
replacement must agree in every detail—k VA rating; pni-
mary, secondary, and tertiary voltages: winding voltage:
transformer connection: tap changer seuings and phase-
shlfung taps. If the wransformer is not opcmung in pnml
icl. it must have the same kV A rating, voltage ratings, and
1ap connections as the transformer being replaced.

5-4.5.2 Motor-Generators

Motor-generator sets have ratings of both the motor
and the generator. These ratings include the motor (hp or
kVA); DC, single-, or three-phase; voliage; speed; maxi-
mum line current; qnd power factor (AC motors only).

m e g — -



Downloaded from http://www.everyspec.com

o T —
€ 2 F —
=, P g— =\ 3

= £

) — :

1™

= c

(A} Step One

o—lj——

ME
% —g—

{C) Step Three

e
-

{F) Step Six

(G) Step Seven

Figure 5-12. The Seven Steps Required to
Transfer From Between Taps on a
Transformer

Generators are rated DC, AC single- or three-phase, AC
frequency, kVA., voltage, and curreat.

A replacement set must duplicate the intended purpose
of the set—i.e.. AC10 DC. ACto AC, DC10 DC, or DC
to AC. The motor input voltage must be the same. The
motor speed, single- or three-phase (if AC), and the rating
must be at least equal to the rating of the original set. The
generator output must be at the same voltage level. (re-
quency, and single- or three-phase if AC, (A DC genera-
tor has a zero frequency.)
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5-4.5.3 Capacitor Banks
Capacitor banks are rated as to kV and kVAR.
Replacements should duplicate the original installation.

5-4.5.4 Rectifiers

Rectifiers are rated as to kVA, AC voltage input,
single- or three-phase, and DC output voliage. Replace-
ments shouid duplicate the original installation.

5-4.5.5 Voltage Regulators

Voltage regulators may include 1ap changers or SCR
devices. The ratings include input voltage and percent
regulation. Tap changers must carry the load current.
SCR regulators control some auxiliary device that regu-
lates the output Vi \oltagc ¢.E.. the DC-cxcitcr\olmgc ofan
AC generntor. The rating of the SCR can be smaii com-
pared to the capability of the device it is controlling.

The output waveform of voliage regulators must be
compatible with the load. Certain SCR vollage regulators

and ferroresonant regulators may genecrate excessive
harmonics, which mnvdnmnm- or interfere with suscenti-

LEEL R J maliilns Y L

ble loads.

.5-4.6 TEST CRITERIA FOR DESIGN AND

ITEM ACCEPTANCE

p———. PR R PRy Y

Lomplclc sp:tll ICIIHD"! or HLLCPIHHLC iCala Ul l.llC var-
ious pieces of equipment are detailed in various ANSI,
[EEE. NEMA, and UL publications. The tests are too
voluminous to reproduce here: however, equipment fea-
tures that should be tested to assure safe operation are

1. Insulation must withstand rated low-frequency
and surge test voliages without flashover or puncture.

2. The device must carry fully rated current without
exceeding the permitted temperature rise above the
ambient temperature.

3. The voliage regulation, i.e., amount of voltage
drop at the terminals when the device (generator) is carry-
ing full load. must not exceed the allowabie percentage.

4, Capacitor banks must deliver the rated kVAR
when energized at the rated voltage.

5. The deadband of automatic tap changers should

reater than the step size of the 1aps event exces-

tap changing during operation.

6. The feedback within an SCR controllershould be
negative and have a ramp rate that will not produce
instability.

ha
v

T !!\ nre

o
& o prc
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5-4.7 OPERATIONAL PRECAUTIONS
Operations that should be given in documentation of
the system for various power conditions will necessarily
depend on the principle of operation of the power condi-
tioner since the hazards to be avoided will vary between
types. For all Lypes clear specificalions—including proce-
dures for checking phase balance and rotation if required
for motor-driven conditioners and any external circuit
protection that should be provided for the equipment—
should be provided for connection to the power sysiem.
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For rotating componenis thet contain brushes, cau-
tions should be specified for the installation of the unitin
flammable or explosive aimospheres. if shielding of rotat-
ing components is not provided by the physical design (as
it should be), the specification of enclosures or guards
should be given. Procedures for chiecking alignment and
baiance of rotational equipment should be described for
equipment using separate motors and generators since
out-of-alignment operation can lead 1o excessive vibra-
tion or premature bearing (ailure. Cleaning procedures
should be described betause machinery must be kept
clean to permit proper cooling; however, equipment may
be damaged if improper cleaning agents are uscd. Watcr-
bascd cleaners may create undesired conductive poths,
and oil-based products may deteriorate cenain insula-

tions. Acceptable cleaning ogents should be specified.

Power conditioners using solid-state components—
c.g., scrniconductor devices, ferroresonant transformers.,
and filter components—should be mounted in locatiens
where heat may be dissipated through convective cooling.
These installation considerations should be specified in
the instructions provided for the unit. If necessary, warn-
ings should be given against mounting the unit near
sources of heat. in locations where precipitation on the
equipment is possibie, or in sunlight.

For equipment using capacitors that may remain
charged wfter equipment is disconnected, operationai
instructions should specify procedures for the safe dis-
charge of capacitors.

5-5 UNINTERRUPTIBLE POWER
SUPPLIES

5-5.1 INTRODUCTION

Uninterrupiible power supplics (UPS) are used where
power interruptions cannot be tolernted. Possible appli-
cations include computer applications, hospital operating
room lighting, hailways, and exit lights associated with
auditoriums or places of assembly. Only battery-operated
installations will be discussed in this paragraph. although
other uninterruptible supplics are available—such as the
motor-generator that uses the rotational inertia of the
armature 1o supply energy for the period between the loss
of the primary power and the time when a standby engine-
driven-generator set can be brought on-line.

5-3.2 INDUCED ENVIRONMENT

Lead-acid batteries introduce sulphuric acid liquid and
fumes into the environment. Charging the batteries pro-
duces hydrogen and oxygen gases. The exhaust from the
necessary ventilation of the battery storage space can
contaminate adjacent equipment space with the corrosive
sulfuric acid vapor.

5-5.3 HAZARDS

During charging of lead-acid baiteries. hydrogen and
oxygen gases are generated. If ventilation is inadequate,
the atmospherc of the confined space can reach an expio-
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sive mixwre. No smoking in battery rooms should be
permitied because of the possibility of an explosion.

Adding distilled water 10 batteries and testing the spe-
cific gravity of the clectrolyte exposes personnel to the
extremely corrosive action of the liquid and fumes. Provi-
sion for neutralizing the acid on skin or in eyes must be
instanily available—even complete shower equipment
should be provided for serious accident cases.

During accidental shor circuiting of batteries. extreme
bubbling can occur, which will throw acid droplets into
the atmosphere. The action during a short circuit can be
sufficiently violent 1o rupture the battery cases. Lithium
chemistry batteries require special design, use, and han-
dling considerations.

Failure of an uninterruptible power supply may lead to
an unanticinated toss of power 10 cﬂummem whose fail-

st wEEmIIRIL Il 022 B8 b LT A LEE =L 228 24222

ure could result in injury, loss, or, in severe cases, death.

Critical loads powered by uninterruptible power supplics
include hospital life-support systems and large computer
systems.

5-5.4 DESIGN CONSIDERATIONS

The requirement for speed of response generally estab-
lishes whether wransfer switches may be used in a configu-
ration like that depicted in Fig. 3-6(A)—except with o
response inverter replacing the engine-driven-generator
set—or whether the power must be supplicd continuousiy
from the same source as shown in Fig. 3-6(B). The latter
case is necessary if severc phase discontinuities cannor be
tolerated (motor loads) and if even transient power out-
ages cannoi be tolerated. If power outages of short dura-
tion (lasting for few line frequency cycles) cannot be
tolerated, switches can be used to transfer the load from
the normal source to a quick-starting source, such as a
solid-state inverter. Where continuous operation is re-
quired, cither a continuously running inverter mus: be
used. or an AC motor, a DC motor, and a generator
having a common armature shaft must be used. Aslongas
power is available, the generator is turned by the AC
motor. Upon interruption, the rotation of the generatoris
maintained by the DC motor powered by batteries, which
were charged by the line when it was operational.

When an interruption in service of the main source
occurs and the UPS is activated, the transfer must be
designed so that there can be no conflict between the two
sources. For lighting circuits the safest approach is 1o use
two scts of lighting—one set operated by the line and a

separate set of lower capacity, battery-powered lights that

are energized upon loss of power. {f transfer switches are
used, attention must be given to the timing of the
transfers. Considerations for switching motor loads arc
given in par, 3-3.2.1,

Relaving and system protection must be carefully stud-
ied. The use of a UPS should not be attempted to keep
alive a portion of a system that has been deenergized due
to a phase-to-ground fauli. Further damage could be
done 1o the system and the UPS cquipmcm by closing in
on a short circuit. Also the UPS cqu1pmcm usunlly must

be grounacu ll the UPS grounu COIIHCCIIO“ introduces

5-20 — e am
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an alternative path for neutral currenis, the ground fault
protective devices of the system may not function. [nter-
connection of UPS with existing power distribution
requires carcful evaluation of the grounding scheme for
safety and ndherence to local codes. (See par. 3-3.4.3.4.)

555 COMPATIBILITY AND
INTEROPERABILITY

The characteristics—1ype, class, catcgory, and level—
of a UPS are defined in par. 1-3.1.2.3. For compaiibility,
i.e.. the ability to replace another system, the replacement
sysiems must have

1. Atypeindicating the same or a longer operntional
period
2. A class indicating the same or a (aster response

time .
). The same category
4. The same [evel of relinbility.
Also the waveform quality of the UPS must beequal to or
better than the one it is to replace, c.g., systems with an
ouipui waveform thai only approximaies a sine wave—
stepped or square wave waveform. UPS systems with o
stepped or square wave waveform are not gencrally com-
patible replacements for sine wave output UPS sysiems.

Interoperability is not usually a critical issue with UPS
systems since they typically do not operate in parallel;
rather, they drive loads individually.

55.6 TEST CRITERIA FOR DESIGN AND
ITEM ACCEPTANCE

Batteries used for emergency lighting should have a
guaranteed discharge rate and ampere-hour rating suffi-
cient to handle the expecied load for the length of time
required to restore the normal supply or the time required
to place in service generators used for backup in an
CIMErgency.

Baucry-driven motor-gencrator sets used to supply
crucial AC-operated equipment should have a generator
voliage with a kV A reting sufficient to supply the load lor
the expected lengths of time. The motor must hove a
voltage rating compatible with the batieries and a power
rating sufficient 1o drive the generator. The avtomatic
start-up equipment should be matched to the motor, The
start-up of the set should be tested, but the ratings of the
motor and generator will be 1aken as being correct. The
batteries must have the voltage and ampere-hour rating
required. Testing the batteries is hardly practical,

To be worthwhile, the UPS should have a reliability of
an erder of magnitude greater than the normal source of
suppiy.

Testing of the UPS is donc through the testing of
individuni components prior to installation and by man-
ually interrupting the primary service after the sysiem is
installed.

5-5.7 OPERATIONAL PRECAUTIONS
Battery rooms are 1o be accessible only to qualified
personnel. Rooms containing lead-acid batteries must be
well ventilated to reduce the exposure of personne! to the
corrosive fumes of the battery. The ventilation sysiem
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must not exhaust in a direction that will have a deleterious
effect on other equipment in the total installation. During
charging of the batteries, hvdrogen is emitted. Ventilation
must be adequnte to prevent o combustible mixture of
hydrogen in the atmosphere in the battery room. Smok-
ing is prohibited in these rooms.

Batteries should be mounted in metal racks or frames
anchored to the floor. However. anchoring 10 both the
floor and walls is not recommended. Adequate spacing
should be provided for inspection and for maintenance
and testing, and there should be adequate headroom for
lifting equipment to remove and replace battery cells.

Safery equipment should include

1. Goggles or [ace shiclds

2. Acid-resistant gloves

3, Protective aprons and overshoes

4, Pornable or stationary water supply for rinsing
skin and eyes

5. Neutralizing agent.

5-6 SWITCHGEAR
5-6.1 INTRODUCTION

Switchgear equipment is used to connect or disconnect
energy sources or loads in distribution networks in case of
trouble or for maintenance, repair, or control. Certain
switchgear operntes automatically when a short circuit
occurs in the sytem: circuit breakers are actuated by relays
or by a fuse that blows when a certain current volue is
exceeded. Other switching devices (disconnects) are oper-
ated manually and are incapable of interrupting current.
Switchgear is discussed in great detail in Chapter 6.

5-6.2 INDUCED ENVIRONMENT
In eddition to the presence of high voltage on the
bushings of oil circuit breakers, switchgear introduces oil
into the environment and introduces the associated
hazards of oil spills and fire. Arcing in open-air, low-
voltage (600 V) switchgear operated under load or fault
conditions may generate intense heat and light that could
nffect nearby personnel and equipment. Cenain fuses and
cutouts biow with explosive force. The area around high-
voltage switches is extremely hazardous because of the
intense heat, molten metal, intense light, and loud noise
associated with the arc. Every precaution should be taken
to make the area inaccessible to unauthorized personnel,
and authorized personnel must take every precaution
possible in performing any 1ype of work in these areas.
5-6.3 HAZARDS -
The hazards associated with switchgear used with dis-

tribution systems include

1. Electric shock from current-carrying parts that
were thought to be dead bui are alive through back feed or
through siatic or electromagnetic induction

2. Mechanical shock resulting from a breaker open-
ing under stress (short-circuit clearing)

3, Air breakers opening with an arc in open air

4, Rupture of the tank of an oil circuit breaker with
the possibility of an oil fire
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5. Operating errorin manually opening adisconnect
that is cnrrying a load with the sustained arc spreading to
other equipment

6. Improper procedure in rcplnmng a fuse that has
blown on a permanent {nult operator in the line of the
bias:.

5-6.4 DESIGN CONSIDERATIONS

Air breakers (600 V) that break the arc in air must be
located high enough on the vertical panclboard to pose no
hazard 1o persoanel by the are resulting from a switch
opening. No other equipment should be mounted on the
board above the breaker because of the possibility of arc

. damage.

Oil breakers in epen yards must be located far cnough
from the fence 1o prevent contact with the high-voitage
bushing by n wire or other material poked through the
fence by unauthorized persons, This will also guarantec
sufficient clearance for maintenance and operating per-
sonne! 10 perform their duties safely. The space horizon-
tally between the breaker and other equipment shall be
not less than 3 m (10 f1) in open yards or 7.6 m (25 f)) in a
confined space. (Sec Ref. 2. Code 172 and 180 Bl.)

Enclosed switch rooms must have at least two exits.

5-6.5 COMPATIBILITY AND
INTEROPERABILITY

Specified characteristics include capacity (k VA rating).
mlcrruptmg time (cycles), and BIL {volts), Aa evaluation
of the maximum kVA (o be interrupted and the surge
voltage level encountered in 8 particular system provides
an adequate basis for defining the switch characteristics.
Replacements should be made only with equipment that
has cqunl or greater ratings. Disconnects have a current-
carrying copability and a BIL rating; they are aot
designed to break {oad curreat or fault current and must
be replnccd by equipment with an equal or higher
capacity.

Since the blowing times of fuses are coordinated in an
installation. replacements must be made with the identi-
cal fuses that were installed in the original design. Also
time-current curves of fuses must be duplicated.

5-6.6 TEST CRITERIA FOR DESIGN AND
ITEM ACCEPTANCE

A thorough fault s:udy ofn nemork must be made in
which ihie toial {auli ai cach junciion point is obtained for
three-phase and single-phase faults. The flow in the lines
connected to the fault focation must be determined: how-
ever, a radial system does not need this detail because
there is no flow in lines beyond the fault location. These
data must be used in coordinating the sclection of fuses
and switches.

Manufacturers’datn must be accepted for time-current
curves of fuses because 1esting is impractical,

Each type of breaker should be tested for its interrup-
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tion ability at rated kVA and kV. The equipment should
slso be subjcctcd to a standard impulse test of the rating
of the equipment.
Disconneets should be tested at rated current to verify
that they do not overhear when carrying full load.
Further test details are given in Chapter 6.

5-6.7 OPERATIONAL PRECAUTIONS

Routine inspection of air circuit breakers that are in-
service must be done with the knowledge that the breaker
may be called upon 1o operate a1 anytime. The arcin open
air that takes place on opening is a real hazard, and
extreme caution must be used to avoid burns and cyc
damage. Maintenance on this switchgear must be under-
taken only with the switch out of service, i.e., isolated by
disconnects and grounded. No flammabte material should
be left in close proximity to the arc contacts.

Disconncets that are not interlocked with the breaker
to which they are connccied—to prevent opening {oad
current—-must have ample signs to warn against operat-
ing the disconnect unless the breaker is open.

Work on ol circuit breakers must not be done unless
their disconnects are open. The initial step is that a
ground connection of ample ampacity must be connected
first 1o ground and then to the breaker. An external

jumper must then be connected between the twe high-side

bushings of the break. At completion of the u-ork the
safety precautions are removed in reverse order—first the
jumper, then the ground from the breaker, and finaily the
ground from the ground. The breaker must be opened
before the disconnecis are closed, and finally, the breaker
is closed.

Similar procedures are required with metal-clad break-
ers. First, open the breaker, unrack it (This is equivalent
to opening the disconnecis.), nnd ground the breaker.
Restoration of scrvice requires verification that the
ground has been removed and that the breaker is open
before the switch is rocked into position. Interlocks
should be incorporuted to prevent inadvertent insertion
of high-voltage switchgear while the switch is closed.
Finatly, the brenker is closed.

Dunng actual operation of the open switch, especially
opcmng of switches, the operator should exercise extreme
caution in the event that the current being switched is
greater than expected. For disconnects unloaded switches
should be opened by using an “inching " technique, where-
by the switches are opened slowly. If a farge ore resuits
bccnusc of the presence of load current, then the switch s
reclosed immediately until the load can be removed. Note
that this technique is not1 applicable to load-breaking
switches because of the resulting arc. Appropriate protec-
tive clothing should be worn, including rubber gloves,
protective head covering, cye protection, and a coat to
protect individuals from the hozards associated with arc-
ing. The operation of switchgear is discussed more thor-
oughly in par, 6-7.

—— - - —
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: CHAPTER 6

SWITCHING SYSTEMS

In all elecirical distribution systems, swiiching svstems are necessary for the removal of power to allow
system maintenance on load control. Several general safety considerations associated with switching gear are
discussed in this chapter. First, switchgear componenis are described briefly. and the ratings that determine
their suitability for specific applications are identified. Environmenial effects of operating switchgear are
discussed to include arcing and mechanical shock; the safety hazards associared with these effects are
identified. Safery considerations for switchgear design are discussed. especially swiich access and arc extinc-
tion and suppression. Compatibility and interoperability of switchgear are discussed. as well as tesis thai are
typically performed on switchgear. Finally, safeiy considerations in installing, mainiaining, and operating

switchgear are discussed.

6-0 LIST OF SYMBOLS .

¢ = 2.71828. base of natural logarithm, dimensionless
{ = instantaneous current, A

faer = maximum (ault current, A
L = inductance of line and fault, H
{ =time, s
R = resistance of the combination of the line and fault.
{1

¥ = voliage between line and ground. V

Veer = maximum faplt voltage, V
12] =/ R* +(wl)’, magnitude of the Thevenin imped-
ance between source and fault, 1}

a= phasc angle of line at time of fault. rad
8 = Tan” (mLI R), rad
o = radian frequency of line. rad/s

6-1 INTRODUCTION

Stated generally, the term switchgear refers 10 “switch-
ing and interrupting devices and their combination with
associated conirol, instrumeniation. metering, protective
and regulating devices™ (Ref. 1). Switching equipment
used in clectrical distribution neiworks takes several dif-
ferent forms, Fused cutouts use fuses to interrupt current
sutomatically when the current values reach predeter-
mined levels. Circuit breakers interrupt the curreat by
mechanically separating current-carrying coniacts—
cither in response toa detected overload conditionorasa

rre .
result of monunl activation. Manuslly cemm!!cd switch-

ing is effected by the use of disconnects in circuits not
carrying full-load curreni and by cutouts in circuits carry-
ing full-load current. Cutouts interrupt current flow
cither by fuse action or by mechanical separation of
contacts.

61

APPLICATION OF SWITCHING
SYSTEMS
Switchgear is used for various purposes including

1. Reconfiguration of power distribution systems to
provide power to loads from an alternatc source or
through an alternate route

2. Control of lh: current ﬂow to o load

3. lsolation of sections in a distrbution sysiem for
maintenance and repair

4. Interruption of current flow during a fault condi-
tion.

6-1.2 SWITCHING COMPONENTS

Normaily, switchgear consists ol components that can
alternately interrupt and reconnect circuits through the
mechanical movement of electrical contacts, although
fuses are often incorporated inte the unit to provide the
capability for interrupting (ull-load current. Most com-
monly encountered switchgear components are cutouts.
disconnects, and circuit breakers. Each is discussed.

Cutouts are disconnecting switches that are opened or
closed manually by operating personnel by means of insu-
lated poles, Usually, a fuse is part of the switch blade to
pravide overcurrent protection for the line. The fuse
blows if there is o short circuit “downstream™ of the
cutout. The cutout can be used 1o sectionalize the distri-
bution system and is to withstand manual operation when

carrying loads up to its rated current value.
Dicsconneet switches are manually onerated switches

B i ARii i s T AL LLAMEAL LS LS J AR L] LLLSH] L

that are capable of carrying rated current but are incapa-
blc of interrupting load or fault currents. A highly induc-
tive or capacitive circuit with no resistive load cannot be
interrupted by a disconnect because of the phase dilfer-
ence between the voltage and current wave. The arc is

6-1.1

- . ———— s - v —— e —— ——



Downloaded from http://www.everyspec.com

MIL-HDBK-765(MI)
extinguished when the current falls to zero. but the volt- =V
nge is maximum and restrike oceurs. Disconnects are I_Z—
used 10 isolate line seciions and circuit breakers (after |
being opened) for maintenance or repair. : Lo — Oy — oRL —

Circuit bregkers zre swirching devices that are opernted X [sin(wr + o — ) —e sin (e = 0)]. A
cither manually or 2automatically as'a result of fault detec- (6-1)
tion devices, relays. or tripping mechanisms in the
breaker. They must be capable of interrupting any load ,
uptothe mtiﬁg of the breaker, In certain instailations the “h": = 2.71828. base of natural logarithm. dimensionless
breakers arc not capable of interrupting the maximum ¥ = volta l:‘bclwccn line nndgn ound. V
fault current that could occur il a short circuit occurred. ' = time gs gr :

In these cases the breaker is installed in series with, and is 2 = Tan-"twi ! R). rad
protected by, a fuse that is capable of interrupting the 12) = R'-i-(m'l.)" magnitude of Thevenin imped-
fault current. e [

Circuit breakers are of several different designs. These [ = :‘::Eﬂ;c::c ::_":i'::::;c;n:ﬁ{o;gh fault. O
designs include low-voitage breakers that break thearcin R — resistance of the combination of the li 4
the open air, c.g.. pole-top mountings and the highest = ll:mlt ﬂ“ oi the combination of the linc an
position on & vertical switchboard. Metal-clad switches _ “hu : e of I . { fault. rad
are modular, enclosed switches that can be removed from @ = phasc angle of iinc at time 0f fault.

w = radian frequency of line. rad/s.

the panel. Metal<clad switchgear includes self-aligning
connector contacts. which connect the switch to the line
when the switch module is inscried in the panel, Inter-
locks prevent withdrawing or restoring the switch while it
is closed. Automatic shutters prevent exposure of the
primary circuits when the removable element is in the
disconnect, test, or remaved pasition. The interrupting
device has o metal front pane! so that only grounded
conductors may be touched by personnel. A metnl-
enclosed breaker differs from metal<clad switchgear in
that access 1o the interior is possible by removing panels
or doors.

The extinction of the arc that results when a breaker is
under load is nchieved in severnl different ways. The
contacts in an oil circuit breaker are submerged in oil,
which coals and quenches the arc column. so that o much
higher voliage can be interrupted for the same coniact
separation in air.

Air blast or magnetic blowout components in the gir-
cuit breaker force the arc, that forms when the contacts
scparate, into an arc chute. The chute clongates, breaks
up. cools, and deionizes the arc path,

In vacuum breakers, the number of air molecules avail-
able for ionization is 50 extremely small that an arc does
not develop even if the contact separation is small.

Circuit breakers operate as required by relay action or
manual intervention. They are capabie of interrupting
full-load current and may be required to interrupt short-
circuit current. If 8 breaker isincapable of breaking short-
circuit current, it must be connected in series with o fuse
that can interrupt the short-circuit current.

The maximum current to be interrupted must consider
the DC component of the fault current produced because
the short circuit can occur o1 3 point in the voliage wave
that is not zero. A DC component of current results and
causes the AC current wave to be offset and the magni-
tude of the current to be interrupted to be nearly twice the
steady state AC current obuained by dividing the voltage
of the system by the equivalent impedance beiween the
point of the fnult and the source voltage (generator). The
instantaneous current /is given by

6-2

The resulting curreni described by Eq. 6-1 is a combina-
tion of a sinusoid predicted by the first term within the
brackets and a decaying exponential predicted by the
second term. The current waveform is shown in Fig. 6-1.
The peak current is determined by several factors includ-
ing the line vollage, the magnitude and phase angie of the
impedance of the line/fault combination, and the line
voltage phase angle at the instant the fault occurs, If the
phase angle a of the voltage at the time of the occurrence
ofthe faultis that o = 8= /2, the current magnitude to
be interrupted is the maximum and may be approximated
by

Inas &= _255:_' A (6-2)
¥4
‘where
Vs = maximum foult voliage, V
Iwex = maximum foult current, I.

Maximum Current

Current

U UU —

Completely Offset Current Wave

Figure 6-1.
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6-1.3 RATINGS OF SWITCHING
COMPONENTS
The parameters used in rating switching equipmentare

I. Rated Maximum Qperoting Voliage. The rms
voltage for which the equipment was designed

2. Roted Frequency. The frequency of the voltage
for which the frequency was designed—60 Hz in the US

3. Rated Insulation Level. Specified as cither a |-
min withstand voliage or an impulse~-withsiand voltage.
The |-min withstand voliage is the maximum AC voliage
at the appropriate line frequency that can be applied to
the switchgear for ! min without breakdown. The impulsc-
withstand voltage is the maximum pulse voltage that can
be applied without breakdown. A sinndard puise shape is
used. i.¢., onc in which the voltage rises to its peak in 1.5
ps and fails to 5055 of that level in 50 us.

4. Continuous Current Rating. The rms current that
the switchgear can carry continuously without exceeding
the tempernture allowed by the most limiting insulating
materinl

5. Rated Momentary Currens. The maximum rms
totn} current that can be carried without electrical,
mechanical, or thermai damage or permanent deforma-
tion of any parnts. The maximum current includes the DC
transient componem as discussed in par. 6-1.2.

6. Maximum Curreni-Interrupting Capability. The
maximum load current that the switch can interrupt
without significant damage for a specified number of
switch cycles.

6-2 INDUCED ENVIRONMENT

6-2.1 ARCING

When the contacts of a breaker begin 1o separute dur-
ing an opening aperntion, a voltage appears betweea the
coatacts. The voliage gradient. due to the increase in the
original infinitesimal distance between coniacts, is ex-
tremely high. This high-voliage gradient ionizes the
dicjectric—air, oil, et¢c.—that surrounds the contacts and
thereby creates a conducting path. The current that flows
across this path elevates the tempernture to such an
extreme that intense light and heat are radiated. The
resultant hot, gnseous conducting path is called an electric
arc, Anelectric are can form on other parts of an electrical
distribution system when the effective dieleciric length of
insulation between energized parts is reduced sufficiently,
Some examples of circumstances in which arcing can be
initiated are

I. Wet materinl blowing across open. uninsulated
conductors will reduce the effective electrical sepamtion
between conductors, The voltage gradient across the
reduced air gap can reach the ionization threshold and
cause arcing across conductors.

2. Kite strings falling ncross uninsulated conductors
can cause arcing between overhead lines.

3. Syuirrels or birds bridging part of a porcclain
insulator cause the air across the unbridged part to be
stressed beyond the ionization point, and arcing occurs
across the entire insulator.

4. A rransient voltage on a distribution network
resulting from a nearby lightning stroke —cloud-to-cloud

+
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or cloud-to-ground—can be higher than the impulse rat-
ing of insulators, Voltages of over 500,000 V on 4000-V
distribution sysiems have been reporied {Ref. 2). A siatic
spark over the insulator will establish an ionized path that
can lead to o high-current arc through the same path.

6-2.2 PRESENCE OF HIGH YOLTAGE
{Ref. 3)

Like other linc-powered clectrical apparatus, swiich-
gear has high voltages on line conductors. including
switch contacts, The high valtage ean produce an clectri-
cal shock hazard when insulation and conductor guard-
ing are insufficient. Also malfunction of the insulation
may cause exposure of grounded conductors, which, in
the event of a line-to-ground fault, can tead to hazardous

. step- or touch-potentials,

6-3

6-2.3 MECHANICAL SHOCK

Mechanical forces can be produced by two different
mechanisms in electrical switching systems: (1) mechani-
cal shock from the opening of contacts and {2) siresses
induced by high current surges. The mechanical features
of switchgear contact assemblies must be sufficiently
strong to withstand large currents; therefore. their mass is
significant. To extinguish the arc effectively, the switch
action must occur very rapidly. This action requires very
rapid accelerntion and/ or deceleration of switch compo-
nents and can transmit shock or vibration 1o attached
structures, The breakers, therefore, must be isolated to
prevent undesirable transmission of the breaker motion
to adjacent equipment. If transmitted, the undesired
vibration could couse inadvertent closing of relay con-
wacts, shorting of flexible conductors, or physical damage
to delicate mechanisms.

The extremely heavy short-circuit currents in bus bars
and cables induce magnetic fields. which, in turn, may
excrt large forces on magnetic materials or other curcent-
carrying conductors. The bus bar support insulator must
have mechanical strength sufficient 1o withsiand the lai-
eral thrust resulting from a short circuir.

6-3 HAZARDS (Ref. 4)

6-3.1 ELECTRICAL SHOCK FROM
EXPOSED CONDUCTORS AND
CONTACTS

The presence of high voltage on elecirical apparatus
poses an efectrical shock hazard to personnel in the vicin-
ily, especinily when the apparatus must be accessible for
scrvice or repair. Energized switchgear creates a special
hazard for two reasons: (1) the switchgear must be accessi-
ble for operation and (2) the presence of a switch ina line
adds some uncertainty about the presence of high voliage
on a given conductor. This uncertainty can lead to acci-
dents when a conductor, erroncously believed to be not
energized. is touched. Exposed switchgear sometimes
found on obsolete live front panclboards is especially
hazardous because of the presence of high voltage on
cxposed knife switch components at working height. Also
maintenance operations on the switches can present
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haznrds because it may be difficult or impractical 10
remove power from the “hot” side of the switch: or. if the
switch is removable, energized contacis may be exposed
when the switch is removed. The hazard of electrical
shock nssocinted with switchgear is increased by im-
proper installation (madcqumc guarding and for improp-
erly grounded protective enclesures). moisture, which
induces elecirical leakage paths across insulntors: and
improperly labeled switch-operating levers, handles, eic.
IGNITION OF FLAMMABLE
MATERIAL

The arcs produced when switchgear interrupts line cur-
rents are a source of heat that can lead to the combustion
of lammable materials. Even small arcs in switches asso-
ciated with iow-power apparatus can ignite fuei vapors or
other combustible gases that could cause o large explo-
sion or ignition of other, less Nammable, materials, The
often unanticipated large arcs—resultant from the opera-

tion of a switch onto a circuit containing a fault—may
nroduce heat cufficient to melt metal outside the imme-
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dmtc region of the switch contacts and to ignite materials
thought to be located a safe distance away. Arcs from
switchgear can ignite oil that has leaked from trans-
formers or oil circuit breakers.

6-3.3 ARCING TO ADJACENT CIRCUIT

Open-air switches frequently extinguish an are simply
by tengthening it. If wind currents or magnetic forces
cause the arc 1o pass near other conductors, ¢.g., the
other phases of a polyphase system, the arc may attach
to those circuits and sustain itsell for a considernbie
period. A sustained arc may be initiated in this manner
even though the conductors are separated by a distance
that is normally sufficient 1o prevent breakdown.

The arcing hazard is increased in a polyphnsc system
when ares initiated by switch setion in severnl phases
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mix and cause a “poly phns: arc”™. In a polyphase arc the
current does not decrease 10 zero every half eycle as it
does with single-phase arcs or with arcs between phases.
Thus the arc is continuously sustained under conditions
that would otherwise extinguish it between cycles. The
additional energy of an arc of longer durntion causes
greater damage, especially if the arc encounters condue-
tors that arc not designed to resist damage dut to
arcing.

If an arc occurs between 2 _power conductor and a
ncarby s:gﬁ:‘u cable. considernble damage o the Eq‘unp-
ment connected to the tow-level cable can result: such
equipment is not designed 1o withstand additional line

voliage.

6-3.4 PHYSICAL DAMAGE FROM ARCING

Disconnects are not provided on switchgear whose
comacts cannot withstand arcing because there is no
means for interrupting an arc that forms if the discon-
nect is opened inadvertently while carrying a load. The
intense heat of the arc would damage the disconnect to
the point that it could not be reciosed and successfully
carry a rated load. Damage could also be produced to

6-3.2
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toad interrupters if the mechanism jams during opening .
and thereby sustains an arc. Resuhiant damage could
include meling of nearby insulation or conductor mate-
rials, deposit of soot or metal vapors on electrical cir-
cuitry, or deposit of molien metal on. or welding of,
mechanical components.

6-3.5 COMPONENT EXPLOSION OR
HEATING FROM FAULT CURRENT

A breaker capable of opening the circuit in the case
of a short circuit would probably suffer irreparable
damage if it were accidentally closed on o line that has
been groundcd with o safety ground strap. Once the
switch is closed, the opening mechanism must be re-
chnrged before it can be reopcncd A delny pcrmus the
high-fault curreni 1o Now for & much longer time than
the rated clearing time of the breaker. The damage
would be extensive, and in the case of oil circuit break-
ers, there is the risk of a ruptured oil tank and subse-
quent fire.

6-3.6 ENERGIZED CONDUCTORS WHEN A
SWITCH IS OPEN -

In conventional single-path circuits. opening a switch
in the circuit normally removes power from all parts of
the circuit controlled by that switch. As a resuli, there is
o natura) expeciation that opening a single switch will
remove all power from o circuit. However, if power to a
circuit is supplied by two or more routes, e.g.. in a loop
configuration, then opening one switch will not deener-
gize the circuit and thereby increases the chance that
maintenance personncl may mistakeniy touch a “five”
circuit.

In a similar manner, if two or more circuits in the
same area are exposed and the switchgear for each is

not appropriately marked and/or not collocated, main-
tenance npr:nnm-'l may |ncnrrzﬂl\' nssume that the area

is clear of clectrical hnmrds afier deencrgmng only one
of the circuits. Unless they are careful to check all
exposed conductors for the presence of voltage, they
may ossume the area is safc 10 work in and thercbhy
expose themselves to a severe hazard.

6-4 DESIGN CONSIDERATIONS

6-4.1 PHYSICAL LAYOUT

In an msmllnnon the location of pha
breakers and all single-phase equipment sl-uu
sistent. Phases should be designated 1.2.3 counting
from front to back, iop to bottom, or left to right as
viewed from the main switching device on the operating
mechanism side, The sequence by which the phases
rezch their peak volue.is | followed by 2 and then 3. All
equipment should be clearly marked as to voliage level
and phase.

During a switch-operating operation, an arc that has
p length longer than the spacing necessary to prevent
arc-over may be produced. Therefore, it is necessary to
provide separation or barriers between phases in poiy-
phase switches to prevent the arc from contaciing a

CI.'.'!
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grounded conductor, another phase conductor. or
another arc. Any of these occurrences could result in o
sustained, damaging arc or a fault. If the swiiches are
separated insufficiently such that arcs between various
phases mix. a polyphase arc—which will be difficult 1o
extinguish--may be generated.

The handles and control mechanisms should have a
uniform position for the open position. and the open or
closed condition of the swiich should be clearly indi-
cated.

Mechanical switchgear controls should be mechani-
cally sound and designed so that excessive play is not
introduced into the mechanism as a result of compo-
nent wear or material deterioration. This feawre is
cspccinllv important with rcmotc]y opcrntcd swilchgcar.
c.g.. polc-iop mounted, or S'\ir'nulgfﬁf mounied in a
protecied aren but operated mechanically from a remote
position with a shaft or tever. Excessive backlash, or
play, in the operating lever or handie could cause an
incorrect indication of the swiich position or could
allow the switch to change position by itself. To mini-
mize this possibility. well-fitting parts and substantial
construction should be used. Knobs or levers on shafis
should have keys or flztted shafts to prevent misalign-
ment between position-indicating knobs or handles and
should be clearly labeled,

6-4.2 ACCESS

Breakers that open in air should be located on pole
tops or high enough on a switchboard that the arc that
forms when the breaker operates would pose no danger
10 operating personnel. Pole-top disconnects or other
switches whose operating handles are nccessible to un-
authorized personnel should be locked in either the
open or closed position. Keys for these locks should be

available only to authorized personnel,
Other breakers should be enclosed in metal enclo-

sures to contain arcs. The metal-enclosed breakers af-
ford the additional safety protection of isolating all
current-carrying parts from possible contact by person-
nel. Only the ends of the bushings leading into the
equipment are unguarded, Dead-front power breakers
have the vninsulated rear connections in an isolated
rear compariment. Panels for metal-enclosed switch-
gear that can be withdrawn should have covers that
prevent possible contact with exposed conductors by
personnel when the switching unit has been removed
for servicing, Breakers should be equipped with inter-
locks to prevent withdrawal or reinsertion of o breaker
that is closed to climinate the possibility the current will
be interrupted by conlacts other than those that are
designed for that function. Some provision should be
made, however, that will allow tmined personnel to
defeat the interlock so they may observe the breaker in
operation if necessary. The ability to override the inter-
lock creates less of o hazard than that created by service
persoanel improvising or modiiying the switchgear to
obtain access during operation.

Breakers could also be provided with a feature to
insure being locked in the open position to provide for
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the safety of personnel during maintenance and repair
of associated circuits.

Cabinets contnining switchgear should enclose the
units completely and should not have openings that
would permit dropped objects to contact cnergized
conductors. 1f openings are required. louvered openings
or grills that are separoted suificienty from live con-
duciors should be used to minimize the likelithood of
conducior contact by metallic objects inserted from the
outside. Switchgear to be installed outdoors. or in loca-
tions where moisture may be present, should be
mounted in weatherproof enclosures except for open
switchgear intended for pole-top mounting.

Interlocks must be provided for metnl-clnd (remov-
able) switchgear 10  prevent the withdrawal of the switch
when the handle is in the closed position. A typical
switchgear componemt has a three-position intertock
system whereby the switch unit may be fully withdrawn
for servicing, partially inserted 10 2 resr position, or
moved 10 the operationa) fully inserted position. In the
withdrawn position the switch is clecirically isolated
from all linc and contrel voliages, and shutiers or bar-
tiers prevent access 1o those voltages. As the switch is
inserted to the intermediate test position, contacts of
the switch are grounded, but control circuitry is ener-
gized so the mechanical operation of the switch may be
observed safely. As the unit is moved toward the fully
inserted position. the interlock system keeps the switch
in the open position. Energized conductors remain
covered. Once the switch is fully inserted, the from
pane! of the switch is fitted against the enclosure and
thus prevents access to the switch. The contacis are
ungrounded and then are connected to the line.

Any interlock configuration may be used provided
the high-voltage conductors remain covered and any
possible arcing occurs at the switch contacts and not at
the socket for the switch plug.
6-43 ARCSUPPRESSION AND

EXTINCTION

Switchgear must be designed to interrupt a specified
current—either full-load current for circuit breakers and
load control switches, or linc<harging currents for dis-
connects. When the switch contacts separate, the current
in the circuit tends to keep Mowing and causes an arc
across the contacts. The arc. once initiated. continues
until the arc channel {n path of ionized gases), is cooled,
clongated, or broken so that the arc does not restrike after
the current falls to zero nt the end of each half cycle. If the
arc is allowed to persist, damage to the switch is likely,
c.g.. contact crosion or charring of insulation. Design
features that ore incorporated to extinguish the arc and
prevent damage from it are

1. Mechanical levernge that causes the contacts to
separate quickly

2. Dual contact systems including primary contacts
that are designed to conduct the full-load current contin-
vously and secondary contacts that are designed to with-
stand and extingwish arcs. The contacts are mechanically
sequenced so that, during switching operations, current is
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diverted from the primary to sccondary contacts, Typi-
cally. cach secondary contact incorporates a rod-shaped
extension. These coniacts are mounted so that the rods
form p “V" with the point of coniact ot the vertex, As the
contacts separate. the arc forms at the vertex and isdriven
outward along the rods by clectromaganetic forces. The
arc is lengthened as it travels until it is extinguished.

3. Anarcchute to contoin the are. Within the chute
the arc isdriven onto the edges of a series of plates, which
segment and cool the arc.

4, Air or inert-gas bursts thnt cool snd disperse the
arc channel.

Arc extinguishing is further described in par. 3-3.9 and
in Refs. 5 and 6.

To reduce problems associated with arcing, switchgear
is sometimes immersed in oil 10 quench the are, However,
this adds the hazard of an oil fire if the circuit breaker
fails.

Some circuit breaker designs include n power resistor
connected in parallel with the main contacts. When the
main contaets open, this resistor allows a limited amount
of current to flow and thereby reduces the voltage across
the main contacts and prevents the establishment of an
arc, A sctof auxiliary contacts then disconnect the power
resistor. and since the current is limited by the resistor. the
arc of the nuxiliary contacts is extinguished easily.

On higher voliage breakers, sets of contacts are con-
nected in series to extend the voltage-interrupting capa-
bility of breakers.

6-4.4 MATERIAL SELECTION

Contacts on disconnects are often made of silver orare
silver plated because {1) the oxidation of silver does not
increase its contact resistance excessively and {2) silver is
maore resistant to corrosion than copper or other contact
materials. (The corrosion problem is aggravated by the
certain air pollutants—see pars. 3-2.1.4 and 3-2,1.5.} Ele-
vated temperatures of the contacts caused by heavy cur-
remt flow also increase corrosion. Where contacts must
withstand arcing, silver- or copper-tungsten alloys are
used (Ref. 7).

Diclectric materials must be flame-retardant 1o prevent
excessive damage from arcs. information concerning the
arc resistance of common insulation materials is given in
par. 3-3.7.

The comparniments and barriers between phases of
metal-clad switches should be constructed of steel to pre-
vent arcs from spreading between phases and combining
as o potyphase nrc. Cabinets must be given o phosphatiz-
ing treaiment, or equivalent. before painting with a cor-
rosion-resisianl paint.

6-4.5 FAULT PROTECTION

Switchgear is not designed to tolerate fault currents for
extended periods. Therefore, overcurrent protection must
be used 10 protect the switch from damage due to excess
current and, more imponantly. to prevent damage that
would occur if a switch operation were attempted while
fault current was Nowing. Generally, the requirements for
overcurrent protection for lines and loads are more re-
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strictive then the requirements for the switchgear iwself:
the fuse size being determined by the current capacity of
the cable and load nlso protects the switchgear,

For reasons of economy., it may be desirable 1o insialla
breaker with an interrupting capacity sufftcient to inter-
rupt only load currenis. In this case, a fuse that has a
rating somewhai above the full-load current is installed in
series with the switch. Then if 2 shon circuit oceurs, the
fuse will blow znd the fault will be cleared before the
breaker operates. This scheme also protects a breaker in
closing in a short circuit. Fusing of low-voltage circuit
breakers is discussed in Ref. 8.

6-4.6 CAPABILITY FOR SWITCHING
UNDER LOAD

Switchgear intended for operation in a circuit when
load current is flowing must be designed to interrupt the
maximum current that may exist in the circuit. Since fautt
currents can be many times higher than the maximum
load current, the interrupting capacity of a circuit breaker
should be much higher than the rated continuous current,
typicaily 5000 A for the smallest lighting-panel circuit
breaker(15-20 A). Design features for the interruption of
load currents include the arc-extinguishing mechanism,
clearance between terminals, clearance between contacts
and conductor material, conductor sizes, and mechanical
strength of conductors. Afi imporntant design considera-
tion is not only must the conductors carry the current
without excessive heating, but also they must be suffi-
ciently strong to withstand the mechanical forces induced
during current surges.

Disconnects are switchgear that is nat designed to
interrupt load currents. They may be combined, however,
with load-interrupting switches to provide the required
continuous current capability and the required current-
interrupting capability.

Switchgear that is designed to interrupt full-toad cur-
rent but not fault current should incorporate a fuse either
in the switchgear or in the clectirical circuit that feeds it.

6-4.7 TERMINATIONS

Switchgear designed for pole-top mounting typically
will have boli-on terminations so that the cable clamp
characteristics can be selected 1o maich the conductor
characteristics. Terminations must be compatible with
conducior matenal, especially where aluminum conduc-
tors are used.

Generally, metnl-enclosed switchgear plugs into sockets
1o allow removal of the switch for servicing. Bolt-on
terminals on the sockets are desirable to allow fastening
of cither the bus bars or screw-type compression termina-
tions. Generally, smaller. molded—case circuit breakers
with a capacity up to a few hundred amperes use screw-
type compression wire clamps that are intended for con-
nection to insulated, round conductors.

6-4.8 GROUNDING

Metallic operating. handling. and connecting mecha-
nisms—such as o remote operating handle for pole-top
switchgear—musi be well groundcd to prevent hazardous
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voliages from reaching nccessible conduciors through cur-
rent leakage paths, arc-over {rom line conduciors, or
induced voliages. Flexible bonding straps should be vsed
1o insure the integrity of the ground across bearings or
flexible joints. All support structures of switchgear as-
semblics must be tied together with an adequate ground-
ing bus. and the grounding bus of each group of equip-
ment must be connecied to the station ground. Paint on
steel cabinets, steel structures, etc.. musi be removed at
the point of connection to the grounding bus 1o insure o
good electrical connection. Switchgear components that
can be removed from the assembly while the unit has
power applied should be grounded through a flexible
conductor with length sufficient to allow removal of the
component 10 asafe place before the ground connection is
broken.

Instrument cases must be mounted by using metal
screws 10 secure the metal enses to the switchboards.
Instrument-mounting bolts of instrument tronsformers
should provide adeguate grounding for these devices.
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6-5 COMPATIBILITY AND
INTEROPERABILITY
6-5.1 CLASSIFICATION OF SWITCHGEAR

The charucterisiics, deflined in par. 6-1.3, are used to
specify switchgear:

1. Rated maximum operating voliage
2. Raiwd frequeney

3. Rated insulation level

4, Rated continuous current

5. Rated momentary current

6. Current-interrupting capability,

Additiona| switchgear characieristics 10 be considered
in the selection of switchgear for replacement of existing
units or operntion along with other switchgear include

i. Presence of oil

2. Features required 10 assist in extinguishing an
arc, e.g., compressed nir or SF,

3. Mounting provisions.

Alsoif the switchgear is remotcly conirolled, then levels
and types of interface and/ or control signals nnd switch-
ing or response times may also be significont considern-
tions. Selection considerations of specific chamcteristics
of switchgear depend on the specific functions and inter-
face requirements served by the switchgear.

6-5.2 COMPATIBILITY AMONG CLASSES
Substitution of different devices due 10 lack of exact
replacement must be based on careful consideration of
compatibility requirements. The following considerations
should apply:
I. A disconnect may only be used to replace a dis-
connect. It cannot be used to replace o current-
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interrupting device because it is not designed 1o extin-
guish a high-current arc.

2. I may not be possible to replace an air blast,
magnetic blowout, or other mewal-clad breaker with an ail
circuit breaker because oil circuit breakers must be iso-
lated from other equipment by greater distances than are
usually allowed in switching equipment not containing
Nammable marterial. (See par. 6-4.1 of this handbook and
pars. 172 and {80 B! of Ref. 9.)

3. Anairblast breaker may not be o replacement for
an oil circuit breaker because compressed air may not be
available a1 the location.

4. Cutouts can be used as o replacement for a fuse,
but o fuse may not be a suitable replacement for a cutout
beeause the manually operable disconnect feature of the
cutout may be required, and it is not part of a fuse
installation.

5. Current transformers. relays, and other metering
devices are often incorporated in meial-clad breakers but
may not be part of oil circuit breakers. Sysum protection
may be jeopardized by the nonavailability of monitoring
signals.

The current-interrupting capability of a device may
differ from the maximum momeniary current rating. A
disconnect, for example, is not designed to interrupt cur-
rent regardless of its current-carrying rating. A circuit
breaker may or may not be able. to interrupt a higher
current than its full-load rating. I a breaker is unable 1o
interrupt a current greater than full load, the breaker
must be protected by a fuse in series with the breaker. Ref.
4 requires that, within a metal-clod switchgear sssembly,
removable switching elements with different current rai-
ings must be configured differently to prevent the inter-
changing of units—i.c.. it must be impossible to insert 3
switching unit into a cubicle designed 10 receive a unit
with a different current rating.

6-5.3 SWITCHGEAR TYPESIN
COMMON USAGE (Refs. 8 and 10)
6-53.1 Open-Air Switches
The most commonly encountered types of open-air
switchgear are those units iniended for poic-iop mouni-
ing. Typically, these swiiches are operated manually

_cither with o tool (*hot stick™) or with a long operating
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rod 1o allow operntion of the switch from a safe distance.
Specific configurations include Tused cutouts that include
cartridge fuses as the movable arm of the switch, air-
break switches, and disconnects. The air-break switchisa
manually operated, load-interrupting switch that incor-
porates arc horns, arc chutes, or auxiliary contacts to
extinguish the are. Air-break switches may be used indi-
vidually for single-phase control or ganged on a single
operating control arm.for polyphase conrol. Horizontal
or vertically ganged configurations are available toaccom-
modbaie the line configuration of the acrial distribution
system in which they are 1o be used. The open-air discon-
nect s similar to the air-break switch except that it lacks
the orc-extinguishing provisions and cannot interrupt
load currents, The open-air switchgear is avaitable {or
voltages up 10 3J4.5kV.
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6-5.3.2 Other Air-Dielectric Switchgear

Molded case circuit breakers are perhaps the most
common switchgear used in low-voltzge systems. These
devices are typically used at voltages up to 600 Vac with
continuous current ratings mnging from 15 A up to 1200
A. Both single-phase units and threc-phase units are
commonly encountered. The devices usually are designed
10 mterrupt fault currents that are much greater than the
rated continuous current {fault currents that are up to
40.000 A). Small. molded case circuit breakers used for
residential proicciion typically use o thermal mechonism
to trip the breaker during an overcurrent condition: the
larger breakers use a magnetic or a combination thermal-
magnetic mechanism. Most molded case circuit breakers
are designed to snap into o pancl: however, cases are
available that will house a single breaker so it can be used
in applications where onl) a single switch is needed.

Metal<clad air circuit breakers are used in low~volmgc
disiribution systems. Most metal-clad swnchgcar units
are removable, modular units that plug into metnl
cabinets that totally enclose the switch units when they
are in use. Interlocks prevent the removal of switches
unless they are in the “open™ position. Metal-enclosed
switchgear is available for indoor or outdoor installation
in low-voliage svstems and is produced with current rat-
ings up to 6000 A, although lower current units are more

— .-

CoOmmion.

6-5.3.3 Oil-Filled Switchgear

Oil-filled switchgear is genernlly available for medium-
voliage systems for which the insulating and arc-
quenching characteristics of oil make possible more com-
pact construction, Models are available for manual
opcration, remotely controlled operation, and automatic
operation (for overcurrent protection). Both individual-
phase and three-phase units are available. Commonly
encountered configurations of oil-filled switchgear are
pole-top reclosers and sectionalizers used 1o protect low-
and medium-voltage distribution systems against tem-
porary faults and to isolate faulty sections.

Qil-filled units also may be included in metal-enclosed
swi!chgcnr for indocr and outdoor. when mounted in

more typically found in medium- 1o high-v ohngc systems—
34.5 kVac indoors or 765 k Vac in outdoor installations.

6-5.3.4 Vacuum Interrupters

Swuchn:ar mcornomugn Vvicuum su'nghgs_ is uged ngn
rcplacemcm for air-insulated switchgear operating at
medium voliages, i.e.. up to 34.5 kVoe. Replacement
vacuum switch units are made with the same exiernal
physical configuration as certain metal-clad air swiich-
gear to allow direct replacement. The additionat expense
of vacuum switches, however. precludes their economic
feasibility as air switch replacements in low-voliage sys-
tems such as those that derive power irom an engine-
driven-generator set.

Vacuum switches are also used in reclosers and circuit

breakers operating a1 34.5 kKVA at continuous current

ratings up to 3000 A.

6-6 TEST CRITERIA FOR DESIGN AND
ITEM ACCEPTANCE
6-6.1 TESTS REQUIRED BY STANDARDS
AND SPECIFICATIONS

Tests for switchgear equipment are specified in numer-
ous specifications and standards pertaining to swiichgear
{Refs.4, 11,12, 13,14, 15, 16,17, 18.and 19). Representa-
tive tests are briefly described in the paragraphs that
follow,

6-6.1.1 Dielectric Tests
Dielectric tests are voliage breakdown tests conducted
on insulation materials used in the switchgear and are

conducted to determine whether faults are likely 10 de-
velop when the emlmmem 15 eneroized and exnoced 10
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normnl transients hkely to be encountered. These tests are
applied 1o new, clean equipment that is in good condition
and is under the temperature and humidity conditions
specified in IEEE Std 4-1968 (ANS] C68.1-1978) (Ref.
20). with corrections applied for nonstandard conditions.
Test voltages are listed in Table 6-1.
The diclectric tests on stationary equipment are
|. Phase-to-phase and each phase-to-ground with
the switch both closed and open
. Between the line and load terminals with the
SHIICH upcn
Ondrawout equipment the followang lests are repeated
on the stationary elemeni with the remnovable element in
the test position and the main element in the closed
posilion:
I. Phase-to-phase and phase-to-ground on both the
line and load terminals
2. Between line and load elememts a1 10§ higher
voltage than the voliage specificd in Table 6-1,

6-6.1.1.1 Power-Frequency Withstand Test

The power-frequency withsiand test voliage is 2 low-
distortion sine wave. The test voliage is applicd for | min
with a frequency not less than the rated frequency.

6-6.1.1.2 1mpulse Voitage Test

The impuise voliage withstand test is a series of applica-
tions of three positive and three negative impulse vaoliages
that reach their crestin 1.2us and fall to 505z of crest in no
less than 50us. The complete specifications of the impulse
volinge test are given in ANSI C37.20 (Ref. 4). If no
insulation foilure or flashover ocours in the series of 1es1s,
the equipment has successfully passed the test. If only one
flashover occurs, three more tests are made. If the equip-
ment passes the three additional tests, the equipment is
considered to have successfully passed the battery of tests.
6-6.1.1.3 'Wet Tests on Entrance Bushings

Insulators that are to be exposed 1o the natural environ-
ment ore tested for voliage breakdown under simulated
rain conditions by weit diclectric tests (Ref. 24). In these
tests the insulator is sprnved with water or salt solutions
Gi S}'it‘:fiucu resistivity while ihe insulsior is being iesied to
determine its breakdown or arc-over voliage.
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TABLE 6-1. VOLTAGES AND INSULATION LEVELS FOR
AC SWITCHGEAR ASSEMBLIES (Adapted from Refs. 21, 22, and 23)

Rated Insulation Levels, kV
Maximum rms Power DC Impulse
Voliage, V Frequency Withstand* Withstand
Withstand, rms
Metal-Enclosed. Low-Voltage Power Circuit Breaker Switchgear
254 2.2 kR | -
508 2.2 3.1 _—
635 22 3.1 -
Meta}-Clad Switchgear
4760 19 27 60
8250 36 50 95
i5.000 36 50 g5
38.000 80 » !
Station-Type Cubicle Switchgear
15.500 50 * 110
38.000 80 b 150
72.500 160 * 350
Mctal-Enclosed Interrupter Switchgear
4760 19 27 60
8250 26 37 75
15.000 36 50 95
15.500 50 70 110
25,800 60 » 125
38.000 80 ’ 150

“This column is given as o reference only for those using DC tesis and represents values believed 10 be appropriate and
approximately equivalent to the corresponding power frequency withstand test values specified for each volinge class
of switchgear. When making DC tests, the voliage should be raised to the test vaiue in discrete sieps nnd held for a

period of | min,

*Because of the variable voliage distribution encountered when making DC withstand tests, the manufacturer should
be contacted for recommendations before applying DC withstand tests to the switchgear.

6-6.1.1.4 Bus Bar Insuiation Tests

Bus bar insulation is tested by applying the ACvohage

- in Table &1 a1 the rated frequency for | min. The voliage
is applied between the conductor and an elecirode of
conducting paint. lcad foil. or the equivalent, which was
applied to the outer surface of the insulation.

&9

6-6.1.2 Currenit Tests

Current tests are conducted to determine whether the
switchgear can conduct its rated current and momentary
overloads without excessive heating that could damage
insulntion materials and remove the desired temper from
springs and other support components. Failure of either
could lead to switch failure and/or demaging fault

currents.

1
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6-6.1.2.1 Continuous Current Tests

The test determines whether the rated rms current will
produce a hot-spot temperature rise above ambient that is
within the limit specified for the 1ype of insulation being
used. .

Ambient tempernture is measured by three thermome-
ters. One is tevel with the wop of the switch enclosure, one
is 300 mm (1 f1) above the bottom, and the third is midway
between. The thermometers are placed 300 mm (! 1) from
the structure in such a position as to nol be adversely
affected by ventilation or radiation.

Temperature measuremenis of the surface of the device
are made by means of thermocouples. A hol-spot location
is difTicult to locate; therefore, the placement of the ther-
ma) junctions for the test requires judgment,

The test continues until there is no further temperature
rise above ambient in three successive readings a1 30-min
intervals.

6-6.1.2.2 Momentary Current Test

The momentary curremt test determines electrical,
thermal. and mechanical adequacy of buses. connections,
and devices to withstand the momentary currents speci-
fied. The momentary current is the rms current including
the DC component. Its value is the maximum obtained
from the envelope of the current wave for a period of at
least 10 cycles. See Fig. 6-1.

6-6.1.2.3 Current-Interrupting Test
Current-interrupting tesis are conducted with the switch-

gesar in its normal enclosure and in accordance with test

procedures for the particular device being tested.

6-6.1.3 Wentherproofing Tests

Weatherproofing tests verify 1he ability of outdoor
switchgear 10 operate in the intended environment with-
out excessive degradation of the electrical characteristics.
The unit to be tesied is subjected 1o antificial precipitation
from a sufficient number of nozzles 1o give o uniform
spray over the surface to be tesied. The surfaces can be
tested in sections or as a complete unit, The spray should
deliver atleast S mm (0.2 in.) of water per unit surface per
minute with o velocity equivalent to that of rain in o
29-m{s (95-f1}s) minstorm (produced by using o nozzle
pressure of 448 Pa (65 Ibfin?). The spray nozzles should
not be more than 3 m (10 ft) from the necarest vertical
surface.

After o 1est of 5 min, the equipment is inspected 10
determine whether there is evidence of leaking,

6-6.1.4 Mechanical Tests
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operation is smooth and vibration free. Rough operation
may be a precursor to unreliable operation or premature
failure of the switchgear and may have undesirable effects
on adjacent equipment through transmission of mechani-
cal shock.
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6-6.1.4.1 Sequence Testing

The switches are tested Lo determine whether the
switchgear parts operate in the proper sequence. This test
can be performed in slow motion. i.e.. unlaich the breaker
and retard the operation with the manual operation han-
dle or with oscillograph equipment at normal operating

speed.

6-6.1.4.2 Mechanical Operation Test

Mechanical tests are made to verify that shutters,
mechanical interlocks and mechanical parts on remov-
able units, etc., perform properly.

6-6.1.5 Flame-Retardant Tests

Flame-retardont 1esis ore performed 10 determine
whether insulation materials are capable of withstanding
the effects of electrical fires. The ability to withstand these
temperatures is necessary so that in the event of fire Joss is
restricted to direct damage due to the fire and is not
compounded by additional electrical faults in the switch-

nmne
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Tests for flame-retardant characterisiics of insuiating
material are conducted in accordance with procedures
specified in NEMA, L11-1983 (Ref. 24). The material
should have a 60-s or greater ignition time, &8 maximum
burning time of 100 s, and a maximum weight loss of less
than 255k

6-6.2 ADDITIONAL TESTS

In addition to the tests specified by ANS1 C37.20, other
1ests may be appropriate for verification of switchgear
operation. especially if the switchgear includes automatic
or remote control capability. Example tests that might be
appropriate are

1. Insulation resistance measured at voltages below
breakdown provides an indication of leakage paths across
insulation surfaces.

2. The response time of a switch is measured by
determining the time interval beiween submission of a
remote control signal and the time elecirical continuity is
made or broken. The delay in operation of a switch may
become critical when multiple switches are contralled
from a common source: Time-travel analvsis of the oper-
ating mechanism may be performed to verify mechanical
operation. Devices for performing these tests provide a
graphical representation of coninct velocity and position
versus time, which may be compared to the manufactur-
er’s specifications.

3. Inspection of the unit while it is in operation may
be appropriate to verily the operntion of ancilliary
equipment, such as indicating lights and meters, and
interlocks.

4, Internal instrumentation may be checked for
accuracy by calibration procedures that are appropriate
for the instrument used.

5. Contaet resistance may be measured by impress-
ing a known low voliage across the terminals and measur-
ing the current through the contact. Similar information
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may be determined by passing the rated current through
the switch and measuring the induced voltage drop across
the switch, Contact resistance may be used as an indicator
of the amount of heating expecied in normal service.,

67 OPERATIONAL PRECAUTIONS

6-7.1 [INSTALLATION

All switchgear should be instafled according to the
manufacturer’s directions. Switching devices should be
innccessible to unqualified persons. lIsolation can be
accomplished through the use of walils, barriers, fences,
locked doors. or other means to protect personnel from
energized parts and/or arcing.

The space provided for the equipment must be ade-
quate for qualified personnel 1o operate, replace, or repair
all switching equipment without undue hazards from
imited working space. For equipmem operating at 600 V
or less. the Nationa) Elecirica) Safety Code (NESC) (Ref.
9) specifies requirements for working space around any
components that need replacement, inspection, adjusi-
ment. of repair. A 0.9-m (3-1t) clearance in front of o
dead-front switch panciand a 2.1-m (7-fi} floor-to~-ceiling
clearance are required. Also 2 0.9-m (3-ft) clearance is
required around exposed (-i0-150-V components. For
components aperating at 150 10 600 V. 0 0.9-, L.1-, or
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1,2-m(3-, 3.5-. or 4-ft) clearnnce is required, depending on |

whether energized components are located on one side of
the working space. energized componentsare on one side
and grounded on the other. or energized components are
on both sides, respectively (Article 125 of Ref, 25). Also
switchgear must be separated from flammable-liquid or
gas-storage containers by 7.6 m {25 f1) indoors or 3.0 m
(10 ft) outdoors unless a suitable barrier is placed beiween
them (Article 180 of Ref. 25). Oil-filled switchgear must
be scgregated from other equipment by physical separa-
tion. fire resistant barrier walls, or by metal cubicles. Also
provisions must be provided for safely containing oil,
which could be spilled through venting or wank rupiure,

{f the space provided for the insia)lation is outdoors,
speeinl precautions must be taken to insure that the enclo-
sure is tamperproof. 1t must be designed so that

I. Sticks, wire, or liquids that may interfere with the
proper funciion of the installntion cannot be inserted.

2. Eniry by unauthorized persons is difficult or
impossible.

3. Ventilaiing openings should have defleciors or
angled openings to prevent objects inserted in them from
touching energized conductors.

All equipment should be clearly marked as to voliage
level and phase. The mechanical-operation indicators
tha indicate the siatus—open or closed—of swiiching
equipmemt should be clearly visible. In addition. signal
tights should be provided for remotely controlled systems
or switchgear that does not have sn operating handle that
indicates switch status-—e.g., push-button switches witha
red light indicating “ctosed™ and a green light indicating
“open”.

Unless the switchgearis physically attached or edjacent
10 the equipment it controls, it should be plainly labeled
cither with the nzme of the equipment or system it con-

- ——
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trols (for distribution switchgear) with the designation
corresponding to an overalf scheme of fabeling branch or
feeder lines, The label should be mounted permanenily on
a nonmoving. nonremovable surface of the operating
handle of the switch. Labeting for outdoor use should
withstand weathering without excessive deterioration of
legibility.

Ench installation should be provided with the complete
set of handling devices or tools required Tor the removal
or operation of switchgear. A convenient storage place
for the tools should be provided and clearly labeled.

Each instiallation should be provided with a suitable
ground bus for grounding enclosures and lightning sup-
pression devices,

In the origina) instnllation all interlocks must be
checked 1o verify that they operate properdy. i.e.,

I. Mewlclad, removable units cannot be removed
or restored if the breaker is closed,

2. Disconnects cannot be opened or closed unless
the associated breaker is open.

3. Circuit-breaker doors are (o be interlocked to
prevent opening unless the circuit byeaker and discon-
nects are open. These interlecks should be inspecied from
time to time to verify they are still in good operating
condition.

All installations should be provided with surge voliage
protection (lighining arrestors) 1o prevent insulation
damage including

I. Power arc tracking over bushings, potheads, and
bus suppon insulators

2. Destruciion of poreelain insulators

3. Punciure of time insulation of transformers, bus
wropping. etc.

No equipment should be installed above switches
{breakers) that open in air because of the remore passibil-
ity that the switch might not complete its stroke and the
are between the contacts would be sustained. Convective
air currents, coused by the heat of the are, would move the
arc close to or into the equipment located above the
arcing switchgear and would cause considerable damage,
If the overhead equipment included comirol wiring or
parts of other circuits, the difficuliy could be further
compounded. {Sec par. 3-3.8.)

6-7.2 ROUTINE MAINTENANCE AND
INSPECTION

Swiichgear should be inspected routinely to idemify
problems that could affect the reliability of the switching
equipment or could create an unsafe condition, As soon
as possible ofter circuit breaker operation at or near its
rating, the breaker should be inspected for possible dam-
age. and indicated maimenance should bz done prompily.

Disconnects should be inspecied for possible corrosion
of the contoct surfaces, and such repairs. e.g.. silver plat-
ing. should be undertaken when necessary. Connections
should be inspecied for tighiness by using 8 torque
wrench lor large, critical connections. Insulation mate-
rials should be checked for breakage or damage due 10
corona, tracking, arcing, or overheating.
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The temperature of switchgear companents should be
checked periodically to detect unaccepiable resistive hent-
ing of conductors. Temperature-sensitive paint can be
applied to the exterior of bus insulation to detect unusual
temperature rises resulting from overloads or deteriomt-
ing bus connections. Periodic use of infrared surface-
temperaiure-mensuring devices is highly recommended to
detect heat from high-resistance contacts or connections
without having to shut down the equipment for installa-
tion of sensors.

Arc-suppression devices (are chutes) are removable on
some switchgear. These deviees should be inspected to
insure that they are installed properly and are in service-
able condition.

"Certain tests should be performed periodically to verify
the serviceability of the cquipment. Appropriate tests
include high-poteniial tests and insulation-resistance tests.
These tests should be performed periodically at an inter-
val specified by the manufacturer. For oil-immersion
switchgear the oil should be checked periodically for con-
tamination, and its dielectric sirength should be mea-
sured.

Mainienance, repair, or inspeciion of low-voltage,
open-air switchgear must be undertaken with great care
because of the proximity of equipment that remains alive
{including the breaker). Equipment that remains alive in
the vicinity of this work should be covered with rubber
blankets. hoses. ctc.. and the personnel must use rubber
gloves and “hot line™ tools as required.

Insulator surfaces should be cleaned rcgulnrlv to
emove OCPOSIIS "‘l.:ll could iead io lerll‘lg across tihe lﬂSU'
lator surfoce. Loose dust may be removed by vacuuming
or wiping with a lint-free cloth. Stubborn deposits may be
removed by using solvents recommended by the manufac-
turer. Water, steel wool. sandpapers, or industrizl com-
pressed air should not be used because the materials teft
behind can introduce teakage paths or interfere with
mechaanical apparatus. Power should be removed from
the npparntus during cteaning. Personnel should never
rely on the solid wire insulation within electrical apparn-
tus for protection because pinholes and/or nicks can
destroy the integrity of the insulation.

During periodic maintenance. old lubricant residue
should be removed ond the switch mechanism lubricated
to prevent sluggish switch operation. While the equip-
ment is deenergized. it should be cycled to insure that the
mechanism operates smoothly without binding,

6-7.3 OPERATION (Refs. 25 and 26)

The operation of switchgear almoest always exposcs the
operator o the potcnual harnrd of arcing when the switch
is l.‘ira‘:l‘u‘:i‘.l orio ihc puu:ml.u for IJI&C currenis that occur
when the switch is closed on a fault, These hazards, along
with possible implications of operating the wrong switch
or operating the switch ot the wrong time, make necessary
carcful preparation before large switchgear is opernted.

For distribution sysiems. all switching operations
should be well planned and documented in a switching
order. These orders should specify completely the switches

“to be operated. the sequence, the time of operation, the
personfs} who must be contircted before the operation
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commences, and any other pertinent conditions. Orders
should be proofed and verified to eliminate errors.

Switches should be closed with the realization that the
current could contain a fault that could trip a circuit
breaker or blow a fuse. The switch should be closed witha
decisive motion. i.c.. use of sufficient foree 1o seat the
mechanism in the closed position. If the switch in a loaded
line does not seat completely, it should be seated by
application of additional force. The switch should not be
reopencd uniess it is designed to be capabie of extinguish-
ing the resultant are.

Sticks or poles (“hot sticks™} used for operating pole-
mounted switchgear should be carefully stored when not
in use to protect them from dirt, moisture, hent. and
sunlight. Poles kept outdoors may be stored in a tubular
housing with screw-on end caps and vent holes to prevent
accumulation of moisture, Poles stored indoors should be
stored vertically to prevent accumulation of dust. Poles
should be long enough 10 allow the operntor 1o maintain
steady footing. In all cases. the stick should allow the
operator to operate the switch while remaining clear of
electrical lines and explosive fuses. A minimum clearance
of 0.6 m (2 f1) is required when switching 2.1- to 15-kV
lines via an uninsulated switch using a “hot stick™.

Air-insulated switches should be opened carefully
because of the arc that could be produced if the switches
were carrying load current. The operator should wear
protective clothing, including protective headgear, insu-
lating gloves, and a protective coat. Disconnects, which
are not dcsngned to mu:rrupt the load current. should be
DPCHCU D\’ usmg I.IIC H.'ICI.'IH‘IB (CCllnlun I.I"l l.l'“S ICCﬂﬂlun
the switch is opened slowly while the operator observes
that there is cither a small arc or no arc produced. If a
large arc is produced, the switch is immediately reclosed
until the current can be reduced by other means.

Load-interrupting switches should never be operated
using the inching technique; they should be operated
quickly to break the arc as prompily as possible.

The guxiliary arc contacts or arcing horns used to
bresk the arc should be checked visually prior to opera-
tion. If arc-extinguishing devices are missing parts orare
defective, an alternative method of interrupting the power
must be used.

Where switchgear is used 10 decnergize distribution
lines or equipmem for maintenance or repair, o lock
should be placed on the circuit breaker by the servicing
person Lo insure against the reapplication of power before
service operations are complete. This lock should have
only two keys—one stored at a central location by super-
visory personnel and one carried by the worker. If more
than one team is scrvicing the cquipmcm each team
should lock the Eq‘iiiﬁfﬁfﬁl so thatall the locks have to be
removed before the switch or breaker may be returned to
the encrgized position,

Where power distribution lines are being serviced,
ground straps should be installed (1) to prevent the build-
up of induced voliage on lines from coupling to ather
circuits and (2) to prevent application of voliage to the
lincs being serviced from any source by introducing an
intentional fault, which will trip the overcurrent.
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ation, Washington, DC, 1977.
ANSIC37.30-1971, High- Voliage Air Switches. Insu-
{ators, and Bus Supporis, Institme of Electrical and
Electronics Enginecers, New York, NY. 1970.
ANSIC37.34-1971, High-Voliage Air Switches, Test
Code for. Institute of Electrical and Electronics
Engincers, New York, NY, 1971,

16.

20.

21.

pAN

20.

2L

22,

24,

26,

-
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IEEE Siud 22A-1962. Application of Inierrupter
Swiiches to Switch Capacitance Loads, Guide for
the, Institute of Electricaland Elecironics Engineers,
New York, NY, 1962.

ANS] C37.13-1981, Low-Voliage AC Power Circuir
Breakers Used in Enclosures, Institute of Electrical
and Electronics Engineers, New York, NY, 1981.

. NEMA 5G 5-1981, Power Switchgear Assemblies,

Nationa! Electrical Manufaciurers Association, Wash-
ington, DC, 1974,

. NEMA SG 6-1974, Power Switching Equipment.

National Elecirical Manufncturers Association, Wash-
ingion, DC, 1974.

. 1IEEE Std 4721974, Surge Withsiand Capability

Tests. Institute of Elecirical and Elecironics Engi-
neers, New York, NY, 1974 {included in ANS!
C37.90-1978).

IEEE Std 4-1978, Standard Technigques for High-
Voliage Testing, institute of Electrical and Electron-
ics Engineers, New York. NY, 1978,

NEMA LI-1-198), Industrial Laminated Thermosel-
ting Products, National Electrical Manufacturers
Association, Washington, DC, 1983.

. Elecrrical Switching Praciices, Daia Sheet 544, Na-

tional Safety Council, Chicago, 1L, 1972,

OSHA Safetyand Health Standards 29 CFR 1910.]2,
Construction Work, Occupational Safetyand Health
Administration, Washington, DC, Il March 1983.
{EEE Std 4-1978, Standard Techniques for High-
Voltage Testing, Institute of Electrical and Electron-
ics Engineers. New York, NY, 1978.

ANSI/EEE C37.20.1-1987, Metal-Enclosed. Low-
Yoliage Power Circuit Bregker Switchgeor, Institute
of Elecirical and Electronics Engineers, New York,
NY, 1987.

ANSIJ1EEE C37.20.2-1987, Metal-Clad and Station-
Type Cubicle Switchgear, Institute of Electrical and
Elecironics Engineers, New York, NY, 1987,

. ANSIJIEEE C37.20.3-1987, Metal-Enclosed Inter-

rupter Switchgear, Institote of Electrieal and Elec-
tronics Engineers, New York, NY, 1987,

NEMA L1-1-1983, Industrial Laminated Thermosei-
ting Producis, National Electrical Manufaciurers
Assoriation, Washingion, DC, 1983,

. Elecrrical Switching Practices, Data Shee1 544, No-

tional Safety Council, Chicago, IL, 1972,

OSHA Safery and Health Standards 29 CFR 1910.12,
Construction Work, Occupational Safety and Health
Administration, Washington, DC, 11 March 1983,
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CHAPTER 7

END-ITEMS

Described in this chapter are the most common end-items that interface with. and are powered directly by,
electrical polyphase power distribution systems. Items discussed in this chapier include motors, iransformers
(as the interface between the polyphase elecirical distribution system and an elecirical load or loads). heaters,

Voo sFal SFRalsJlelis USRS Sk fagdaC CILL L4l 833710 Sa

hghung, conirols or conrrallers. and load banks. Discussion of each irem follows the same formai used
throughout the resi of this handbook and includes the following 1opics: definition of the equipmen, affeci of it
on the environment, associate hazards, design consideraiions. compatibility and interoperability considera-
tions. and operational precautions.

7-0 LIST OF SYMBOLS configurations are described here because, even though a
E = relative emissivity of surface (1 = blackbody; transformer does not usc or dissipate the power, it forms
0 = mirror surface), dimensionless the electrical interface to the polyphase electrical distri-

_ s . ! bution system. (The transformers described here arethose
hs = heat loss through convective cooling, W/m nesocinted with o snecific load or clustered groun of loads

(w,ini) ua?ux.iulc? Willl ap(.l.uu. UG W WML K WL W VOO,
. 2 .2 Distribution transformers that transform voitage levels to
he = heat loss through conduction, W/m’, (W/in) facilitate efficient distribution of power are described in

h, = heat loss through radiation, W/m’, (W/in}) par. 5-3.)

I, = capacitor current, A This chapter primarily presents safety issues related to
I= = main-winding current, A - typesof c.lcctrical loads used with polyphase systems. No
k. = thermal conductivity of material, W/m-K attempt is made to describe completely cach end-item

(W/in.-R) since such a treatment would be voluminous due to the
= length of th I cond . vartety of devices that could be connected to the system
= length of thermal conductor. m (in.) and to the uniqueness of safety considerations for each
Tew = temperature of ambient or sink, K(R) varicty. The reader is referred 10 various texts, hand-
V; = power input, V books, and specifications (o obtain detailed information
T = temperature of heated plate, K(R) about spetific end-items.
C., = constant = 5.69 X 10” W/m"K*
C., = constam =0.35 X 107" W/inl-R* 7-2 MOTORS
C», = constamt = 2.26 W/m* K 7-2.1 INTRODUCTION e
' I'he electrnic motor periorms [he 1INVErse jfunciion of a

= Wim*-K Pl , -
G, = constant = 8. 107 W/ m’ generator, i.e., it convens electric energy to mechanical

energy of a rotating shaft. A variety of motor configura-

7-1 INTRODUCTION tions are available to provide the required speed(s), start-
An end-item, in the context of polyphnse sysiems, is ing torque, running lorque {or power), environmental
any picce of clectrically powered equipment connected to protection, or mounting configuration required by the
a powered distribution network for purposes other than application. This paragraph bneﬂy describes the avail-
further distribution of the polyphase power. End-items able electrical and physical configurations.
conven the polyphase electrical energy 1o another desired AC motors are divided into two types: induction and
energy form—c.g., mechanical energy, heat, light, or synchronous. Both depend upon 2 magnetic field rotating
“nonpolyphase” electrical energy. in the oir gap surrounding the armature. In the induction
This chapter discusses only end-items that are connected motor the rotating field links the windings of the squirre!
directly to the polyphase sysiem. Typically these arc large cage or the wound rotor. The rotor never attains the speed
electrical loads that either do not operate economically of the rotating magnetic field; thus the changing flux
from a single-phase supply or opernic more efficiently linkages to the rotor winding or squirrel cage induce a
from a power source that delivers power continuously. current in the same manner as a transformer with a short-
{Sec par. i-3.2.) These items include motors, heaters, and circuited secondary. The resuliing current {low in the
high-intensity lighting. Transformers that convert three- rotor rexcts with the rotating flux 1o produce the torque.
phase power to lower voltages or to different phase _ The starting torque and maximum torque can be variced
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by changing the design of the squirrel cage or the resistor
used to short-circuit the wound rotor. The speed of the
wound rotor motor can be adjusted somewhat by chang-
ing the shoriing resistor. These motors, however, are
essentially constant-speed motors and operate at speeds
slightly below synchronous speed. Synchronous speed is
determined by the number of pairs of poles in the
winding—3600. 1800, 1200, 900 rpm, ctc. The types of
polyphase electric motors described in Ref, | are summa-
rized in Tables 7-1 and 7-2. The eflects of volinge and
frequency variation on these motors are described in
Table 7-3.
~Single-phase induction motors are the most common
AC motors used for applications requiring J hp or less.
These motors typically contain a squirrel cage armature
and 1wo sets of windings, i.e., o main winding and an
suxiliary winding used for staning. The windings arc
constructed to have different reacitances so that when
voltage from a single-phase source is applied 10 both
windings {in parallel), the resultant currents in the two
windings will differ in phase. The two most commeonly
used designs for achieving this phase difference are the
split-phase and the capacitor-sitart methods. In the split-
phase method the nuxiliary winding has a high-resistance
auxiliary winding, which presents o more resistive reac-
tance to the line than the more inductive main winding.
The more effeciive capatiior-siari sysicm relles on @
capaciter in series with the auxiliary winding as shown in
Fig. 7-}. The capacitor current /. leads the source voltage
while the main-line current /a lags the source voltage V.
Thus the windings have currents differing in phase by
approximately 90 deg. A rotating field is produced and
torque develops, which siarts the motor. After the motor
comes up 1o nearly synchronous speed. a cenirifugal
switch opens the auxiliary winding end the moter main-
tains its speed from the field supplied by the main
winding.

Synchronous motors arc used when a constant speed is
required, and they are driven up to nearly synchronous

speed by an induction motor or by a squirrel cage in its
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own rotor. When the motor comes up to speed, a DC
voliage is applicd to the rotor winding, which pulls the
rotor into step with the rotating field. The DC for the ficld
is furnished by batieries, a DC generator on the same
shaft (shafit end exciter), or any other DC source. If the
motor is overioaded and falls below synchronous speed, it
will stall.
7-2.2 INDUCED ENVIRONMENT
7-2.2.t Vibration

It is not possible to balance n motor armature
dynamically so that a rotating motor will not impan some
vibration through its housing to the mount. A rotating

load driven by an engine that is not balanced or p Joad
that varies throughout its rotation, ¢.g., 8 compressor,

TABLE 7-2
DESIGNATION FOR SQUIRREL CAGE
MOTORS (Ref. 1)

Design Designation® Specified Characteristics

A C D
X

X

Full Voltage Starting

Specified Locked Rotor Torque
Specified Pull-Up Torque
Specified Breakdown Torque

Breakdown Torque up to
Specified Values

X Locked Rotor Current Above
Specified Values

Locked Rotor Current Below
Specified Values

X Special High-Torque Capability
*See Table 7-1 for identification of design designation.

E I - -
b A

X
X
X
X

»

X X X

TABLE 7-1
TYPES OF POLYPHASE ELECTRIC MOTORS (Ref. 1)
Design Squirrel Cage Running Staning Applications
Characteristics Characteristics
Stip Breakdown Current Torque Volhage
Torque
A Single Cage—Low Resistance <56 High High Moderate  Reduced Fans, Centrifugal Pumps
B Double Cage or Decp Bar <55 Medium 75 of A Good Full Sameas A
C Double Cage and Deep Bar <56 Normal Low High =~ Full Compressors, Crushers,
) Convevor
D Single-Cage—High Resistance <568 . Low High Full High-Inenia Loads,
Punch Presses, Hoists
B.; kdown lorque is the applied torque loading that, if exceeded, will cause the motor to stall with & sudden decrease in supplied

que. The D-design motor is designed for heavy. intermittent loads and provides continuously increasing torqus es speed is redm:ed
from increasing loading. Hence a D-design has no breakdown torque.

7-2
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TABLE 7-3

GENERAL EFFECT OF VOLTAGE AND FREQUENCY YARIATION ON
INDUCTION MOTOR CHARACTERISTICS (Ref. 2)

Alternating-Current {Induciion) Motors

Characteristic Vaoltage Frequency
1105, 90% 1055 95%

Torque;*

Starting and maximum

TUNDINE ..ererinnersenranenses increase 2153 Decrease 196 Decrease 109 Increase 116

Spced:"

Synchronous ....c..ceevvene No change No change Increase 565 Decrease 5¢5

Fullload .ocoereemeeeenncinns Increase 165 Deerease 1,56 Increase 5¢, Decrease 56,

Percent slip .coocovicecennnn. Decrease 175 Increase 235p Littie change Little change
Efficiency:

Fullload . .covciviirnnennnee [ncrease 0.5 10 1 point Decrease 2 points Slight increase Slight decrease

3jdaload ..cviiiie Little change Litle change Slight increase Slight decrease

1/2load ....ocevcerrrenn. Decrease | to 2 points Increase | 1o 2 points  Slight increase Slight decrease
Power Facior:

Full load .....cccoviiinennnnee Decrease 3 points increase | point Slight increase Slight decrease

3/41ond i Decrease 4 points Increase 2 to 3 points  Slight increase Slight decrease

1/2108d .vieeccemirnncainns Decrease 5 10 6 points Increase 4 to 5 points  Slight increase Slight decrease
Current:

S1aNINg e Increase 10 to 1265 Decrease 1010 12% Deccrense 510 68 Increase 5 to 655

Fullload ....ccoovennmnecnnnne Decrease 75 Increase 1155 Slight decrease Slight increase
Temperature Ris€ ...covvivranes Decrease 310 4deg C Increase 610 7deg C Slight decrease Slight increase

(510 7deg F) (1110 12deg F)

Maximum Overload

Capacity ..covsciiiisineerneans Increase 2163 Decrease 197, Slight decrease Slight increase

Slight increase

Slight decrease

Slight decrease Slight increasc

*The summg and maximum running torque of AC mdumon motors will vary as the square of the voltage.

AL Sk
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also increases vibration, Vibration may be transmitted
into the atmosphere as acoustical noise or through struc-
tural members, ond vibration looscns fasteners and
cnuses metal fatigue or chafing. Vibration isolators atten-
uate the amount of vibration transmiited through the
motor moummg A reduction in transmitted vibration,
however, is gained by permitting movement of the motor.

ha Yy Y Pl U e
noWeVEr, InCrtdsss =!’"' wear nf

ﬂ‘lu u].yuuuuuduuuu.
interconnecting cables that must flex with the motor.
Vibration of any apparatus that is attached directly 1o the
motor is also increased.

The actual degree of vibration is difficult to predict
since it depends on numerous factors including motor
speed. mass of rotating armature, degree of imbatance.
and svsiem resonances.

7-2.2.2  Arcing
Motors that have driven coils on the armature couple

nﬂgs aracommuistor

gt AL R LT

COSTEY 0 those coils ‘hrcug‘} ShF

Variations in the height of rotating contact or engine
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vibration will cause the contact between the brush nnd
slip ring intermittently 1o open slightly and produce a
small arc. This are, nlthough physically confined 10 a
small area, nevertheless. is capable of igniting flammable
atmospheres. Also the intermittent contact and nonlinear
action of the arc introduce high-frequency components
into the current {low through the commutator. The high-
frequency energy then may be conducted through power
lines or radiated electromagnetically to interfere with sen-
sitive electronic gear.

7-2.2.3 Elevated Temperatures

Resistive losses in motor windings cause heating of the
motor coils. This heat is conducied to the motor case and
conducted and radiated to the aimosphere and surround-
ing objects. The amount of heat lost by the motor is
proportional to the input power and the incfficiency of
the motor. Increased mechanical loading on the motor
shaft increases the power drawn by the motor, which in
turn increases the heat dissipated by the motor. Fortu-
nately, efficiencies of cleciric motors are highso only 5to
2055 of the input power is lost as heat.

The actual temperature risc of the motor is dependent
on the heat dissipation and the ventilation around the
motor. Layers of dust or dint insulate the motor, reduce
heat dissipation, and cause the motor 10 operate at a
higher temperature. Frequently, thermal protection is
incarporated into electric motors and will remove power
from the motor when temperature limiis are exceeded.
The maximum internal temperature the motor is designed
to withstand is specified by the insulation class, Insulation
Classes A, B, F, and H imply approximate hot-spot
iemperatures of 105°, 130°, 155°, and 180° C, (220°, 270°,
310°, and 3607 F), respectively. Actual exterior tempera-
tures will be somewhat lower, depending on the flow of air
across the motor.

7-2.2.4 Presence of Rotating Components
Motors are used to provide rotational energy and, con-
sequently, have rototing components including shafls,
pulleys, and fans, The presence of a smooth rotating shaft
has little effect on the environment: however, pulleys,
couplings, fans, and irreguiariy shaped components intro-
duce vibration (discussed in par. 7-2,2.1), air circufation,
and the potential for entanglement with foreign objects.

7-2.3 HAZARDS

The presence of rotating componenis constitutes o
potential hazard for several reasons. Clothing of person-
ne! may become entangled in unguarded shafis, which
will draw the person toward the apparatus and possibly
cause serious injury. Unguarded fans or other irregularly
shaped objects may not be visible when spinning and may
inflict serious injury if personnel or objects come within
range of their rotational sweep.

The arcing nssociated with motor brushes or contacts
may ignite flammable atmospheres, i.c., those containing
flammable gases or dusts. Even if brushless or sealed
motors are used. arcs on opening contacts in motor con-
trollers can set off explosions in a hazardous envi-
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ronment, The damage produced by such an explosion
depends on the volume of lammable mixture and the
characterisiics of the mixture.

Failure of temperaiure-protection devices—due to over-
loading or stalling of the motor—or the absence of such
devices incur temperature-related hazards. Overheating
of the windings occurs, and the motor insulation or
nearby lammable materials may be ignited. In less severe
cases, the insulation may smolder—releasing dense smoke
into the atmosphere—and thereby degrade the inteprity
of the moitor insuiaiton and possibly introduce ciecircai
safety hazards. Cases of exiremely high temperatures—

1932 10 211°C (380° to 412° F)—have been reported for

commercial motors operating at rated load (Ref. 3).
These temperatures are sufficient 1o cause severe burns.

An clectrical shock hazard may be introduced in clec-
tric motors if insulation is damaged due to motor over-
heating or if interconnecting wiring is damaged by failure
of a motor mount. In addition, electrically conductive
paths may be introduced into motors through ingestion of
metallic particles or fibers into the motor or by moisture.
These unintentionn! current paths may produce hazard-
ous voltages on exposed conductors unless those conduc-
tors arc properly grounded. Even then, the unintentional
grounding of energized windings or conductors may
damage the windings.

Vibration associated with motors may produce addi-
tional hazards through the degradation of structural
integrity of siructures associated with the motor. Unless
proper precnutions are taken, the vibration may cause
loosening of fasteners or metal fatigue in motor supports
and rotating components, The ensuing mechanical failure
can produce damage to nearby equipment, especinlly if
the stored energy in rotating componenis is released in an
unanticipated manner. Possible foilures include projec-
tiles thrown from rotnting componenis, wiring or piping
domaged through contact with the rotating shaft after the
failure of o motor supporn, or damage to bearings due to
misalignment,

7-2.4 PHYSICAL CONFIGURATION AND
ENVIRONMENTAL PROTECTION
Most motors are configured to meet the foiiowing

“normal service conditions”™ specifted in Ref. 1:

1. Ambient temperature beiween 0° 10 40°C (32° 10
104°F)

2. Altitude below 1000 m (3300 (1)

3. Installation on o rigid surface

4. Insuallation where airflow is not restricted.

Other configurations, however, are described to satisfy

requirements of environment other than the typical ser-
vice environment. Some of the configurations identified
in Ref. | are

L, Drip Proof. A ventilated motor protected from
tiguid or solid particles falling within 15 deg of the vertical

2. Splash Proof. A ventilated motor protected from
water lalling within 100 deg of the vertical

3. Guarded. A ventilated motor in which baifles or
grilles are incorporated to prevent access 10 rolating or
cnergized components
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4, Semiguarded. A ventilated motor provided with
guarded construction on the top half but having an open
construction on the bottom half

5. Open. Externally Veniilared Moror. A motor pro-
vided with a separately powered cooling fan

6. Open. Pipe-Venitilated Motor. A motor config-
ured so that air is supplied to the motor by a pipe or hose,
which can be attached to the frame of the motor

7. Weaiher Protected. A motor designed to prevent
the entrance of rain, snow, and airborne particles

8. Totally Enclosed, Nonventilated. A motor that is
totally enclosed but not nirtight with no external cooling
mechanism

9. Explosion Proof A motor built to contain an
al ;rnlntunq without qllnwmn marks or hol gases to

internn

escape

0. Dusi-Ignition Proof. A totally enclosed motor
designed 10 exclude ignitable pamculnte matter

LI, Waterproof. A totally enclosed motor that with-
stands water from a hose

12. Torally Enclosed. Air Over. A 101ally enclosed
motor intended for exterior cooling by a separate ventila-
tion system.

More detailed discussions of these configurations are

given in Refs. | and 4.

Provisions for environmental requirements generally

are made in the motor housing, although modnﬁcauons to
the internal configuration or material selection also may
be necessary. Fig. 7-2 shows two representative configura-
tions: o drip-proof motor with ventilation openings only
in the lower ha!f of the housing and a totally enclosed
motor with a cowl-covered fan. which blows air across the
outer surface of the motor. The latter configuration is
used in eavironments contnining dust or abrasive parti-
cles that might be detrimental to the operation of the
motor.

ions that cnuble

There are aiternative motor construct

Reprinted with permission of Reliance Electric Company.
Figure 7-2.
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the cooler, open-frnme motors to operaie in environments
contnining dust or abrasive particles. Encapsulating the
coils proiects them from corrosive chemicals and provides
a smooth surface that will not collect paniculate matter.
Proteciion to bearing surfaces is provided by the use of
shielded or sealed ball bearings. (Shiclded ball bearings
have shields that cover the space between the inner and
outer race. Sealed bearings incorporate additional flexible
seals 10 prevent the teakage of fluids into or out of the
beanng. } These bearing types iypically do not have provi-
sion for lubrication but are packed with high-temperature
grease,

Guards or shields must be provided around the motor-
driven apparatus to prevent personne! injury duc 10 con-
tact with moving parts or entanglement with clothing.
Pulleys, belts. all moving parnis—except smooth rotating
shafts—should be covered to prevent accidental contact.
(See par. 4-4.1.) Ref. | requires that openings in a
“guarded™ motor be no larger than 19 mm (0.75 in.) 2nd
that it be impossible to insert a specizl, jointed, 12-mm
(0.5-in.) diameter, 100-mm (4-in.) long probe into the
motor insuch a way that it will contacta rotating compo-
nent or o film-insulated wire,

Explosion-proof motors are designed to contain an
explosion within the motor enclosure and to relcase only

Py 1Y e
cool gases to the atmosphere. Explosion-proof enclosures

arc totally enclosed but arc not ainight. The housing is
strong enough that an explosion within the aimosphere
for which the housing is designed will not damage the case
or scams in o way that allows entrapped gases to escape
casily. The housing is designed to present a high resisiance
togas flow as a means of controlling escaping gases. Upon
escaping, the gases cxpand and are cooled naturally by
thermodynamics. To provide the necessary resistance (o
gas flow, the housing must be strong with close-fitting
seams and minimal clearance between the motor shaft
and the housing.

(B) Totally Enclosed Motor

Examples of Motors Configured to Withstand Environmental Conditions
7-5
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7-2.5 DESIGN CONSIDERATIONS
7-2.5.1 Motor Electrical Protection (Rel. 2)
Protective devices are included in motor circuits 1o
protect the motor and the wiring associated with the
motor and to remove power in the event of a line-to-
ground fault gs shown in Fig. 7-3. Protection devices may
be incorporated os either internol or external to the
molor.

7-2.5.1.1 External Protection

Proiection for motors against overcurrent or overheat-
ing is provided by a varicty of devices selecied in accor-
dance with protection needs. Types of protective devices
include the following items:

1. Fuses. These devices provide overcurrent protec-
tion for lines to the motor and protect the motor against
severe faults. A fuse must have a current rating consider-
ably above the rated current of the motor so the fuse will
pass the staning current without blowing. Consequently,
fuses do not provide adequate overload protection unless
the overload is severe.

2. Magnetic-Type Overload Relays. These devices
are circuit breakers that incorporate time delays so that

MIL:HDBK-765{Ml)

the short-duration, starting-current surge does not trip
the breaker, but a persisient overcurrent condition, even
if slight, will couse the line 1o be opened. The relays
provide precise overcurrent protection,

). Thermal Overioad Relavs. These are externally
mounted devices that incorporate a heater and either
bimetallic strips or a low meliing point soldered support
that holds contacts in a closed position, Passage of over-
current through the heater causes the bimerallic sirips to
deform and to release the contacts and allows them to
open. In the soldered version the overload current mehts
the solder and allows the conacts to open and interrupt
the motor current. These devices possess an inherent
delay srising from the time required 10 heat the assembly.
If the time delay characteristic of this protective device
¢losely matches the heating characieristic of the motor,
near-idea) protection for the motor is provided.

4. Low-Voliage Protection or Release Devices. These
devices interrupt the power to the motor during low-
volitage conditions to prevemt overheating of loaded
motors. Low-voltage protectors interrupt the service
when the voliage falls below a preser threshold and
remain off until the device is manually reset. A low-

ot , \"\ \\\\\ , I /
’/ Overload relays and thermal
Overload :s devices protect against overloads.
Ovameadmg S They are usually located inside

-
pl
/
tha motor or controller

(A) Overload Protection

/"{;
£ ok (1)
C CIrI:UIl \e/

(B} Short-Circuit Protection

Circuit breakers protect against
short circuits that creats excessive
overcurrent conditions.

f 'l"r‘l’\,

Equipmeni grounding conductors
in conjunction with circuit
breakers protect against

ground faults,

|

(C) Ground Fault Protaction
Figure 7-3. Types of Electrical Prolect:on for Motors (Ref. 5)

.3',_
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voltage release device automatically restores power when
the voliage returns 1o the normal level.

5. Phase Failure Protection. These devices remove
power from ail phascs when power is interrupted on one
phasc to prevent overheating of the motor due to imbal-
anced operation.

6. Phase Reversal Protection. These devices remove
power from the motor upon detection of a phase reversal
condition to prevent the unintended operation of the

motor in the reverse direction.

7-2.5.1.2 . Internal Protection
Thermal protection can be provided internally to the
motor cither by thermal fuses or by bimetallic relays that

memmen sirham awe "1
open when cxposed 16 excessive heat from the overcur-

rent condition or from restricted ‘ventilation in a loaded
motor. Motors marked “Thermally Protected™ contain
protection to insure that the winding temperature remains
below the limits specified for the class of insulation under
continuous-run conditions and locked rotor test condi-
tions. Also the minimum current sufficient 1o trip the
thermal protective device must be less than a specified
percentage of the rated full load current (Rcf I) The
percentage depends on the motor size and is given in
Ref. 1.

Motors with internal thermal protection that meet
some, but not gll, requirements for the “Thermally Pro-
tected” rating are marked with “OVER TEMP PROT™
followed by o 1™, “2", or *3". The *1" designation indi-
cates that the prolccti\.c device meets winding tempera-

ture criteria for continuous current and locked rotorcon-

ditions but is not certified to meet the trip current criteria,
The “2" designation indicates that the protective device is
certified 10 meet only the continuous current test. The
remaining designation, “37, indicates thermal protection
is incorporated but that its type and performance are not
specified. and performance information must be obtained
directly from the manufacturer.

7-2.5.2 Motor Labeling

All motors should be labeled with o permanent mark-
ing to indicate the motor characteristics and to designate
the internal connection of terminnls.

The motor characteristics are identified on a perma-
rently attached nameplate. Listed in Tables 7-4 and 7-5
are the information items that must be included on the

aameplate of polyphose sgnirrel cage motors manufne-

tured nccording to Ref. 1. The data on this plate provide
the means of identifying the characteristics of a defective
motor so that a replacement for it can be readily specified.
Also the information allows personnel installing the
motors to verify that the motor being installed is appro-
priate. Additional items of information can be marked on
the motor to nid during the installation. Information,
such as proper wiring connections for different voltages
or different operating specds. or warnings of potential
hazards may be spccii' ed.

Terminal marking of motorsis 5imi!... ]
ators: letter designations are given in Table 7-6 }
Typgically terminals will be magked withone ortwo lctlcrs

th

et ntk
[ 1iTS
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TABLE 7-4
MEPLATE LABELING (Ref. 1)

Possible Entries or

1T oy ——
U".ll UI A“Ctnulﬁlllclll

MOTOR NA

Type of Information

See NEMA MG-I
5. 15. 30, 60 min or

Manuracturer’s Name
Motor Frame Designaiion
Time Rating (expected operating

time of motor) continuous
Maximum Ambient Temperature °C
Insulation System Class

Statory Rotor A.B F orH
Motor Speed rpm

Line Frequency Hz

Number of Phases lorl
Rated Load A
Voliage v
Locked Rotor LVA See Table 7-5
Design Designation Letter S;ezTnbla 7-t and
Efficiency b

Service Factor (factor by which
nurscpoul:r muﬁﬁ KTIBV W

_exceeded under spcc:ﬁcd
* conditions)

“Thermal Protected™,
“OVER TEMP PROT 2%,
“OVER TEMP PROT 3"
(for motors with thermal
overload devices)

TABLE 7-3

LOCKED ROTOR CURRENT
DESIGNATION (Ref. 1)

Letter VA per Wau Cuiput  kVA per Horscpower
A 02,223 0-3.15
B 4.223-4.759 3.15-3.55
C 4.759-5.36 3.55-4.0
D 5.36-6.03 4045
E 6.03-6.70 4.5-5.0
F 6.70-7.51 5.0-5.6
G 7.51-8.45 5.6-6.3
H £.45-952 6.3-7.1
J 9.52-10.72 7.1-8.0
K 10.72-12.06 8.0-9.0

. L 12.06-13.40 © 9.0-10.0
M 11.40-15.01 10.0-11.2
N 15.01-16.76 11.2-12.5
P 16.76-18.77 12.5-14.0
Q 18.77-21.45 18.0-16.0
S 21.45-24.13 16.0-18.0
T 24.13-26.81 18.0-20.0
u 26.81-30.03 20.0-22.4
v 30.03 and up 22,4 and up

This material is reproduced by permission of the Nationai Electrical
Manufacturers Assoctation from NEMA Siandards Publication MG
1-1987, Mortors and Generotors, copyright 1987 by NEMA.
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TABLE 7-6
TERMINAL MARKING FOR MOTORS
(Ref. 1)
Application Terminal Marking®

AC Rotor Windings . Mn
Armature An
Broke 8n
Capacitor Jn
Control Stgnal Anached to

Commutating Winding C
Dynamic Braking Resistor BRn
Field, Series Sn
Field, Shunt Fn
Line Ln
Magnetizing Winding . En
Resistance, Miscellaneous Rn
Resistance-Shunt Ficld - Va
Shum Broking Resistor DRn
Space Heaters Hn
Stator , Tn
Starting Switch K
Thermal Protector Pn

*nis a sequential number to distinguish connections to different
phases, components, or ends of o component. (See par, 4-4.6,)

followed by a number. The letters designate the winding
or component connected to the terminal. and the number
indicates which ending of the winding or which of several
windings is brought out. Multiple sintor windings in
polyphase motors are numbered in the manner shown in
Fig. 4-2. Where a terminal is intended 1o be connected to
ncutral, e.g., a common internnl connection of three-
phase windings, the number zero is used.

7-2.6 COMPATIBILITY AND
INTERQPERABILITY

S aLAR RS R mestinalTasw

Because of the proliferation of motors in commercial,
industrial, and residential applications, the standardiza-
tion provided by NEMA-MG-| (Ref. 1) has been readily
accepted by US motor manufacturers and consumers.
This specification defines motor types. standard dimen-
sions, mounting provisions. shait configurations, and
labeling, as well as performance requirements. Sufficiemt
variations in motor configurations are provided under
Ref. | so that motors for a wide latitude of applications
may be procured under this broad specification, which
covers o vatiety of AC and DC moior 1ypes. Some of
these types are

1. AC Motors. Fraciional and integrat horsepower;
single- and polyphase; and induction, synchronous, uni-
versal, and definite purpose coniigurations

2. DC Morors. Fractional and integral horsepower:
and scries-wound. shunt-wound. compound-wound, or
permancnt magnet configuration.

The International Electromechanical Commission
(1EC) publishes motor standards. which are currently
used in Western Europe. Major differences between the
IEC and Nationa! Electrical Manufacturers Association
(NEMA) standards are

1. Use of metric units in [EC standards

MIL-HDBK-765(MI)

2. Allowable temperature rise with Class F insulation

3. Measurement of temperature rise by imbedded
Sensor.

Selected 1EC specifications are given in Refs. 6 through
14, Differences between IEC and NEMA specifications
are discussed in Ref. 15.

NEMA MG-1 specifies various performance character-
istics for motors or methods of expressing characteristics
that may vary with design, e.g., locked rotor current.
Characteristics discussed in this specification that must be
specified appropriately for a given application are

1. Power output (operating voltage, phase configura-
tion)

2. Speed(s) .

3. Torque {locked rotor, pull-up, breakdown)

4, Current (operating, locked rotor)

5. Physical dimensions (case or {frame size, mount,
shaft)

6. Labeling.

In most applications it is sufficient to specify the motor
frame size, enclosure type (cnvironmental protection),
speed, power, motor types, and shaft configuration 1o
provide sufficient information to obtain a replacement
compatible with the original. Some applications, how-
ever, will accommodate a wide latitude of replacement
motors, whereas others can use only an extract replace-
ment, especinlly motors that are definite or special pur-
pose machines.

Operation of motors under conditions that differ from
the design conditions should be attempted with care, Of
particular importance are the voltage and frequency
requirements specified lor the motor. The following con-
siderations should be reviewed before operating 8 motor
under conditions other than those for which the motor
was designed:

1. if the motor is operated at rated horsepower at a
voltage 1095 higher or lower than rated. the motor will
dissipatc more heat, which may lead to premature insula-
tion failure if this operation continues for cxtended
periods.

2. Locked rotor and breakdown will increase with
the square of applied voltage.

3. Operation at a higher-than-normal frequency
decreases torque and increases losses and speed. Forsome
motors close regulation of speed may be essential.

4. If 8 60-Hz motor is operated at 50 Hz, the applied
voliage and ouipui load should be reduced by 5/6. Speed

will be 5/6 of the rated speed.

7-2.7 TEST CRITERIA FOR DESIGN AND
ITEM ACCEPTANCE
A series of 1ests has been developed to verify specified
performance and to evaluate service-life performance.
These tests nre summarized brielly as follows:

I. Running Light Test. The unloaded motor is
cxcited at various vollage levels, and power input and
currcnt arc measured. Power drawn from the line under
these conditions is duc to winding resistance, friction, and

_ windage losses. Graphical analysis of the data is used 10

7-8
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compute clecirical resistance losses. mechanical losses,
and efficiency estimates.

2. Locked Roior Test. The motor under test is rigidly
mounied so that the armature cannot turn, but the torque
it exerts can be measured. Additional instrumentation is
attached for measurement of line current and voltage.
The measured current, called locked rotor currem, is
indicative of the loaded staning current; the measured
torque indicates the load that may be sioried by the

motior.
3, Temperoture Rise Tests, The motoris opernted o

S @ RrTeper qre NIse JeLis, LA moiort

a rated load and ambient temperature until an internal
temperature equilibrium is established. The motoris then
shutdown and additional temperature measuremenis are
made on rotating components and other components that
are inaccessible when the motor is operating. Alterna-
tively temperature measurements may be made by measur-
ing winding resistance immediately after shutdown or
during operation using a Seeley bridge. The measured
temperature data indicate whether the temperature limits
of the insulation will be exceeded during operation of the
motor at a rated load.

4. High- Porential Tests. Overvoltages arc applied
between windings and the case (o test the integrity of the
insulation. Low resistance readings indicate possible sus-
ceplibility to o fault or excessive leakage resistance.

5. Balance and Vibration. The motor is operated ina
specified mounting condition. The vibration amplitude
and/or noise generated are (is) measured.

6. Power Owiput Torque. The motor under test is
coupled to o prony brake or gimballed dynamometer
having an arm of known length extending lateraliy to a
scale. The load on the motor is varied by adjusting the
friction of the brake or the elecirical load on the dyna-
mometer. Recorded values of motor speed and torque are
plotted and analyzed to determine the suitability of the
motor for applications with specified speed-torque
requirements,

Additional information on test procedures is given in
Refs, 16 and 17.

7-2.8 OPERATIONAL CHARACTERISTICS

fDaf 10)
\EEh. Uy

When delivered, motors are lubricated with greases
selected to withstand the operating temperature of the
motor. Lubrication of the movor after installation with a
difTerent type of grease could reduce the lubricating prop-
erties of the original grease il the two lubricants are not
compatible, Therefore, the motor should be procured
with the same lubricant 1o be used during periodic main-
tenance, or the manufaciurer’s recommended lubricant
should be procured for periodic maintenance.

Motors should be kept free of dust and din since these
materials reduce heat dissipation and may increase wear
of bearing surfaces. I dust mixes with oil or grease in the
motor, 2 gummy mixture can be produced, which is diffi-
cult to remove and is a fire hazard if the motor overheats
or arcing develops, Dust should be removed periodically
by wiping, vacuum clesning, or blowing off with low-
pressure, compressed air. .

-

Maotars should be lubricated according to the manufac-
turer's recommendations. QOils, however, should be ap-
plied only to points at which lubrication is desired, Oil
should be kept off the commutators because it deterio-
rates the mica insulation and increases sparking at the
brushes. Also, oil should not be allowed to collect on
surfaces since it tends to hold dust, lint, and din in place
and thereby creates o fire hazard.

Unless the motor is designed {or operation in the pres-
ence of moisture, the motor should be protected from
waler to prevent development of hazardous elecirical

leakage pmhs. if frequent cleaning with water is antici-
pated, cither a scaled motor should be used or the motor
should be mounted such that the cleaning water will not
cnter the motor. Prevention of exposure 1o moisture can
be accomplished by training personnel or by relocating
equipment.

Belts and chain drives should be inspected regulariy for
appropriste tension and condition, ond gearing should be
checked for bearing wear and binding. Oventension in
belts or bindings will shonen bearing life. Excessive
iooseness may aliow belis or chains to slip off puileys and
sprockets. Slight changes in mounting position could
cause misalignments that introduce excessive vibration or
bearing wear. Also clectrical connections should be
checked to insure that they have not become loose duc 1o
vibration and that wiring insulation is not worn or
cracked.

It is important that polyphase motors be operated from
balanced power sources since the maximum power that

_can be delivered by the motor declines rapidly with

increasing voltage imbalance. As shown in Fig. 7-4 (Ref.
i}, a voliage imbalance of 55 reduces the maximum
power outpus of a motor by 2565, as well as increasing the
temperature rise of the motor.

.
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Figure 7-4. Integral Horsepower Motors
Derating Factor Due to Unbalanced Voltage
(Ref. 1)




Downloaded from http://www.everyspec.com

7-3 TRANSFORMERS
7-3.1 INTRODUCTION

The transformers covered in this paragraph are required
to supply end-item equipment with voltages different
from the normal distribution voltages or to: provide
ground isolation. Normal distribution tronsformers are
discussed in par. 5-3. These transformers include small
transformers that produce single-phase power (120/240
Vac) where only three-phase power is available; small
transformers that supply a wide range of voliages for
clectronic equipment; and specialized transformers re-
quired for DC power supplics, arc lights, and control
equipment.

Examples of specinlized transformers are {Ref, 2)

1. Power Transformers. Incorporated into electronic
or power apparatus to provide voliages required for
operation

2. Rectifier Transformers. Provide power, up to
15,000 X VA, 1o rectifier assemblies for DC motors and
cieciroiytic processes

3. Phase-Shifting Transformers. Provide power in 6,
12, or even 24 phases from conventional 3-phase lines.
Power from the larger number phase configurations,
when rectified, has less ripple than the conventionnl 3-
phase configuration.

4, General-Purpose Specialiy Tronsformers. Dry-
type distribution transformers that supply low-voltoge
loads, single-phase or three-phase, from secondary-distri-
bution networks that provide power at higher voltages or
in a different phase configuration

5. Conirol Transformers. Low-valtage transformers
used to power solenoids, relays, indicator lamps, and
control apparatus

6. Class 2 Transformers. Power-limited transformers
that are used in signaling circuits.

7-3.2 INDUCED ENVIRONMENT

The transformers required by end-items are generully
small, and therefore, vibration and magnetosiriction
noises are not significant. They are usually located in very
confined spaces. however, and cause a rise in the ambient
temperature. The iron in the transformers opcrates near
the knee of the saturntion curve, and there are stray
magnetic {ields that may be troublesome when used where
space is limited.

If step-up transformers are used to incrense voltage, the
high voltage is an environmental concern due to the
increased possibility of arcing or corona.

7-3.3 HAZARDS

Transformers used with specific end-items are physi-
cally smaller than distribution transformers and operate
at lower power levels, and the hazards associated with
end-item transformers are similar to those discussed in
par. 5-3.2, Although hazards are reduced somewhat
because of the smaller capacity of these transformers,
potential damage is increased because these transformers
are often mounted in or near equipment in inhabited
areas. Specific hazards associated with end-item trans-
formers arc
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1. Short circuits (faults) or overload conditions in the
primary circuit of the transformer can (ead 1o overheating
of the transformer and, in turn. 1o insulation deteriora-
tion. Possible damage includes development of faults
within the transformer, minor smoke doamage in the vicin-
ity of the transformer, or ignition of nearby {lammable
materials.

2. Energized conductors at the transformer terminals
present an electrical shock hazard to persons in the vicin-
ity. if the transformer insuiation fails, hazardous voltages
could be applied to exposed conductors. such as enclo-
sures or wiring conduit, unless those conductors are
grounded.

3. Older transformers using oil-filled or oil-im-
pregnated construction may contain PCB, a known car-
cinogen. Case leaknge caused by corrosion. external phys-
ical domage, or severe overload may allow carcinogenic
materinl to escape and expose personnel to this hazardous
substance,

4, Leakage of flammable insulating oils increases the
hazard of fire accompanied by the possible emission of
toxic guses. This is panticularly important if the trans-
former is located inside a building. PCB contamination
from a burning transformer located inside a building
could result in the loss of the building.

5. Overloading transformers can produce heating
sufficient to scorch, ignite, or vaporize insulalion mate-
rinls and release smoke and gases that in confined spaces
may be toxic or irritoting to personnel and may coat
clectrical contacts,

7-3.4 DESIGN CONSIDERATIONS

Design considerations for end-item transformers are
similar to those for distribution transformers: however,
allowances must be made for their smaller construction
and for the protected environments in which the end-item
transformers are used. Considerations other than those
described in this paragraph must be taken into account if
a transformer with unique requirements is designed for a

special purpose.

Transformers thaot are not 1o be incorporated inte
equipment should be enclosed in a housing, which must
provide the required environmenial protection for the
transformer and enclosing all energized conductors to
prevent inadvertent electrocution. Typically, dry trans-
formers used indoors cither have exposed lamination
with covers to prevent access 10 the windings and termi-
nals or the entire transformer core and coil assembly is

mounted in an enclosure with openings to permit the
natchoe of pir nnd enhline Enclacure aneninos chould be
passage of air and cabling. Enclosure openings shou

covered with 2 screen or grille 1o prevent the insertion of
fingers or metallic objects into the enclosure and inad-
vertent contact with any energized conductor that is bare

or covered with [ilm insulation.

7-3.4.2  Electrical Isolation (Primary to
Secondary)
Tronsformers used 10 provide electrical isolation must
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be designed so thar (1) the only significant coupling
mechanism between the primary and secondary is the
desired inductive coupling and (2) insulation between
windings is sufficient to achieve the desired interwinding
breakdown voltage. The reduction of coupling mecha-
nisms, especially electrostatic coupling, frequently is
required to reduce unintentional electrical leakage cur-
rents, Reduction of leakage currents is especially impor-
want in hospuul electrical equipment that may be in con-
tact with patients. High-voltage insulation between wind-
ings is necessary for transformers in power supply circuits
for which the secondary is maintained at a high-voliage
DC bias relative to the primary or for which impulse
transients from the primory source are anticipated,
Capacnwe coupling is reduced by scpnraling the windings

on the core and pu.u.lub an electrostatic shield beiween

them. The shield should be o sheet of o high-conductivity
materia} physically placed to reduce capacitive coupling
between the two windings.

Interwinding dielectric strength is provided by adding
additional insulation between windings and between
windings and the core. The additional insulation increases
leakage resistance as well as dielectric strength,

7-3.4.3 Labeling

Transformer terminals should be marked clearly either
by winding designation letters adjacent to the terminals or
by mounting o physical layout diagram of the terminals
on the tronsformer to show the relative positions of the
terminals and the designations for cach.

Terminal labeling. ns specified in Ref. 19, consists of
ont or two letiers followed b}' a numerical subscnp% The
letters indicate the winding: “H™ or *HV" for the high-
voltage primary and “X™ or "LV~ for the low-voltage
secondary. Secondary windings, in order of decreasing
voltage, are noted by “X", “Y". and “Z". The subscripted
numbers indicate the relative phase in polyphase circuits,
numbered in the order that the lines reach their crest
voltage. Terminals intended for connection to the neutral
are indicated by the subscript “0".

Information sbout transformer characteristics—e.g.,
capacity, power requircments, and importam connection
information--shouid be marked permanentiy on the
nameplate of the transformer. An example of the nome-
plate information required by Ref. 20 is shown in Tublc
7-7.

7-3.5 COMPATIBILITY AND

INTEROPERABILITY

Depending on the environmemt in which the trans-
former is mounted. the cooling classiftcation may be an
important criterion in the sclection of o replacement
transformer. The cooling class may be an imponant ¢ni-
terion in the sclection of a replacement ransformer. The
cooling classes for dry transformers are (Ref. 21)

1. Class AA. Ventilated dry-type. self-cooled

2. Class AFA. Ventilated dry-type. forced air-cooled

3. Class AA] FA. Ventilated dry-type, selfcooled or
forced air-cooled

4. Class ANV, Nonventiiated dry-type, seif-cocled

5. Class GA. Sealed dry-type, seli-cooled.
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TABLE 7-7
NAMEPLATE INFORMATION REQUIRED
FOR DRY-TYPE DISTRIBUTION AND
POWER TRANSFORMERS (Ref. 20)

Serial Number

Cooling Class

Number of Phases

Frequency

kVA Rating

Voltage Rating

Tap Voliages

Temperawure Rise in °C

Polarity Information (Single-Phase)
Phasor Diagram (Polyphase Diagram)
Percent Impedance

Basic Impulse Insulation Level (BIL)
Approximate Weight

Connection Diagram

Nome of Manufacturer

Dafa
Reference to Insiallation an

1] u,‘ﬁ-"

For replacement applications, transformers must have
the same number of phnscs. the same voltage rating, and
the same or higher capacn) In addition, the replacement
lransmrmcr musi have compnume moumlng Prov ISI.OIIS
and, il located in o confined aren, must operate with the
same or & smaller tempernture rise. Transformers can be
operated at a slightly higher frequency. For example, a
wransformer designed for 50-Hz operation may be oper-
ated a1 60 to 400 Hz. The transformer, however, must be
derated—because of the core saturation effects—if it is
operated at a lower frequency.

If the transformer is 1o be operated in parallel with
existing 1ransformers, the preceding conditions must be
satisfied and the transformer-turns ratio—as determined
from volinge tests—and transformer loss characteristics
must be maiched 10 insure equitable load sharing between
the transformers.

7-3.6 TEST CRITERIA FOR DESIGN AND
ITEM ACCEPTANCE

Transformer acceplance tests are described in detail in
Ref. 2). The most important tests are the vohage-ratio
tests, the no-load excitation test, and the full-load current
test—all were described for distribution iransformers in
par. 5-3.5.

Table 7-8 lists the tests and indicates whether the
recommended test is a routine manufaciuring or accep-
tance test or is a test performed on selected samples to
verily design adequacy. The type of transformer and its
intended application determine which 1vpe of test is
appropriate. For large transformers. wests for distribution
transformers are used to verify that a new transformer has
been received without damage and 1o provide baseline
data for comparison with dats 1oken during future tesis.

For smaller transformers, testing for losses may not be
justified because the power losses in a single transformer

are small, However, tests, such as winding polarity, that
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TABLE 7-8
RECOMMENDED TESTS FOR DRY-TYPE
POWER AND DISTRIBUTION
TRANSFORMERS (Ref. 21)

Test Reason for Test

Winding Resistance Design Verification

Ratio Routine
Polarity and Phase Relationship  Routine
No-Load Losses and Excitation
Current Routine
Impedance Voliage and Load
Loss Design Verification

Temperature Rise Design Verification

Diclectric Tests

Applied Routine

Induced Routine

Impulse Design Verification
Power Factor *

Insulation Resistance .

Audible Noise Level Design
Shon-Circuit Current Capability  *

Mechanical Routine

MIL-HDBK-765(M1)

*Sometimes required by transformer specifications

can be performed casily and that might prevent improper

connection of the transformer, especially in polyphase or
parzlleled configuraiions, can be justifted,

Appropriate tests for newly designed transformers for
use indoors or in confined areas are flammability tests.
These tests determine whether the insulation materials
used in the transformer cou!ld be ignited through a fault or
overload condition in the transformer, and they deter-
mine the gascous materials that would be released. These

tests have been performed on dry transformers, which use

a cast insulation material to cncnpsulntc the coils. to

confirm that this construction does not increase fire or
heaith hazards (Ref. 22).

7-3.7 OPERATIONAL PRECAUTIONS

Appropriate instaliation and mounting of a trans-
farmer danendc Inroelv an the tune of 1rancformer and the
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environment in which it is to bc used. For small trans-
formers used in electronic equipment, major considera-
tions are that adequate ventilation is provided for cooling
of the transformer, that vibration-resistant fasteners are
used, that the associated wiring is protecied adeguately,
and that overcurrent protection is sized appropriately to
protect the transformer.

For larger transformers used to provide power 10 a
large end-item or to a collection of loads. a location must
be selected that provides environmental protection com-
mensuraic with the consiruction of the transformer, Wea-

therproof transformers require minimal environmental

7-1
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protection; however, ventilated dry units must be pro-
tected from moisture. Transformers must not be installed
near lammable materials—a precaution to prevent aver-
current conditions from introducing 2 fire hazard. Ade-
quate ventilation must be provided if the manufacturer’s
copagity ratings are to be realized. Large transiormers
mounted indoors must be focated in a fireproof room,
which should not be used for storage {(Ref. 23} and should
be labeled to indicate that high voltage is present.

A transformer providcs ground isolation between

[ Y A - A
primary and secondary circuits. Even if the ynma.ﬂ,’ cir-

cuit is appropriately ground, the neutral cennection on
the secondary must be grounded to prevent buildup of
hazardous voltages between line conductors and ground
and to nllow overcurrent devices 1o interrupt circuits
containing foults, Neutral connections and transformer
cases must be connected to a group through a ground
conductor that is sized in accordance with the secondary
power conductors. The National Eleetrical Cede (NEC)
{Ref, 23) requires 2 minimum size American Wire Gage
(AWG) No. 8 copper condition, or AWG No. 6 Alumi-
num, for groundmg systems wired with AWG No. 2 or
smaller wire, (See par, 3-3.3.)

Mainienance of transformers is minimal provided the
transformers are operated within their ratings and are not
exposed 1o an environment more severe than the trans-
former is desioned 1o tolernte. Maintenance is limited to
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periodic inspections for overheating, loose connections,
broken or cul insulation, and other abnormalities that
indicate n potential operational problem.

7-4 HEATERS
7-4.1 INTRODUCTION

The clectric heaters discussed in this paragraph are
resistive devices that convert electrical energy directly to
heat through the “I’R " loss. Electrically driven, mechani-
cal heating systems, such as heat pumps, are not discussed
in this paragraph.

Electric heaters use onc or more of the three heat-
transfer mechanisms—i.e., radiation, convection, or con-
duction. The first two mechanisms are the most com-
monly used with clectric heaters. Conduclivc transfer is
sometimes used to transfer heai from the heaiing elementi
through a retaining vesset 1o the medium, usually a liquid,
to be heated.

Heaters are available in many forms 1o accommodate a
variety of power requirements and physical settings. Sev-
eral examples of different forms of heaters are

L. Ponnble space heaters

2. Space heating for a building of severnl rooms

3. Water heating for both rooms and laundry

4, Environmenta! conditioning unit in equipment or
mainicnance van

5. Electric ranges and ovens.

Radiant heat to warm small rooms or food can be
provided by an infrared cleciric lamp. These lamps typi-
cally draw about 300 W and may be installed in a conven-
tional, 300-W lighting fixwure.

D 1
Portable space heaters that heat a single room

power from 500 1o 2500 W and t)pxcnlly are

.3
3
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with a line cord and plug for connection to convenience
outlets. Units are manufactured with fans for heating by
convection or without fans for predominately radiant
heating. Mos: portable heaters are thermostatically con-
troiled.

Heaters can be liquid filled to distribute the heat froma
refativety small heating element to a much larger outer
surface to allow operation with lower surface tempera-
tures. The liquid insures that the temperature of the outer
case remaing below the boiling temperature of the liquid
provided the heating element is totally immersed. Liquid-
filled heaters are used in portable applications and in
permanent installations.

Heaters capable of heating an entire building are avail-

" able in many sizes. Heating requirements of o building
depend upon the cubic footage of the building, type of
construction, amount of insulation, lowest ambient tem-
perature expected, number of occupants, amount of
activity of outside doors, amount of outside air used in the
vemilming system. and several other factors, Heat can be
supplll:ﬂ by resisior-heaier S‘lﬁ]’)i andfor ncuung clementis
distributed in the duct work of o forced air ventilation
system.

Water heaters are available in 2 number of sizes. Select-
ing size and power depends upon the hot water require-
ments of the installation.

7-4.2 INDUCED ENVIRONMENT

The obvious impact of heaters on the environment is
the elevation of ambient temperawure. For air heaters the
temperature rise is dependent on many interrelated fac-
tors including the power dissipated in the heater, the
tempernture of the heater, characteristics of the surfoce of
the heater, and the velocity of the airflow across it.
Because of the poor thermal coupling between surfaces
and air, the surfaces are usually heated to high tempera-
tures to permii an adequaic transfer of heat to the air.
high temperatures can also heat other partsin mechanical
contact with the heaters unless proper insulating tech-
niques are used.

Heaters that are used for heating liquids on solid
obiects, e.g., water heaters and crankcase heaters. also
heat the enviroament due to the coupling between the
heated object and the atmosphere. Temperature rise near
the heating element may be significant if the heated object
is not insulated and the airflow across it is restricted.

T
[ i1

7-4.3 HAZARDS

If forced air heaters are placed too close to an object
that restricts the normal airflow, the element of the heater
operates at a temperature that is higher than the tempera-
ture for which the heater was dcsxgncd O\crhcmmg the
ciemeni can cause deicrioraiion of insulation, 1GGscmﬁg
of power connections, or release of toxic fumes from
insulation and case lacquer. The guarding screen over an
clectric air heater can be heated to the point of being a
hazard to personnel. Also improper placement of porta-
ble heaters can ignite nearby flammable materials.

Heaters that contain liquid can overheat if the heater
has lost its liquid for any reason. The thermostat sensing
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that could be affected by high-temperoture elements. The

clement may depend upon total immersion to function’
properly: if the thermostat fails, the heater can overheat.

Another hazard in liquid-filled heaters occurs if the vessel

ruptures. If personnel are nearby at the time of rupuure,

severe burns can be inflicied.

As with any clectrical apparatus. electrical shock from
heaters is & potentizl hazard. This is especially true with
heaters because heating element terminals frequently are
uninsulfated due to the expense of insulating conductors
to withstand the operating temperatures. Electrical shock
also may occur if open-air heating elements overheat and
droop to contact adjacent surfaces. [ the surfaces are not
grounded, the metal enclosure may assume the potential
of the heater ot the point of contact. Likewise, loosening
of connections from thermal cycling or corrosion can lead
to failure of those connections. The unsupported wire
may {all from the connection, contact other conductors,
and possibly energize them.

7-4.4 DESIGN CONSIDERATIONS

HP"I'F" r‘n“rﬂll l'!'l’lﬂﬂc

From the perspective of safety, the primary considera-
tions in designing heating units are to select materials that
function properly at the high temperatures required for
heating and o configuration that, in the event of failure,
minimizes hazards. Electric heaters function over a range
of temperatures and can be classified as follows (Ref. 24):

1. Low Temperawure. Up 10 425°C {(800° F)

2. Medium Temperature. From 425° 1o 1150°C
(300° 10 2100°F)

3. High Temperature, Above 1150°C (2100°F),

Materin!s commonly used for heating eiements and
their respective normal. maximum operating temperature
are listed in Table 7-9.

Open-air heating ¢lements must be supponed at fre-
quent mlcrvnls to prevent the elements from sagging and

support structures or other features

LUII‘UI-I]IIB Illl.lll!!lc WFE e SIS

TABLE 7-9

OPERATING TEMPERATURE OF

HEATING ELEMENT MATERIALS (Rei. 2)
Material Maximum

Opcrntmg Temperature

°C °F

ASTM Alloy B82 (Ni-Cr) 1150 2100

ASTM Alloy B83 (Ni-Cr) 900 1650

Silicon Carbide* 1500 2700

Molybdenum* 1650 3000

Tungsten* 2000 3600

Graphite® 600 1100

*These materials are used typically for the filament or rod in
resistor (or metal sheath) heaters. The clement of the heater is
placed in o metal (stainless steel) tube packed with magnesium
ox:dc This configuration protects the hea:mg material from
contamination and aflows dircct immersion in liquids.
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insulating supports are usually fabricated from a refrac-
tory ceramic that can withstand the large temperature
gradicnts induced in heaters. Heaters should be placed
only where the element is protected during operation. If
this is not possible, the heater enclosurc should be
designed to provide adequate mechanical protection to
the heating elements and supports to prevent objects [rom
contacting either the heating ¢lement or its supports.
Such contact could induce an elecirocution hazard, o

fanlt ar marhanirnl damaoos 1n tha enunnarte
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In epplications involving vibration, immersion, or in
which the heater may be subjected 10 mechanical damage,
a metal-sheathed heater should be used. In this configura-
tion the resistive heating clement is placed in a protective
tube packed with a solid clectrical insulation material to
prevent contact between the electrically energized cle-
ment and the shcath while conducting the heat. This
configuration also is used where good thermal contact
between the heating element and the solid object to be
heated is required. Various physical configurations are
available, including rods and boli-on strip heaters. Steel-
sheathed units can be operated at temperatures up 10
400°C (750°F) and dissipate 15 kW/m (IO W/in).
Sheath materials with improved corrosion resistance may
be operated ot higher iemperatures. Porcelain-enameled
steel or alloy steel sheaths can be operated up to 650°C
(1200° F) and dissipate up to 23 kW/m* (15 W/in?) (Ref.
2). Temperature limits for other commonly used mate-
rials are summarized in Table 7-10 (Ref. 25).

The insulation used in sheath heaters is usually magne-
sivm oxide with porcelain bushings a1 the ends Lo support
the clement and protect the magnesium oxide. The min-
imum insulation thickness is 0.41 mm (0.016 in.) for cle-
ments used at 300 V or less and 0.79 mm (0.031 in.) for
elements rated between 300 and 600 V.

7-4.4.2 Heater Protective Devices

The heating apparatus should incorporate screens or
guards to protect the elements from inadverient contact
by personnel. The distance between the guards and the
clement should be sufficient to prevent the guard from
being a burn hazard to personnel.

Overcurrent and overtemperature protection should be
provided for the heating apparatus. Overcurrent protec-
tion protects against faults that may be induced through
the aceelerated aging of insulation materials in o high-
tempernture environment and, in the event of a line-to-
ground fauli, prevents dnmage by interrupting the supply
current.

Overtemperniure protection should be provided to

inhibit dangerously high temperatures that could occur
fram thermacint nnd/or controller failure or blocknee of
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the air ventilation to the heating element. This protection
may be provided by thermal [usc or overtemperature limit
switches. The thermal fuse is a conventional fuse with an
clement that meits at n specified temperature. When the
ambient temperature exceeds the melting point of the
element. it melts to interrupt the current (low in a manner
similar to that of the more conventional fuse. The over-
temperature limit switch is a latching thermostat setto
some temperature above the normal operating tempera-
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TABLE 7-10
TEMPERATURE LIMITS FOR
SHEATH MATERIALS (Ref. 25)

Sheath Matenal Maximum
Temperature
OC o F
Copper 175 350
Aluminum 260 500
Brass 400 750
Cold Rolled Steel 400 750
Nickel Silver 540 1000
Stainless Steel* .
302, 303, 304, 316, 321. 347 760 1400
3098 . - 8IS 1500
310 870 1600
403, 405, 410, 416, 501 650 1200
430 705 1300
442 760 1400
446 815 1500
Nickel Alloys*®
400 482 900
600 980 1800
800 925 1700
825 590 1100
840 925 1700

*American Iron and Sicel Instilute (AJSI) type designations
**American Society of Mechanica! Enginecers (ASME) type

designations

UL shail not be responsible to anyone for the use of, or reham: upon. o
UL standard by anyone, UL shall not incur any obhgauon or habllm
for damages. including consequential damages. arising out of. or in
connection with, the ase of, interpretation of, or reliance upon a UL
siandard, This materiy] is reproduced with permission from UL, Inc..
Standard for Safety for Sheathed Heoring Elemenus, UL, 1030, Current
copies of which may be purchased (rom UL. Inc.. Publications Stock.
333 Phingsten Road, Northbrook, 1L, 60062-2096.

ture of the heating element. When the ambient tempera-
ture reaches the set point, switch contacts are opencd and
remain open until they are reset manually.

Additional protective devices shouid be provided for
enclosed vessels apd portable applinnces. Vessels that
operate under pressure. e.g., water heaters, should be
equipped with overpressure devices to allow liquid to
escape through a prepared path in the event of overheat-
ing. These devices are intended to prevent rupture of the
tank, which can occur if no escape mechanism is provided.

Portable heaters such as space heaters should be equipped
with “level™ switches that nrevent aneration tf the heater is

AR b= R ] bt b sina i it id b

not upright. These devices stop operation of the heater
when itis tipped over and thus preventignition of nearby
Moor coverings or materials.

7-4.4.3 Heater Element Size Selection

The sclection of the size of the heating element is
determined by an analysis of heat transfer charncteristics
based on energy conservation, i.¢.. the energy supplied by
the heater must equal the amount of heat carried away by
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the heated fluids and conduction. The quantity of heat
dissipated is proportional to the wemperature of the
heated unit. The temperature is established by an equilibri-
um condilion in which the heat input balances the hent
output. These relationships for o simple geometry are
illusirated in Fig. 7-5 (Ref. 2).

Temperatures in typical applications, however, are
more difficult 1o analvze because of uncertainies in air-
flow patterns and complex {actors such as thermal resis-
wance ot junctions. For small applications heater capaci-
ties are determined through rough approximations, and
heaters with slightly larger capacities are installed. Such
heaters are operated from a variable voliage source to
observe (1) the temperature of the heating element and (2)
the iemperature of the object or fuid stream (o be heated.

-

The temperature extremes promoie accelerated corrosion
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The power input to the heater 15 increased until the
desired temperature of the heated medium is reached
without exceeding the thermal limitations of the heating
element. I the desired heating cannot be obiained with-
out exceeding the temperature limit of the heating ele-
ment, then either a higher temperature element must be
used andfor the thermal coupling between the heating
element and the heated object must be improved.
Terminations for heating elements should be capabie of
withsianding the temperature cycling and exiremes asso-
ciated with the heating element. Typical clement connec-
tion problems are permanent deformation and subse-
quent loosening of connections due to the expansion and
contraction of the material caused by thermal cyciing.

.

Radiated Heat:
> h,-C,‘HT;:— ra‘mb’-w"“z
O [- &0 - g o]
“h
Power Hoati e,
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[. Co,tc = Tams) .wnn.z]
— Cornvection:
07> wa i - b
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T = lemperature of hoaied plate, K (R)
Tamp = 'emperzture of ambiant or sink. K (R)

k_ = thermal conductivity of material, Wim. k (Whn..R)
langth of thermal conductor, m (in,)

Figure 7-5. Heat F_I:\&;-I.)iagram for Vertical, Heaieh f’lnie‘(Re-t’.-l)
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rates for materials used in high-temperature environ-
ments. Appropriate connection techniques include bolted
and crimped connections, Terminations for heating ele-
ments also require a nonmetallic grommet to protect
against damage from vibration. Teflon (polytetrafluo-
rocthylene) grommets should not be used because the
initial thermal decomposition producis can result in an
acute illness termed “polymer fume fever™, the symptoms
of which include headache, nausea. aching, weakness,
chills, and fever.

All materials used in bolted connections or termina-
tions should have reasonably matched coefficients of
thermal expansion or should have an clastic member, ¢.g..
spring washer, that maintains pressure on the electrical
connection as components expand and contract.

Crimp conncctions can be made if appropriate mate-
rials are used. Nickel is commonly used at temperatures
up to 650°C (t200°F) with iron. manganese-nickel,
nickel-chromium. or nickel conductors (Ref. 26).

7-1.4.4 Markings lor Heaters

Permanent markings should be piaced on all heaters
and heating elements and should include information
about operating voltage, power, and 2 manufacturer’s
identification number or symbol. Other markings may be
necessary 10 warn of possible hazards. Examples of
appropriate markings arc

l. “Bottom™ and “Top™ for units that should be
mounted in only one orientation

2. Henters powered by scveral sources should have a
placard indicating the number of sources to be discon-
nected before service should be attempred.

3. A high-voltage warning should be placed on unis
that have removable covers that expose energized con-
ductors.

4. Special wiring considerations, such as minimum
temperature rating of the insulation or use of copper wire
{only), should be noted to prevent use of materials that
might deteriornte in that environmeni.

5. A warning against placing o portable heater too
close 1o a wall. drapery materials, or other features thaot
would introduce o fire hazard

6. Warning of hot surfaces

7. Warning that all removable components must be
in place before operation

8. A sign with the format shown in Fig. 44 should be
used to warn about heated surfaces that are not visibly hot
because of their physical configuration. This sign should
be located on the nearest permanent, cool surface, i.c., not
on a removable guard, or if placed on o heated surface, it
should be constructed to withstand the surface tempera-
ture.

The application warnings are discussed more com-
pletely in Ref. 27.

7-.5 COMPATIBILITY AND
INTEROPERABILITY
Heaters and heating elements tend to be designed lor
specific applications, and consequemly, there has been
little standardization in heater design. There are, how-
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ever, some high-volume apphications for which standard
heater elements can be used. e.g.. water heater.

The characteristics that deseribe a heater and should be
specified to define a unit suitable for a given application
are

1. Operating voltage

2. Power consumption

1. Phase configuration

4. Physical configuration, e.g., size and mounting

AEmVIEIANE
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S. Temperature limit

6. Special limitations, such as restrictions on mount-
ing oricntation and support

7. For forced zir heating assembilies, airflow and the
maximum impedance of the flow path.

7-4.6 TEST CRITERIA FOR DESIGN AND
ITEM ACCEPTANCE (Ref. 27)
The following sequence of tests is an example of tests
performed to verify the safe operation of heaters:

1. Mcasure current and watt input while the heater is
energized at nominal voltage and frequency.

2. Test the case housing or enclosure for leakage
current and voltnge aboveground. Repeat with heating
element heated and at ambient temperature, The objec-
tive of this test is to identify sources of leakage currents
that could become hazardous to personnel if the heater
case is not grounded.

3. If the forced air heater is to be attached to a
particular piece of equipment, verify that the reduction of
airflow resulting from this interconnection does not over-
heat the heater, its motor, and the heater case.

4, Verify operation of safety devices, such astip-over
switches for portable heaters and thermally activated
fuses because such devices, if inoperative, can provide a
false sense of security and possibly lead 10 severe hazards
if excessive reliance is placed on their performance.

5. For portable air heaters, measure the temperature
of protective guards or screens Lo instre that burns or fires
will not be preduced from incidental contact.

6. Verily that operation of o portable heater does not

P P JRPEUN Jigty .
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introduce the b {ire, elecirical shock, or person-
nel injury when operated under conditions of excess
power valiage, burned-out eiement, tip-over, orimproper
placement, ¢.g., near wall or furniture. Likewise, checks
for rain spray, wes mops, or restricted airflow may be
appropriate if such checks are possible during the normal

use of the heater.

7-4.7 OPERATIONAL PRECAUTIONS

Resistive heating elements generally require no period-
ic maintenance: however, they should be checked periodi-
cally for loose or corroded connections. Any accumula-
tion of dust, dirt, or grease near or on the heater should be
removed to reduce the chance of fire. Scale or other
accumulated matter should be removed from immersion
heaters to improve thermal contact between the heating
element and the liquid being heated, which will lower the
internal temperature of the henting clement.

Portable or freestanding heaters that are subject to
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frequent relocation must always be operated in o location
that assures safety, An operating manual and/or label
should be provided that contains the lollowing types of
warning (Ref. 27).

1. Heater may be hot even when not in use. Avoid
skin contact.

2. Disconnect heater when not in use.

3. Do not use outdoors (unless unit is weatherproof).

4, Do not use in wet locations,

5. Unit must be grounded during operation.

6. Do noi nilow forcign objecis to enter heaier
openings.

7. Do not block openings or operate heater on soft
surfece that may prevent {ree air circulation through
heater.

7-5 ARC LIGHTS
7-5.1 INTRODUCTION

Prior 10 1940, high-cnergy arc lights were used by the
military for coastal defense and antiaircraft operations.
Later high-intensity lamps were used for battlefield illum-
ination. However, the development of image intensifiers,
infrared (1R) imaging systems, and other battlefield sens-
ing systems diminished the need for illuminating the bat-
tlefield. Secarchlights now are used primarily for special
purpose illumination such as providing illumination of
large areas for maintenance or consiruction operations.

The original units used carbon-arc lamps that initiated
an orc between two carbon electrodes that, in turn, were
vaporized and consumed by the arc. Both the complex
feed mechanism needed to maintain a constant arc length
and the need for frequent autention during operation,
however, have made the use of carbon-arc lamps less
popular. Alternative arc lamps are glass-envelope lamps
filled with mercury, xenon, or 2 combination of the two.
These lamps are logistically simpler to operate incompar-
ison o carbon-are lamps but have less output and require
high-voltage circuitry (50 kV) o initiate the arc.

A 20-k W, liquid-cooled xenon lampis usedinthe AfN
TVS-3, which originally was designed for bartlefield
illumination. Other military applications include 0 30-k W
airbarne-mounied xenon searchlight and a -kW signal-
ing lamp.which may use either xenon or incandescent
lamps.

7-5.2 INDUCED ENVIRONMENT

The mercury-xenon vapor arc is enclosed in a quartz
envelope because of the high operating temperature.,
Since quaniz is relatively transparent to ultraviolet (UV),
the uliraviolei raoys produced by the discharge are passed
to the environment.

The high temperatures associated with lamps induce
significant heating of the environment. Fortunately, high-
intensity lighting is used outdoors where air circulation is
not restricted; hence the heat does not build up.

Ozone is often produced around the quartz envelope by
the UV emissions. If the mercury-xenon vapor arcis being
used in o confined space, e.g., a movie projection booth,
the conceniration of ozone can accelerate corrosion of
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metals and insulating materials and introduces a health
hazard to personnel.

7-53 HAZARDS
Hazards associnted with arc lamps are

1. The mercury-xenon vapor arc emits ultraviolet
radiation sufTicient to present a scrious hazard 1o eyes and
skin subjected to direct exposure. Generally an uliravioler-
absorbing glass plate covers the source to filter cut the
ultraviolet radistion. If the cover plate must be removed
for lamp replacement, it can be broken easily and thus
maXe it necessary to operate the lamp without the protec-
tive cover plate until o replacement may be obtained.
When the lamp is operaied in this manner, personnel are
subjected to excessive ultraviolet radiation from either
direct or indirect rodintion, which can cause eve damage.

2. The hazard of burns is associaied with lamp
replacement if insufficient time is allowed for the lamp 0
cool before replacement is attempted

3. Arc lamps in which there is high pressure in the
quariz envelope introduce the hazard of possible arc
explosion. A special metal enclosure that encases the
lamp during its removal and instaliation provides some
proteciion. Personnel are protected from flying debris of
an explosion but not from possible mercury contamina-
tion.

4, The'deterioration of electricel insulation duc to the
intense heat and ultraviolet radiation can cause the devel-
opment of foults, which may lead to the presence of high
voltage on exposed components if the equipment is not
properly grounded.

7-5.4 DESIGN CONSIDERATIONS

High-intensity lights, such as searchlights, must becon-
figured to reduce the possibilily of electric shock and
excessive light (especially UV) exposure to the operator
and to protect the lamp from any damage that could lead
to its explosion.

Necessary design features include an interlock system
te remove high voltage from the interior when the unit is
opened for adjustment or repair. Electrical wiring mate-
rials must be selecied 1o resist damage from high tempera-
tures and high ozont concentretions near the lamp. it
may be necessary to provide additional bushings or stond-
off insulators to isolate the conductor from surrounding
conductors or grounded structures in the event of insula-
tion failure from accelerated deteriorntion in this environ-
ment.

Xenon, mercury-xenon, or mercury lamps operate with
high internal pressures—approximartely 10 to 50 times
atmospheric pressure. The highly pressurized gas can
propel glass fragments with explosive force in the event of
envelope foilure. A protective enclosure is designed to (1)
prevent any physical damage to the lamp that could result
in fracture and {2) contain the {lving glass and toxic
materials that would be released during an explosion. The
lamp should be operated only with protective filiers. baf-
Nes, or other safety enclosures to protect personnet from
potentinl explosions and the uvltraviolet radiation (Ref.
24),
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To minimize the chance of lamp fracture, metal or
plastic protective cases arc used for storing. The lamps
should be kept in these siorage cases until instalilation.

Gc-:crnlly scaled-arc lamps operating at power levels
up to 2.3 X W can be cooled by natural convection. Higher
powered lamps require.forced air or water cooling for
reasonable lamp life because the lamp enclosure will
reach high temperatures during cxtended operating peri-

ods. If the light is operated in an accessible location,

guards or perforated shields that aflow convective cooling
should be used 1o prevent contact with the hot surface by
personnel,

7-5.5 COMPATIBILITY AND
INTEROPERABILITY

The design of high-intensity arc lights is generally
intended for low-volume, special purpose applications.
Therefore, existing designs should be used to avoid a
proliferation of special purpose units but only if such
designs arc not obsolete.

New designs should use standardized bulb configura-
tions to reduce cost and to insure availability of replace-
ment pants. Specifications for these bulbs (Ref. 28) are
writlen to promotce interchangeability of lamps manufnc-
tured under the specification.

High-intensity lighting features that must be specified

to determine the suitability of a lamp as a replacement are

l. Intensity or power input

2. Beam di\crgcncc

). Voliage and phase of input power

4. Physical size/ mounting/ portability

5. Maximum period of unaitended operation.

Features that may be incorporated in a new design to
enhance its compatibility with existing nnd future appli-
cations are

t. Capability of operation {rom various supplies—
i.c., three-phase, singie-phase, DC at various voltages

2. Variable beam characteristics

3. Acceptance of a range of lamp sizes and types,
possibly using adapiers to eccommodate different lnmp-
envelope configurations

4, Replaceable starter nssemblies may be necessary
to nccommodate different types of lamps.

7-5.6 TEST CRITERIA FOR DESIGN AND
ITEM ACCEPTANCE
Fhe tesis that are appropriate for lamp designs are
highly dependent on the anticipated applications and the
features of the light. Examples of tests that may be
appropriate to insure safe operation of lights are(Rcf 29)

i. Diecleciric Strength. Apply a specified voliage
between the power conductors and {rame. Monitor cur-
rent flow, and observe the test device (or evidence of
arcing. Excessive current could produce hazardous
potentials if equipment is not properly grounded,

2. Insulation Resistance. Apply a moderate test volt-
age between the power input and frame. and measure the
resulting current flow, which, if equipment is not
grounded, could [ead to hazardous potentials on exposed
conductors. This test may be*performed in conjunction
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with dielectric strength or environmental exposure tests.
3. Temperature Limits. Operaie the lamp for a
period sufficient for thermal equilibfium, and measure
the temperature of exposed suriaces to determine whether
the operator will be exposed to excessive burn hazards.
4. Environmenial Exposure Tesis. Expose the unitto
selt spray, water spray, humidity, and accelerated aging
conditions while the unit is operating to determine
whether environmental exposure degrades opiimal per-

el BRitall LAV RL e ottd peiiiial

formance orintroduces undesm:d c!ecmcnl leakngc paths
and creates the same hazards as high leakage. Also con-
duct water spray tests to determine whether sudden cool-
ing induces damage to the heated components.
5. Shock and}or Vibration Tests. Subject the unit 10

s pattern of shock and vibration 10 test fracturing or
unfastening of components that cause inoperability,
degraded performance, or an unsafe condition. e.g.. a
power line contaciing the case.
7-5.7 OPERATIONAL PRECAUTIONS

Every precaution should be exercised in operating the
high-intensity arc lamps to avoid eye damage from expo-
sure to ultraviolet radiation. Also direct exposure to the
light beam can cause flesh burns, and precautions against
skin exposure should be taken. Searchlight operators
must not direct the beam at other personnel.

Lamp replacement should not be attempted until the
lamp has had a sufficient cooling-off period. Some types
of lamps require a special metal enclosure when the lamp

icin ite fiwtiirm ne well ne dirrina inctallation and remaval
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This enclosure reduces the chance of injury, which could
occur in the event of an explosion.

The lamp should be kept clean to minimize the passibil-
ity of lamp overheating due 10 the radiant energy absorp-
tion of surface contamination. High-temperature lamps
should not be handled with bare hands. This precaution
prevents the deposition of skin oils on glass; skin oils
produce hot spots when the lamp is operated.

In the case of o damaged quartz envelope and a mer-
cury spill, special precautions must be taken. Notify the
commanding officer, industriai hygienist, or responsible
organization in the event of a mercury spill of two or more
ounces,

7-6 CONTROLS
7-6.1 INTRODUCTION

Controls discussed in this paragraph include on-off
proportional controllers, which control the flow of power
to polyphase loads based on manual control position, the
mngnitudc of a related parnmeler, or some combination
OI e iwo. Ul'l(JCI' mnnunl ﬁﬁﬁifol the Vﬁllﬁgﬁ ﬁﬁ[_llll:ﬂ i0o
the load is controlled by an on-off swiich, 2 varinble
wransformer, or a variable resistor. The level of applied
voltage is not dependent on a monitored parameter, c.g.,
motor speed or heater temperature. except indirecily
through observation and control by the operator.

For the purpose of discussion in this handbook, a
control consists of a regulating device that exercises con-
trol over same aspect—such as speed, power, position, or
simply whether the equipment is running or not (on-off
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control)—of the operntion of the machine. Even though
control may be implemented mechanically, e.g.. clutches
or transmission, this discussion focuses on clectrical con-
trols that incorporate switches, transformers, or rheostats
to regulate the flow of electricity—based on input from an
operator—ito a piece of elecirical apparatus,

A controller provides a sensing and regulating capabil-
ity to effect automatic feedback control. These devices are
usuaily efectrical. although physical mechanisms may be
emploved for sensing, e.g.. the thermal deformation of o
bimetallic strip or the expansion of gas in ncapillary tube
to activate switch contacts physically.

Feedback control systems adjust the applied voltage
{or current) to maintain monitored parameter values.
These systems also may employ operation input, which s
most ofien a specified set point (or the desired value of the
parameter being controlled. The applied voliage, how-
ever, depends on an “error” signal corresponding to the
difference between the desired level {set point) and the
electrically sensed value of the same parameter,
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unique requirements of the devices or systems to be con-
trolled. Examples of common control systems are

1. Motor Controls. Controllers that vary voltage to
provide orderly siart-up of electric motors

2. Temperature Controllers. Controllers that vory
power to electric heater 1o control the temperature mea-
sured by a thermocouple

3. Position Controllers. Controllers that vary voltage
and phase sequence to motors thot drive large doors,
cranes, or clevator cars until they reach the desired
position.

7-6.2 INDUCED ENVIRONMENT

Electrical controls or controllers generally have little
direct effect on the environment but may have significant
indirect effect through the electrical apparatus they con-
trol. The specific effect depends on the type of apparatus
connected and may include increased heat from afl types
of apparatus or excessive vibration from electrical motors.
The design of the controller can significantly affect the
levels of these effects.

One environmental effect that is directly aunibutable to
clectrical controls or controllers is the generation of elec-
tromagnetic interference (EM]1), This interference is pro-
duced by ares or abrupt interrupiion of current. especially
if the interruption occurs periodically at the power line
frequency. Unless proper filtering and shiclding arce
incorpornted, the harmonics generated will be conducted
by power cables or radiated through the antenna effects of
the wiring to nearby clecirical apparatus. The high-
frequency energy of the harmonics may interfere with the
operation of electronic equipment.

7-6.3 HAZARDS

Improper interaction between the controller and the
equipment being controlled represents the primary source
of potential hazards attributed to controllers. The specific
nawure of controller hazards depends on the type of
equipment being controlled. Examples of types of poten-
tial hazards are
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I. Inadvertent activation of machinery during main-
tenance or setup operation while personnel are within
range of rotating or reciprocating components. Activa-
tion could be initiated by bumping against the control
switch: by depressing the wrong control switch, e.g..
“START™ or “REVERSE ™ instead of “STOP™ orbya
short circuit within the switch housing due 1o moisture or
physical damage.

2. Application of full voltage to a laaded motor could
result in a severe overcurrent condition when the starting
torque is insufficient 10 overcome the load.

3. EMI generated by o switching transient could
causc improper operation of a programmable controller
or computer-based control system and, in turn, cause
inappropriate control activation, Quicomes of inappro-
priate control could include toss of a manufactured prod-
uct, process “runaway”, or activation of machinery that
should be idle.

7-6.4 DESIGN CONSIDERATIONS

The design of ncontrol or controller for electrical appa-
ratus depends on the equipment to be controlled. the
application of the equipment, and the environment in
which it will be operated. Certain general considerations,
however, apply to a large portion of the controllers for
common applications such as motor control and temper-
ature control. These general considerntions are discussed
in the subparagrnphs that follow.

7-6.4.1 Physical Arrangements for Controls

Control pancl layout should be carefully designed so
that the function and use of switches or operating levers
areclear to the operator. Standardized color and position
coding should be employed so the operator does not have
to study the pene! to determine which button to press.
Uniformity in design of control panels, especially among
those for a specified application, will minimize operator
errors in the usc of the control panel.

Conventions have been established by the National
Electrical Manufacturers Associntion for arientation and
positioning of machine controls (Ref. 30). “STOP™ but-
tons should be red in color to distinguish them from other
switches, Puch buttons for a multispeed motor should be
oriented in n row, either vertically or horizontally. In a
vertical configuration the *STOP™ buwton should be at
the bottom, and switches above ordered in the sequence
of increasing speed—i.c., with the highest speed switch at
the top. Horizontally arranged switches should have the
“STOP™ button on the extreme left and the highest speed
on the extreme right. A green light is used to indicate that
the controlled apparatus is operating. A red light also
may be used to indicate that the apparatus has been
stopped.

Types of conirois may be keyed by coior; size may aiso
be used to group controls that are functionanlly related.
Size or shape should be used to key commonly used
controls to provide n tactile indication to the operator of
what control is being adjusied in order 1o prevent the
inadvertent adjustment of the wrong control. The most
commonly adjusted controls or the most critical adjust-
ments should be the largest size.
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If controls are used to adjust the level of an indicated
parameter, the control should be located next to the
adjustment-level meter or display for the parameter. Con-
trols should be positioned such that forward, clockwise,
or upward movements cause the controlled apparatus to
activate, incrense in speed, raise, move forward, or rotate
clockwise. Controls that should be activated in sequence
should be grouped and arranged in the normal sequence
of adjustment,

Coantrade that arn used for mointenance adirtetm
ha A T TR L Illul L1~ awrl LRI FRIRA=Y YL )Y

1

should be covered. Convenient access, however, should
be provided for maintenance personnel. Controls that
could initinte an action that is potentially doamaging to
cquipment or injurious to personnel should be protected
to prevent accidental ectivation. Prou:cmc measures may
include

I. Locating the control away from frequently accessed
controls

2. Recessing or surrounding the control with barriers
to limit access to one panicular direction

3. Providing a mechanical interlock that requires the
refease of a lock mechanism or pull{ push to engage before
the control may be adjusted

4, Providing "stifli™ operating mechanism so that
additional foree is required to adjust the control.

For critical operntions, interlocks may be employed.
Interlocks may consist of a scparate lever or push bution
that must be depressed prior to activation of a push-
buzton control or to wurning a rotary switch to a critical
position. {In tactical equipment. it may be necessary 1o
provide an override to disable the interlock if it fails.)
Another example of a mechanical interlock designed 1o
prevent damage is one that prevents rapid Ironsition
between two operating switch positions where the sudden
transition could cause damage. For example. sudden
switching from forward to reverse in o motor controller
could cause severe overcurrents in the motors andfor
damaging mechanical jolts. Switch units may be designed
so that the control must remain in the off position for o
specified period of time before moving into the reverse
position. If separate speed and direction controls are

nravidad aon interlock hearwssn tha cantraole mav he
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appropriate to ensure that the direction can be changed
only when the speed is set (o zero.

Controls should be labeled clearly, and labels for all
control positions should be readable. The location of the
labels should be consistent, i.c., always either above or
below the control. Generally, a pointer is used on rotary
controls to point to a label indicating the sclected func-
ton. If possible, rotating dials and windows may be used
so that only the appropriaic label is shown: however, this
arrangement may unnecessarily complicate the design of
the controi unit. indicating knobs shouid be keyed 1o tie
shaft, i.c., using n flatted shaft, 1o preventimproper instal-
lation of the knob so that a false position is indicated.

Labels for switch positions should describe the func-
tion as concisely as possible in terms that are familiar to
all personnel who will use the equipment. Common
terms, such as “START™, “STOP™, "OPEN", “CLOSE",
“FORWARD", and "REVERSE’, are_preferred over
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esoteric alternatives. Symbols should be used only if they
are familiar to all personnel who will operate the equip-
ment.

Additional information on the human engineering
aspects of control arrangements are given in Ref. 31.

7-6.4.2 Control and/or Equipment Interaction
Controllers used in feedback control sysiems should be
designed 10 provide an unconditionally stable operation.

Since the faciors that determine :lnhnhly can vary with

machine loading, sensor location. or any number of
application-dependent factors, a control sysiem that is
operating in a stable mode may casily become unstable if
operating parameters are changed suddenly or il a mal-
funciion occurs. Therefore, it is usually necessary to have
preset limit deflectors that will shut down the operationif
the control system output exceeds normally encountered
control levels by a significant margin. These limit deflec-
tors protect the controlled equipment in the event of
sensor or conirol-system failure,

Controls for high-speed machinery, especially those
with materinl-feed operations, should include provision
for low-speed operation so that the operator may check
the motion of the mechanism, position material. or initiate
a drilling or cutting operation. The slower speed permits
the operator to stop the operation before irreversible dam-
age occurs and provides greater snfcty to human interac-
tion with the machinery while it is in an operating mode. If
the slow feature is not provided, operators may use aseries
of gquick, start/stop sequences to accomplish the same |
functions. During a quick start and stop sequence, how-
ever, the control unit could jam or the operator could miss
the stop control. and the machine could reach normal
operating speed ot a time when that is not desired.
7-6.4.3 Electromagnetic Interference

As mentioned in par. 7-6.2, the switching devices used
in controllers genernte high-frequency energy during
operation, and this energy may be coupled to sensitive
electronic equipment. Arcing of contacts in switches or
relays praduces harmonic energy with a fundamental fre-
gquency at the line freqauenev nnd harmonics extendine up
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to hundreds of mcgah:nz. Thc durntion of the mterfcnng
energy is generally short and lasts only as long as the
arc—generally only a few cycles of the line volinge.
Controllers that incorparate solid-state switching com-
ponents vary the detivered power by switching off for a
portion of the beginning af each line cycle. The repetitious
switching also generates energy with a fundamental fre-
quency equal to the line frequency and harmonic encrgy
into hundreds of megahertz. This energy is emitted con-
tinuously and varies in intensity with the rise time of the
switching transicnt. the current and vaitage icvels being
switched. and the electrical resonances in the circuit.
The reduction of interference to sensitive clectronic
equipment is accomplished by reducing one or more of
the following:
1. Encrgy radiated from the source of interference
2. Coupling between interference source and the sus-

ceptible equipment
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ground signal instrumentation. Grounding for EMI re-

3. The susceptibility of equipment that is disrupted
by the interference.
Various techniques for reducing all of these are discussed
in Refs. 32 10 34, The interference generated by equip-
ment is minimized most effectively by incorporating
approprinte shielding and [liering duning the design
phase. The undesired coupling is minimized during insial-
lation by appropriate cablc routing and groundmg

The emitted _energy is reduced by clcctromagnenc
shielding of the switching components, filiering of wiring
to the switching devices, contact arc suppression, and
good grounding practices. Shielding is accomplished by
surrounding the unit in 2 metal enclosure constructed
{rom conductive material. Although copper is preferred
because of its high conductivity, steel is also adequate for
almost all applications and has the advantages of econ-
omy and strength. The design of the configuration is more
imponant than the tlection of the shiclding material.
Large openings, covers, or doors that do not make com-
plete electrical conteet with the enclosure or unfiltered
wiring passing through holes in the cabinet may couple
clectromagnetic energy to the external environment and
defeat the effectiveness of the shielding. 1f high-powered
controllers are to be located near sensitive electronics, a
complete and separate enclosure of the control unit and
the instrumentation is necessary to prevent undesired
ciectromagnetic emission radiation and unintended
recepiion.

Power and signal leads that leave o control system
enclosure should be filtered and shielded. The filiering
prevents the conduction of interference into or out of the
shiclded enclosure along the wire. The cable shiclding
further inhibits the coupling of undesired energy to or
from the cable. Filters for this application may consist of
ferrite beads or low-pass, single-section, LC filters. Note
that for power leads, the source and load impedances are
typically low and varying. Hence, conventionp! filter
design technigues that rely on known source and termina-
tion impedances are not valid.

Usually, contact arc suppression is necessary lor con-
tacts used to switch inductive loads. For DC circuits,
diodes are used to dissipate voltage surges introduced by
the sudden interruption of current through an inductive
load. The diodes are placed across the load such that they
are reverse biased while the load is powered but are for-
ward biased by the transient produced by the curremt
imerruplion For AC swiiches, various cnpncilors or re-
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the contacts. (See Refs. 32, 34, and 33.)

Grounding of control enclosures is necessarily per-
formed for safety considerations. However, in cases
where high-frequency noise immunity is important, addi-
tional constraints are imposed. The ground conncetion
must be short and direct. Loops or coiled wire add induc-
tance, which raises the impedance and reduces the efice-
tiveness of the ground connection. Also conductors witha
large surface area are preferable 1o round wirein orderte
reduce wiring inductance. Ground connections should be
made 10 prevent ground currents from being introduced
into signal leads. shields of signal leads, or leads used 1o

duction is discussed in Refs. 32, 34, and 35.

7-6.5 COMPATIBILITY AND
INTEROPERABILITY

Cantenle and sannteallare nea sansenl Asrinead

U LT WD QI LW LHILIUVIILLY 4G bCllFll.lll" ucalbut;u fun
speeific applications and typically are interchangeable
only with units designed for a similar application.
Although electrical and physical interfaces form the most
restrictive compatibility criteria, the operator interface is
alsa important. For controllers ta be interoperable or
compatible—i.e., to be used simultaneously in the same
system or 1o serve ns replacements—it is necessary that
the layout of controls and operating characteristics be
similar. Otherwise, the probability of operator error is
increased due to unfamiliarity with the control functions.

Compatibility and interoperability of controls are
enhanced by following standard practices in conirol
layout discussed in par. 7-6.4.1 and Rel. 36.

Commercially available conirollers designed for use in
control loops have features that allow flexibility of opera-
tion and replacement of o wide variety of special purpose
controllers by o smaller number of stondard units. Char-
acteristics that facilitate compatibility include

I. Adjustable gain and feedback functions—e.g.,
proportional feedback, integration, or filtering of input
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the use of plug-in input modules or reconfigurable inputs

3. Ability 1o accommodate different power configu-
rations through the use of reconfigurable switching gear
or plug-in components.

The disadvantage of highly flexible controllers that can
be configured for a variety of applications is that insialla-
tion procedures may be quite complex, Personnel with
expertise in clectronics and training on the specific con-
trelier are required for insialiation and adjustment of the
controllers. Therefore, the use of these types of con-
trollers is limited 10 applications where properly trained
people are avniiable.

7-6.6 TEST CRITERIA AND ITEM
ACCEPTANCE
The accepiance and performance tests for specific con-

trollers depend on the design and function of the control
device. General tests deseribed in Refs. 30 and 36 include

1. Temperature rise of contacts, buses, terminais, or
interconnecting strops. Excessive heating could lead 10
insulation failure or loss of spring tension on COGLACIS.
Insulation failure then could result in controller damage,
development of excessive voliage on controller outputs,
or the presence of hazardous voliages on exposed condue-
tors. Coniact heating that results in loss of contact pres-
sure leads to increased contact resistance, further aggra-
vates the problem, and leads eventually to component
failure.

2. Dieleciric breakdown tesis determine the quality
of maierials that insulate energized conductors from the
case or from other conductors. Low breakdown voliages

,indicate insufficient insulation that could leoad 10 devel-

opment of hazardous voltages on exposed conductors.
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3. Shock and vibration tests verify the ability of the
device to survive physical abuse without degradation of
operationa! performance or the introduction of a hazard.

4. Swirch characterization 1ests, e.g., 1esis for exces-
sive contact bounce or response time, may be performed
to verify compatibility between the controller and inter-
connected equipment. Poor switch operation could cause
crratic motor operation or generation transients that
could damage solid-state controller circuitry.

5. Tesis for electrical interference are performed to
determine whether a degradation of performance in
equipment located nearby is possible due to conducted or
cleciromagnetic emissions from the unit being evaluated.
[nterference can cause erratic operation, failure, or unde-
sired responses from nearby electronic equipment. The
severity of a created hazord depends on the funciion of the
affected equipment.

6. Shor-circuit current-withstand capability is mea-
sured to determine the ability of the device to withstand
overcurrent situations of shon duration caused by faulis
of improper equipment connections.

Physical inspections of control devices should be made
to confirm that controls operate {recly without binding
and that controls may be operated by personnelunder ali
operating conditions, ¢.g., while wearing gloves orindim
light.

Performance tesis re application-dependen
should be designed to evaluate the performance of o
control or controller when interacting with a load. After
installation, feedback-control systems should be tested
for stability under all operating conditions. Motor-
starting and speed controllers should be tested to deter-
mine motor-starting currents and o verify the acceptabil-
ity of start-up characteristics, c.g., absence of excess
vibration or “jolis™ when starting.

7-6.7 OPERATIONAL PRECAUTIONS
7-6.7.1 instaliaiion

Control units should be installed securely in a protecied
location where inadvertent contact activation of con-
trolled equipment or damage 1o the control unit is
unlikely. The control unit should not be instalted where it
will be a hozardous obstruction, i.e., should not be
instalted where it will be bumped into, tripped over, or
where it may snag clothing of personnel in the vicinity.
Machinery controls should be installed in a location
where the operator may conveniently operate the control
while observing the machine and can quickly and safely
reach the controls in the event of a malfunction. Unless
the enclosure is weatherproof, it should be installed in dry
locations and protected from the weather. Adequate
clearance should be provided for maintenance and replace-
ment if necessary.

As with all electrical apparatus, proper grounding of
the enclosure is necessary to prevent hazardous exposure
to voliages under [oult conditions.

7-6.7.2 Care and Maintenance

The operating instructions for control equipment should
deiinente ali items that require periodic inspection. lubri-
cation, and maintenance. Maintenance can include
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I. Periodic inspection of terminals and connections,
especially where aluminum conductors are used

2. Cleaning of contacts 1o remove corrosion, dust, or
contaminants that could increase contact resistance and
heating

3. Cleaning and renewal of lubnication of moving
parts in control switchgear

4. Checking for sources of moisture that would lead
10 condensation in or dripping onto control units

5. Inspecting for heating of wiring or ¢oil windings

6. Inspecting for damage after occurrence of a fault

7. Observing carefully the operation of the controlled
device under o prescribed scenario. (Note thisis a test not
only of the contro! unit bui also of the apparaius tha it
conirols.)

7-1 LOAD BANKS
7-7.1 INTRODUCTION

Load banks are resistive networks capable of harm-
lessly dissipating large amounts of electrical power. These
devices are used for generator loads during tests or as
*load-leveling™ devices 10 provide a minimum load on
diesel generators 1o prevent carbonization that builds up
il the engine-generator is operated at less than 405 full-
load. Reactive load banks, consisting of reactive elements
(inductors or capacitors) are used with resistive load
banks to provide a nonunity power factor load for penera-
tor testing. Load-bank resistors can be selected in 12.56
steps of generator rating at cither 120/280 or 240416 V.
Units designed for military applications may be used as
balanced, three-phase loads. The three individual load
banks, however, may be interconnected to function as a
single-phase load. Ancillary control circuits automati-
cally disconnect the load-bank load when the generator
load renches 10055 in order 10 prevent overloading the
engine-generator sct. if the bank is tripped, it must be
reset manually when its use is again required.

7-7.2 INDUCED ENVIRONMENT

The maximum power dissipated by a load bank built
according to Ref, 37 is 44 kW, The forced ventilation
discharges this heat 1o the surrounding air. The degree of
temperature elevation is dependent on the convective air-
flow across elements within the toad bank.

7-1.3 HAZARDS
In o confined space ambient temperatures may rise to

age ihermoplasiic insulaiion maic-
rials and thus allow energized conductors to contact the
enclosure or structura] members. Also resistive elements
are sufficiently hot to inflict severe burns upon contact.
Since the resistors used in load banks are essentially heat-
ers, harards associated with heaters discussed in par. 7-4.3

apply to load banks as well.
7-7.4 DESIGN CONSIDERATIONS

Polyphase load banks generally consist of three, identi-
cal load banks, which may be used individually or inter-
connected in a wye or deita configuration. Each element is
composed of switchable resistors so the load may be
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manually adjusted to the required value. Vernier control
may be provided bv a continuously varinble rheostat
wired in series with the resistors.

The intake for the ventilation sysiem is designed
nccordmg 1o application r:qmn:mcms 10 provide protec-
tion from metcorological elemenis. Forcxamplc baffles
or shiclds may be necessary to prevent rain from contact-
ing electrical components and creating the safety hazards
of cxccssi\c leakage currents and possible equipment
failure. Air velocity in vents at the botiom should be
insufficient 1o lift dirt particles off the ground or horizon-
tal surfaces.

Resistor materials should have low resistivity-tempera-
ture coefficients so that the load resistance docs not
change significantly as the load bank heats. (The tempera-
ture coefficient of nichrome wire is 0.0004 per deg C
(0.0002 per deg F): this permits a temperature rise of 250
deg C (450 deg F) above ambient while maointaining o
resistance within 1065 of the normal value,)

Terminal boards should be capable of withstanding
conductor temperature. Terminal blocks that are ther-
mally isolated from the heat-generating resistors may be
made of molded or laminated plastic. The studs for con-
necting the phase leads from the generator should be

ndcquatc to carry the toad current without excessive heat
_SMVRKRC renuiree @ §1omm (0 ‘7‘-!1’! \
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studs for phase wires and 12.7-mm (0.5-in.) studs for the
neutral. Standard Iabelmg should be used—i.c., L1, L2,

and L3 for phase wires and LO for the ncutral.

A control pnm:l should be provided to allow setting of
the load-bank resistance without exposing the operatorto
hazardous voltages or hot surfaces. No exposed termi-
nals, conductors. switch toggles, or knobs on the face of
the panel should be at a voltage different than the voliage
of the enclosure (ground) The pancl also should contain
overcurrent prou:cuon for the load bank and a master
switch to disconnect the load banks from ihe \‘:ﬁgiﬁﬁ-
driven-generator set. Indicators should be provided for
current and overtemperature conditions. The panel
should be labeled with readily understandable signs. e.g.,

“connect load™ or “increase™. If rotary controls are used
to vary the load. the contro! should be configured so that
clockwise rotation increases the load. i.e., decreases load-
bank resistance.

The case and associated resistor supports must be pro-
vided with a ground connection connected to the ground
of the engine-generator sci to climinate the possibility
that personnel could receive an electric shock if the insula-
tion failed.

Doors should be provided to protect and limit access to
the input terminal board. the operator control panel, the
r:connecting circuits, and any other features that do not
rcqum: frequeni access during routine operation. The
input-terminal access door should have interlocks to pre-
vent access when the unit is cncrgucd A bypass may be
provided to allow access for testing: however, the main
breaker and the bypass switch must be constructed so that
they cannot be operated inadvertently.
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7-7.5 COMPATIBILITY AND
INTEROPERABILITY
The clectrical characteristics of o resistive load bank
that determine its compatibility or interoperability are
1.Phase configuration
2. Load adjustment range
3. Voliage
4. Overcurrent or nutomatic load-bank-shedding
circuitry.

Loxad banks usualiy wiii operaie over line 1rcquéﬁi‘.i€3
from 45 1o 440 Hz unless frequency-sensitive control cir-
cuitry is used.

For use as a generator test device, the load bank only
needs to have the appropriate phase configuration and
eperating vnl!uge and be adjustable to the level of desired
power COﬂSUl‘I‘IpllOﬂ.

For the load bank to operate as a continuous loading
device for dicsel engine-driven-gencrator sets, the afore-
mentioned electrical characteristics of the load bank must
be compatible with those of the generator. Also, a genera-
tor load current-monitoring capability must be built into
the load-bank unit 1o disconnect the gencrator output
when the clectrical load on the gencrator reaches a prede-
termined value.

Load-bank features :hm incn:as: compatibility include

i. Muuwouug,r: l.upuuuuy

2. Switchable load

1. Switch- or jumper-selectable phase configuration
(delta, wye, or single phasc)

4, Disconnectable ancillary control circuits, ¢.g., o
circuit that disconnects the load bank when total load
exceeds generator cnpncity

Operating instructions should be provided on the
inside of the control panel door. These instructions list
hazards and give spccnﬁc warnings about incorrect proce-
dures that could result in unsafe conditions. Schematic
wiring dingrams should be provided os well.

7-7.6 TEST CRITERIA FOR DESIGN AND
ITEM ACCEPTANCE
Load banks constructed according to MIL-L-52366C

are subjected to a series of tests to verify their operation.
The most significant of these tests are

1. Insulation Resisiance. With all load resistances
connected in paraliel, measure the resistance between the
line mpm and the enclosure. Values below the criteria in
the specification indicate an undesirabic leakage path.

2. Insulaiion Withstand Voltage. With the unit setup
for single-phase opcnmon apply a specified high voltage
between the line input and the enclosure for a specified
time period. Any arcing indicates a potential for devel-
nnmant nf hioch valtaoes an the Iﬂﬂd bank enclosure and

U‘Jlllhll! W PAARLE Y Rrseiamieer S LI L LIl
constitutes (nilure of the test;

). Functional Pﬂ;formame.Opcrntc the load bank
for a specified time pcnod in various configurations and
verify, by examination at the completion of the test, that
no physical damage has occurred when the unit is oper-
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ated at capacity. Also verify the” operation of safety-
overheat sensors by removing the cooling air source,
which induces an overhcating condition. Examine the
unit for domage due to the heat,

4, Control-Circwit Characieristics Verify the power
drawn by the control circuits does not exceed stated
requircments.

S. Environmenal Test.Verify that the unit may be
operated or stored in environmental conditions such as
high humidity. including rain, and low temperatures,
Also verify shock and vibration resistance to evaluate the
transponability of the unit.
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that could be drown into and clog ventilation openings.
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7-1.7 OPERATIONAL PRECAUTIONS

Many of the same considerations that apply to other
electrical cquipmem apply to load banks as well—e.g.,
prov:dmg protection far power wiring and grounding of

the enclosure when the unit is insialled and pe per -u""‘u-t-'}u}'

inspecting the unit for loose connections or signs of over-
heating during operation, Considerations unique 10 load
banks include insuring that the unit has adequate ventila-
tion and that itis installed where the hean given off will not
damage nearby structures or ignite combustible mate-
rials. Operating instructions should include recommended
minimum clearances and warnings againsi loose materizl
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CHAPTER 8

TEST EQUIPMENT

In the context of electrical power systems. test equipment includes both indicating instrumentation insialled
permanenuly in electrical sysiems and poriable equipmen Jor as-needed hookup and measurement. Test
instruments measure electrical parameters to monitor sysiem operations or 1o diagnose malfunctions. Types
of test equipment include volimeters, ammeiers, waiimeiers. power analyzers, phase meters, and frequency

meters.

First. this chapter discusses generel considerations common 1o all these items. Subsequently, separate
discussions of considerations unigue to each item are presented. The formai of each discussion is the same as
that used throughout this handbook — i.e.. ideniification of environmental effects. hazards introduced, design
information for safery, identification of recommended 1ests, and operational considerations.

8-0 LIST OF SYMBOLS

I = rms current, A

lue = current in line to be measured, A
Jwerer = current into meter from current transformer, A
Ko = correction value for transformer turns-ratio,

dimensionless

P = measured power, W

R: = nameplate turns-ratio of transformer, dimen-
sionless

V = rms voliage. V

¢ = phase angle berween current and voliage, rad or
deg

8-1 INTRODUCTION

Instrumentation used with clccmcnl cquipment may be
CII.VI(ICU lnlO three Eiifgoncs. i.c. .

1. Equipment permanently installed that transmits
ordisplays status information continuously. Examples of
this equipment include panel meters and electrical sensing
equipment that telemeters data.

2. Portable instrumentation used for test and diag-
nostic purposes. Examples of this type of equipment
include portable voltrneters and ammeters, and multi-
function test sets. Portable equipment is usunily more
flexible than permanent equipment because it must be
used with many iypes of electrical equipment operating ot
different voliage and power levels. Also in contrast to
permanently installed equipment, poriable equipment is

.
|

frequently configured for multiple types of measure-

ments—e.g., volt-ohm-milliammeters (VOMs), which
measure voltage, resistance, and current.

3. Laboratory instrumentation for scrvicing and cal-
ibrating other test qullpml:l‘ll Included in this category
are accurate indicating instruments, which because of
their accuracy and inherent stability, serve as transfer

standards for the calibration of other equipment through™
comparative measurements.

This chapter discusses safety issues related primarily to
the use of equipment in the first two categories. Due to
similarities in function, however, much of the material

presented pertains to laboratery instrumentation as well.
Additional information l‘!'ﬂ!lrdlng nm-rmunn ﬂﬂﬂﬂhlo‘(

and application of test equipment rclcvnm to powcr sys-
tems described in this handbook is given in Ref. {.

8-2 GENERAL TEST EQUIPMENT
CONSIDERATIONS

8-2.1 INTRODUCTION

Although the design and application of a piece of test
equipment depend on the specific parameter to be mea-
sured. certoin snfcty considerations are commeon to dif-

Eor xample nlthnl-nh

nt tunec of 3 et A -
UL VAadip, danvy

!‘:I’:lli i |aau “Illblll“l‘sll
portable voltmeters, ammeters, and wattmeters mcnsurc
different parameters and arc connected to an electrical
circuit in different configurations, design considerations
common to all three instruments include design of the
readout. test-lead connections, enclosure or packaging,
and overveltage and/or current proiection. The purpose
of par. 8-2 is to discuss safety consideratioas that arc
comman to several or all of the instruments discussed in
this chapter. Considerations that are unique to a specific
instrument are discussed separately in the paragraph per-
aining to that instrument.

8-2.2 INDUCED ENVIRONMENT

Test equipment generally does not adversely aflect the
environment other than possibly to increase the negative
cffects on the enviranment by the equipment being tesied.
By design test equipment must provide information on
the operation of the equipment with minimum distur-
bance to it. Any primary environmental effects are pro-
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duced by temporary modifications made to the item
under test to facilitate the measurements. For example,
the removal of covers or panels Lo gain access to internal
connections to connect test equipment may cause the
redirection of {orced-ventilation air paths. This redirec-
tion has the potential to remove cooling necessary 0
prevent overheating of components. The result is in-
creased local heating that could possibly lead to damage.
A specific example is the removal of the enclosure around
a compressor-<condenser refrigeration unit. In certain
units this enclosure must remain sealed in order for air
drawn by cooling fans to pass over the condenser coils.
Opening the unit to measure electrical components dis-
rupis the air circulation pattern. This disruption greatly
reduces the airflow over the coils and thereby reduces the
cooling and increases the internalpressure of the refriger-
ant gas.

Perhaps the most significant environmental cﬂ'cct of
test equipment is produced when the equipment is con-
nected (o energized conduciors. The placement of clipson
bus bars or closely spaced terminals effectively reduces
the air gnp spacing between the conductors. This reduced
air gap can lead to arcing at voltages lower than those at
which arcing would otherwise oceur, or if high voliages
are present, it could lead to corona. Connection of a test
lead to an energized conductor energizes the test lead
along its entire tength. Improper insertion of the simple
pin or banana-plug conncctor on the test lead into the test
instrument causes environmental exposure to high volt-
age and increases the probability of incidental contact by
personnel or contact between the lead and another con-
ductor to produce arcing.

8-2.3 HAZARDS

Test equipment—especially portable, multifunction
units—is designed to provide maximum flexibility in
terms of parameters to be measured and the types and
configurations of equipment to be tested. These instru-
ments usually have switches or multiple connectors.
which allow the operator ¢ 1o dctcrminc the rnnge and the

purulnclcl (1% W mc..uuﬂ:u numun €rror lll lIlC DCIHP \.Hr

the instrument can lead 1o damage or injury. Examples
are

1. Seuting the instrument for a current measurement
and connecting leads across cnergized conductors in the
manner appropriate for a voltage measurement causes
substantial voltage to be applied tcross the retatively low
impedance of the meter. See Fig. 8-1{A). The probable
result is damage to the test equipment or possibly arcing
at the point of the test-lead contact.

2. An attempt to make a voliage measurement on
solid-state equipment with a muliifunction meter set fora
current-measuring function, which causes the meter to
have a low input impedance, may introduce undesirable
current paths through the unit under test and could de-
stroy the unit. This situation is shown in Fig. 8-1(B).

Hazardous situations, can casily be produccd by mis-
reading an instrument and taking innppropriate action
based on the erroneous reading. Erroncous readings are
quite likely to occur if the instrument scales are not clearly

o

1)
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marked or if conversion factors must be applied to scale
readings to determine the value of the monitored parame-
ter. If controls and corresponding indicators are not
appropriately grouped. the operator is likely to adjust the
wrong control when attempting to correct an out-of-
tolerance condition and, seeing no immediate response in
the indicator, may make an extreme adjustment before
realizing the error. Depending on the function of the
control that was adjusted, the effects could be disasterous.
Similarly, if meter-scale markings are not clear. the oper-
ator may make corrective adjustments to correct a per-
ceived out-of-range reading when the reading was actu-
ally within range but misinterpreted.

Additional hazards that srise in connecting electrical
test equipment with electrical apparatus are

1. Shorn-circuiting of adjacent conductors when
making temporary connections to portable test equip-
ment. The resulting arc can cause burns, eye injury, or
equipment domge.

2. !nadvenieni contact with high-voliage equipment
when maoking measurements on energized equipment
with portable instruments. Injury may result from contact
with energized conductors within the equipment under
test or from contact with test-equipment leads once they
are connecied 1o the encrgized conductors.

3. Accidental opening of a curremt transformer
secondary and the resultant production of an extremely
high VOlmgc

8-2.4 DESIGN CONSIDERATIONS
8-2.4.1 Configuration

The most common hazard with test equipment is:

human error, especially with portable test equipment that
must be connecied to the unit under test with temporary
test leads. The instrument must be designed so that the
operation is as simple as possible within constraints of the
operational requirements and that operational errors do
not produce a hazardous condition, such as instrument
damage, or expose the operator to high voltage or other
hnzardous conditions

Unuormuy ln the Cuuuguruuun. mocung, and readout
and/or display is an important consideration in the
design of test equipment. Panels containing multiple dis-
plays and controls should be configured uniformly through-
out asystem or inequipment designed for similar applica-
tions. All indicators should be clearly tabeled and posi-
tioned in a manner consistent with conventions for the
application, For example, indicators showing voltage or
current on individual legs of a polyphase system should be
placed in the order of the phases, i.c.. the indicator for
Phase 1 on the left or top, the indicator for the last phase
on the right or bottom, and the indicators for interme-
diate phases placed in order between them. Controls that
are closely associated with the indicator should be placed
near the indicator of the parameter they control. For
example, variable transformers or tap changers should be
located adjacent to the voltmeter indicating their output
ond preferably oriented so that turning the control clock-
wise causes the meter to respond in an upscale dircction.
Control and indicator layout in a new design should

'
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::’; ;.';;'d' “Multimeter” '

30 A . {measures vottage or current)

Switch Closed

—\o— far Current
AM Measurement .
|

208 Vdc Surge !
) _ Motar Current 0.1 02 !
S 700 A Shunt i
]
\ - :
'
t

{A) Attempted Measurement of Line Voltage Causes Surge Current
That Will Likely Damage Meter

Solid-State Circuitry

© 30 Vdc
J
7 295V
+

-1 50 kQ2 _l
< 10k Surge Current 0.1A
1 300 A

) (B} Attempted Measurement of Semiconductor Voltage Causing l
Excessive Transistor Collector Current That Will Likely Destroy

Transistor

F_i_gure- 8-1.
Switch in Current Position .

resemble that used in previous designs unless improve-
ments in clarity or convenience with a new layout out-
weigh the disadvaniage that arises when personne) who
arc used to one conﬁgurmion must become fnmilinr with
the new (‘.Gﬁubﬁfﬁuﬁﬁ or. worse, must work with both
configurations.

The selection of digital versus anatog display is depen-
dent upon the application. Digital-display equipment is
more precise and less subject 10 reading errors than
analog equipment. Analog indicators provide a more
quickly interpretable indication of an out-of-range condi-
tion or sudden fMluctuations in value, A rapidly fluctuating
load, however, is difficult (if not impaossibie) to read dig-
itally because of the high speed of these meters and the
rapidity of the change of register. The operator can
observe the spread of the indication of an analog pointer
and at lzast obtain an indication of the average value of
the fluctuating parameter. Anoiog displays generally are
preferred for situations in which a control must be
adjusted for peak or minimum level of the indicated
parameter; digital meters are preferred for situations in
which o high degree of 2ccuracy is required or in which the
indicated values are to be manually recorded.

!

Hazards Created by Attempting Volthge Measurements With Multimeter Function

A single digital indicator can be used to display multi-
ple parameters by including a selector switch. This use is
not recommended except for situations in which the
meter providcs informalion only for maintenance or
uii‘lSﬁﬁSuC purposes; i it should never be used fora parame-
ter that must be closely monitored or for critical or emer-
gency situations. In an emergency valuable time can be
lostin locating the proper digital reading, whereas a quick
visual inspection of many analog displays is more ac-
curate,

8-2.4.2 Packaging (Ref. 2)

Portable instrumentation should be packaged in dura-
ble enclosures that provide the necessary physical and
environmental protection. The packing case should be
free of sharp edges or corners, which could cause injury to
personnel or cut wire insulation in the electrical apparatus
in which it is being used. Casings of insulating materials
are preferred because of their resistance 10 corrosion and
the fact that they can be used around energizing conduc-
tors without the danger of bridging conductors. causing
ares, or introducing undesired leakage paths.

For two reasons, both porinble and permanently
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installed instrumentation shoutd be packaged in enclo-
sures made from matcrind that does not support combus-
tion. First, the combustible materials in ¢lectrical equip-
ment should be minimal 1o diminish the damage from
fires initiated by arcing or overheating. Second, instru-
mentation packaging that is resistant to damage from [ire
is more likely 1o maintain separation of conductors within
it during a fire; this separation will prevent the develop-
ment of additiona! faults. Rel. 3 specifies the resistance-
to-flammability requirements for materials in control

mmeem] Tme i memaa
panci LISUTULLTLHLS.

Care must be taken in the design of an analog instru-
ment 10 climinate reading errors because of paraliax.
These errors rise from viewing the meter at an angle that
leads to erroneous pereeptions of the position of the meter
pointer relative to the scale. Parnllax errors are mini-
mized by meter designs that have either o pointer recessed
tothe same level as the scale, mirrored scales, or a pointer
blade that is perpeadicular 10 the meter scale. If accuracy
requircments are less stringent, the placement of the
meter pointer within 1510 2.5 mm (0.06 10 0.10in.) of the
scale minimizes parallax errors (Refs. 4 and 5).

If the test equipment mass exceeds 16 kg (35 Ib), lifting
and/or carrying hazards may exist per Ref. 4.

8-2.4.3 Labeling
All test equipment should be labeled clearly. Analog
panel-mounted instruments should be marked with the
following information:
. Monufacturer
2. Model number
3. Basic measuremeni funciion {(V, W, A)
4. Two of the three following parameters:
8. Movement voliage sensitivity, V
b. Movement current sensitivity, A or mA
c. Internai resistance, {1
Note that basic meter sensitivity can differ from scale
markings if the meter is intended for usc with roange-
extending devices such as current transformers or volinge
dividers.

Protective Ground Terminal

/\/ AC Terminal

DC Terminal

/‘\ / AC or DC Terminal

MIL-HDBK-765(M1)

Panel meters that are polarity sensitive or have one
input lead connected to the case should be ploinly marked
with permanent symbols near the terminals. Polarity is
indicated by a“+"symbol located near the positive termi-
nal. Grounded terminals are marked with the standard
ground symbol.

Fig. 8-2 gives the Imernational Electrotechnical Com-
mission {|EC) defined symbology specified in Refs. 6 and
7 for usc on portable test equipment. The use of these
symbols would enabie non-English-speaking personnel to
operaie the equipment,
8-2.4.4 Protection Against Electrical Shock

Test equipment should be designed to prevent exposure
of parts that are energized when the unit is in operation.
Openings for ventilation should be covered with a screen
or grille to prevent fingers inseried through openings in
the case from touching live parts. Adequate clearance
must be provided between internal conduciors energized
by the supply and exposed conductors including the
enclosure. Table B-1 gives creepage-distance require-
ments. Creepage distance is the minimum distance be-
tween these conductors measured across insulator sur-
faces.

Test equipment, like other electrical equipment, must
be mounted in a grounded enclosure so that any in1ernal

- foults do not produce hnzardous voltage ievels on exposed

components, MIL-T-28800D (Ref. 2) requires that leak-
age current between AC or DC line conductors and any
accessible conductive parts of the equipment shall not
exceed 5 mA. Likewise, radio frequency interference

IDEIY nr curascunneaccian dsices cannpectad hatumer
VA OF SUTEL=SURDPIESION GLVICos CONNLLET ooiwen

the line power input and the safety ground shall not allow
more than 5 mA of current to low o the ground condue-
tor. The lauer limitation is required to prevent lethal
currents from flowing through an instrumem opersator if
that equipment ground connection is opened. Instrumen-
tation that normally is installed permanently. but must be
removed for maintenance or repair, should be connected

so that the equipment will remain grounded until it is

High\oltage Terminal

On

See operator's manual
- for instructions

O -

From {EC 417. Graphical Symbols for Use on Equipmeni. Reproduced by permission of the International Electrotechnical

Commission, which retains the copyright.

.

Figure 8-2. [EC Symbology for Electrical Tests and Measuring Equipment (Refs. 6 and 7)

84
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TABLE 8-1
REQUIRED CREEPAGE DISTANCES FOR TEST EQUIPMENT (Ref. 8)
L Rated Circuit Voltage Distances
AC (rms) DC. AC Peak Clearance Creepage
| If Sinusoidal, or Mixed Voltage, Distance
| v \Y mm (in.) mm (in.)
. Upto 24 Uptods 1.0 (0.040) {0.5 (0.02))* Same
‘ Over 24upio 60 Over 35uplo 85 2.0 (0.08) [1 (0.40))° Same
Over 60upto 130 Over B5upio 184 2.5{0.10) [1.5 (0.06)} Same
Over 130 upto 250 Over 1B4upio 354 3(0.12)[2 (0.08)]* Same
L Over 250 upto 450 Over 354 upio 630 3.5(0.19) 4.6(0.18)
Over 450 up1o 650 Over 630 upto 920 4 (0.16) 6.10.24)
Over 650 up to 1000 Over 920 up to 1400 5.5(0.22) 9.1 (0.36)
Over 1000 up 1o 1500 Over 1400 up 10 2100 10 (0.40) 12.2 (0.48)
Over 1500 up 1o 2000 Over 2100 up to 2800 12(0.48) 14.2 (0.56)
Over 2000 vp to 2500 Over 2800 up to 3600 {4 (0.56) 15.7 (0.62)

*The smaller values enclosed in brackets apply to mininture-type components——printed circuits, micromodules, ctc.—and may be
accepted only where the spacings are rigidly maininined by constructiona) means and cannot be reduced during assembly.

\ This material is reproduced with permission from American National Standard Safery Requirements for Elecirical and Electronic
Measuring and Conyrolling Instrumeniation, ANS) C39.5-1974, copyright 1974 by the American Nationa! Standards Insiitute. Copies

of this standard may be purchased from the American National Standards Institute, 1430 Brozdway, New York, NY [001E.

completely disconnecied from all sources of power.
Pane!-mounted equipment that is connected to the power
source through flexible wiring should have a separate
ground conductor 10 maintain continuity beiween the
case and ground afier the mounting screws have been
removed, The ground conductor should be slightly longer
than the power wiring so that the ground connection dees
not have 1o be removed beflore the power wiring. Il power
is supplied through a connector pair, the connector must
be configured so that the ground contact must make
contact before the contacts carrying the line current and
so that the ground connectionis the last to break when the
connector is stressed to failure.

Meter interconnecting cables, especially those for por-
table equipment, should be constructed so that no ener-
gized conductors are exposed during normal operation or
in situations that commonly arise from operator error.,
For example, removable test leads should have a connec-
tor that shrouds the contact on the cable. If this protec-

tton is not provided and the test lead is connected 10 an

encrgized conductor. then the exposed contaci either may
be touched by personnel or may contact another condue-
1or and cause a short circuit. An example of this problem
is the test-lead configuration shown in Fig. 8-3, The test
leads shown in Fig. 8-3(A). commonly used in the past,
use “banana™ plugs for connection to the meter. An
improved alternative is the shrouded connector shown in
Fig. 8-3(B) in which both the male and female contacts
remain guarded when the connectors are not mated. The
end of the cable that is attached to the equipment under
test should be insulated to the extent allowed. If one lead
of a meter is connected to an energized conductor, the

other lead will assume the same potential. 1f the meterisa
low-impedance ammeter, large currents may result if the
unconnected lead contacts conductors at a different
potential and thus causes arcing. Even if the meter is a
medium-impedance volumeter, personnel moay receive
electrical shock from coniact with the disconnected probe
under these conditions.

8-2.5 OPERATIONAL PRECAUTIONS

General-purpose test equipment is designed to be flexi-
ble 10 meet the variety of measurement requiremenis.
This Nexibility is usually obtained by the incorporation of
switches, multiple input connections, or other functions
that allow modification of the instrument fuaction. It is
imporiant that clear, detailed instructions be provided
with each instrument (6 explain operation of the controls
in cach of the intended applications. The need is amplified
because of the infrequency of tcst operations and the
widespread use by maay personnel.

Complete, detailed instruction manuals should include,

85 & minimum, the following information {Rel. 6%

1. Installation consideralions including assembly,
grounding. interconnection. and ventilation

2. Explanation of equipment markings and controls

3. Interconnection with accessories or other equip-
ment -

4, Operating instructions including safety, storage,
and handling precautions.

Insiructions for portabie instrumenis should also be

available in o concise form, such as a placard or durable
booklet, which may be kept with the instrument. Some of

. e oo .

PSP, ¥ o SN S o i — P Ry -
the specific issues that should be addressed arc disCussed

in the paragraphs that follow.

-— o ——
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Exposed

Hov

Ridges
for Grip

Insulating
Hood

~ L _a

When it is necessary 10 connect portable voltmeters by
using clip leads, specinl precautions are necessary, s
shown in Fig. §-4. The ¢lip must be small enough to avoid
bridging edjacent conductors and causing a shon circuit.
First. connect to the conductor nearest to ground poten-
tinl {ground pmcmial if possible). Then using only one
hand, clip the connection to the “hot™lead. These precau-
tions apply equally 10 the voltage connection of wattme-
ters. bar meters, or any other instrument potential (volt-
age) coil.

Typically, power must be interrupted to connect cur-
rent meters {or current coils of watumeters) into lines.
Where such interruptions cannoi be tolerated or where
frequent measurements of current with portable instru-
mentation are anticipated, provision should be made so
the current connection may be made without powerinter-
ruption. One way that is suitable for low-current levelsisa
two-conductor connector that shorts the iwo contacts
together until a mating connector is inserted. Aliernn-
tively, s momentary. normally closed switch can be wired
in parallel with a connector to provide a path to maintain
the current flow except when o measurement of current is
desired. For high-current systems o low-resistance shunt
may be wired permanently in line with leads brought out

to an aceessible connector.

[] lLivel|
Contact
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Analog instruments being transported should be placed
so thot the shaft of the pointer is horizontal. If the instru-
ment is lying on its back, the jarring of the vehicle may
damage the lower pivot or jewel. Each time the instru-
ment is connected for 8 new test, the condition of this
lower pivot should be tested for damage as follows:

1. Move the instrument slightly in the horizomal
planc—enough to cause the pointer 1o move slightly off
zero.

2. Observe the location of the pointer (avoid paral-
1ax).

3. Tap the instrument case gently with one finger
and observe whether the pointer moves. Any movement
of the pointer indicates n damaged pivot, and the instru-
ment should be sent to a qualified shop for repair and
calibration.

When occurate rendings are desired from nnalog meters,
care must be inken (o avoid parallax errors. The head
must be held so that the scale is viewed perpendiculariy. if
the meter has o mirrored scale, the head must be posi-
ttoned 50 the reflected image of the pointer is hidden by
the pointer. 1t is recommended thai neither eye be closed
nor shielded, but the technician learn how to view the
pointer, meter scale, and reflected pointerimage with one
eyc.whilc he ignores the image perceived by the other eye.




Downloaded from http://www.everyspec.com

MIL-HOBK-765(MI)

{A) Check Ciip Leads for Integrity
of insulation and Caompatibility
With Terminals

(B} Connect Ground Lead Securely
so it Cannot Slip Off Terminat

{C} With One Hand, Connect Other Test Lead
to Energized Line. Keep Hands and Body
Clear of Other Conductors

Figure 8-4. Procedure for Connecting Voltmeter Using Clip Leads to Energized Conductors

8-7
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The cover glass must be kept clean. Wiping the glass with
a dry cloth, however, will induce a sintic charge on the
glass and can cause errors in the meter indication. Breath-
ing on the glass will remove the siatic charge.

8-3 VOLTMETERS -

8-3.1 INTRODUCTION

AC volimeters typically have ranges from 1.510 600 V.,
There are several types of meters, including DC volime-
ters with rectifiers or peak detection circuitry. 1o measure
AC volinges. Selection of a meter for o particular test
must consider the characieristics of the instrument, what
measurement is required (rms, average, peak volinge),
and the relationship beiween instrument impedance and
i1s effect on the qunmitg being mensurcd

ﬂnusug DC volimeters bcucm.uy cmpwy a D'Arsonval
meter movement and series resisiance 1o provide the
required range. Portoble meters usually are made with
ranges of millivolts to 600 V with input impedance rang-
ing from 1000 to 100.000 3/ V fuli-scale. Higher imped-
ances are obiained in portable meters through the use of
field effect transisior (FET) amplifiers, Vohages sbove
600 V require a voliage divider resistor. Higher voliages
may be measured by using external voliage probes con-
taining scries resistance.

Digital volimeters, both AC and DC, are generally
high-impedance devices that require separate power for
operation. These devices are produced in both portable
and panel-mounted designs and can incorporate cither
incandescent, liquid crysial, or light-emitiing-diode
numeric displays. Like their analog counterparts, these
devices are available with full-scale voltages of | 10 600 V
with displays of three to six digits. The voltage range for
ponable instruments may be extended with special probes
containing resistive dividers.

8-3.2 INDUCED ENVIRONMENT

The impact of voliage-indicating instruments on the
environment is generally small and does not differ from
that of the general instrumentation discussed in par, 8-
2.2. The only unigque consideration is that volimeters,
when connected 10 an electrical svstem, usually have a
difference of potential between their terminals during
operation, and at least one of the lcrmmnls has a signifi-
cant voliage with respect to ground.

8-33 HAZARDS

Hazards associated with the operation of volimeters,
either permanenily installed or poriobie 1e51 equipment,
are the same as those described for general instrumenta-
tion discussed in par. 8-2.3. In addition. the use of porta-
ble voltmeters to mensure high voltage increases the pos-
sibility of electrical shock or clectrocution when the
auxiliary high-voliege probes are used. These probes con-
toin a resistive divider and extra high-voliage insulnlion
to extend the measurement capability of the meter, If
moisture or dirt causes conductivity across the surfnce of
the probe or if cracks nllow the development of conduc-
tive paths through the insulation, current from the high-
voltage conductor connecied to the volimeter may pass
through the persan operating the volimeter.

MIL-HDBRK-765(MI)
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8-3.4 DESIGN CONSIDERATIONS

Volimeters usually are not designed 10 measure voli-
ages in excess of 600 to 1000 V because of the increased
danger of arcing ot the volimeter terminals or internally—
acondition that poses n severe shock hazard to the opera-
tor. For portable instruments a resistive divider incorpo-
rated into a high-voltage probe is frequently used to
extend the range of the volimeter. In the design of these
probes, the distance between the probe tip and the vohage
divider resistor should be kept short to minimize the
length of conductors that are energized 1o the full voliage
being measured. The probe should be insulated with a
matcrial that is resistant 1o cracking and breaking and has
o high resistance 1o dielectric breakdown. The insulation
mutcnnls should haven smooth casnly clcanablc surface
lnﬂl IS 1mpcrv10us i0 IIIOISH.H'C ann one ll’lﬂl IS SHIIPC(] lOl'
the maximum creepage distance between the probe and
handle. Fins or ribs may be added to extend this distance.

For permanent installations in which high voltages are
10 be measured, a potential iransformer is used to allow
measurement of high voliages at a safe level. The primary
winding has a voliage rating equal to the voltage to be
measured, and the sccondary supplies a low voltage (usu-
ally 150 V) when the roted voliage is applied 1o the pri-
mary. Potentinl transformers should be fused for protec-
tion of the system in case of a failure in the transformer.

Typically. clectrical system circuits are low impedance,
50 no stringent requirements arc placed on voltmeter
impedance. Some applications, however, related to power
systems do require high-impednnce meters. Consider the
problem of measuring the induced voltage on an un-

" grounded wire routed parallel to a high-voliage line. The

capacitonce between the energized line and the line under
test and the capacitance between the line under test and
ground forms a voliage divider. If the voltage on the line
under test—with respect 10 ground—is measured with a
low-impedance meter, the reading will be less than the
actunl volinge. A high-impedance electronic volimeter is
required {or accurate measurement of the induced voliage.

Voltage and current measurements are typically ex-
pressed in rms valuts so the two may be multiplied
together to calculate power. Vollage measuring instru-
mentation typically responds to the average rectified voli-
age. As shown in Table 8-2. for the sinusoidal waveform

TABLE 8-2
COMPARISON OF MEASURED VALUES

MDD CIVITCMNAINM AT TDIAMOIIT AD
I‘Ul‘ LY UC’UIUHL, ll’\lﬂl\\.ll}hﬂl\,

AND SQUARE WAVEFORMS

Waveform Average rms Ratio:
Value of Value of
Rectified Waveform rms
Waveform  with 1.0 Peak Average
With 1.0 Peak
Amplitude
Sine 0.637 0.707 1.1t
Triangular 0.5 0.577 1.15
Sawtooth 0.5 0.577 1.15
Square Wave 1.0 1.0 1.00
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used in power sysiems, the rms valuc of a sinusoidal
waveform is about 11p higher than the average rectified
value. This difference is normally incorporated into the
cnlibralion of the meter s0 that the actual readout will be
in rms. Errors will occur if this uvffﬁgﬁ-iﬁ-l‘ms “ calibra-
tion factor is incorporated into a meter that is then used to
make voltage measurements on a waveform different
from that for which it is calibrated. For exampie, if a
meter calibrated for use with sinusoidal waveforms is
used with a triongular waveform with the same peak
amplitude, the meter deflection will be about 21,563 less.
However, the rms value is only 186E less: the net result is
an error of about 4¢3 in the measured rms voliage.* in
general, the amount of error is dependent upon the wave-
form. Rectifier-type meters should be calibrated for the
particular waveform used and employsd only on the volt-
age waveforms for which they are cafibrated. (f rms mea-
surements are to be made on arbitrary waveforms, then a
“true rms meter” should be used. Usually these meters are
instruments that clecironically compute the true rms of
the input waveform and display i1 on either an analog or
digital display.

Analog meters generally use the D'Arsonval move-
ment, although the less sensitive electrodynamometer and
iron-vane movements are sometimes used because their
square-iaw response aiiows their use as true rms instru-
ments. [n the D'Arsonval movement, the pointerisdriven
by 2 movable coil suspended in the field of & permanent
magnet. The electrodynamometer uses the repulsion
between two electromagnets (one mounted on a pivot) 1o
move the pointer. In the iron-vane meter, current through
acoil magnetizes the two soft-iron vanes. which then repel
each other. One of the vanes is movable and affixed to o
pointer, which indicates the amount of current. Any stroy
magnetic field in the area causes the meter to give an
crroneous reading. This type of instrument gives satisfoc-
tory accuracy from DC and AC voltages up to several
hundred hertz.

Electronic analog test instruments ore accurnte and
very sensitive. They can measure veltages with a negligi-
ble loading effect. They incorporate an AC-to-DC con-
verter {reciifier), o DC amplifier, and a D'Arsonval DC
meter. Depending on design, these instruments respond

*Since the meter responds to the average value of the recified
waveform, the response of the meter to a trinngular waveform
with the same peak-to-peak amplitude as a corresponding sinu-
soidal woveform will be less than the response 10 the sinusoidal
waveform by an ameount proportional to the difference in “aver-
age” values inken from Table 8-2, c.g., (0.637 — 0.5)/0.6)7 =
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0.215 or 21.5¢5. Calculntions, using values from the same table, |

show the nctual rms value for the triangular waveform to be
{0.707 — 0.577)/0.707 = 0.184 or 18.436} below the rm3 vatuc of
corresponding sinusoidal waveform. The difference beiween
21.58% difference in instrument response and the 18.4C; difTer-
ence in rms value represents a measurement errar, The actual
error, using an average-responding meter calibrated for rms
measurements on a sinusoidal waveform to make rms mea-

curementt an o trpnoular waveform, would he nronartional 1o
surcmenls On 2 tnpnguiar wavoiorm, woulL O proporiiona 1o

differences in the rms-t0-nvernge ratio for each case givenin the
right column of Table 8-2. For this situation, the error would be
(115 — L11)/ 1,15 = 0.035 or 3.5%.

to the positive peak value, the peak-to-peak value, or the
rms value of the wave and are usually calibrated to read
rms that assumes o pure sinusoidal wave input. For other
than sinusoidal waves, a correction musi be applied
€XCEpR in irue rms meiers. The samc consideraitons apply
to digital voltmeters. These meters typically nre designed
for higher accuracy because of the greater precision of the
indication.

Voltage measurcments on circuits above 600 V are
made by using a volimeter with a 150-V range and a
potential transformer permanently connected in the cir-
cuit. The primary of the potential transformer is fused to
protect the system should the transformer fail,

Scale markings shouid be calibrated with 1, 2, or 4 units
per division. Scale calibrations having a noninteger units-
per-division should never be used because of the difficulty
in determining indicated values and the increased likeli-
hood of error. A combination 150- 300- 600-volimeter
scale should be graduated at | V per division on the 150-V
scale. Then when the voltmeter is used on the 300- and
600-V ranges, the resolution will be 2 V perdivisionand 4
V per division. respectively. If the desired voltage ranges
on a multirange meter are not integer multiples, then
separate scales should be provided for each range.

£.315 COMPATIBILITY AND
FoFedd  WAFIVIN ML IDILAL I YRS

INTEROPERABILITY
Significant characteristics that must be considered in
selecting voltmeters, cither as replacements or for new
designs, are
1. Voltage range
2. Input impedance
3. Frequency range
4, Waveform sensitivity, e.g., rms response or aver-
age response calibrated for rms indication of sinusoidal
waveforms
5. Environmental considerations, e.g.. sensitivity o
magnetic {ields or temperature extremes
6. Movement type
7. Physical size and mounting considerations.
A more complete list of considerations for voltmetersis
given in Ref. 9.

8-3.6 TEST CRITERIA FOR DESIGN
AND ITEM ACCEPTANCE

Table §-3 lists tests for analog meters that are described
in Ref, 5.

A volimeter should be calibrated against a standard
volimeter, both upon delivery from the manufacturer and
st regular intervals thereafter. At no point on the scale
should the instrument have an error greater than the
guaranteed accuracy of the particular class of instrument.
This accurncy usunily is stated as percent of scale. For
digital instruments the accurncy may be stated as “the
maximum error will not exceed _ €p of the range plus
¢b of reading plus _ units of the least significant digit™.
The actual numbers inserted in the blanks in this expres-
ston are range dependent.

Examples of tests that may be appropriate for electrical
test equipment (Refs. 5 and 8) ore described in the sub-

———,
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TABLE 8-3
ACCEPTANCE TESTS FOR ANALOG PANEL METERS DESCRIBED IN
MIL-M-10304E (Ref. 5)

Visual Inspection:

Quality of Censtruction

Labeling

Presence of Regquired Features
Salderability of Terminal Lugs
Influence of Meter Orientation on Indication
Effect of Zero Adjusiment
“Sticking™ of Meter Pointer in Off-Scale Positions
Accuracy of Indication
Response Time and Overshoot
Repeatability of Indication
Power Consumption at Full-Scale
Frequency Response
Susceptibility to Static Effects

Operation at Temperature Extremes
Thermal Shock

Resistance 10 Soldering Hemt
Overload Capacity

Dielectric Withstand Voliage
Insulation Resistance
Watertightness by Immersion
Resistance to Moisture (High Humidity)
Impact Tests for Windows
Terminal Strength

Vibration

Shock

Drop Testing

parngraphs that foliow. Note that the environmental

condition during the tests should be representative of the

conditions under which the equipment is to be operated—

including temperature extremes, presence of moisiure,

and sali spray if applicable.
Test examples are

1. Leakage Current. The leakage-current test is used
to evaluate the electrocution-hazard potential of a test
instrument by measuring the amount of current on
exposed surfaces that could pass through the operator
upen contact. Instrument terminals are connected to a
voltage source equal to their maximum allowable voltage
level, and the leakage current is measured by connectinga
milliammeter having an input impedance of 1500 N
shunted by a 0.15-uF capacitor between ground and any
exposed conductor or conductive surface, For power-line
frequencies, instruments are usually required to have
lenkage currents below 0.5 mA, although more stringent
requirements may be specified.

© 2. Insulation Voltage (Dielectric Withsiand) Test.
The insulation-voltage test deteets insufficient insulation
within an instrument that could be bridged by a transient
and possibly couse hazardous voltages on instrument
terminals or external surfaces. After environmeatal con-
ditioning, .g., cxposure to moisture or accelerated aging,
an AC test voliage is applied between terminals and the
case or protective ground. The test voltage is variable—
beginning ot zero and increasing to the value shown in
Table 84 (Ref. 8). Failure of the test is indicated by
current flow due to breakdown or any other indication of
arcing.

3, Torque Test for Terminal, The terminal torque
test verifies the mechanical integrity of panel-meter ter-
minals and determines whether imcrnnl connec:ions will
be casuy broken uuﬁﬁg ihe aitachment of wires. nuuuugn
this test is performed primarily for operational considera-
tions rather than safety, it does check for the possibility of
internal faults that could be produced by the reposition-
ing of internal wires [rom terminal rotation. In this test a
specified torque is applicd to stud-type terminals, Failure
of the test is indicated by terminal rotation, obvious
breakage. or improper operation of the meter after the
test. -

TABLE 84
TEST VOLTAGE FOR INSTRUMENT
DIELECTRIC WITHSTAND TEST (Ref. 8)

Voliage Rating rms Test
of Instrument Voltage, V
{Input Rnngc). v
0-30 500
30-130 1000
130-250 1500
250-650 2300

This material is reproduced with permission from American
National Siandard Safety Requiremenis for Electrical and Elec-
tronic Measuring and Conirofling Instrumentation, ANSI
€39.5-1974, copyright 1974 by the American National Stand-
ards Institute. Copies of this siandard may be purchased from
the American National Standards Institute, 1430 Broadway,
New York, NY 10018.

4, Phyvsical Ruggedness. Ruggedness tests verify
that the materials and construction of the equipment are
sufficiently rugged to withstand the expecied physical
abuse without significant degradation in performance or
safety. Specifications may call for impact tests or drop
tests to verify the strength of the enclosure and ruggedness
of internal construction. )

5. Temperarure Rise. Temperature rise tests verify
that no fire hazard, burn hazard to personnel, or other
potentially damaging overtemperature conditions will be
induced {rom the normal, continuous operation of the
equipment. In these tests temperatures of accessible com-
ponenis and iniernal. heai sensitive components are mon-
itored while the instrument is operated under conditions
that produce the maximum internally generated heat. The
unit under test fails if, after reaching thermal equilibrium,
any component or surface has a minimum temperature
risc in excess of the values specified. Examples of allow-
able temperature rise for outer surfaces. internal compo-
acats, and m:cmonncc!mg wiring are given in Table 8-5
(Ref. 6).

8-10 .
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TABLE 8-5
MAXIMUM TEMPERATURE RISE* UNDER REFERENCE TEST CONDITIONS {(Ref. 6)
Equipment Area or Component Temperature Rise Above Ambient
deg C (dep F) deg C(deg F)
Accessible Parts:
Surfaces of enclosures 35  (63)
Small arcas and ¢asily discernible heat sinks (not likely 1o be
touched in normal use) 65 (17
Operating Devices and Handles:
Metallic 20 (36)
Nonmetallic 0 (54
Enclosure Interior Surfaces:
Wood 65 (117)
Insulating material . s
Insutating Materials:
Pslymeric ¢
Vaornished cloth 60 (108)
Fiber 65 (117)
Wood and similar material 65 (117)
Cnpaciton’:
Elecirolytic 40 (72)
Otner types & (11D
Fuses 65 (117)
Semiconductor devices” 75 (135)
Sealing compound 40 (72)
(Less than mehing point)
Selenium reciifiers’ 50 (90)
Terminal box : 65 (117)
Surface on which equipment might be mounted in service, and
surfaces that might be adjacent to the unit when it is so mounted 65 (117)
Wires and cords’ 35 (63
Claze 105 Windings of:
Transformers 75 (135) 65 (117
Relays, eleciromagnets, solenoids, and the like BS (153 65 (17y
Motors: DC, universal, and AC motors with frame dianmeter larger
than 178 mm (7 in.)":
Open motors 75 (135 65 (7Y
Enclosed motors B0 {144) 70 (126)
AC motors with (rame diameter of 178 mm (7 in.) or less”:
Open motors 75 (135)° 75 (138
Enclosed motors 80 (tady 80 (l44)
Vibrator coils . 75 (i35) 75 (138)
Class 130 Windings of: -
Transformers 95 (171 85 (153
Relays, electromagnets. solenoids, and the like 105 (189)° B85S (153
Motors: DC, universal, and AC motors with frame diameter larger
than 178 mm (7 in.)":
Open motors 95 any 95 171y
Enclosed motors 100 (i80) 100 (180)
Vibrator coils 95 71y 95 (171Y

“The heating test can be conducted at any room tempernture between 15* and 35°C (59° and 95*F), and the observed temperatures
corrected (o a room temperature of 25*C (77°F).
*Polymeric material must be accepizble for the application when evatuated with respert to iemperature,
“The diameter, measured in the plane of the laminaiions . of the circle circumscribing the stator (rame, excluding lugs, boxes, and the
like, used solely for motor-mounting assembly, or conneciion
“When measured by increase in winding resisiance
*When measured with thermocouple
’Does not apply if investigated and accepted for a higher temperature )
UL shatl not be responsitde 1o anveme for the use of, or reliance upon, 3 UL sundard by anyane. UL shall not incur any obligation or Habdlity {or
damages, inchuding consequential dimugrs., arising ow of, or in connertion with, the use of. interprewian of, or ieliance upon o UL standard. This
material is reprodured with permission Iram UL, Inc., Standard for Safety for Electncal and Elertronur Measunng and Tesang Equipment, UL 1244,
Current cogties of which may be purchused from UL, Inc., Publicadons Stoch, 333 Phinguim Road, Narthbrook., 1L, 60062-2096.
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8-3.7 OPERATIONAL PRECAUTIONS

To be sure that the voltage to be measured is within the
range setting of the instrument. the instrument should
initially be set 10 its highest range. This measurement
should indicate the proper range. When voltmeters are
used on circuits above 300 V, it is recommended that first
one connection (preferably ground) be clamped to the
connection point and then the second probe be con-
nected. [ high voltages are being measured, it is desirable
to make connections with one hand while keeping the
other hand clear of any conductors—grounded or ener-
gized. Vever use both hands 1o make two connections
simulianeously,

Any test equipment that is used to measure high voli-
ages should be stored in a dry location and where it will be
protecied from breakage. The presence of high humidity
over an cxtended period could introduce leakage paths
across surfoces of high-voliage insulators and possibly
exposc the operator Lo severe clectrical shock hazards
during use of the probe. Likewise. physical abuse of high-
volinge insulations could cause cracks to develop and
create lenkage paths through the insulator,

Analog panel meters whose accuracy is affected by
magnetic materials or ficlds should be marked or tagged
with appropriate warnings and proper installation instruc-
tions. 1t is also helpful 1o provide a quantitative measure
of error that is introduced by improper insiallation—e.g.,
mounting a meter, which should not be mounted near
ferrous materials, on a stee! panel.

The selection of the volimeter for test measurements
must take into account Lthe characteristics of the circuit in

Ammeter

{A) In-Line

(N VAL sy ™~
——'\_?
@

(C) Clamp-On
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which the measurements are 1o be made, including pri-
marily the expected voliage level and the impedance of
the circuits. An example follows.

A voliage is known 1o be 100 V and the source has an
internal impedance of 100011, A 1000-0}/ V meter is used
1o measure the voltage. which would have an impedance
of 100.000 ! on the 100-V range. The loading eifect
produced by the 100,000-01 resistance in series with the
1000-0 source resistance will cause a I-V drop in the
saurce resistance and indicate a meter response of 99 V. If
the 1-V error is unaccepiable. a meter with a higher input
impedance must be used.

8-4 AMMETERS
3-4.1 'INTRODUCTION

Ammeters are used 10 monitor loading current in dis-
tribution lines or output by generaiors or to troubleshoot
electrical apparatus. Ammeiers may measure the current
directly or sense the current flowing in an existing con-
ductor by transformer action. Common types of amme-
ters are shown in Fig. 8-5.The direct-insertion ammeter
(Fig. 8-5(A)) must be inserted in the line and thereby
requires an interruption of current flow while the amme-
ter is connected. Some instruments that sense current
flow by sensing the ficlds around a wire may be installed
around the wire without disconnecting it.

Analog ammeters usc the same type of meter move-
ments used for volimeters described in par. 8-3.1. One
additional type of meter sometimes used is the thermo-
couple meter.

Thermocouple instrumenis depend upon heat gener-

Voltmeter

(B) Shunt

(2P

(D) Current Transformer

- Fipure 8-5. Common Types of Ammeters

. ———
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ated by currcat in a heater (proportional to 1o produce
an electromotive force (voltage) by a thermal function.
This voliage is measured by a DC D*Arsonval instrument,
which reads rms values accurately up to frequencies af up
10 50 MHz

Ammeters generally are limited to instruments with
5-A full-scale capability. To measure currents above this
value in AC circuits. current transformers usually are
employed as shown in Fig. 8-5(D). Alternatively, current
shunts can be used in cither AC or DC circuits. Current
transformers have a primary with very few turns. High-
current transformers have a single turn passed through a
window in the iron core. The secondary has many turns
wound around the common core. The ratio of turns
between the secondary and primary determines the
curreni-transiormer raiio. {A 200-¢
turn primary have a ratio of 200:1, which would cnable o
5-A meter to measure 1000 A.)

Some multirnnge ammeters are available that can mea-
sure 200 A by means of a seif-contnined, tapped-current
transformer. A clamp-on ammeter shown in Fig. 8-5(C)
contains an iren core that is split and hinged. By opening
the hinged portion, the core can enclose a single conduc-
tor. which now becomes a single-turn primary of acurrcnt
transformer. A multiturned tapped secondary actuaies an
ammeter. Because of the split in the core and the hinge,
the iron core is less than perfect. The instrument is of
limited accuracy, and the location of the conductor in the
window of the core may influence the reading. These
ammeters are good indicators of the magnitude of the
current in a conductor but must not be used when an

g .
accurate reading is required.

A current shunt (Fig. 8-5(B)) is o precise resistance,
which will produce a known voltage drop when a current
is passed through it. Typical shunts are configured to
provide n small voltnge drop, e.g.. 50 mV, when their
rated current is passed through them. These shunts usu-
ally are used with a voltmeter with a compatible input-
voliage range and o display calibrated to read out directly
in the currem range being measured. The resistance of
current shunts and the corresponding output voltages are
kept low for two reasons: (1) to minimize losses in the
circuit under test and (2) to reduce heating of the shunt
nnd produce a corresponding change in resistance.

Hall-effect sensors can give an indication of the magni-
tude of AC or DC current in a conductor. A siendy
current flowing in a constant, uniform magnetic ficld
lesto both the current and

o
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produces o volinge o1 right an
the magnetic flux, which is proportionai to the product of
the magnitude of the current, the magnetic flux, and the

sine of the angle between them.

8-1.2 INDUCED ENVIRONMENT

Properly installed ammeiers and clamp-on portable
meters have a negligible impact on the environment
beyond the impact discussed for general test equipmentin
par. 3-2.3.
343 HAZARDS
Par. 8-2.3 indicates the hazards common to the use of
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all electrical test equipment. The use of ammeters in con-
nection with current transformers has the extreme hazard
that if the secondary circuit is broken when the current
transformer primary is carrying a load. a voliage of sev-
eral thousand volts will appear at the secondary winding
terminal.

Ammeters that are designed for insertion direcily in the
circuit—as opposed to those that use a shunt or current
transformer inserted in the line to provide a signal to a
remote indicator—will necessarily have the line current
flowing through the meter. This current, if more than a
few amperes, may cause heating of the meter or connec-
tions and possibly lead to meter damage.

8-4.4 DESIGN CONSIDERATIONS

T .

. High-quality ammeters most ofien arc made with
ranges—2.5 and 5 A, and 0.5 and 1.0 A. The winding is
split so that the two halves can be connected in series {(low
range) or in parailel (high range). Ammeters of a some-
what lesser quality often have several ranges by incorpo-
nternal current transformer in the instrument

rating an
SURALim LY

case.

When o range switch is incorporated into an ammeter,
it should be configured so that the continuity through the
ammeter is not interrupted when the range is changed. If
the circuit is interrupted while the ammeter is connected
in scries with a load drawing significant current, severe
arcing will occur at the switch contacts and possibly lead
1o switch failure or arcing to adjacent conductors.

Current transformers usually are permanenily instailed
because their “doughnut™ construction requires that
power be interrupied in order io reroute iring
through the opening in the transformer. There arc mod-
els. however, in which the transformer core may be sepa-
rated into two halves and bolted around the conductor to
allow installation without interruption of power. In
cither construction the transformer must be well insu-
lated 1o prevent short circuits between the transformer
and the linc and to prevent breakdown between the
sccondary windings from the high voltages that develop if
it is not connected to o load. The sccondary of the trans-
{ormer should be grounded at one point unless grounding
affects the functioning of the other equipment connected
toit. Therefore, the secondary is usually at ground poten-
tial ond develops only 8 low voltage across a low-
impedance meter, but the danger of high voliage is always
present if the secondary circuit is accidentally opened.

| o - - T
For porable meters that use currem transformers

separate from the indicating electronics, provision should
be made to prevent exposure of the operator to high
voltage in the event that the current transformer is dis-
connecied from its load (the indicating meter and/or
clectronics). Preventive measures include (1) the perma-
nent connection of the transformer to indicating electron-
ics and (2) covered contacts with o voltage-limiting
device, e.g.. zener diode. built into the transformer to
prevent buildup to hazardous levels.

The impedance that a current transformer is designed
1o drive is cailed the burden. Ref. 0 specifies aine sian-
dard burdens ranging from 0.] to 8 ). Generally, the

[y
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accuracy is specified for all burdens that the transformer
is designed to accommodate and may be different for
different burdens..

Errors nssociated with current transformers may be
classified in two categories, i.e., errors due to phase shift
and errors in appareat transformer ratio, The phase shift
errors do not affect measurements that respond only 10
current magnitude, such as ammeter measurements.
These errors become significant only when the current
transformer is used in phase-sensitive applications, ¢.g..
watimeter measurements, Errors in apparent iransformer
ratio are corrected by use of a ratio correction factor, K.
This factor is the ratio between true and design values of
the current ratio. A ratio correction factor of 1.010 indi-
cates that the secondary current is lower than the correct
value by 16z, i.e., the output of the transformer is

Imur - Iiianﬂ , A (8'])
R
where
dopre = CurTERL inlo mceicr fTom curreni irans-
former, A

Iree = current in line to be measured, A

K. = correction value for {ransformer turns
ratio, dimensionless

R, = nameplate turns ratio of transformer,
dimensionless.

Ref. 10 provides standard categories for accuracies of
0.3, 0.6, and 1.2¢h, which are based on errors that are
encountered when using the transformer for power mea-
surements. When the transformer is used for current mea-
surements, the error typically is smaller because the innc-
curacy that is attributable 1o phase errors does not affect
the current measurement.

In polyphase and single-phase branches of a distribu-
tion network, the neutral conductor generally is grounded
at multiple points: consequently, some portion of the load
current flows through the ground. Therefore, to measure
currents associated with a load. the current meter or
current-sensing transformer must be placed in the phase

. e ; £ 5 ie
wire or wires. and not in the neutral conductor. it is

placed in the neutral, the indicated current may be only a
portion of the tota load current.

Panel-mounted ammeters generally arc limited to 5 A
full scale. If currents above this value are expected, a
current transformer or shunt should be used. Ammeters
generally have a low impedance—less than | —but
when used in high-current, low-vollage circuits, the volt-
age drop through the meter can be significant.

8-4.5 COMPATIBILITY AND
INTERGPERABILITY

Ammeters with lower ranges are available to satisfy
instrumentation needs, but the standard 5-A meter is the
most commonly used instrument in electrical generation
and/or distribution systems (used with current trans-
formers to provide higher ranges). Care must be cxerevised
in obtaining n replacement for an cxnsung ammeter that is
used with o curremt transformer since some nmmeters
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may have a different internal impedance. The replace-
ment of 8 meter with another having 3 different imped-
ance may cause the current transiormer outpui 1o deviate
from i1s specified value for the current being sensed. The
specifications of the current transformer shou!ld be checked
to determine whether the required accuracy will be
obinined with the burden of the replacement meter. (Cur-
rent transformer specifications give correction factors
and accuracy specifications for ail burdens that the trans-
former is designed 10 accommodate.}
Where instrument transformers (current transformers)
are specified to extend the measurement range, the fol-
lowing parameters should be specified for the transformer:
I. Basic impulse insulation level
2. Nominal system voltage

. Frequency

. Accuracy

. Continuous current rating

Peak current rating.
lnsofur as it is possible. all high-quality ammeters

should be of the same model and the same manufactore

Pilpdn SrEste Aiadass

for uniformity of scales and the avoidance of errors in
scale readings.

8-4.6 TEST CRITERIA FOR DESIGN
AND ITEM ACCEPTANCE
The general tests listed in par, 8-3.4 for volimeters are
generally applicable for ammeters as well, except for the
tests that venify meter calibration. [n calibration tests
known currents should be applied through the meter
instead of voltages applied across meter terminals.

[=a e IR

8-4.7 OPERATIONAL PRECAUTIONS

When a directly connected ammeter is inseried in aline,
care must be taken that an excessive voliage drop is no1
introduced due to the internal resistance of the ammeter
and interconnecting leads. This considerntion is more
important in high-current. low-voltage circuits where
greater voliage drops are induced and any voltage drop
will be o higher percentage of the source voltage. In
low-voitage applications meters with low internal resis-

tance——or lnu.,lmnedanc: pvl_nrnnl d-ulnle__rhnuld l'u-

used. Multimeters typically have higher internal resis-
tance and may not be suitable for current measurements
in certain applications. Connections 10 the meter shonid
be made with wiring and terminations that are capabic of
handling the current, For expected current values in
excess of | A, a boli-on or other permanent connection is
appropriate.

[n all cases, ammeter connections should be sufficiently
secure to eliminate effectively the chance of connections
being nccidentally disconnected. If connections are made
with “alligator™ clips or other temporary clips. the con-
ncctions should be made with the power off. If power
cannot be turned off, the lond-side connection should be
made secure first; then the line-side connection can be
made. If the line side is connected first or if the load side
becomes disconnected, (he unconnccted connector is
energized to the {ull voltage of the line and will arc upon
contact with a grounded conductor. The excessive cur-
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rents will destroy the meter unless suitable overcurrent
proteciion is incorporated within it. Also an exposed
test-lead connector poses n severe shock hazard.

The secondary of a current transformer should be
grounded ar one point unless grounding interferes with

lh“ function of thc equipment connccted If it is not
possible to ground the secondary, a warning of this foct
should be posted near the point where conncctions to a
test meter are made.

At regular intervals. or if there is reason to suspect
damage, the meter should be recalibrated. Each time the
instrument is used, it should be moved enough in the
horizontal plane 10 cause the pointer to move off zero to
determine that the pointer smoothly returns to the pre-
vious indication. Tnp the instrumcnt Iighllv with one
[]ﬁgff Wnllﬂ ODSC“'IfIg ihe pOlﬂlCI’. ll ihe ff:lulllg CHHHECS.
the pivot or lower jewel is probably damaged or improp-
erly adjusted and should be repaired. If static charges on
the cover glass cause erratic readings, they can be
removed by breathing on the glass.

8-5 WATTMETERS

8-5.1 INTRODUCTION
Wattmeters are compound instruments that measure

current into and voltage across a load and that compute
the electrical power hased on the average value of the

_instanianeous currem-vollngc product. Ift the current and
voliage are sinusoidal, the measured power Pis

P = Vicos¢p, W (8-2)
where )
P = measured power, W
¥V = rms volinge. V
I = rms current, A
¢ = phase angle between current and voltage. rad
or deg.

Depending on the power factor, the actual power will
afways be less than or equal to the product of the rms
voltage and current.
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Mechanical analog wattmeters use the magnetic repul-
sion between a “current” coil and a “voltage™ coif to
deflect a pointer over a scale and indicate the average
value of the V7 product. The inertin of the meter provides
the n\.t_:_rgmnn function. .

Basic watimeters rcad power an a single line and typi-
cally have ranges of 750 or 1500 W—corresponding to
voltage input ranges of 0-150 V or 0-300 V and a current
input range of 0-5 A. Higher power capacities are typi-
caily measured by using basic devices with current or
voliage transformers 1o extend the range.

Power may be measured in polyphase svstems by using
muitiple wattmeters and adding the readings. Generally,
onc less wattmeter than the number of wires is required —

. two meters arc required for power measurement in
ihree- pnnsc three-wire sysiems and three watimeters are
required for three-phase, four-wire systems. The methods
of interconnection arc discussed in par. 8-5.4.

Alternatively, 8 composite unit can be used that con-
sists of o single shalt and/or pointer driven by two sets of
coils connected as shown in Fig. 8-6- This meter has the
advantage of indicating polyphase power on asingle read-
aut. For applications requiring remeote indication of
power, clectranic wattmeters that generate a voltage or
current signal proportional to the power determined by
sensed voltages and currents can be used,

The measurement of watts includes many diverse
applications in a distribution system. Some examples of
applications are

1. Measurcment of the total load on a feeder

2. Mecasurement of each load connected to the
feeder

3. Measuremeni of copper and iron losses in a
transformer.

An instrument to mecasure voli-amperes reactive
{(VARs) is very similar to o wattmeter except that the
external voltage and current coils are oriented so the
meter deflection is produced by the component of voltage
and current waveforms that is 90 deg out of phase. These

~. >——
1 Current =
\ Coil Current Coil
1Y . .
Potential Coil
Nz [/
\"—-" 2 9 /i tential Coil C
/ Current QD
Coil —7 Current @)
Coil
3
Source
— & l—
Neutral Load
Figure 8-6. Wiring Diagram for Dual Element Wattmeter Used for Three-Phase. Four-Wire Power
Measurements '
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instruments respond to the “imaginary” power flowing in
power circuits with 8 nonunity power factor.

8-5.2 INDUCED ENVIRONMENT

The environmental effects of o watimeter are minimal.
Since the wautmeter consists of a current coif and a voit-
age coil, the cffects on the eavironment are the same as
those discussed for voltmeters and ammeters in pars.
8-3.2 and 8-4.2, respectively. The general considerations
discussed in par. 8-2.2 apply as well.

8-53 HAZARDS

The hazards encountered by using waitmeters are the
same as those discussed for volimeters and ammeters in
pars. 8-2.3. 8-3.3, and 8-4.1.

8-5.4 DESIGN CONSIDERATIONS

A wantmeter can be used 1o measure power flow by
monitoring voliage and current in the single- or poly-
phase circuits. Warttmeters, in principle. are bipolar de-
vices that have outputs that can be positive or negative,
depending on the direction of the power flow in the line.
{In some cases physical limitations can prevent the read-
out of negative power.) The convention has been estab-
lished that load watts are considered positive and cause
the wattmeter 10 read in the positive direction. Thus if
current enters the wattmeter current connection with the
pius marker when the voltage is positive on the voltage
connection with the plus marker, the meter reads up scale.

If the network being monitored is o source of power,
the direction of the current is reversed and the meier
artempts to read down scale. To measure waits delivered
by a source, reverse the current connection or the voliage
conrection, but not both. The voltage connection is usu-
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{A) Three-Wattmeter Configuration

Figure 8-7.

ally the safest to reverse because the current path does not
have to be interrupted.

A wattmeter is constructed with two coils. i.e.. a sta-
tionary coil of heavy wire of a few turns (the current coil)
and a movable coil of many turns of fine wire in series
with a high resistance {the voliage coil). The force pro-
duced by the interaction of fields from these coils moves
the pointer across the calibrated scale. The average torque
developed and the incrtia of the moving system cause the
reading to be the average of the watts delivered. The
wattmeter reads average power, which is the effective
power obtained by multiplying the rms volues of voltage
and current with compensation for the power factor.

Voltages and/ or currents that are not true sine waves
but contain harmonic componenis follow the same analy-
sis. and the watimeter continues to read true average
power for frequencies of up to several hundred hertz.

The measurement of three-phase watts is straightfor-
ward. For three-phase, four-wire systems, three watime-
ters are connecied between each phase and the ncutrsl as
shown in Fig. 8-7(A). The total power is the sum of the
powers read on the three watimeters. In three-phase,
three-wire (delia-connected) systems. two watlmelers are
used in the configuration shown in Fig. 8-7(B). Alterna-
tively, o ncutral potential can be derived by using a resis-
tive network consisting of three resistors tied together at
one end and each of the other ends is connected separately
tocach of the three phases. Then the three wattmeters can
be used.

Depending upon the power factor of the load, one of
the wattmeters may read down scale or negative. If nega-
tive readings dire not permitted by the meter being used.
the vollage connection of the meter reading down scale
should be reversed and subtracted instead of added, when
calculating the average three-phase power.

Vo |

(B) Two-Wattmeter Configuration

Ceonnection of Wattmeters for Measurement of Three-Phase Power
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8-5.5 COMPATIBILITY AND
INTEROPERABILITY

Measurement of low values of watts, e.g.. iron or
copper losses in a transformer, require sensitive watime-
ters. These meters usually have a low current rating, less
than 1A, with a 150/300-V voltage winding. These
instruments are used for special tests and are not inter-
changeable with the standard 5-A. 150- te 300-V wait-
meters.

The 5-A. 150-V meters generally are interchangeable.
Instrument transformers can be used 1o provide mea-
surement capability o1 higher ranges. As stated in par.
8-4.5, current transformers must be designed for the
burden (impedance) or the watimeter current coil,

Thescale calibrations of meters with the same full-scale
ratings should be identical to prevent misreading or mis-
interpretation. Each division should be the same incre-
ment at all pants of the scale.

Only wattmeters that respond 10 the truc average
power, not simply the product of rms voliage and current,
should be used for power measurements in electrical
power systems. Most electromagnetic analog meters and
electronic instruments, however, are true power meters.

8-5.6 TEST CRITERIA FOR DESIGN AND
ITEM ACCEPTANCE

A new wattmeter should be calibrated against a stan-
dard wattmeter to insure that it was not damaged in
shipment. The calibration readings should be within the
guaranteed accuracy. The condition of the pivot and jew-
cls in electromechanical meters should be checked as
indicated in par. 8-3.7.

Insiruments made by reliable manufacturers should
meet the standards in Ref. 8, including those for leakage

current and breakdown voltage between the energized
coils and the cnge,

= el AL

8-5.7 OPERATIONAL PRECAUTIONS

Considerations for the connection of a wattmeter are
the same as those for connecting n voltmeter and an
ammeter as discussed in pars. 8-2.7, §-1.7. and 8-4.7.
Polanty is ap additional considerntion. If cither the cur-
reat or voltage coil connection is reversed, the meter will
read in the negative direction.

Depending upon the power factor and nmount of
unbalance in a three-phase load. one wattmeter may read
backward even if 1he meter was connected with the pius
markers properly considered. A backward reading will
require the reversal of cither the curreni connection or the
voltage connection and subtraction of the reading instead
of addition.

8-6 POWER ANALYZERS
8-6.1 INTRODUCTION

A power analyzer is o set of instruments in a single case.
These combined instruments are used to check the magni-
tude and nature of loads—e.g.. motors, lighting, 4 combi-
nation of both. or some other load. For use on three-
phase sysicms. 2 power analyzer contains two wallmeters
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(or three wattmeters if 2 4-wire system is employed), three
voltmeters. and three ammeters. The number of meters
can be reduced by using o single meter with a variable
phase switch to sefect the phase in which measurements
are desired. The ranges of the instruments are usually as
follows:

l. Ammeter. 0-5 A

2. Volimerer. 150-300 V

3. Wattmeter. 750-1500 W,
If the load being monitored is outside these ranges,
insirumen: tronsformers can be used tloextend the ranges.

Power analvzers necessarily are portable instruments

used to troubleshoot or evaluate loading conditions on
power lines. Since the power analyzer is made up of the
same types of instrumenis—i.c.. vollmeters, ammeters,
and watmeters—discussed previously, considermiions
particular to this instrument pertain to packaging, inter-
connecting, and switching of the components to produce
n compact. portable instrument, which may be used in a
wide variety of situations.

8-6.2 INDUCED ENVIRONMENT

In comparison 1o standard instrumentation mounted
an control or monitoring panels. the portable power ana-
lyzers have an additional consideration related to their
compaciness. The bringing together in close proximity all
phases of the polyphase distribution system increases the
voliage stress on the air between the phases of the power
system.

8-6.3 HAZARDS

The general hazards associated with test equipment are
discussed in par. 8-2.3. Speciiic haznrds related to volime-
ters are discussed in par. 8-3.3, to ammeters in par. §-1.3,
and to wottmeters in par. 8-5.3.

In addition to hazards associated with the individual

inctrumante tha nawer nnnlurar nncee tuwn ndditinnal
INSITUMEnts, nd power ASR4IYITT pULLS 1wy dodinondi

hazards. The first hazard is the increased danger of arcing
within the analyzer. at its input terminals, or in the tem-
porary wiring used to connect it to the line, The increased
clectrical stress between phases increases the likelihood
that arcing may be initinted by a line transient, condensa-
tion. conductive dust, or any other mechanism that
further shortens the separation between the conductors.
This hazard is further compounded by the proximity of
all phases of the distribution system—i.c.. if an arc that
involves all phases is initinted, energy will be fed continu-
ousiy to the arc. The resuitant poivphase arc does not
extinguish as readily because the periodic current “zero™
that occurs in AC systems when the current reverses does
not occur in polyphase systems. Energy is fed to the arc
continuously 1o sustain it. If switches nre used to select
phases for measurements or to disconnect the service
from the load. then the likelihood of arcing is {urther
increased by the normal arcing during the “break ™ opera-
tion of o switch.

The second hazard is caused by the temporary hookup
nccessary to connect the power analyzer to the power
systemn. Since the power analyzer has components that
must be connected in series with the line and components
that must be connecied across phases. a number of con-



Downloaded from http://www.everyspec.com

nections are necessary. Generally, existing power wiring
is disconnected from the power source a1 some convenient
terminal. e.g., at a circuit breaker, and connected to the
outputl terminals on a power analyzer. Jumpers are then
installed to supply power from the original terminals to
the power analyzer. Since the wiring is temporary, it is
often installed with the degree of workmanship below
that aceeptable for o permanent installation. As a result,
short circuits, arcing upon contact between phases. or
contact by personnel to exposed. energized conductors is
more likely.

8-6.4 DESIGN CONSIDERATIONS

Power analyzers for use with low-power systems can be
designed so that power to the load passes through the
analyzer. A minimum configuraiion of equipment must
include one voltmeter, one ammeter, and two wallmerers.
This minimum configuration requires a switch to permit
voltmeter measurement of three line-to-line voliages and
a voltage range switch that enables volimeter reading of
150 or 300 V full-scale. A schematic of a power analyzeris
shown in Fig. 8-8.°A special selector switch for the amme-
ter must be provided to cnable it to measure the three-line
currents. This switch must isolate the three phases and
sequence the switching so that continuity is maintained
between the input and output ot all times. This necessi-
tates a special switch with shorting-type contacis, i.e.. one
that connects the input and output terminals of the
ammeter 1o the line before breaking the “through™ con-
nection. Generally more relinble, safer operation may be
achieved if the load current-carrying switch is replaced
with the simpler unit, which does not have to maintain
continuity.

MIL-HDBK-765(M!)

Fig. 8-9 shows a power analyzer with [eatures that
climinate the need for a complicated switch and the need
for line-level current and voltage switching. This configu-
ration uses shunts and voltage dividers to produce low-
level signals that can be switched safely. Although the
ammeter switch does have all three phases connected to it.
it has a simpler construction that can provide greater
physical separation between phases in comparison to the
switch used in the configuration shown in Fig. 8-8. Com-
plete isolation of the ammeter circuitry from the tine
could be provided by using current transformers 1o sense
the line currents. If this configuration is used. however. it
is essentinl that a way be provided to insure that the
current transformer secondaries are never open-circuited.
In this configuration, resistors can be connected across
the secondary to prevent the buildup of high voltage when
the ammeter is not switched to another line. Alterna-
tively, high-level switching could be eliminated by using
dedicated meters with cach phase.

The input terminals for a polyphase power analyzer
must be designed carefully. Typically, terminations are
used in which the wire is inserted through a hole and held
in place with a screw that compresses the wire against the
sides of the opening. The assembly is encased in insulation
material except for the opening (or insertion of the wire;
an access hole is provided for a screwdriver in designs in
which a slotted head screw is used to hold the wire in
place. I{ this type of connection is used. cerinin features
must be incorporated to insure safe operation. The termi-
nals must be separated enough so that errant strands from
one phase do not make contact with conductors con-
nected te an adjacent terminal or the terminal itself, The
terminal must be covered with insulation so that person-_
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Figure 8-8.
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Design for Power Analyzer With Complex Ammeter Switch and High-Voltage
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Figure 8-9.

nel cannot inadvertently touch any of the energized con-
ductors once the anilyzer is connected. 1t should not be
possible to insert the wire through o terminal such that the
wire protrudes through the other side.

If power analyzers are to be used with higher capacity
lines, it is not practical to bring the power through the
analyzer safely. Alternatively, an analyzer with clamp-on
current transducers should be used. This configuration
would bypass the need for disturbing the system wiring,
although power should be removed. using existing switch-
gear. while the voltage leads and the current transformers
are installed. Again. provisions must be made so that a
load is always connecied to the current transformers—
cither by means of a shunt resistor that is an integral pan
of the transformer or by permanently connecting the
tronsformers to the analyzers without the use of con-
nectors.

8-6.5 COMPATIBILITY AND
INTEROPERABILITY
Since power analyzers are portable test equipment.
they are designed to be used with a variety of systems.
Generally, one power analvzer may be used to replace
another provided the replacement analyzer has the fol-
lowing characteristics:
1. Can be operated a1 the same voltage and current
level and frequency
2. Has equivalent connections, ¢.g.. direct connec-
ttons versus current-sensing coils
3. Is approximately the same size
4, s labeled with the same symbols.
Power analyzers are typically custom designed items.
Once a design has been decided upon, all analyzers used
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by personnel performing the same function should con-
form to this design to ovoid confusion in coanection
leads, scales, readings. and switch arrangements. Fea-
tures that might increase the number of systems with
which the analyzer might be used are

I. Range switches 10 allow operation at more than
one voltage range

2. Interchangeable current transducers (o allow use
on lines operating a1 different current capacities.

8-6.6 TEST CRITERIA FOR DESIGN AND
ITEM ACCEPTANCE

When received from the manufacturer, the individual
instruments must be tested against standard instruments
for accuracy. Leakage currents and voltages on exposed
parts should be tested according to ANS] Standard
C39.5-1974 (Ref. 8). (Sce par. 8-3.6.)

Selector switches and range change switches must be
checked for proper operation. The curremt-selector switch—
if the analyzer incorporates a single ammeter and selector
switch—must be tested for insulation between the three
current circuits for all switch positions. The switch must
be tested to verify that each current circuit connects the
ammeter before the short is removed.

The voltage selector switch must be checked to verify
that not only is the voltmeter range changed but also the
two-wattmeter potential coils when the switch is operated.

8-6.7 OPERATIONAL PRECAUTIONS
Precautions that must be exercised in using an analvzer
depend upon the configuration of the particular analyzer.
The voltage selector switch should be set on the high
range before connecting the leads 1o the circuit, and
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power should be disconnected prior to connection of the
analyzer. This disconnection is essential {or analyzers in
which the power must pass through the analvzer and is
necessary {or safety on analvzers that use clamp-on cur-
rent sensors and voltaee nrohes

I3 S50 A0 YAURELSE piUssa.

If analyzers are equip pcd with a connection harness
that is permanently connected to the analvzer, the uncon-
nected leads become “live™ as soon as the first connection
is made to any energized circuit. Therefore, the harnesses
must be laid out—keeping all leads isolated from ground
or other phases while connections are being made,

8-7 PHASE METERS

8-7.1 INTRODUCTION

Phase meters are used to measure or indicate the rela-
tive phase angle between 1two voltages. Phase meters. or
indicators, can be any of the following:

1. Laboratory or poriable instruments tha accu-
rately display the phase-angle difference between a signal
of an unknown phase and a reference signal

2. Instruments that indicate, through meter move-
ment or lamps, the direction of phase rotation in a three-
phase sysiem '

3. Instruments that indicate, through rotating disks
or lnmps when the phase difference between two voltages
it at minimum and not chaneing

........ Sl SRR RS LaRadigillpe

The phase meter most commoniy encountered in poly-
phasc systems of the scope covered in this handbook is the
synchroscope, an instrument that indicates phase differ-
ence with a pointer that is free to rotate through the full
360 deg. In the single-phase synchroscope, a dual-coil
meter deflects a rotatable iron vane to an orientation that
is dependent on the phase difference between the coils
and. to some degree, independent of the operating voltage
and frequency. Functionally similar instruments are
made for three-phase systems that have a three—coil stator
and a three-coil armature. The synchroscope is used to
monitor the phase differeace between a generator output
and an energized bus sysiem to determine the time the
voltages are in phase so the generator may be switched
on-line. If the frequencies of the two voliages are differ-
cnt. the phase will be continuously changing and the
synchroscope indicator will rotate at a rate proportional
to the difference in frequency. In the generntor applica-
tion, the frequency of the off-line generator is adjusted
until the rotation of the synchroscope is stowed as much
as possible; the generator is thea switched on-line when
the synchroscope indicator passes through the position
indicating zero phase difference.

A simpler system, somctimes used for the same pur-
pose, has indicating lamps that are iluminated when the
relative phase between two lines is such that a voltage
difference exists between the lines. The advancage of chis
configuration is simplicity and. therefore. reliability, The
disadvaniage is that it provides an indication only when
the phase approaches zero and does not indicate whether
the monitored phase leads or lags the reference voliage.

Another application of phase meters is the determina-
tion of the phasc angle across an open breaker in a net-
work in which power is applied to both sides of the

MIL-HDBK-765(Ml}

breaker. Such a breaker could be used to apply powertoa
series of branch circuits through an alternate route with-
out interruption. The measurement of phase difference

between voliages on each side of the breaker provides an
indieation of whether the hrealker con he cloced cafely
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A phasc rotation indicator is a special type of phasc
meter. {t docs notindicate the angle between two voliages
but, rather, the phase sequence of three voltages. ltis a
simple device in which an aluminum disk is completely
enclosed in an insulated case about 76 mm (3 in.) in
diameter and 25 mm (1 in.) thick. A teiplex cable, with
three clips at the end of the cable, is an integral pan of the
instrument. The clips are marked 1-2-3, When these clips
arec connected to a source of three-phase voliage, the
nluminum disk rotates slowly . The rotation of the disk is
in one direction if the clips are connected to a system
whose phase rotation is 1-2-3 or the reverse direction if
the rotation is 1-3-2. This calibration is engraved on the
cover of the instrument. The instrument is buik for useon
any voltage up 1o 440 V phase-to-phase and is not sensi-
tive to voliage magnitude,

8-7.2 INDUCED ENVIRONMENT

Synchroscopes almost always are panecl mounted and
practically never used as a portable meter, Therefore, this
instrument, once it is installed. has no further impact on
the environment. General-purpose frequency-measuring
instrumentation is similar in application to genernl-
purpose voltmeters. Considerations discussed in par. 8-
2.2 arc applicable.

8-7.3 HAZARDS

The hazards associated with o synchroscope and its
application are essentiafly the same as with volumeters,
This instrument responds to the phase of voltages and.
therefore, may be connected without brcaking existing
CIFCHII fﬁﬁﬁffiiﬂﬂs as IS UUIIC IUI' ll‘.lC iﬁsffilﬁﬁ 01 currerni-
sensing devices, Consequently, the hazards associated
with a synchroscope ond its application are essentially the
same as those associated with volumeters and general-
purpose instrumentation as discussed in pars. 8-2.3 and
8-1.1. One additional consideration arises {rom the fact
thas phase mesers measure the difference in phase between
two voliages. which implies that in polyphase systems two
sets of polyphase lines from two independent sources are
brought together in one instrument. Power drawn by the
synchroscope from cach source is small. However, if a
short circuil or are developed from lines from one source
to the other. considerable dnmage could be done to the
synchroscope and surrounding equipment unless suitable
overcurrent protection was provided for the insirument.

8-7.4 DESIGN CONSIDERATIONS
Safery-related design considerations {or synchroscopes
include the minimization of elecirica! leakage between the
internal coils and the enctosure or the panel 1o which it
will be mounted. If the synchroscope is to be used in the
V[t_x_rg;;:m cnw,ranmgnr. ofan cnﬂmc-dn\'cn-m:nermor set,
all moving parts should be suﬁ'ctcmly ruggcdlzcd so that
the possibility of metal fatigue or breakage is minimal for
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two purposes: (1) to increase the reliability of the device
and (2) 1o prevent the development of short circuits
between internal connections and the case. The possibility
of internal shorts can be further reduced by the encapsula-

tha davalanmany
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of leakage paths to the case.

To prevent problems due to the development of faults
between the two polyphase sources within the meter,
some form of overcurrcnt protection should be provided
to protect wiring associated with the meter. This protec-
tion could consist of built-in luses, fuse links. or simply
wire sufficiently small that it could act as a fuse. The fuses
should be located right at the input of the meter to mini-
mize the possibility ol internal arcing “shead ™ of the fuse,
which would produce currents in excess of the capacity of
the wiring of the instrument, in nddition. terminals for
each input should be separated to the maximum extent
possible to minimize the chonces of arcing or develop-
ment of faults between the terminals.

878 COMPATIRILITY AND

Sri¥ea Ju s aaidess s oty

INTEROPERABILITY
Laboratory phase meters generally are versatile instru-
ments that can be configured through panel controls to
make phase measurements for many applications not just
those associated with elecirical power systems. Features
that allow the instrument 10 be used for a variety of
applications are
. Selectable input range or autoranging capability
2. Muliirange phase-difference measurement capa-
bility
3. Operation from o variety of line voltages or irom
internal batteries
4. Wide frequency input range
5. Phase differcnoes measurements in fundamental
frequencies with minimal effect due 1o waveform dis-

tartinn
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Phase meters that are included in generator control
panels and other power installations generally are com-
pact, line-powered instruments built into the equipment
that they test. These units only have to operate at power
line frequencies and at reasonably constani voltage tevels.
The following characteristics of the synchroscopes must
be specified to designate requirements for unit replace-
ment;

t. Input voliage range

2. Physical size and mounting provisions
3. Built-in iliumination

4. Sensitivity.

The term sensitivity refers to the degree to which small
phase differences may be read visually on the meter. The
required sensitivity dcpcnds on the npplicmion. In the
tion, generator mommnnn_ it is
generally sufficient to know | phase difference to ‘within
tens of degrees: also a clear indication of 0 deg is more
important than fincly calibroted scales.

L
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8-7.6 TEST CRITERIA FOR DESIGN AND
ITEM ACCEPTANCE

The instrument must be tested for temperature rise
when both windings. system and new machine, are ener-
gized continuousiv from a source of normal voltage. Any
metal parts that are exposed must be tested for lcakagc
current and for the existeace of voliages as described in
par. §-3.6.

The synchrascope should be tested with both windings
energized from the same source to veriiy that the pointer
md:calcs exactly 12 o'clock, For synchroscopes used dur-
ing start-up of a generator, this check is easily made after
the generator is switched on-line as the two lines. orseis of
lines. monitored by the synchroscope are connected

together.

8-7.7 OPERATIONAL PRECAUTIONS

Each time the synchroscope is used. it should be tested
to verify that with both windings. encrgized from the
same source, the rcnding indicates 12 o'clock.

To avoid the hazard due to ﬁﬁ‘:mb beiween the two
separate power lines connected to the phase meter, input
wiring from the two sources should be isolated as much as
possible and current protection should be included in the
line 10 prevent large fault currents from arcing.

8-8 FREQUENCY METERS

8-8.1 INTROBUCTION

There are three types of frequency meters—i.c., the
analog vibrating-reed, the frequency-to-vollage conver-
terj meter combination. and the digital meter. The
vibrating-reed instrument is simpler. more rugged. and
easier for monitoring the effectiveness of throttle adjust-
ments. The range. c.g.. 58 to 62 Hz, of these instrumenis,
however. is very restricted. If a generator separates from
the system. the frequency of the isolated generntor can be
considerably bevond the restricted range and the operator
would be unable to know what adjustment to make.
Digital frequency meters have more extensive ranges and
could give an indication that would enable the operator to
adjust the gencrator speed within the range of the syn-

chroscope for resynchronizing the generator to the system.

B-8.2 INDUCED ENVIRONMENT

Frequency meters are gencrally part of the permanent
panel board installation. Temporary connecting leads arc
not used since a selector switch to measure the frequency
of each individual generator connected 10 the distribution
network is provided.

8-8.3 HAZARDS

The usual hazards discussed in par. 8-2.3 do not apply
10 frequency meters because they have singie-scale read-
ings. Provided that the frequency is within range, the
indication given by the vibrating-reed instrument is
straight{orward and not subject to misinterpretation. The
indication on the digital instrument is also clear and

rvadingsl Th
immediatcly understandable. The instrument is perma-

nently installed and free of any hazard of temporary
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connecting leads. Properly installed selector switches do
not introduce any hazard.

8-83.4 DESIGN CONSIDERATIONS

A vibrating-reed [requency meter consists of a number
of thin. flexible reeds that are attached at one end 10 a
yoke that is subjected to 2 vibration induced by an electri-
cal current flowing in a coil closely coupled to the yoke.
The other end of the reeds is unsupported and free to
vibrate. The natural frequency of vibration of each reed is
adjusted to correspond to the scale calibration opposite
its position in the row of reeds by edjusiing the mass
(solder) at the tip of the reed. When the cail is energized,
the reed with the natural frequency equal to the frequency
of the voltage, vibrates. The end of the reed then appears
as a white line about 25 mm (! in.) long below the seal of
the instrument. Reeds with naturai frequency close Lo the
frequency of the voltage vibrate slightly and all others do
not vibrate at ail.

Vibrating-reed instruments can be adversely affected
by vibration. For example. assume that the panel is sub-
jected o a strong 60-Hz vibration from some piece of
equipment that is connected to the main system and the
coil is energized by an isolated generator operating at 59
Hz. The instrument could indicate 68, 59, or both 60 and
59 much to the confusion of the operator who might easily
take an inappropriate action. In cases of excessive vibra-
tion. the vibrating-reed instruments can be mounied with
isolators that prevent the coupling of mechanical vibra-
tion Lo the operating portion of the instrument.

The frequency-to-voltage converier/meter combina-
tton uses an electric circuit to generate an analog voltage
(or current) that is proportional to the measured fre-
quency. An analog or digital meter, driven by the output
of the converter, is used as a display device for the fre-
quency measurement system. Since the system is all elec-
tronic, it is not sensitive 1o moderate levels of vibration
like the vibrating-reed meter, but it does not have the
inherent accuracy of the pure digital meter.

Digital-frequency instruments measure the number of
pulses of a high-speed clocking circuit between zeros on
the voliage wave and interpret this reading as frequency
of the voltage wave in hertz. [n one configuration. the
cycles of the line are counted for a prescribed period and
the total displayed. With this scheme the time interval
necessary to accumulate the required count is inversely
proportional to the desired resolution. That is. if a fre-
quency readout to the nearest 0.1 Hz is desired. the meter

musi accumuiaie ihe couni over a i0-s penod. in some
applications, such as adjusting the governor of a genera-
tor. this display in obtaining an updated reading may be
unacceptable. Digital instruments that measure the period
between cycles. or groups of cycles, generate a high-
resolution frequency measurement much faster. The dis-
advamage of this configuration, however, is that the
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instrument s highly dependent on the cycle-to-cycle
waveform variation being insignificant. Therefore, any
transients or electrical noise on the line may cause error.

8-83.5 COMPATIBILITY AND
INTEROPERABILITY

All vibrating-reed frequency meters should have the
same frequency range to avoid confusion if it is necessary
to replace a defective instrument. The instrument scales
should be identically marked.

The range of digital instruments is not inherently
limited ns it is for the vibrating-reed meter. More accurate
readings. however, can be obtained if filters that preclude
harmonics and electrical noise from the measurement
circuits are incorporated. The incorporation of the filters
will limit the response of the [requency meter to 80 1o 100

»
Ly ¥

8-8.6 TEST CRITERIA FOR DESIGN
AND ACCEPTANCE

Vibrating-reed frequency meters should be tested at
rated voltages to insure that the reeds do not vibrate with
sufTicient amplitude to strike the scale window opening or
other metnl parts. The case of the instrument should be
tested (o verily that any leakage current or voltage on the
case is within requirements of ANS] Standard C39.5-
1974 (Ref. 8) as discussed in par. 3-1.6.

Digital frequency meters should be tesied at a rated
voliage for properindication. Leakage current to the case
and voltage on the case should also be tested for the safety
of the aperating personnel.

Frequency meters may be checked and calibrated by
operating the unit 1o be tested in parallel with a calibrated
frequency counter, both driven from a variable frequency
supply capable of delivering the appropriate voltage. The
frequency of the supply should be varied over the entire
operating range to verify the response of the instrument
under test.

§-8.7 OPERATIONAL PRECAUTIONS

Frequency meters should be mounted in a location
where the meter may be read easily, at approximately eye
fevel. For vibraiing-reed meters suitable ilflumination
must be provided to allow casy determination of the
vibrating reed. o

In digital frequency meters that have a trigger or thre-
shold control. this control should be adjusted over its
range to determine the maximum and minimum settings
that provide repeatabic readings. The controi should then
be set to o point halfway between. The operator. however,
should also note any points throughout the range m
which the reading becomes erratic and should avoid those
particular levels. These errors may be produced by repeti-
tive transients on the line caused by solid-state switching
circuits.
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GLOSSARY

A .

Airbreak switches. A switch in which the contacts are
surtounded by air so that upon scparation an arc is
drawn in and extinguished in the air.

Basic insulation level (BIL). The lowest level of one of
the standard volinge strengths.available thar will not
be exceeded at any transformer location within the
network.

Bus bars. A rigid conductor usually mounted in groups
of two or more for the purpose of distributing power
within cabinets or racewnys.

C

Chilblain. An inflammatory swelling or sore caused by
exposure to coeld.

Circuit breaker. A switching device capable of discon-
necting power 1o a circuit when the full load current
is exceeded. Usually this term refers to a switching
device that has an overcurrent detecting feature so it
can interrupt current to a circuit when excessive cur-
rent is detected,

Class, insulation {motors). A designation of the maxi-
mum temperature the insulation within motors will
withstand over fong periods, Classes A, B, F, and H
arc defined in [EEE-Std-1.

Cogeneration. Generation of electricity on-site in paral-
lel with the utility. Excess power is fed back into the
utility to reduce power costs.

“Cold™ standby system. A gencrator that is fucled,
maintained, and mhbrntcd SO lhal n cnn be smncd
and bfﬂ'dgl'“ Ou=

lost.

Control. A switch, potentiometer, valve, or other man-
uzily opernted mechanism designed to regulate the
flow of energy to or within a device.

Controlter. A piece of equipment that regulates the ffow
of encrgy within another device based on inputs such
s control position and sensor inputs.

Coordination. The procedure of seleciing overcurrent
protection devices so only the device most clasely
associnted with a fault is 1ripped.

G-1

Creepage distance. The length of the shortest path
across an insulator surfoce separating two con-
ductors.

Current transformer, A transformer intended 10 trans-
form large line currenis to smaller currenis. e.g.. 5 A,
which can bc more easily measured with conven-
tiona! instrumentation. The primary may be o single
turn, which is frequeatly the line conductor carrying
the current to be measured. The secondary is in-
tended 10 be connected to a low impedance so the
voliage drop across the primary is small.

Cutout. A switch, typically incorpornting o fuse, that is
used to interrupt current to a load.

D

Dead-front panel. An electrical panel that has no ener-
gized conductors accessibie from the front.

Delta (). The threc-phase power configuration in
which the power sources or loads are connccted
between three terminals. No neutral is used in the
delta configuration. When specified for this configu-
ration, the voltage is the voltage between any two
terminals.

Disconneci. A switch thai is used
a distribution system. It is designe
current but is not capable of m:ermpling load or
fault currents.

Come rammonfEomnsoen
l

Distribution network, See primary distribution network.

Distribution system, The system of conductors. trans-
formers, and associated protective devices that dis-
tribute the power from o source or multiple sources
to various end-items.

Diversity, load. The ratio of the sum of maximum loads
of individual components maximum to the compos-
ite load for an electricity supply, e.g. generator,
Load diversity will always be 1.00 or greater.

Drip proof. A construction such that equipment opera-
tion will not be negatively affected by liquid or solid
particles falling within |5 deg of the vertical.

Droop. Charncteristic of generator systems in which the
line frequency drops slightly with increasing load.
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E

Earth connection. Elcctrical connection made directly
to soil or water on the surface of the earth.

Engine. An energy conversion device that produces
mechanical motion from the combustion of fuel. c.g..
gasoline or diesel fuel.

Explosion proof. A construction such that the effects of
an internal explosion are contained anpd the energy
in gases is dissipated so that the gases are cooled
before escaping to the environment,

F

Fault. An unintentional conneciion between a line and
another conductor. cither grounded neutral or
another line.

Feeder. Circuil that carries power from primary distri-
bution source 1o secondary distribution centers.

Flash point. The minimum temperature at which a lig-
uid will give off combustible vapors at a rate suffi-
cient 1o ignite. ’

Fuse. An overcurrent protective device containing a
thin metal strip that melts or vaporizes when exces-
sive current passes through it.

G

Generator. A rotating machine that converts the
mechanical energy in the rotating drive shaft to elec-
trical power.

Ground, electrical. A conducting connection capable of
maintaining cquipment at the potential of the earth.
Electrical ground connections can be made directly
to the earth. to structures that are connected to
carth. or to a relatively large conducting mass. which
serves in place of earth, c.g.. vehicle frame.

Guarded (motor). A construction such that all openings
that expose rotating or live elecirical pans are
covered with screens or shiclds to prevent contact by
personnel. .

H

Hazard. A condition prerequisite to a mishap or acci-
dent.

Haozard probability. The aggregate probability of the
occurrence of the individual hazardous events that
create a specific hazard.
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G-2

Hazard severity. An assessment of the worst credible
mishap that could be caused by a specific hazard.

Hot-spot temperature. The temperature within motor
or transformer windings at location where tempera-
ture rise is greatest due to local concentration of heat
generation or reduced cooling.

“Hot" standby system. A generator that is operating
into a dummy load, or an interruptible load, so that
il primary power is lost. the standby generator is
already operating ond can be immediately (possibly
automatically) switched to the primary load.

[gnition temperature. The minimum temperature at
which 8 flammable substance will begin burning
from its own heat {in absence of spark, flame, or
other local ignition source).

Induction motor. An AC motor in which one member,
usually the stator winding, is connected to the line
and generates o field that induces a current in the
other member, usually the rotor windings. Torque is
produced by the magnetic forces exerted on the
current-carrying rotor conductors when operated in
the magnetic field produced by the stator.

L

Locked rotor current, Current drawn by o motor when
its rotor is held stationary. An indication of worst
case starting current.

Loop. A network configuration in which the supply cir-
cuit is closed upon iiself forming a loop. Loads at-
tached to various points around the loop are fed
through two paths: hence a single break in the loop
will not interrupt power to any load.

M

Metal-clad switchgear. A metal-cnclosed switchgear as-
sembly characterized by removable switching units,
interlocks to prevent removal of such units while in
the closed position, and shutters to cover live con-
ductors that would otherwise be exposed when the
switching is removed.

Metal-enclosed switchgear. A switchgear assembly that,
except for ventilating and inspection windows, is
completely enclosed with a solid metal covering.

Motor. An energy conversion device that produces
mechanical motion from clectrical energy.
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Motor-generator. Assembly consisting of an electrical
generator that is turned by an electrical motor. Motor-
generators are used for voltage conversion and elec-
trical isolation.

0 -

Oxygen index. The lowest oxygen concentration suffi-
cient to support combustion.

P

Polyphase. An clectrical configuration in which power
is delivered from multiple sources, c.g., individual
windings on 2 cemmeon transformer, each of which
produces voltage with the same magnitude and fre-
quency but with a constant phase difference between
them.

Power analyzer. An instrument thal measures power,
voltage, and current and that is connected between o
power source and load 1o measure chamcteristies of
source and load.

nerator sets that

voliage outputs.

Precise. Descriptor {or engine-driven-

-ge

have closely rcgulmcd frv:quen cy and v

Primary distribution network. A sysiem of conductors
that distributes power at high voltage to the prima-
ries of distribution transformers.

Prime. Descriptor for engine-driven-generator sets that
arc designed for long-term usc typically in fixed
focations.

Prime mover {for generniorj). Source of mechanicai
energy for electrical generntor. Typical prime movers
are gasoline or diesel engines or turbines, nlthough
electric motors can be used in special spplications.

R

Recloser. An overcurrent protective device that opens
the protected circuil, then afier a short delay closes

to energize the c:rcuu The process is repeated until
s
ISTREIn Y]

e Aasa

pu.ucnc i

h I P [Py
the fault condition is cleared or a

number of cycles occur.,

Resistance grounding. Grounding configuration in
which the connection to be grounded {(usually the
neutral) is connected to ground through a resistance
so fault currents can be detected withourt interrup-
tion of power service, ond third harmonic distortion
of generated power is reduced.

Risk. An expression of the possibility of n mishap in
terms of hazard severity and hazard probability.

MIL:HDBK:-765(MI)

f

Root-mesn-square. A nonlinear averaging technique
whereby first the average is computed of the series of
squared values {or the squared continuous function).
The rms value is the square root of that average
value, For current or \Uliagf waveforms, the rmis
value is the magnitude of an equivalent DC current
or valtage that would produce the same power dissi-

pation in n resistor.

S

Secondary network. A distribution network operating
at load level voltages and usually driven by the
sccondnry of distribution transformers, which sup-

o uim"" trn lnnde

pu i TRy MO IVGUS.

Fl 1+

Sectionalizer. A switch that operates in conjunction
with a recloser to isolate a branch or scction of n
distribution loop.

Service entrance equipment. Connection and protective
gear mounted on a building at a point where the
clectrical service enters. Service ealrance equipment
includes, but is not limited to. cable and conduit,
metering equipment, fuses, and circuit breakers.

Single-phase. A system of AC power distribution in
which the power is conducted over two wires: a
“hot™ wire and a neutral. This system is called single
phase because all power delivered by the sysiem is at
the same phase.

Solid grounding. Grounding configuration in which the
connection to be grounded (usually the neutral) is
connected directly o ground through a connection
which has minimum resistance.

Splash proof. A construction such that equipment opern-
tion will not be negatively affected by liguid or solid
particles striking it at an angle equal to or less than
100 deg from the upward vertical direction.

Split-phase. A system of AC power distribution in
which the power is delivered over three conductors: a
ncutral conductor and two power conductors each
conducting the same volinge but with opposite polar-
ity (180 deg out of phase).

Standby power system. A system consisting of an alter-
nate power source and o switching circuit that can
supply power to a load or loads when the primary
power source becomes inoperntive,

Standby system. An independent clectrical supply sys-
tem copable of delivering power to critical loads
when the primary source fails.

Coc iwnsamiinl Tha Ailffarancsse in natannal hatwasn o
SICpepuUltiniiug. 1 v uuu.l WL B pPUeniias Ll o
person’s feet when standing on carth
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Switchgear. Devices (including the contact assemblies
and auxiliary apparatus. such as protective and con-
trol equipment and monitoring instrumeniation) used
for switching or interrupting current.

Svnchrenous motor. An AC motor in which the arma-
ture rotates at the same speed as the rotating field
within the machine. The resulting speed wiil be o
submultiple of the line frequency.

Synchronous speed. The speed of the rotating magnetic
field within an AC motor. Synchronous motors
opcrate at synchronous speed., whereas induction
motors operate slightly below.,

Synchroscope. A meter or indicator with a rotating
pointer that indicates the instantaneous phase differ-
ence between two power line voltages.

T

Tacticnl. Descriptor for engine-driven-genecrotor sets
that are designed for mobility or ponability and
environmental resistance.

Touch-potential. The difference in potentiai between an
object touched by a person and the ground on which
the person is standing.

Transformer, distribution. An clectrical transformer
used either 10 convert moderntely low voltages pro-
duced by generators to higher levels suitable for
transmission over distance or to convert the trans-
mitted voliage back to lower voliages suitable for

operation of end-items.
Tree. A network configuration in which the supply lines

at any level, except the lowest, supply power to mul-
tiple supply lines ot the next lower level,
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U

Uninterruptible power supply (UPS). A standby system
that supplies power continuously to critical loads
that cannot tolerate even brief power outages.

Utility. Descriptor for engine-driven-generntor seis hav-
ing frequency and voltage regulntion characteristics
equal to or less stringent than the typical characteris-
tics of a commercial utility.

v

Volt-ampere reactive (VAR). The quadrature compo-
nent of power referred to as reactive power, or
imaginary power.

Volt-chm-milliammeter (VOM). A multipurpose test in-
strument used to measure voltage, current, or re-
sistance,

W

Weatherproof. Rating of switchgear construction indi-
cating that exposure to the weather will not interfere
with successful operation.

Weather protected. A construction such that the equip-
ment can be operated without being affected by min,
snow, or airborae dust.

Wye (Y). A three-phase power configuration in which
the power sources or loads are connected between
cach of the three terminals and a common terminal
called the neutral. The vollage speciited for this con-

figuration is the voliage between the neutral and any
of the terminals.
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A

Acid rain. 3-2, 3-3
Air pollutants, 3-7
Aluminum conductors, 54
American National Standards Institute, see ANSI
Ammeters. 8-12 to 8-15
ANSI, 2-i5, 2-i7
Arc
coatribution of dust, 3-9
damage due to, 3-11, 3-64, 6~
extinction, 6-2, 6-5, 6-6
initiation, 63
in motors, 7-3, 7-¢
in test equipment, 8-2
polyphase, 6-4, 8-17
resistance. insulation materials, 3-32. 3-33 (tables)
suppression, 3-34, 6-5, 6-6
switchgear, 5-21
Arc lights, 7-17, 7-18

Backitp power system, 4-22, 4-23
Batterices, 5-20. 5-21
Baulefield environment, 3-15
Bonding, conductors, 5-5
Buried lines, 5-4
Burns
from electric motors, 7-4
from electricity, 2-3
from heated surfaces or Names. 2-8, 2-9
from uliraviolet radiation, 7-17
Bus bars, 1-5
insulators, 55

Cabinets. switchgear, 6-5

NCohiar tacr decinn . & QK
LA UILD, 1IN URTigi. OSS OTT

Capacitor, power correction, 3-17 to 5-19
Carbon arc lamp, 7-17
Carbon dioxide, 2-14, 4-5
Carbon dioxide, fire extinguisher, 4-9
Carbon monoxide, 2-14, 4-5
Circuit breaker. 5-6 to 5-8. 6-2
Circuit breaker. molded case. 6-8
Class, insulation, 4-14
Classification of distribution system. 5-1 to 5-3
Clearance
overhead conductor, 5~
switchgear, 6-11
Climate. classifications. 3-12to 3-15

MIL-HDBK-765(MI)

INDEX

Cogenceration, 3-19
Color
code for wiring, 4-23, 4-25 (table)
keving of coatrols, 7-19
warning, 4-18 (1able)
Connections. current measurements, 8-14, 8-15
Coniact, clectrical
arc suppression, 7-21
materials, 6-6

‘Control panel layout, 7-19. 7-20, 8-2. 8-3

Controls and controllers, 7-18 1o 7-22
Cooling, lorced air, 7-23
disruption of, 8-1, 8-2
Coordination, circuit interruption devices, 5-6
Corrosion
factors influencing, 3-6 10 3-8
prevention of, 3-26, 3-27
Creepage distance, 8-4, 8-5
Current meter hookup. 8-6
Current switching in instruments, 8-18
Current transformers, 5-8
Current transformer, error. 8-14
Cutouts, 6-1

D

Delta configuration. 1-5. 1-6
Density, metals, 3-28 to 3-30 (table)

Dielectric sirengih
air. 3-12, 3-13 (graph)
materials, 3-32, 3-33 (tables)
Dielectric withstand tests, 6-8. 6-9. 8-10
Disconneet, 5-22, 6-1, 6-2, 6-7
Display. analog vs digital. 8-3
Distribution system
classification. 5-1 to 5-3
components in, 1-4, -5
definition. 5-1
Dust, 3-8, 39

EGSA. 2-15

Electrical Generating Systems Association. see EGSA
Electrical leakage, heaters, testing, 7-16

Elecirical Power Research Institute. see EPRI
Electrical shock, in test equipment. 8-4, 8-5
Electrocution. 2-3. 2-5. 2-6, 3-3

Eleciromagnetic interference

fenem anmienllare 7.10
WO COMTONCTs, 7=17

from motors, 7=
reducing, 7-20. 7-21
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Engine-driven-generator sets, Chapter 4
classification. 4-20
installation, 4-29, 4-30
US Army, 4-2 10 4-3 (1able)
Engine
cooling, 4-4
cmissions. 4-5
exhaust, 43, 35
gasoline vs diesel, 4-18, 4-19
uluulfud. ‘O‘lg 4‘22
Entanglement with motor shaft, 7-4
EPRL 2-16
Exhaust. engine. building installation, 4-23, 4-24
Expansion, thermal. connection. 4-12, 4-13
Explosion of arc lamps, 7-17
Explosion-proof motors, 7-5

F

Fault current interruption. 6-2
Fault nrmgcunn 6-6
Fcedback control systems. 7-19
Fibnllation, 2-3, 2-§
Fire
hazards of, 2-9
engine, 4-5
extinguishing systems, 4-9 1o 4-1)
source, 2-9, 2-10, 64
Flash point. 2-9
Frequency meters. 8-21, 8-22
Frosibite, 2-9
Fuel, diesel. 4-5
Fuel tank inswallation, 4-29
Fumes, toxic. 2-14
Fuse, 5-6, 5-7 (1able). 6-1
motors. 7-6
thermal. 7-14

G

Galvanic series. metals, 3-27, 3-34 (1able)
Gasoline, 4-5
Generator, definition
Generators, parallel operation: see parallel operntion of
generators

Ground fault circuit interrupter (GFCI), 3-26
Grounding, 3-19 to 3-23

current transformer, 8-15

distribution system, 5-5

for electrical noise suppression, 7-21

generator, 3-21 to 3-23, 4-6, 4-7

in frozen carth, 3-15

instrument, 8-4, 8-§

purpose. 3-i9, 3-20

removable modules, 8-4. 8-5

resistance, 3-20, 3-2}

solid. 3-21

switchgear, 6-6. 6-7

transformer, 3-23. 3-24, 7-12

nan Al
on, =1

— o — -
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Ground resistance, 3-20, 3-21

Ground resistance, measurement of, 5-9
Guarding, physical. 4-7 10 4-9

Guards. for motor-driven pulleys, 7-5

H

Halogen firc-cxtinguishing systems, 4-9, 4-10
Hazardous atmosphcrcs. 2-14
Hazard ﬁi’ﬁu.’iuilii}'. C:‘ﬁfgﬁﬁfs 2-2
Hazard severity, categories, 2-2
Heaters, 7-12 10 7-17
High voltage
guarding, 4-8, 4-9
measurements, 3-10
test equipment storage, 8-12
Hold-on effect, 2-3
Hydrocarbon. emissions from diesel, 4-7
Hydrogen chloride, 2-14
Hydrogen sulfide, 2-14, 3-7

1.1
s =3

{EC. 2-16, 2-17, 7-8
IEEE, 2-15
Ignition tempernture, 2-9, 2-10 (1able)
Inching, 5-22, 6-12
Induction motor, 7-1, 7-2
Institute of Electrical and Elecironics Engineers, see
1EEE
Insulation
classes (motors and generators), 7-4
deteriorntion from uliraviolet mdiation, 7-17
heating elements, 7-13, 7-14
materials. 3-32, 3-33 (tables)
material selection, 4-14, 4-15, 4-17 (1ablc)
Interlocks, 4-11, 6-5, 7-20
International Electrotechnical Commission, see 1EC
International Organization for Standardization (1S0),
2-17
Isolation. using transformers, 7-10, 7-11

L

Labeling

controls, 8-2

instrument, 8-4

phase. 6-4

thermal protection, motors, 7-7
Labels. hazard. 4-16 10 4-18
Leakage testing, load banks, 7-23
Lightning, 3-3 to 3.5, &-3
Load allocatian, 3-23 to 3-26

in backup system, 4-23
Load balancing, 4-7
{.oad banks, 7-22 to 7-24
Load leveling for generators, 7-22
Loading of circuit by voltmerer, 3-8, 8-12
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Loop distribution system, 5-2. 5-3
Lubrication, motor. 7-9

ws
vl

Maintenance. engine-driven-generator set, 4-29 1o 4-31

Material, characteristics, 3-26 to 3-34
Mazierials. he:ning element, 7-13, 7-14
Melting point

memls 3-28 10 3-3i (1able)
Mercury-xenon arc lamp. 7-17. 7-18
Metal, characteristics, 3-28 to 3-31 {tabte)
Meunl-clad switchgear, 6-2
Meralenclosed switchgear, 6-2
Meter

care and handling, 8-6

misreading. consequences, §-2
MIL-STD-633, 4-1 to 44
Moisture

eifect on moior seleciion. 7-9

effect on shock hazard in generators, 4-6

effects of, 3-2
Motion sickness, 2-12
Motor, 7-1 10 7-9

as generator load, 4-15, 4-16

controls. 7-19

current, 3-18, 3-19

explosion proof, 7-5

frame configurations, 74, 7-5

lubrication, 7-9

nameplate information. 7-7

normal service conditions, 7-4

operation under out-of-design conditions, 7-3

protection, 7-6. 7-7

switching power to, 3-18. 3-19

werminal marking, 7-7. 78

tests. 7-8. 79
types and characteristics, 7-1, 7-2, 7-3 {table), 7-3
Motor-generator, 5-16, 5-18, 5-19

N

National Electrical Manufacturers Associntion, see
NEMA
National Fire Protection Association, see NFPA
NEMA, 2-15, 2-16
NFPA, 2-15
Nitric oxide, 2-18, 3-7
Nitrous oxide, 2-14, 3-7
Noise
engine, 44, &-7
hazard due 1o, 2-5, 2-6

limits, 2-6 to 2-8
limiis. occupicd nreas. 2-8
quieting. engine, 4-12

o

Occupational Safety and Health Administration. see
OSHA

MIL-HDBK-765(MI)

Oil-filled swilchgcar. 6-8
OSHA, 2-18

Overcurrent protcctlon 5-6 10 5-8
Overload protection. motors. 7-6
Oxygen index, 2-9

Ozone. effects of, 3-7

Ozone, generated by arc lamps, 7-17
P

Parallel operation of generators, $-18, 4-19, 4-32, 4-33
Paschen's curve, 3-12, 3-13

PCB. 5-11, 5-16, 7-10

Phase meters. 8-20. 3-21

Phase protection, motor, 7-7

Polyphase, definition. 1-2

Polyphase power, characteristics, 1-2

Polyphase systems, applications. -7, 1-8

Power analy7ers, 8-17 to 8-20

Power measurcment, polyphase, 8-15 1o 8-17

Precipilation
characteristics, 3-14
effect on equipment, 3-15
Pressure
altitude, 3-11. 3-12
effects, dielectric strength of air. 3-12, 3-13
water, 3-12
Prime mover, 4-1

Radar, 1-7. 1-8
Radiation, solar. 3-9 to 3-11
effects of, 3-11
Reclosers, 3-16, 3-17, 5-8
Refueling. engine, 4-31
Regulator, voliage, 3-16, 5-17 1o 5-19
Resistance, ground. 3-20, 1-21
Resistivity
insulation materials. 3-32. 3-33 (tables)
soil, 5-3
Risk acceprance criteria, 2-3
rms measurements, 8-8, 8-9

]
Salt sproy. offeets, 36, 3.7
Sand. 3-8, 3-9

Sectionalizers, 3-16, 3-17, 5-8
Sheathed heating element, 7-14
Shiclding. electromagnetic. 7-21
Shock. clectrical, 2-3. 2-5, 2-6
from engine-driven-generator sets, 4-6
from mozors, 7-4 :
from switchgear, 6-3, 6-4
from transformers, 7-10
Shunt, current, 8-13
blnglc-pnau definition, 1-2
Solar radiation, cold climates, 3-15
Sound. engine, 44
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Split-phase. definition, -2 - current, 8-12, 8-13
Siandby power system, 3-17 10 3-19 distribution, 1-5, 5-9 10 5-16
classiftcation of. 1-7 end-item. 7-1, 7-10 10 7-12
Suatic electricity, 3-5, 3-6 grounding, 7-12
Step-potentinl, 3-3, 33, 3-20, 3-21, 5-¢ nameplate information, 7-11
Sterilizer, 1-8 ’ off-frequency operation, 7-11
Storage, high-voltage test equipment, 8-10 potential, 8-8
Sulfur compounds. 3-7 testing. 7-11. 712
Sulfur dioxide, 2-14, 3-7, 4-5 Transmission lines. 5-3
Sulfur trioxide, 3-7 Tree distribution system. §-2. 5-3
Switchgear, 5-21, 5-22. Chapter 6 Trend monitoring, 4-32
construction, 6-~¢ to 6-7
ratings. 6-3. 6-7 uU
Switch operation, 6-12
Switching orders, 612 UL. 2-16
Switching systems, 1-5 : Ultrasonic noise, 2-7
Syvnchronous motor, 7-2 Ultraviolet radiation
Synchroscape, 8-20 burns from, 7-17
insulation deterioration from. 7-17
T Underwriters Laboratories, see UL
Uninterruptible power supply (UPS). 5-20, 5-21
Temperature -
classification of heaters, 7-13 1Y
cffects on materials, 3-6
engines, 4-1, 4-4 Vacuum breakers, 6-2
hot spot, 7-4 Vacuum interrupts, 6-8
typical values in environment, 3-6. 3-13 to0 3-15 Vibroting-reed frequency meter, 8-21, 8-22
Temperature rise Vibration
{rom motor losses, 7-4 cffect on frequency meer, 8-22
maximum allowable, 8-11 (table) cffect on personnel and equipment, 2-11 to 2-14
test. motor. 7-9 engine, d-4
test, test equipment, 8-10 motors. 7-2. 7-3
Tensile strength. materials, 3-28 to 3-31 {table). 3-33 Visibility, effect of dust. 3-9
{1able) Voltage
Terminal labeling phase-to-phase, phase-to-neutral relationship, 1-2
generator, 4-13, 4-16 dividers. instrumeant, 8-8
motors. 7-7, 7-8 imbalance, effect on motors, 7-9
transformers, 7-11 regulation, requirements. 3-16
Terminals regulator, 5-17 to 5-19
generator, 4-12, 4-1) Voltmeters, 8-8 to 8-12
instrument, 8-18. 8-19
Terminations W
heaters, 7-15. 7-16
switchgear. 6-6 Warning information, heaters, 7-16, 7-17
Test equipment, Chapter § Wattmeters, 8-15 to 8-17
Thermal cycling of connections. 7-13 Waveform sensitivity, volimeter, 8-8, 8-9
Thermal protection Welding equipment, 1-8
heaters, 7-14 Wye configuration, 1-5. 1-6
motors, 7-6, 7-7
Touch-potential, 3-4, 3-20, 3-21 X
Transformer
applications, 7-10 X-ray equipment. 1-8

cooling classes, 7-11

-3
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