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M LI TARY SPECI FI CATI ON

CONTACTORS AND CONTROLLERS, ELECTRI C MOTCR
AC OR DC, AND ASSOCI ATED SW TCHI NG DEVI CES

This specification is approved for use by the Naval Sea Systemns
Conmand, Departnent of the Navy, and is available for use by al
Depart ments and Agencies of the Departnent of Defense.

1. SCOPE

1.1 Scope. This specification covers alternating current (ac) and direct
current (dc) motor controllers and associated swi tching devices. Included are
manual and magnetic controllers, controller parts, linmt sw tches, pressure

swi tches, tenperature switches, selector switches, push-buttons, and simlar
devi ces used for control of electric mobtors. Seniconductor (solid-state) devices
used as parts for nagnetic controllers are included.

2. APPL| CABLE DOCUMENTS

2.1 General. The docunents listed in this section are specified in sections
3 and 4 of this specification. This section does not include docunents cited in
ot her sections of this specification or reconmended for additional information or
as exanples. \While every effort has been made to ensure the conpl eteness of this
list, docunent users are cautioned that they must neet all specified requirenents
of docunents cited in sections 3 and 4 of this specification, whether or not they
are |listed.

2.2 Covernnment docunents.

2.2.1 Specifications, standards, and handbooks. The follow ng specifi-
cations, standards, and handbooks forma part of this document to the extent
specified herein. Unless otherw se specified, the issues of these docunents are
those listed in the issue of the Departnment of Defense |ndex of Specifications and
St andards (DODI SS) and suppl ement thereto, cited in the solicitation (see 6.2).

Beneficial conments (recomendati ons, additions, deletions) and any pertinent
data which may be of use in inproving this docunent should be addressed to:
Conmander, Naval Sea Systens Conmand, SEA 03R42, 2531 Jefferson Davis Hw.,
Arlington, VA 22242-5160 by using the Standardi zati on Docunent | nprovenent
Proposal (DD Form 1426) appearing at the end of this document or by letter
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SPECI FI CATI ONS
DEPARTMENT OF DEFENSE

M L-1-631 - Insulation, Electrical, Synthetic-Resin Conpo-
sition, Nonrigid.

M L- S-901 - Shock Tests, H. I. (Hi gh-Inpact); Shipboard
Machi nery, Equi pnent and Systens, Requirenents
for.

M L- E-917 - Electric Power Equiprment, Basic Requirenents
(Naval Shipboard Use).

M L- E- 2036 - Enclosures for Electric and El ectroni c Equi prent.

V53400 - Connectors, Receptacle, Electric, Wall Munting,
Front Rel ease, Crinp Contact, AN Type.

M L-L-3661 - Lanphol ders, Indicator Lights, Indicator-Light

Housi ngs, and | ndicator-Light Lenses, Ceneral
Speci fication for.
M L-L-3661/63 - Lanphol der, Lights, Indicator (Housing), Style

LH96.

M L-L-3661/65 - Lanphol der, Lights, Indicator (Housing), Style
LH98.

M L- S- 8805 - Switches and Switch Assenblies, Sensitive and
Push (Snap Action), General Specification for.

M L- R- 15109 - Resistors and Rheostats, Naval Shipboard.

M L- F- 15160 - Fuses: Instrunent, Power, and Tel ephone.

M L- F- 15160/ 60 - Fuses; Instrument, Power and Tel ephone
(Noni ndi cating), Style F60.

Fuses; Instrunent, Power and Tel ephone
(Noni ndi cating), Style F61.

M L- F- 15160/ 61

M L- S- 15291 - Switches, Rotary, Snap Action and Detent/ Spring
Return Action, Ceneral Specification for.

M516142 - Boss, Gasket Seal Straight Thread Tube Fitting,
St andard Di nensions for.

M L-T-16315 - Transformers, Power, Step-Down (M scell aneous,
Naval Shi pboard Use).

M L-W 16878 - Wre, Electrical, Insulated, General Specification
for.

M L- M 17059 - Mdtors, 60-Cycle, Alternating-Current, Fractional
H. P. (Shipboard Use).

M L- M 17060 - Mdtors, 60-Hertz, Alternating Current, I|Integral-
Hor sepower, Shi pboard Use.

M L- E- 17555 - Electronic and El ectrical Equipnent, Accessories,
and Provisioned Itens (Repair Parts): Packagi ng
of .

M L- S- 18396 - Switches, Meter and Control, Naval Shipboard.

M L- S- 19500 - Sem conductor Devices, Ceneral Specification for.

M L- R- 19523 - Relays, Control, Naval Shipboard.

M L- S-19622 - Stuffing Tubes, Nylon; and Packing Assenbli es;
General Specification for.

M L- F- 21346 - Fusehol ders, Bl ock, and Shroud Type, and Associ ated

Fuse Clips; General Specification for.
M L-S-21604 - Switches, Rotary, Miltipole and Sel ector; General
Speci fication for.

M L-S-24711 - Switch, Proximty, Solid-State.

M L- M 38510 - Mcrocircuits, General Specification for.

M L- T- 55164 - Terninal Boards, Ml ded, Barrier, Screw and Stud

Types, and Associ ated Terni nal Board Lugs,
General Specification for.
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STANDARDS
DEPARTMENT OF DEFENSE

M L- STD- 108 - Definitions of and Basic Requirements for
Encl osures for Electric and El ectronic
Equi pnent .

M L- STD-167-1 - Mechanical Vibrations of Shipboard Equi prent
Type | - Environmental and Type Il - Internally
Exci ted) .

M L- STD- 202 - Test Methods for Electronic and El ectri cal
Conmponent Parts.

M L- STD- 461 - Control of Electromagnetic |Interference Em ssions
and Susceptibility Requirenments for.

M L- STD- 462 - Electromagnetic Interference Characteristics,

Measur enent of .
Ai rborne Sound Measurements and Acceptance
Criteria of Shipboard Equipnent.
Structureborne Vibratory Accel eration
Measurenments and Acceptance Criteria of
Shi pboard Equi pnent.
Test Methods and Procedures for M croel ectronics.
Interface Standard for Shipboard Systens Section
300 Electric Power, Alternating Current. (Metric)
Connectors and Jacketed Cable, Electric, Selection
St andard for Shipboard Use.
General Requirenents for Electronic Equi pnent
Speci fications.

M L- STD- 740- 1
M L- STD- 740- 2

M L- STD- 883
M L- STD- 1399,

M L- STD- 1683

M L- STD- 2036

(Unl ess otherw se indicated, copies of the above specifications, standards,
and handbooks are avail able fromthe Standardi zati on Docunents Order Desk, BLDG
4D, 700 Robbi ns Avenue, Phil adel phia, PA 19111-5094.)

2.2.2 Oher Governnent docunents, drawi ngs, and publications. The follow ng
ot her CGovernnent documents, drawi ngs, and publications forma part of this
docunent to the extent specified herein. Unless otherw se specified, the issues
are those cited in the solicitation.

PUBLI CATI ONS
NAVAL SEA SYSTEMS COWAND ( NAVSEA)
TEOOO- AB- GTP- 0010 - Parts Application and Reliability Information
Manual for Navy El ectronic Equi pnent.
804- 1385850 - Piping, Gauge, For All Service.

(Application for copies should be addressed to the Standardizati on Docunments
Order Desk, BLDG 4D, 700 Robbins Avenue, Phil adel phia, PA 19111-5094.)

2.3 NonGovernnment publications. The follow ng docunment(s) forma part of
this docunent to the extent specified herein. Unless otherw se specified, the
i ssues of the docunents which are DOD adopted are those listed in the issue of the
DODI SS cited in the solicitation. Unless otherwi se specified, the issues of
documents not listed in the DODISS are the issues of the documents cited in the
solicitation (see 6.2).
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NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATl ON ( NEMVA)

ICS 1 - General Standards for Industrial Controls and Systens.
(DOD adopt ed)
ICS 2 - Standards for Industrial Control and Systens,

Controllers, Contactors and Overl oad Rel ays Rated Not
More Than 2000 Volts AC or 750 Volts DC. (DOD adopted)

ICS 4 - Standards for Industrial Control and Systens Ternina
Bl ocks.

ICS 5 - Standards for Industrial Control and Systens Contro
Circuit and Pil ot Devices.

ICS 6 - Standards for Industrial Control and Systens Encl osures.

ICS 9 - Standards for Industrial Control and Systens Power
Circuit Accessories.

M W 1000 - Magnet Wre.

(Application for copies should be addressed to the National Electrica
Manuf acturers Association, 2101 "L" Street, NW Washington, DC 20037.)

(NonGover nnent standards and other publications are normally available from
t he organi zations that prepare or distribute the docunents. These docunments al so
may be available in or through libraries or other informational services.)

2.4 Oder of precedence. In the event of a conflict between the text of
this docunent and the references cited herein, the text of this docunent takes
precedence. Nothing in this document, however, supersedes applicable |laws and
regul ati ons unless a specific exenption has been obtai ned.

3.  REQUI REMENTS

3.1 Qualification. Contactors, controllers, and associated switching
devices (relays, switches, and so forth) furnished under this specification shal
be products that are authorized by the qualifying activity for listing on the
applicable qualified products list before contract award (see 4.4 and 6.5).

3.2 Basic requirenments. Unless otherw se specified herein, the equiprent
shall conformto the requirements of ML-E-917 for the following itens (see 6.3):

(a) Materials (except cadm um plating, which is prohibited).
(b) Electrical shock hazard

(c) Electrical creepage and cl earance di stances.

(d) Threaded parts and fasteni ng devices.

(e) Electrical insulation

(f) Insulating procedures.

(g) Wre, wiring nethods and marKki ng.

(h) Parts.

(i) Processes.

3.3 Recycled, recovered, or environnentally preferable materials. Recycled,
recovered, or environnentally preferable materials should be used to the maxi mum
ext ent possible provided that the material meets or exceeds the operational and
mai nt enance requirements, and pronotes econom cally advantageous life cycle costs.

3.4 Power.

3.4.1 Ac controllers. Ac controllers shall operate on type |, 60-hertz (Hz)
power as specified in ML-STD 1399, section 300 and shall operate between 80 and
110 percent of rated voltage at the specified anbient tenperature.

3.4.1.1 Ac input. The ac input to the controller shall be the voltage and
phase(s) specified (see 3.17.14(a) and 6. 2).



Downloaded from http://www.everyspec.com

M L- DTL- 2212H( SH)

3.4.2 Dc controllers.

3.4.2.1 Surface ships. Dc controllers shall operate between 80 and 110
percent of rated voltage at the specified anbient tenperature.

3.4.2.2 Submarines. Dc controllers shall operate at the specified anbient
t emperature between 180 and 355 volts (nonminal 250 volts direct current (Vdc)).

3.4.2.3 Dc controllers with field rheostat. Dc controllers having a notor
speed adjustnment by field rheostat exceeding a speed range of 1-1/2 to 1 shal
provide full field starting and field accel eration features.

3.5 Connection diagramand table of overload heaters and reactors. Each
controller shall include a connection diagram a schematic diagram a description
of operation, and a table of overload heaters, coils, and reactors (if used). The
i nformati on shall be printed by a process that is nonfading, protected by
transparent plastic, and secured inside of the enclosure.

3.6 Duty. Unless otherw se specified, controllers shall be constructed for
continuous duty and general purpose service. For special duty such as jogging or
pl uggi ng, constant horsepower multispeed motors, lighting or transformer | oads,
special ratings may be required. Requirenents for such service will be determ ned
by the contracting activity and shall be as specified (see 6.2).

3.7 Circuit arrangenment. Controllers shall operate on an ungrounded system
Each controller shall be electrically independent, except for interlocks, and will
normal ly derive its power fromthe sane source as the controlled device. A fault
in one controller shall not disable any other controller. Current transfornmer
secondaries shall be grounded to the controller enclosure. Miin |ine fuses,
di sconnects or circuit breakers shall not be provided as part of the controller
Contacts shall not be connected in parallel to obtain higher current carrying
capacity. Unless otherwi se specified (see 6.2), control circuits shall be the
same voltage as the power circuit. Line contacts of one contactor shall not be
used to maintain power to another contactor unless tests, in accordance with

4.6.5, have been made to ensure that a shock will not cause the maintained
contactor to drop out. Miltispeed and reversing controllers shall be arranged so
t hat speed and direction changes are effected by a single operation. It shall not

be possible for a notor to be in a different node of operation than indicated by
t he associated switching device's identification plate. Miltispeed and reversing
controllers shall use electrical and nmechanical interlocks in their operations to
preclude any short circuit condition. Wen timing relays are used to bypass
safety switches during the starting period, the circuit shall be wired so that an
opening in the relay circuit will prevent starting of the motor. The stop device
of a controller shall be so connected that the controlled device will be
deenergi zed and can be started again only upon actuating the start device. Wen
the circuit arrangenent incorporates ten or nmore control or timng relays, the
programmabl e | ogic controller (PLC) shall be considered.

3.8 Reduced voltage controllers. Reduced voltage controllers shall provide
closed circuit transition

3.9 Load isolation. |If specified (see 6.2), opening of the line contactors
shall isolate all portions of the load fromthe |line except control circuits and
the incomng power termnals. A discharge circuit shall be provided for shunt
field winding dc controllers.

3.10 Renote device circuits. Control circuit |eads fromcontrollers to
renote devices shall be protected agai nst damage from short circuits. Leads
wired in series with current linmiting parts, such as coils and resistors, which
are located within the enclosure will be considered to be adequately protected.
Leads not protected by current linmting parts within the enclosure shall be fused.
When specified (see 6.2), renote indicating and nonitoring circuits shall be
i ndependently fused so that a short circuit in these circuits will not prevent
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the controller fromperfornming its function. Wen fuses |arger than 10-anpere
capacity are required, 15 or 20 anpere fuses shall be used as appropriate. Fuses
that are used in conjunction with step-down transformers shall be sized based on
the transformer or wiring capacity, whichever is smaller

3.11 COverload protection. Overload protection shall be provided for the
notor during starting and running conditions. Resetting, if not automatic, shal
be acconplished by nmeans external to the enclosure. Wen two single-pole relays
are used with 3-phase nmotors, resetting of the two relays shall be acconplished by
a single button. Automatic reset overload relays shall not be used with
controllers arranged for LVR  \Wen an overl oad protection systemrequires
ext ernal power, the power source shall be the notor power |ine or the notor
control circuit. Overload protection shall not be provided in dc controllers for
submarine service; however, provision shall be nmade for wiring to an overspeed
trip nodule, if required (see 6.2).

3.12 Anbient tenperature ratings. The anbient tenperature rating for the
nmotor controllers shall be in accordance with 3.12.1. The anbient tenperature
rating for the contactor and associated switching devices shall be in accordance
with 3.12.1 and 3.12.2, as specified (see 6.2).

3.12.1 Rating 50 degrees Celsius (°C). The rating of the notor controllers,
contactors, and associ ated switching devices shall be based on an anbient
temperature of 50°C for those installations where the nmaxi mum normal operating
temperature of the surroundi ng at nosphere or other cooling nediumis 50°C or |ess.
Mot or controllers constructed for use in a 50°C anbi ent tenperature shal
wi t hst and exposure to an ambient tenperature of 70°C wi t hout damage.

3.12.2 Rating 65 degrees Celsius (°C). The rating of the contactors and
associ ated swi tching devices shall be based on an anmbi ent tenperature of 65°C for
those installations where the nmaxi mum nornal operating tenperature of the
surroundi ng atnosphere or other cooling mediumis 65°C or |less but nore than 50°C.
Contactors and associ ated switching devices constructed for use in a 65°C anbi ent
tenmperature shall withstand exposure to an ambient tenperature of 85°C without
damage.

3.13 Wring. Permanent internal wiring shall be copper wire or bus bar
The size, stranding, and insulation of wire, and the dinmensions, insulation, and
spaci ng of bus bars shall be mechanically and electrically suited to the applica-
tion. Hook-up and lead wire shall be as specified in ML-W16878 or comercially
simlar UL listed types as approved by NAVSEA. Pol yvinyl chloride (PVC) insulation
shall not be used. Magnet wire shall conformto NEMA M W1000. Wres connecting
to resistors or class H coils, and wires otherw se exposed to heat shall have a
m ni mum t enperature rating of 125°C. The nmininmumtenperature rating for all other
wires shall be 105°C. The minimumw re size shall be AWG 14, except that AWG 16
may be used for connections to |local switches and that, at a mnimm AW 22 may
be used for all connections to the programable |ogic controllers and sel ected
sol der connected devices as appropriate for device ternination.

3.13.1 External cable connections. When the nunmber of external contro
circuit conductors entering a controller is 12 or less, direct connection may be
to the internal connection points. Wen nore than 12 external control circuit
conductors are required, connections shall be made to term nal boards | ocated
within the enclosure near the cable entrance. External power circuit conductors
may be wired directly to the internal connection points. Term nal boards and
di rect connection points shall be accessible fromthe front of the enclosure.
Circuitous routing of conductors shall be avoi ded.

3.14 Mounting. Parts nounted on panels shall be replaceable without
renovi ng the panel
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3.15 Endurance. Endurance requirerments for manual controllers, contactors,
swi tches, relays (except relays conforning to ML-R-19523) and overl oad rel ays
shal | consist of the electrical and nmechani cal operations, as shown in table I
Control relays qualified under ML-R-19523 shall not be considered for further
qualification under this specification. A device will have failed the endurance
test if at any point during the test specified in 4.6.2 the device fails to
function nechanically or electrically (failure to make, carry, or break the |oad),
there is welding of contacts, or at the conclusion thereof, the device fails to
operate as required to pass the exam nation and general operation test specified
in 4.5.

TABLE |. Endurance requirenents.
No. of Percent of rated At percent Power - f act or
Item operations current rated vol tage (1 aggi ng)
1/

Make Br eak

Manual controllers

(ac) 25, 000 600 100 100 1
Manual controllers

(ac) 50 600 600 110 0.4 to 0.5
Manual controllers

(ac) 25, 000 Mechani cal opera-

tions

Manual controllers

(dc) 25, 000 400 100 100
Manual controllers

(dc) 50 400 400 110
Manual controllers

(dc) 25, 000 Mechani cal oper a-

tions

Contactors (ac):

Size 0 through 5 50, 000 600 100 100 1

Size 6 25, 000 600 100 100 1

Size O through 6 50 600 600 110 0.4to0 0.5

Size 0 through 4 1,000, 000 Mechani cal oper a-

tions
Size 5 and 6 300, 000 Mechani cal oper a-
tions

Contactors (dc):

Size 0 through 6 25, 000 400 100 100

Size 0 through 6 50 400 400 110

Rel ays (except

overl| oad and

rel ays conforning

to ML-R 19523) Ac - sane requirenments as for size 0 ac contactors
Dc - same requirenments as for size 0 dc contactors

Swi t ches 50, 000 100 100 100
50 150 150 100
50, 000 Mechani cal opera-
tions
Overl oad rel ays 500 100 100 100 1

1/ One operation means one electrical make and break for each set of contacts.

3.16 Detail requirenents.

3.16.1 Manual controllers. Size 1 nmanual controllers shall be arranged so
that the overload device is defeated by holding down the start button. Energency-
run features shall not be provided on size 0 manual controllers.

7
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3.16.2 Interlocks. Mechanical and electrical interlocks shall be provided
bet ween reversing or speed selection contactors to elimnate the possibility of a
short circuit resulting from simultaneous closing of contactors.

3.16.3 Energency run. When specified (see 6.2), magnetic controllers shal
be provided with a nmeans of defeating the overload relay for emergency running.
This feature may be conbined with the overload relay reset, or obtained with a
separate push-button. Manual operation of the energency run switch shall be
required for the duration of the energency. Enmergency run shall not be conbi ned
with the start push-button.

3.16.4 Local transfer. \Wen specified (see 6.2), controllers that are
intended for use with renpte swi tches shall have a | ocal and renote sel ector
switch. This local and renote selector switch will disconnect the renote contro
wiring and allow |l ocal control. This switch shall prevent a damaged renote switch
or defective wiring fromdisabling the controller. Generally, a local and renote
sel ector switch is required only for vital functions such as steering and fire
punp contr ol

3.16.5 Contactors and relays. Coils shall be encapsul ated as specified in
M L-E-917. Coil leads shall ternminate at screw terminals. Contactor coils shal
be readily replaceable. Contacts shall be of sinple and rugged construction
Contactor contacts shall be easily replaceable. Contacts, other than sliding
contacts, used in control circuits, shall not be plated, except with silver.
El ectrodeposited gold is permitted on control circuit contacts where arc voltages
and currents are not exceeded. Springs shall be constructed to ensure the proper
functioning of the relays and contactors. Springs shall not be stressed beyond
their fatigue limts. The design shall be such that springs are not depended upon
to carry current. Al bolts, nuts, and screws used for nechani cal connections
shal | be secured by split ring (helical spring) or external tooth |ockwashers,
| ocknuts, or double nuts. All electrical connections utilizing hex nut fasteners
shall employ split ring | ockwashers to mmintain contact pressure and prevent
| ooseni ng during vibration, shock, and thermal cycling. When the ternina
nmounting and wire connection is conmon, a captive fastener shall be used to
prevent the term nal capscrew and screw fromrotating when attachi ng or renoving
the wire lug. The contact assenbly, as well as other current carrying parts of
time delay relays, may be plated with el ectrodeposited gold for corrosion
resi stance purposes. Mating armature faces shall not be plated, painted, or

coated in any manner that will interfere with correct electrical operation
Contactors and rel ays shall neet the endurance requirenents specified in table |
The design of each contactor and relay shall incorporate EM and arcing

suppression devices, if required (see 6.2).

3.16.5.1 Relays. Relays shall conformto this specification except that
control relays may be in accordance with ML-R 19523, endurance class A or B
shock class | or Il. ML-R 19523 relays shall neet the applicable requirenments of
this specification.

3.16.5.2 Tinme delay relays. Time delay relays shall be el ectronmechani cal
solid-state with el ectromechanical relay output, or solid-state with solid-state
output. Setpoint repeatability at constant operating conditions shall be plus or
m nus 15 percent for el ectromechanical types, plus or minus 2 percent for solid-
state knob adjustable and fixed RC types, and plus or ninus 0.2 percent for solid-
state discrete switch and fixed digital circuitry types. The reset time shall be
75 ms maxi mum Tinme delay relays shall neet the endurance requirenments of table |

3.16.6 Overload protection. GCeneral purpose overload relays shall be used
to protect continuous duty, internmittent duty, and varying duty constant speed or
mul ti speed ac notors constructed in accordance with ML-M 17059 or M L-M 17060
Overl oad relays shall have tripping characteristics falling within the acceptable
band shown on figure 1. When tripped at 150 percent of rated current in an
ambi ent tenperature of 20 to 30°C, overload relays shall be resettable within 2
m nutes after tripping. Overload relays shall be constructed to trip within 3
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hours when carrying rated relay current. The overload relay ultimte trip current
rating shall be 115 to 125 percent of the notor identification plate current. The
overload relay rating for magnetic controllers shall change not nmore than 3
percent for each 10°C change in anmbient tenperature in the range between 20 and
70°C. For manual controllers, the rating of the overload relay shall change not
nore than 5 percent for each 10°C change in anbient tenperature in the range
between 20 and 70°C. \When specified (see 6.2), direct tenperature sensing

over|l oad protection systens shall be used to protect variable speed notors (either
vari abl e voltage or variable voltage and frequency control systens) and notors
where the duty cycle may be worsened by operator control or by operational node
whi ch exceeds motor thermal linits because of mechanical or electrica
characteristics of the notor or its load. Overload protection systens using
tenperature sensing devices in the notor w nding shall be conpatible with the
tenmperature sensors. This systemshall energize an alarm or deenergi ze the notor
control. The systemshall be fail safe. Overload relays shall be calibrated for
operation at the 50°C anbi ent tenperature. Overload relays shall neet the
endurance requirenents specified in table |

3.16.7 Switches. Switches shall conformto the applicable specifications
M L-S-15291, M L-S-18396, and M L-S-21604 or applicable requirenents of this
speci fication. Endurance requirenents of switches shall be as specified in table
|. Each position of manual switches, other than spring return sw tches, shal
have definite positioning that can be felt by the operator. Switch identification
pl ates shall clearly indicate each position. Switches shall be nmountable in any
posi tion.

3.16.7.1 Pressure switches. Pressure and differential pressure swtches
shal | have the follow ng features:

Vi bration test shall be in accordance with 3.18.2.3 and 4.7.4.2.

Shock test shall be in accordance with 3.18.3.3 and 4.7.5. 3.
Pressure connection shall be 7/16-20, female port, per M5 16142.
Pressure swi tches shall be el ectromechani cal unl ess otherw se
approved by the contracting activity.

El ectromechani cal pressure sensing el ement to be di aphragm
bel | ows, or piston types (bourdon tubes not acceptable).
Pressure ranges and differentials specified by manufacturer.
Pressure switches shall withstand a pressure of at |east three
ti mes the maxi num operating pressure, but no |onger need to be
oper ati onal

(h) When specified (see 6.2), pressure switches shall be supplied with

ambi ent pressure conpensation

D OO0 TwD
~ —

—~ ~—~ NSNS

« —
~—

3.16.7.1.1 Desi gnations. Designations shall be assigned as specified (see
6.2) and listed in the format bel ow

*M2212-R - A - 1 - A - 1 - 1
Type Circuit Range Cut In Di nen.
& Differential Vol t age

3.16.7.1.1.1 Type. The pressure switch type shall be designated by the
single letter synbol as follows:

R
D

Pressure, Regul ar
Pressure, Differential

3.16.7.1.1.2 (Circuit. The pressure switch circuit shall be designated by
the single letter synmbol as follows:

A- S P.ST. - single pole single throw
B- S P.D.T. - single pole double throw
C- DPST. - double pole single throw, (2N.O. or 2N.C.)
C- DP.ST. - double pole single throw, (1N.O and 1N. C.)
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doubl e pol e double throw (2NO and 2NC and 2 conmon
term nal s)

doubl e pol e double throw (4NC and 2 conmon terninals)

doubl e pol e double throw (4NO and 2 conmon terninals)

QQ O
o0 O
Uvou T
U U
—— -

3.16.7.1.1.3 Ranges. Each standard pressure switch range and its naxi mm
pressure shall be specified by the designator in tables A and B

3.16.7.1.1.4 cCut in and differential. The pressure switch cut in and
differential shall be designated by the single letter symbol as foll ows:

A - High Cose
B - High Wde
C - Low Cose
D - Low Wde

3.16.7.1.1.5 Sensing elenent. The pressure switch sensing el enent shall be
one of the follow ng conponents depending on the type of operation of the switch:

Bel | ows
Di aphr agm
Pi st on

3.16.7.1.1.6 Voltage. The pressure switch voltage shall be designated by
t he single nunber synbol as follows:

- 440v ac
- 115v ac
- 230v dc
- 115v dc

AOWNPE

3.16.7.1.1.7 Dinensions. The pressure switch dinmensions shall be designated
by a single letter synbol as follows:

1 - For regular swtch:

Mounting hol e separation distance: 2-13/32 inches with the space between
| eft-side nounting hole and the housing edge as 1-3/16 + 1/8 inch and

t he space between the | eft-side mounting hole and the | ower nounting
hole is 3-9/32 inches vertically and 21/32 inch horizontally, hole to
hole tol erance is plus or mnus 1/ 32 inches.

Swi t ch box housing (maximum): 3-5/16 inches (height) x 5-1/4 inches
(width) x 5-3/16 inches (depth).

Sensor housing (maxi num: 3-7/8 inches

2 - For differential switch:

Mounting hol e separation distance: 5-1/4 inches

Swi t ch box housing (maximum): 3-5/16 inches (height) x 5-1/4 inches
(width) x 5-3/16 inches (depth).

Sensor housing (maxi num: 3-7/8 inches

3 - Special (O her than the standard di nensions for regular swtch)

4 - Special (Oher than the standard dinmensions for differential swtch)

10
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TABLE A. Range for pressure switches. 1/, 8/

Desi g- Adjustment Maxi nrum Maxi mum  Opti mum Connecti on

nat or operating/ proof all owabl e differential for pressure
wor ki ng pressure?® variation suppl y
pressure  (Ib/in? from
range ‘! setting

(plus or
nm nus)

1 15 to 28 5 6 4,57 3
i nches
nercury

2 1to 15 80 6 4,57 3
| b/in?

3 15 to 50 125 6 4,57 3
| b/in?

4 50 to 150 200 _6 _4,5,7 _3
| b/in?

5 100 to 300 400 _6 _4,5,7 _3
| b/in?

6 300 to 900 900 _6 _4,5,7 _3
| b/in?

7 500 to 1500 2000 _6 _4,5,7 _3
| b/in?

8 1000 to 5000 5100 _6 _4,5,7 _3
| b/in?

©

Speci al (other than a standard range)

Unl ess ot herwi se specified, for pressure switches, the ranges to be specified
are the operating pressure range and the resetting differential are relative
t 0 gauge pressure.

Unl ess ot herwi se specified, is in gauge pressure. Maxi num proof pressure is
upper pressure at which performance of switch in the operating range will not
be di sturbed and shall exceed maxi num operating pressure.

Unl ess ot herwi se specified in the contract or order, type of connection shal
be in accordance with Draw ng 804-1385850 that is, a nechanical threaded
connection. Straight threads shall be standard for all new construction.

Manuf acturer's nanme and part nunber shall be given on the identification plate
by which to obtain from manufacturer all the information for which headings
are given in this table.

Shall be specified in the ordering data.

Repeatability of all switches shall be within 1 percent of the nmaxi mum proof
pressure for all switches rated for 200 PSI and above and within .5 percent of
t he maxi mum proof pressure for all others. Repeatability, plus operator
error, plus gauge error equals maxi mum al |l owabl e variation fromsetting
(tol erance).

Differentials (Make or Break) will vary widely due to applications. Switch
capabilities nmust match ordering data.

Anmbi ent pressure conpensation (Absolute pressure switch) shall be in the
ordering data, if required.

11
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TABLE B. Range for differential pressure switches. 1/

Desi g- Adjustment Maxi nrum Maxi mum  Opti mum Connecti on

nat or operating/ proof al l owabl e differential for pressure
wor ki ng pressure?® variation suppl y
pressure  (Ib/in? from
range ‘! setting

(plus or
n nus)

1 0.3to 3 5 _6 4,5,7 _3
| b/in?

2 5to 30 80 _6 _4,5,7 _3
| b/in?

3 10 to 70 125 _6 _4,5,7 _3
| b/in?

4 20 to 150 200 _6 _4,5,7 _3
| b/in?

5 25 to 250 400 _6 _4,5,7 _3
| b/in?

6 100 to 800 900 _6 _4,5,7 _3
| b/in?

7 200 to 1300 2000 _6 _4,5,7 _3
| b/in?

8 Speci al (other than a standard range)

1/ Unl ess otherw se specified, for differential pressure switches, the ranges to
be specified are the operating pressure range and the resetting differentia
are relative to pressure difference.

2/ Unl ess otherw se specified, is in gauge pressure. Maxi mnum proof pressure is
upper pressure at which performance of switch in the operating range will not

be di sturbed and shall exceed maxi num operating pressure.

3/ Unl ess ot herw se specified, type of connection shall be in accordance with
Drawi ng 804-1385850 that is, a nechanical threaded connection. Straight
threads shall be standard for all new construction

4/ Manufacturer's name and part number shall be given on the identification plate
by which to obtain from manufacturer all the information for which headings
are given in this table.

5/ Shall be specified in the ordering data.

6/ Repeatability of all switches shall be within 1 percent of the maxi mum proof
pressure for all switches rated for 200 PSI and above and within .5 percent of
t he maxi mum proof pressure for all others. Repeatability, plus operator

error, plus gauge error equals maxi mum al |l owabl e variation fromsetting
(tol erance).

7/ Differentials (Make or Break) will vary widely due to applications. Switch
capabilities nmust match ordering data.
3.16.7.2 Tenperature switches. Tenperature switches shall have the

foll owi ng features

(a) Vibration test shall be in accordance with 3.17.2.4 and 4.6.4. 3.

(b) Shock test shall be in accordance with 3.17.3.4 and 4.6.5. 4.

(c) Tenperature switches shall be el ectromechani cal unl ess otherw se
approved by the contracting activity.

(d) Electronechanical tenperature sensing elenment to be di aphragm and

bel | ows.

12
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(e) Sensing bulb and capillary tube di nensions may differ as
appl i cabl e.

(f) Tenperature ranges and differentials specified by manufacturer

(g) Sensing bul bs of tenperature control shall be mounted in the
position specified by the manufacturer

3.16.7.2.1 Desi gnations. Designations shall be assigned as specified (see
6.2) and listed in the format below to provide the basic ordering data for
tenmperature switches:

M2212-A - A - 1 - A - - 1 - 3 - S - A

Bulb Circuit Range Cut In & Voltage Conn. Bul b Di m

Type Diff. Tube Size
Lengt h

3.16.7.2.1.1 Bulb type. The tenperature switch bulb type shall be
designated by the single letter synbol as follows:

Cross Anbient (warnmer or col der than anbient)
Col der than ambi ent
War ner than anbi ent

Ow>

3.16.7.2.1.2 (Circuit. The tenperature switch circuit shall be designated by
the single letter synmbol as follows:

A- S P.ST. - single pole single throw

B- S P.D.T. - single pole double throw

C- DP.ST. - double pole single throw, (2N.O. or 2N.C.)

C- DP.ST. - double pole single throw, (1IN.O and 1N. C.)

D- DP.DT. - double pole double throw (2NO and 2NC and 2 comon
term nal s)

D- DP.DT. - double pole double throw (4NC and 2 comon term nal s)

D'- D.P.D.T. - double pole double throw (4NO and 2 comon term nals)

&

3.16.7.2.1.3 nges. FEach standard tenperature switch range and its maxi num
tenmperature shall be specified by the designator in table C

3.16.7.2.1.4 Cut in and differential. The tenperature switch cut in and
differential shall be designated by the single letter symbol as foll ows:

A - High Cose
B - High Wde
C - Low dose
D - Low Wde
3.16.7.2.1.5 Sensing elenent. The tenperature switch sensing el enent shal
be one of the follow ng conponents depending on the type of operation of the
switch:

Renote (capillary tube)
Di rect
Direct back angle for horizontal nounting)

3.16.7.2.1.6 Voltage. The tenperature switch voltage shall be designated
by the single nunber synbol as foll ows:

1 - 440v ac
2 - 115v ac
3 - 230v dc
4 - 115v dc

3.16.7.2.1.7 Connection tube length. The tenperature sw tch connection tube
| ength shall be nultiples of 5 feet.

13
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3.16.7.2.1.8 Bulb size. The tenperature switch bulb size shall be

designated by the single letter synbol:

A - (3/8" x 3")

B - (11/16" x 3 5/8")

C- (11/16" x 8 1/4")

D - (11/16" x 12")

E- (1 1/8" x 6 1/2")

F- (1 1/8" x 14 1/2")

G- (1 1/8" x 30")

H- (11/16" x 3")

I - (11/16" x 4 3/8")

N - Special (specified size other than a standard size)

3.16.7.2.1.9 Dinensions. The tenperature switch dinensions shall be

designated by a single letter synbol as follows:

A - For tenperature switch

Mounting hol e separation distance: 2-13/32 inches with the space between
| eft-side nounting hole and the housing edge as 1-3/16 + 1/8 inch and

t he space between the | eft-side mounting hole and the | ower nounting
hole is 3-9/32 inches vertically and 21/32 inch horizontally, hole to
hole tolerance is plus or mnus 1/32 inch

Swi t ch box housing (maximum): 3-5/16 inches (height) x 5-1/4 inches
(width) x 5-3/16 inches (depth).

Direct sensor housing (maximn): 2-1/2 inches.

Renpot e sensor housing (maximun): 5 inches.

B - Special (OQther than the standard di mensi ons)

TABLE C. Range for tenperature swtches.

Desi g- Operating Maxi mum Maxi mum  Opti mum
nator tenperature pr oof al l owable differenti al
range( °F) tenperature 1/ variation
(°F) from
setting
(°F)
1 -20to O - 4/ 2, 3, 5
2 0 to 50 - 4/ 2, 3, 5
3 30 to 90 120 4/ 2, 3, 5
4 90 to 150 190 4/ 2, 3, 5
5 140 to 200 240 4/ 2, 3, 5
6 190 to 240 270 4/ 2, 3, 5
7 230 to 280 310 4/ 2, 3, 5
8 260 to 320 350 4/ 2, 3, 5
9 290 to 360 380 4/ 2, 3, 5
10 300 to 400 430 4/ 2, 3, 5
11 375 to 480 500 4/ 2, 3, 5
12 Speci al (other than a standard range)

Maxi mum proof tenperature is tenperature at which the perfornmance in the
operating range will not be disturbed and shall exceed the maxi num operating
t emperature

The manufacturer's nanme and part nunber shall be given on the identification
plate by which to obtain from manufacturer all the information for which
headi ngs are given in this table.

Shall be specified in the ordering data.

Repeatability of switches shall be within plus or nminus .5 °F at the top of
a range and plus or mnus 1.5°% at the bottom of a range, assumi ng controlled
test conditions at a tenperature change rate of 1° per minute in liquid with

14
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standard switch construction. Optional construction for applications wll
affect repeatability. Switches with optional construction shall have a
repeatability within plus or minus 2 °F at the top of a range and plus or
m nus 5°F at the bottom of a range in npbst cases. Switches with optiona
construction shall be marked with their repeatabilities. Repeatability,
pl us operator error, plus gauge error equals nmaxi mum al |l owabl e variation from
setting (tol erance).

5/ Differentials (Make or Break) will vary widely due to applications. Switch
capabilities shall match ordering data.

6/ Anmbient pressure or tenperature conpensation shall be in the ordering data, if
required.

3.16.7.3 Mechanical limt switches. Mechanical linmt swtches shal
conformto this specification. Were practical, the switch assenblies utilized
shall be in accordance with M L-S-8805. Operational and design characteristics
shall be as specified (see 6.2) and shall include:

(a) Actuation configuration (roller, plunger, rod, lever, |inkage,
and so forth).

(b) Operating force in pounds (lbs) or torque in inch pounds
(in/lbs).

(c) Operator travel to actuate switch (inches or degrees).
(d) Total operator travel (inches or degrees).

(e) Operator reset travel (inches or degrees).

(f) Electrical rating.

3.16.7.4 Solid-state proximty switches. Solid-state proxinity shal
conformto this specification. Operational and design characteristics shall be as
specified (see 6.2) and shall include:

(a) Operating principle (inductive, hall effect, reed, and so forth).
(b) Target description (ferrous netal, nonferrous metal, magnet, and so
forth).
(c) Target dinensions.
(d) Sensing range (inches) and characteristic operational curve for
sl i de-by and head-on nodes.
(e) OQutput switch type (el ectronmechanical relay or solid-state swtch).
(f) Input and output electrical characteristics. Solid-state output

swi tches data shall include | eakage current, voltage drop, and al
restrictive data.

3.16.7.5 Solid-state photoelectric switches. Solid-state photoelectric
swi tches shall be of the nodul ated Light Emitting Di ode (LED) operationa
configuration and shall conformto this specification. Operational and design

characteristics shall be as specified (see 6.2) and shall include:
(a) Operational node (light or dark operated or selectable).
(b) Scanning technique (direct or reflective).
(c) Scanning range (inches) and characteristic operational curve.
(d) Input and output electrical characteristics. Solid-state output

swi tches data shall include | eakage current, voltage drop, and al
restrictive data.

3.16.8 Transformers. Control circuit transforners shall be rated and shal
conformto ML-T-16315. Devices powered by the transformer shall operate
satisfactorily fromtype | power and shall neet the operational requirenments of
this specification. Autotransforners shall be used only for reduced-voltage
starting of notors.

3.16.9 Programmable logic controllers (PLC). When specified (see 6.2), a
PLC shall be installed within the notor controller enclosure and shall perform
normal progranmed functions using the |adder |ogic wthout operator interface.
PLC shal |l have consist of: input and output modul es, processor, and the associ ated
power supply.
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3.16.9.1 Menory. PLC shall include a programmable read only nemory (PROM
as the executive nenory of the operating system PLC user application menory nmay
be either PROM or random access nenory (RAM type. |If RAMis used, a non-
rechar geabl e backup battery shall be included to retain RAM nenory for a m ni mum
of one year, in the event of power loss. A minimmof 1000 (1K) words of menory
shal | be included for the user |adder |ogic programand 1K words for data storage.
The user nenory shall be replaceable with a mininumof controller disassenbly and
shal |l not be programmble while installed in the PLC. PLC shall continue to
operate through a nonentary power | oss of up to 50 mlliseconds or as specified in
6.2 in duration to the controller.

3.16.9.2 Progranmm ng. User application progranming shall be perforned with
an | BM PC or conpatible nicroconputer operating in an Ms-DOS environment using
manuf act urer-supplied software and a cable interface capable of being attached to
a standard serial RS-232 comunications port. Programm ng software shall alert

the user to programming errors such as illegal references, inproper instruction
construction, and so forth. The software shall provide continuous status
i ndi cation of the processor's node of operation. |In addition, the programm ng

software shall provide the capability to nonitor any data stored in the processor
as well as the operation of the user program Programm ng software shall have two
nodes of operation. First node pernits the addition, changing, and renoval of

i nstructions contained in the user application nemory. Second node shall permt
only the nmonitoring of the processor's nenory for the purpose of troubl eshooting
and nonitoring the user's program Programm ng software shall provide the
capability to generate a hard-copy printout of the processor's programin |adder
diagram format simlar to the termnal display format. It shall not be necessary
to use any expansion cards or other hardware mounted internal to the m croconputer
to perform progranmi ng functions. Progranming shall be perforned using | adder

| ogic and the synbols defined in a fashion simlar to what is shown in table II

TABLE Il1. Ladder |ogic progranning synbols.
Item Synbol
Cont act (NO --1 l--
Cont act (NC) -1 1--
Coi | --( )--
Timer (ON), (OFF) --(TON) --, --(TOF)--
Counter and Reset --(Q--, --(R--
Rel ay (Il atched), (unlatched) --(L)--, --( U)--

3.16.9.3 perational testing. Portable or built-in test equi pnent shall be
provided that is sufficient to allow the operator to isolate any PLC mal function
to the | owest replaceable element of the PLC with a mini num of disassenbly and to
perform any required periodic testing. Periodic calibration shall not be a
requi rement for PLC continued performance. To the maxi num extent, testing shal
be automatically perfornmed without interference with normal PLC operation

3.16.9.4 |Interchangeability. Conponents of the PLC shall be fully
i nterchangeable with other PLCs of a given manufacturer. Conponents shall not be
designed to serve a single unique application unless specifically authorized by
the Government. The installation envelope allowed for a basic PLC and each PLC
expansion unit within the enclosure shall be as shown on figure 2. The enclosure
shall allow the space shown on figure 2 for PLC and expansion unit installation
whet her or not the PLC or the expansion unit actually used will require the entire
space. Unless otherwi se specified, the installation footprint for a basic PLCin
t he encl osure shall be as shown on figure 3. All PLCs in each size controller
shal |l use an electrical connector, Ms3400 type, for interfacing all input and
output signals with ship's wiring. Wring shall be in accordance wth
M L- STD-1683. Pins for these connectors shall be dedicated as indicated in the
purchase specification. Cable for connecting the PLC to the above connector shal
be supplied by the manufacturer. All wiring within the enclosure (for exanple,
power supply, contactor interface) shall be field run. Special signal require-
ments (for exanple, thernocouples) may be excepted fromthe connector requirenent.
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3.16.9.5 Parts selection and screening. Unless otherw se specified,
el ectronic and electrical parts on printed wiring assenblies shall be sel ected,
screened, and applied in accordance w th NAVSEA TEOOO- AB- GTP- 0010. In addition
the foll owi ng shall apply:

(a) The maxi mum junction tenperatures for seniconductors shall not
exceed 105°C in the worst case conditions of conmponent or anbient
tenmperatures. A nmininmum of 50°C part anbient tenperature shall be
assumed.

(b) Established Reliability (ER) active and passive electrica
conponents shall be used in the manufacture of the PLC where
possible. ER level R shall be used for passive conponents,

M L- S-19500 | evel JANTX shall be used for seniconductors, and

M L- M 38510, class B, shall be used for microcircuits. \here

sem conductors or microcircuits are approved whi ch cannot be
acquired in accordance with ML-S-19500 or M L-M 38510, then

sem conductors shall receive screening equivalent to the JANTX
counterpart, and microcircuits shall be screened to the conditions
defined by ML-STD- 883, class B

3.16.9.6 Repairability. The PLC shall be of a nodul ar design that allows
t roubl eshooti ng and nodul e repl acenent without renoving the PLC fromthe notor
controller enclosure and with a mininumof internal disassenbly. |solation and
repl acement of PLC hardware failures shall require not nore than 15 m nutes.

3.16.9.7 Power. The PLC shall not require a dedicated power source externa
to the motor controller, and all power conditioning required for PLC operation
(for example, transformers and filters) shall be contained within the envel ope
defined in 3.17.9.4. The PLC shall operate from power already available within
t he encl osure, and shall be self-conpatible and conpatible w th peripheral equip-
ments. Switching functions and internally generated el ectromagnetic interference
(EM) shall not be propagated outside the motor controller enclosure by way of
i nput or output interface signals or cause inadvertent alarnms or other out-of-
tol erance perturbations. The PLC shall nmeet the EM requirements of M L-STD 461
The PLC shall not be susceptible to danage due to transients and excursions of
vol tage, current, or frequency common to notor controller operation. Power up
power down, and power interrupt characteristics shall be predictable, repeatable,
and fully defined by application information prepared by the manufacturer

3.16.9.8 |Input and output. The PLC shall process the types of input and
out put signals specified in table Ill. This may be acconplished by using
i nt erchangeabl e nodul es or expansion units so long as these fit within the
envel ope defined in 3.16.9.4. PLCs shall be designed to accommpdate a maxi mum
total of 128 input and output points. Each discrete input and output point shal
i nclude at | east one indicator designed to display the status of the associated
swi tching devices connected to it. Discrete input points shall be guaranteed to
be ON if at least 75 percent of the input and output nopdule's working voltage is
present. A discrete input shall be guaranteed to be OFF if 25 percent or |ess of
the i nput and output nodule's working voltage is present. In an event of an
accidental application of a voltage |evel higher than the design |evel of the
nmodul e shall not damage any portion of the PLC other than the nodul e receiving the
i mproper voltage level. The incorrect wiring of an input or output nodule to an
associ ated swi tching device shall not damage any other portion of the PLC except
t he invol ved nodul e. No output point shall have a voltage drop of nore than 2
volts at the maxi mumrated current of the output point. All input points shall be
designed to interface with input devices having solid-state output electronics
such as transistors or triacs. FEach PLC s input point shall be designed to sense
an OFF input state when connected to solid-state input device having 5 nicro-
anperes or |less | eakage current in the OFF state.

17



Downloaded from http://www.everyspec.com

M L- DTL- 2212H( SH)

TABLE I11. Input and output types for PLGCs.
Si gnal type Anal og (A Vol t age/ anper age
Di screte (D)

I nput
D 28 Vdc
A 0-5 Vdc
A 0-10 Vdc
A 4-20 mAdc
D 115 Vac

Qut put
D 28 Vdc
D 115 Vac

3.16.10 Space heaters. When specified (see 6.2), controllers and sw tches
in watertight or submersible enclosures with an encl osed volunme |arger than 150
cubic inches (in® shall be provided with space heaters to prevent condensation.

3.16.11 |Indicator lights. |If indicator lights are required, ac indicator
lights shall conformto ML-L-3661; ML-L-3661/65 for 450 volt service and 120
volt service, or shall be a type satisfactory to the Naval Sea Systenms Comand
(NAVSEA). Dc indicator lights shall conformto ML-L-3661/63 or shall be a type
sati sfactory to NAVSEA.

3.16.11.1 Indicating light colors. Indicating |lights, when required, shal
have the follow ng colors, (see 6.2):

Mot or running: G een
Power avail able: Wite

3.16.12 Fuses and fuseholders. Fuses shall conformto style F60 of
M L- F-15160 and M L-F-15160/60. Existing controller designs may continue use of
style F61 fuses of ML-F-15160/61. Fuseholders and associated clips shall be in
accordance with ML-F-21346, all fuse clips shall be copper-clad steel type
(material designation F) or silver-plated beryllium copper type (materia
designation N). The fuse type designation specified in ML-F-15160 shall be
per manent |y marked adjacent to each fuse block or fusehol der when space pernmits;
otherwi se, it shall be permanently marked in a conspicuous |ocation

3.16.13 Resistors and rheostats. Resistors and rheostats shall be in
accordance with ML-R-15109

3.16.14 Characteristics. The follow ng characteristics of controllers shal
be as specified (see 6.2):

(a) Voltage rating (see 6.2):

115 vol ts, single-phase

440 volts, single-phase

115 volts, 3-phase

440 volts, 3-phase

115 vdc

230 Vvdc

250 Vdc (nominal) range 180 to 355 V, subnarine service

(b) Current rating: Current rating shall be as required by the
applicabl e notor size specified in 3.16.15 (see 6.2).

(c) Mnual controllers (see 6.2):

Type: Across-the-line
Protection: Overload relay
Function: Mdtor starting (|l ow voltage rel ease effect)
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(d) Magnetic controllers (see 6.2):

Type: Across-the-line
(1) single speed
(2) multispeed

Reduced vol t age

(1) Autotransformer

(2) Primary resistor

(3) Primary reactor

(4) Resistor (dc)

(5) We delta

Protection: Low voltage protection (LVP)
Low vol t age rel ease (LVR)
Overl oad rel ay
Tenper ature sensor actuated

Functi on: Mot or starting
Mot or starting and reversing
Mot or starting and speed regul ation
Mot or starting and speed sel ection
Mot or starting, reversing, and speed sel ection
M scel | aneous

(e) Switches (see 6.2):

Type: Manual Aut omatic
Pushbut t on Pressure
Rot ary sel ect or Thernostatic
Drum Limt
Fl oat Proximty

Phot oel ectric

Function: Usually to actuate a magnetic controller
Location: Loca
Renot e

3.16.15 Horsepower (hp) ratings. Controllers shall be provided in the
sizes, and shall conformto the applicable hp and current rating, shown in tables
IV and V.

TABLE |V. Hp rating for dc contactors and controllers (see 6.2).

HP ratings of reduced-voltage nmagnetic controllers

Si ze of Cont i nuous 115 V HP 230 V HP
Controller rating Rat i ng Rat i ng

anper es (250 V nom

1 25 3 5

2 50 5 10

3 100 10 25

4 150 20 40

5 300 40 75

6 600 75 150

7 900 110 225

HP rating of full-voltage magnetic controllers

Si ze of Cont i nuous HP at
Controller rating
anper es 115 V 230 V
0 15 1 1
1 25 1-1/2 2
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TABLE V. Hp rating for ac contactors and controllers (see 6.2).

Rati ng of pol yphase single-speed full-voltage magnetic controllers
for nonpl uggi ng and nonj oggi ng duty

Si ze of Cont i nuous current
controller rati ng anperes Thr ee- phase hp at
115 Vv 440 V

0 18 2 5
1 27 3 10
2 45 7-1/2 25
3 90 15 50
4 135 30 100
5 270 -- 200
6 540 -- 400
7 810 - - 600

Ratings for single-phase full-voltage nmagnetic controllers for nonplugging
and nonj oggi ng dut

Cont i nuous current Si ngl e- phase hp
Si ze of controller rati ng anperes at 115V
0 18 1
1 27 2
2 45 3

Rati ngs of pol yphase reduced-vol tage, general purpose, reversing or nonrever-
sing magnetic controllers

Cont i nuous current Thr ee- phase hp at
Size of controller rati ng anperes 115V 440V
1 27 3 10
2 45 7-1/2 25
3 90 15 50
4 135 30 100
5 270 -- 200
6 540 -- 400
7 810 - - 600

Rati ngs for single-phase, reduced-voltage, general purpose, reversing or
nonreversi ng nagnetic controllers

Conti nuous current | Single-phase hp at

Si ze of controller rati ng anperes 115V
1 27 2
2 45 3
Rati ngs of manual controllers for single-speed and nmultispeed notors
Thr ee- phase Si ngl e- phase Cont i nuous current
Size of controller 115V 440V 115V rati ng anperes
0 1-1/2 2 1 15
1 3 7-1/2 1-1/2 25
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TABLE V. Hp rating for ac contactors and controllers. - Continued

Ratings for wye-delta nmagnetic controllers for
for open or closed-circuit transition

nonr ever si ng, nonj oggi ng duty

Size of Controller Cont i nuous current Thr ee- phase hp at

rati ng anperes 440V
1 47 15
2 78 40
3 156 75
4 233 150
5 467 300
6 935 700
7 1400 1000

Rati ngs for nonreversing, nonjogging, reduced-voltage, polyphase magnetic

controllers for notors for partw nding starting

Size of Controller Cont i nuous current Thr ee- phase hp at

duty for constant-horsepower

not or s

rati ng anperes 440V
1 54 20
2 90 50
3 180 100
4 270 200
5 540 400
Ratings for nultispeed, magnetic controllers for nonpluggi ng and nonj oggi ng

Size of Controller

Cont i nuous current

Thr ee- phase hp at

rati ng anperes 115V 440V

0 18 1 3

1 27 2 7-1/2

2 45 --- 20

3 90 --- 40

4 135 --- 75

5 270 --- 150

6 540 --- 300

7 810 --- 450

3.16.16 Enclosures. Enclosures shall be in accordance with M L-E-2036 and

M L- STD-108. The enclosure shall be one of the followi ng types, as specified (see
6.2):

A~~~
DPOOTOD
—— N

Dri pproof (45 degrees)

Waterti ght

Subnersible (15 feet)

Expl osi on- proof (class 1,

Spl ashpr oof

group D)
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3.16.16.1 Special provisions for enclosures. |f the degree of enclosure is
not specified, dripproof (45 degrees) enclosures shall be used for controllers,
and watertight enclosures shall be used for associated switching devices.
Wat ertight and subrersible enclosures |arger than 60 cubic inches shall have a
noi sture drain in the bottom The opening shall be closed with a 1/4-inch pipe
plug. Enclosures shall be constructed so that all necessary cables can be brought
into either the top or bottom Enclosures larger than 4 cubic feet shall have
renovabl e cabl e entrance plates. Each enclosure shall be constructed to support
itself and its parts when deck or bul khead mounted. Fans shall not be used.
Encl osures shall be constructed to allow cable entrance by one of the follow ng
met hods:

(a) Stuffing tube in accordance with ML-S-19622.
(b) Fenal e National Taper Pipe Thread (NPT).

3.16.16.2 Large enclosures. Enclosures larger than 1.5 cubic feet, except
expl osi on- proof encl osures, shall have hinged doors. Doors w der than 18 inches
shal | be renovable, and the renpval shall require not nore than 18 inches of free
space in front of the enclosure. Doors on dripproof enclosures shall be secured
by captive thumb screws or other fasteners with all parts captive. Doors on
wat erti ght and submersi bl e encl osures shall be secured by captive screws.

3.16.16.3 Small enclosures. Enclosures 1.5 cubic feet and snaller may have
hi ngel ess renovabl e covers provided that no electrical devices are nmounted on the
cover.

3.16.16.4 Plastic enclosures. Plastic enclosures shall have any penetration
of the enclosure conpletely insulated from possible electrical contact with
i nternal conductors.

3.16.16.5 Al um num encl osures. Al unm num encl osures shall have any
penetration of the enclosure conpletely insulated from possible electrical contact
with internal conductors.

3.16.16.6 Basic dinensional limts. Basic dinensional limts of the
encl osures shall be in accordance with table VI.

TABLE VI. Basic dinensions of enclosures.

Across-the-line

Size Hei ght W dt h Dept h
(i nches) (i nches) (i nches)

0 30 30 10

1 30 30 10

2 30 30 10

3 30 30 10

4 30 30 10

5 40 40 15

6 50 40 25

7 50 40 25
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TABLE VI. Basic dinensions of enclosures - Continued.

Reduced- vol t age

0 45 35 15
1 45 35 15
2 45 35 15
3 45 35 15
4 65 35 30
5 95 40 30
6 95 50 30
7 95 50 30
3.16.17 Safety. Electrical safety shall be in accordance with the require-
ments of M L-E-917.
3.16.18 Painting. Parts not constructed of corrosion-resisting material, or

having a corrosion-resistant treatnent as specified in ML-E-917, shall be painted
as specified therein. Touching-up is permtted for nmarks or scratches due to
assenbly, testing, or other handling.

3.16.19 ldentification plates. Each controller shall have an identification
pl ate contai ning the manufacturer's nanme, catal og nunber, national stock number
(NSN), if specified (see 6.2), voltage, frequency, and maxi mum hp rating, and | ow
noi se, if applicable. Each associated sw tching device shall have identification
containing sufficient information to identify and reorder the itemw th infornma-

tion available in the controller technical manual. Preferred |ocation of the
information is inside the enclosure of the controller and on the outside of switch
housings. ldentification plates shall be not less than 0.020 inch in thickness,

and shall be brass, corrosion-resistant steel, or anodized al um num nmarked by

et ching, engraving, stanping, or photo-processing. Etching, engraving, or
stanping shall be not |ess than 0.003 inch deep. Ildentification plates, when used
for associ ated devices, shall be securely fastened to the device. Were netal
fasteners are not used, adhesive backed netal (not less than 0.010 inch in

t hi ckness) on plastic film type G as specified in ML-1-631 may be used. Itens

t hat cannot be provided with a plate, such as tubular ceranmic resistors, my be
mar ked by stanping with a permanent ink and covered by a protective coating that
shall withstand the tenperature characteristics the part will exhibit.

Controllers and switches shall be permanently and clearly marked with an
identification plate showing the function of each position subject to manual
operation. Controllers having nore than one source of power shall be provided
with an identification plate warning stating "WARNI NG al |l power sources shall be
di sconnect ed before working on the controller.” The word "WARNI NG' shall be
established in accordance with ML-E-917. The plate shall be nmobunted on the front
of the enclosure. When the controlled device is protected by special circuitry in
the controller, the identification of the associated sensor shall be clearly
marked on an identification plate on the controller. Laser nmarking of nanepl ates
may be appli ed.

3.16.20 Terminals and term nal boards. Power current carrying studs,
screws, and other current carrying conmponents of power connections shall be
constructed of nonferrous materials. Control current carrying conponents or
connections shall be constructed of either nonferrous materials or silver-plated
ferrous materials. Where practical, term nal boards shall be in accordance with
M L-T-55164. Construction materials shall be durable and corrosion-resistant.
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3.16.21 Equipment capacitance and EM filters. Were EM filters are
required, line-to-line filters are preferred to line-to-ground filters (see
3.17.8). AC line-to-ground capacitance shall be in accordance with M L-STD 1399,
section 300 and M L-STD-461.

3.17 Perfornmance.

3.17.1 Tenperature rise. Wen tested as specified in 4.6.1, tenperature
ri ses shall not exceed the values shown in table VII. Coil rises shall be
determ ned by the resistance method. All other rises shall be nmeasured by
t her nocoupl e or thernoneter.

3.17. 2.1

TABLE VI1. Maxinumtenperature rise.
Par t Al'l owabl e tenperature rise over anbient
(°0
50°C anbi ent 65°C ambi ent

Shunt coil s:

Class A insulation 60 45

Cl ass B insul ation 85 70

Class F insulation 110 95

Class H insulation 135 120
Series coils: Single |ayer

Class A insulation 50 35

Cl ass B insul ation 70 55

Class F insulation 95 80

Class H insulation 120 105

Bare or enanel ed 65 50
Series coils: Milti layer

Class A insulation 40 25

Class B insul ation 60 45

Class F insulation 85 70

Class H insulation 110 95
Cont act s: 70 55
Term nal studs and bol ted

connecti ons:
Si | ver - pl at ed 65 50
Not silver-plated 50 35

3.17.2 Vibration.
4.6.4 without nechanica
mal f uncti oni ng

Equi pnent shall not f

Equi pnent shal
damage, contact chatter,
Vi bration test frequency shal

be exposed to frequenci es above 33 Hz shal
ail to function in any operationa
during the vibration.

verify equi pment

energi zed and deenergi zed conditions,
exam nati on and genera

Resilient nounting.

wi thstand the vibration test specified in

operation test shal

transfer,
be 4 to 33 hz.
be vibrated up through 50 Hz (see

ot her electrical
Equi prent whi ch

node, including

Pre and post-test
per f or mance.

Controllers utilizing resilient nounts are

to be vibration tested as specified in 4.6.4 and 4.6.5 with the resilient nmounts
i nstall ed.
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3.17.2.2 Time delay relays. Time delay relays shall nmaintain their set tine
del ay and shall maintain the setpoint repeatability specified in 3.16.5.2 after
vibration testing as specified in 4.6.4.1. Post-test reference neasurenment of
setpoint repeatability and variation of indicated time delay shall conformto the
requi rements of 3.16.5.2.

3.17.2.3 Pressure switches. When operated during vibration as specified in
4.6.4.2, pressure switches shall maintain their setpoint and shall function
properly with a setpoint repeatability within 3 tines the stated repeatabilities
specified in note 6 of tables A and B. State transfer shall be positive w thout
contact chatter or hangup. Post-test reference nmeasurenments shall conformto the
requirements of 3.16.7.1, and shall verify retention of the pre-test established
set poi nt.

3.17.2.4 Tenmperature switches. When operated during vibration as specified
in 4.6.4.3, tenperature switches shall maintain their setpoint and shall function
properly with a setpoint repeatability within 3 tines the stated repeatabilities
of note 4 of table C. Post-test reference neasurenments shall conformto the
requirements of 3.16.7.2 for setpoint repeatability and differential, and shal
verify retention of the pretest established setpoint.

3.17.3 Shock. Equipment shall withstand the high-inpact shock test
specified in 4.6.5 without change of operational state, nechanical or electrica
damage, or electrical malfunction. Equipnent shall not fail to function in any
operational node as a result of the shock test. Pre and post test exam nation and
general operation test shall verify equi pnent performance. Contact performance
during inmpact shall be as follows:

(a) AC Line contacts. Wen shock tested as specified in 4.6.5.1.1,
closed line contacts of contactors may not open for nore than 200

mlliseconds. Open line contacts shall not close for nmore than 20
mlliseconds.

(b) DCline contacts. The closed line contacts of contactors shall not
open for nmore than 500 nilliseconds when shock tested as specified
in 4.6.5.1.2. Open line contacts shall not close for nore than 75
mlliseconds.

(c) Associated switching device contacts. Cl osed contacts may open, or
open contacts may close, for a duration of not nore than 10 milli-
seconds for all pressure and tenperature switches as well as for
timng relays that are designed for critical applications. C osed
contacts may open, or open contacts may close for a duration of
not nmore than 20 milliseconds for the other relays and sw tches
desi gned for motor control applications. The equipnment shall not
alter state when tested as specified in 4.6.5.1.3.

(d) Auxiliary contacts. Closed contacts shall not open nore than 20
mlliseconds. Open contacts shall not close for nmore than 20
mlliseconds. Test conditions shall be as specified in 4.6.5.1.3.

(e) Assenbled controller contacts. Assenbled controllers utilizing
conponents and devices qualified to this specification shall neet
t he contact performance requirements specified for the applicable
line contacts. Oher contacts shall be monitored for qualitative
anal ysis only.

3.17.3.1 COverload relays. Overload relays shall not trip when carrying up
to 85 percent of the ultimte tripping current.
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3.17.3.2 Tinme delay relays. Time delay relays shall nmaintain their set tine
del ay and shall maintain the setpoint repeatability specified in 3.16.5.2 after
shock testing as specified in 4.6.5.2. Post-test reference neasurenents shal
conformto the requirenents of 3.16.5.2

3.17.3.3 Pressure switches. Pressure switches shall withstand the tests
specified in 4.6.5.3 without damage other than a shift in setpoint which shall not
exceed 3 percent for the 18 bl ows. Post-test reference neasurenents shall conform
to the requirenents of 3.16.7.1.

3.17.3.4 Tenperature switches. Tenperature switches shall withstand the
tests specified in 4.6.5.4 without damage other than a shift in setpoint which
shal | not exceed 3 percent for the 18 blows. Post-test reference nmeasurenents
shall conformto the requirenents of 3.16.7.2.

3.17.3.5 Resilient mounting. Wen the nmonmentary opening of closed contacts,
or the nonmentary closing of open contacts, of conponents within a controller as
specified in 3.17.3 is not acceptable, resilient nounts may be utilized as
approved by the contracting activity. Resilient nounts shall be helical cable
(wire rope) type constructed of noncorrosive nonferrous materials (except
fasteners) and shall neet the requirements of ML-S-901, ML-STD 167, and the salt
spray test, nethod 101D, 96 hours, of ML-STD-202. Controllers with resilient
nmounts attached shall neet the requirements of 3.17.3 when shock tested as
specified in 4.6.5.

3.17.4 |Insulation resistance. Insulation resistance shall be not |ess than
10 megohns when tested as specified in 4.6.7.

3.17.5 Dielectric. Controllers, contactors, associated sw tching devices,
and PLCs shall withstand the dielectric test specified in 4.6.8 without electrica
br eakdown such as corona, flashover, sparkover (surface discharge) or breakdown
(puncture discharge).

3.17.6 Terminal strength. The ternmi nals of the contactors and contro
rel ays shall withstand the ternminal strength requirenents of ML-STD 202 when
tested as specified in 4.6.13.

3.17.7 lnclination. Controllers, PLCs, contactors, and associated sw tching
devi ces shall meet the followi ng requirenments for inclined operation when tested
as specified in 4.6.6:

(a) Surface ships. Equipnent shall operate when permanently inclined
in any direction at any angle up to 15 degrees fromthe normal
operating position. Equipnent shall be constructed to function
wi t hout damage during tenporary inclinations such as produced by
ship's rolling of 45 degrees in any direction fromthe norma
operating position.

(b) Submarines. Equipnent shall operate when permanently inclined in
any direction at any angle up to 30 degrees fromthe norma
operating position. Equipnent shall be constructed to function
wi t hout damage during tenporary inclinations such as produced by
ship's rolling of 60 degrees in any direction fromthe norma
operating position.

26



Downloaded from http://www.everyspec.com

M L- DTL- 2212H( SH)

3.17.8 EM. All electronically-based control circuit devices and associ ated
swi tching devices shall neet the EM requirements of ML-STD 461 for surface ship
and submarine equi prent when tested as specified in 4.6.14.

3.17.9 Pickup and dropout voltage. When tested as specified in 4.6.11, Ac
contactors and relays shall pull in (pickup and seal) bel ow 80 percent and drop
out above 10 percent of rated voltage. Dc contactors and relays for surface ships
shall pull in below 68 percent and drop out above 5 percent of rated voltage.
Surface ship AC and DC contactors and rel ays shall operate between the pull in
vol tage and 110 percent of rated voltage. Dc (250 volts noninal) contactors and
rel ays for submarines shall pull in below 160 Vdc and drop out above 13 Vdc.
Submarine DC contactors and rel ays shall operate between the pull in voltage and
the upper limt specified (see 3.4.2.2).

3.17.10 Noise. \When specified (see 6.2), ac controllers for |ow noise
applications shall neet the structureborne noise requirements for type |1l
equi pment of M L-STD-740B or if specified, ML-STD 740-2, and airborne noise
requi rements for grade A3 and Al2 equi pnent of M L-STD 740-1

3.17.11 Electrical service conditions. Mdtor controllers, PLCs and ot her
solid-state switching devices, shall operate properly under the electrical service
condi tions specified herein.

3.17.11.1 Steady-state voltage and frequency. Equipnment shall operate
satisfactorily when tested as specified in 4.6.17.

3.17.11.2 Transient voltage and frequency. Equipnent shall operate
satisfactorily when tested as specified in 4.6.18.

3.17.11.3 Spike voltage. Equi pnent shall operate satisfactorily when tested
as specified in 4.6.19

3.17.11.4 Power interruption. Equipnment shall operate satisfactorily when
tested as specified in 4.6.20.

3.17.11.5 Leakage current. Wen tested as specified in 4.6.21, the |eakage
current shall be linmted to 5 mA (rnms). Leakage current shall be determ ned using
a solidly grounded power source. Equipnment with EM filters connected |line-to-
ground shall be balanced to ensure that the | eakage current in the equi prent
ground does not exceed 5 mA

3.17.11.6 CQutput | eakage current. \hen tested as specified in 4.6.22, the
of f-state | eakage current in the output circuit of solid-state relays, contactors,
and swi tching devices shall not exceed the values specified in table VIII
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TABLE VIII. Solid-state switch output |eakage current val ues.
Solid-State Switch Qut put Leakage Current Val ue
current rating .
(anper es) aux/ control ckt contacts mai n contacts
(mllianperes rns) (mllianperes rns)

| ess than 25 anps ac 5.0 10.0
25 anps ac or nore 10.0 25.0
all dc 0.1 NA

3.17.11.7 CQutput voltage drop. When solid-state switching devices are
tested as specified in 4.6.23 the on-state output voltage drop shall not exceed
t he val ues specified in table I X

TABLE | X. Solid-state switch output voltage drop

Solid-State Switch Maxi mum On-state Vol tage Drop
Vol t age Rating (vol ts peak)
5-75 Vdc 2.0
90- 250 Vdc 3.0
115/ 440 Vac 2.0
115 Vac 1/ 4.0
440 Vac 1/ 8.0

1/ Devices series connected with the | oad.

3.18 Workmanship. The notor controller, including all parts and
accessories, shall be free fromcracked or displaced parts, burrs, sharp edges,
and other defects that will detrinentally affect |ife and serviceability.

Particular attention shall be given to neatness and thoroughness of sol dering,
mar ki ng of parts and subassenblies, wiring, welding and brazing, plating,
riveting, finishes, machine operations and screw assenbli es.

4. VERI FI CATI ON

4.1 Cdassification of inspections. The inspection requirenents specified
herein are classified as foll ows:

(a) Qualification inspection (see 4.3).
(b) Quality conformance inspection (see 4.4).

4.2 |Inspection conditions. Unless otherw se specified, all inspections
shal |l be performed in accordance with the test conditions specified in ML-E-917.

4.3 Qualification inspection. Qualification inspection shall be conducted
at a |l aboratory satisfactory to the contracting activity. Qualification
i nspection shall consist of the exanination and tests specified in table X, and
shal | be conducted in the order specified in 4.3.2.
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TABLE X. Qualification |Inspection.
| nspection Requi r enent Test met hod
Exam nati on and general 3.2 through 3.14 4.5
operation 1/ 2/ 3/ 5/ 6/ 3.16, 3.18
Overl oad protection 1/ 2/ 3.12 4.6.3
Ef f ecti veness of enclosure 8/ 3.16.16 4.6.9
Tenperature rise 1/ 3.17.1 4.6.1
Endurance 1/ 2/ 3/ 3.15 4.6.2
Vibration 1/ 2/ 3/ 5/ 6/ 3.17.2 4.6.4
Shock 1/ 2/ 3/ 5/ 6/ 3.17.3 4.6.5
I nsul ation resistance 1/ 2/ 3/ 3.17.4 4.6.7
Dielectric 1/ 2/ 3/ 6/ 3.17.5 4.6.8
Term nal strength 1/ 2/ 3/ 3.17.6 4.6.13
Inclination 1/ 2/ 3/ 5/ 3.17.7 4.6.6
EM 2/ 3/ 9/ 3.17.8 4.6.14
Pi ckup and dropout voltage 1/ 2/ 6/ 3.17.9 4.6.11
Vol t age variation 6/ 3.4.1, 3.4.2 4.6.12
Noi se 9/ 3.17.10 4.6.10
St eady-state voltage and 3.17.11.1 4.6.17
frequency 2/ 3/
Transi ent voltage and frequency 3.17.11.2 4.6.18
2/ 3/
Spi ke vol tage 2/ 3/ 3.17.11.3 4.6.19
Power interruption 2/ 3/ 3.17.11. 4 4.6.20
Leakage current 2/ 3/ 3.17.11.5 4.6.21
Qut put | eakage current 2/ 3/ 3.17.11.6 4.6.22
Qut put vol tage drop 2/ 3/ 3.17.11.7 4.6.23
Rel ay setpoint repeatability 7/ 3.16.5.2 4.6.15
Rel ay recycle tine 7/ 3.16.5.2 4.6.16
Switch setpoint repeatability 5/ 3.16.7.1, 4.6.24
3.16.7.2
Mechani cal interlock 1/ 6/ 3.16.2 4.6.25
1/ Test applies for qualification of individual contactors and associ ated

swi t chi ng devi ces.
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2/ Test applies for qualification of solid state associated sw tching devices.

3/ Test applies for qualification of PLCs.

4/ Test applies for qualification of reduced voltage controllers.

5/ Test applies for qualification of pressure and tenperature switches.

6/ Test applies for qualification of controllers which are assembled with
conponents qualified to this specification. Conpletely assenbl ed nonreversing
dri pproof notor controller of each size for only the follow ng basic types:
Across-the-line (single speed and two speed); reduced voltage
(autotransformer, primary resistor, primary reactor, we-delta, and resistor).

7/ Test applies only to qualification of tinme delay relay.

8/ Test applies to any device with an encl osure.

/ When required (see 6.2).

4.3.1 Sanples for qualifications. One to five sanples of each type
contactor, controller or associated sw tching device for which qualification is
desired shall be subnmitted for qualification testing.

4.3.2 Oder of tests. Unl ess ot herwi se specified (see 6.2), the tests for
general operation, effectiveness of enclosure, insulation resistance, dielectric,
pi ckup and dropout, term nal strength, voltage variation, and overload protection
shal | precede and follow shock and vibration tests. The endurance test shal
precede the shock test.

4.3.3 Disposition of qualification units. Sanples subjected to
qualification inspection shall be considered consumed and nondel i verabl e as part
of a contract or purchase order.

4.3.4 Failures. |If a sanple fails to pass qualification inspections, NAVSEA
shall be notified. The manufacturer shall identify cause of failure and take
corrective action on the materials, processes, or design as warranted. New test
sampl es shall be manufactured in accordance with the corrective neasures and
submitted for retest, or the failed sanples may be nodified to incorporate the
corrective nmeasures and resubmitted for test. The corrected test sanples shal
then be subjected to all of the table X qualification inspection tests.

4.4 Quality conformance inspection. Quality conformance inspection shall be
as specified in table XI and be conducted in a 3-year interval

4.4.1 Goup A inspection. Each equipnent provided shall be subjected to the
group A inspections specified in table Xl. Equipnent that fails any test may be
corrected and retested. Any equi pnent so corrected or reworked shall be subnitted
to the contracting activity or its representative for approval before being
accepted or installed in an assenbled controller. Equipment so corrected shall be
subjected to all of the group A inspections.

4.4.2 Goup B inspection. Goup B inspections shall be conducted when
after initial qualification, changes in the basic construction or materials that
woul d af fect perfornmance are nmade. G oup B inspections nay also be required if
manuf acturing facilities are changed or relocated. |Inspections will include those
qualification inspections of table X as directed by NAVSEA
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TABLE XI. Quality conformance inspection.

| nspection Requi r enent Test met hod
Group A inspection

Exam nation and 3.2 through 3. 14, 4.5
general operation 1/ 2/ 3/ 4/ 3.16, 3.18
Shock 1/ 2/ 3/ 5/ 6/ 3.17.3 4.6.5
Insul ation resistance 1/ 2/ 3/ 3.17.4 4.6.7
Dielectric 1/ 2/ 3/ 4/ 3.17.5 4.6.8
Pi ckup and dropout voltage 1/ 2/ 4/ 3.17.9 4.6.11
Vol tage variation 4/ 3.4.1, 3.4.2 4.6.12
Noi se 7/ 3.17.10 4.6.10
Rel ay setpoint repeatability 5/ 3.16.5.2 4.6.15
Rel ay recycle tine 5/ 3.16.5.2 4.6.16
Switch setpoint repeatability 6/ 3.16.7.1, 3.16.7.2 4.6.24

1/ Test applies for individual contactors and associ ated swi tching devices.

2/ Test applies for solid-state associated sw tching devices.

3/ Test applies for PLCs.

4/ Test applies for controllers which are assenbled with conponents qualified to
this specification. Conpletely assenbled nonreversing dripproof notor
controller of each size for only the follow ng basic types: Across-the-line
(single and two speed); reduced voltage (autotransformer, primary resistor
primary reactor, we-delta, and resistor).

5/ Test applies only to tine delay rel ays.

6/ Test applies for pressure and tenperature swtches.

When required (see 6.2).

TABLE XI|I. Routine inspection.
| nspection Requi r enent Test met hod
Exam nation and 3.2 through 3. 14, 4.5
general operation 1/ 2/ 3/ 5/ 3.16, 3.18
Dielectric 1/ 2/ 3/ 5/ 3.17.5 4.6.8
Pi ckup and dropout voltage 1/ 2/ 5/ 3.17.9 4.6.11
Noi se 4/ 3.17.10 4.6.10
1/ Test applies for individual contactors and associated switching
devi ces.
2/ Test applies for solid-state associated sw tching devices.
3/ Test applies for PLCs.
4/ \When required (see 6.2).
5/ Test applies for all notor controllers.
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4.4.3 Failures. |f any equipnent fails to pass group A or group B
i nspections, the Governnent contract office shall be notified. The contractor
shall identify the cause of failure and take corrective action on the materials or

processes, or both, as warranted, and on all units of the products manufactured
under essentially the same materials and processes. Shipnent of the product shal
not be initiated until corrective action has been taken. After corrective action
has been taken, group A or group B inspection (all tests and exami nations or the
test which the original sanple failed, at the option of the Governnment contract

of fice) shall be repeated on another sanple unit. Final acceptance and shi pnent
shall be withheld until the group A or group B inspections have shown that
corrective action was successful. Sanples which have satisfactorily passed the

exami nation and tests may be applied as part of the quantity specified if approved
by the contracting activity.

4.4.4 Routine inspection. The routine inspection specified in table Xl
shal | be performed on each equi pnment furnished (100 percent inspection) including
each conponent of a notor controller that consists of several parts.

4.5 Exanination and general operation. Equipnent shall be examined to
determ ne that the material, safety to operating personnel, and construction are
in accordance with the requirenents of this specification w thout disassenbling
the unit in such a manner that its performance, durability, or appearance woul d be

affected. The general operation shall include energizing and operating the
equi pment to ascertain that the required operating features of the unit function
properly. In particular, it shall be determnmined that the required sequence of

operation has been attained and that the protective devices, as applicable,
operate as required. External devices shall be simulated as necessary to perform
operational tests. Specific electrical |oads are not required but at |east one
set of each type of contact on every device shall be nmonitored by suitable neans
(vol tage recorder, ohmreter, indicator light, and so forth) to check the opening
and cl osi ng perfornmance.

4.6 Tests. Al tests will be conducted at an anbient tenperature range
bet ween 10°C and 40°C except for the tenmperature rise test, and pick-up and drop-
out voltage tests for qualification and quality confornance inspections.

4.6.1 Tenperature rise. Tenperature rise tests shall be performed for
quality conformance inspection on the first production run only. Tenperature rise
tests are not required on subsequent production runs unless a change is nade in
design. The test nmethods used and the precautions observed in conducting
tenmperature rise tests shall be in accordance with NEMA ICS 1 and the foll ow ng:

(a) Tenperature rise tests shall be made under conditions equivalent to
normal operating conditions at rated voltage, frequency, and | oad,
with the duty specified to deternmine that the rises specified in
3.17.1 are not exceeded.

(b) Tests shall be nade with equipment in its enclosure if enclosure is
provi ded as part of the equipnent.

(c) The anbient tenperature in the testing area shall vary not nore
than 10°C during tests.

4.6.1.1 Reduced voltage controllers. Starting autotransformers, reactors,
and resistors shall be tested to determ ne confornance to tenperature rise linmits
specified in NEMA | CS 9.

4.6.2 Endurance. Endurance tests shall be conducted between 10 and 20
operating cycles per mnute, except tests making and breaking 600 to 400 percent
of rated current shall be conducted at 6 operating cycles per mnute (closed 1
second, open 9 seconds). Tests naking and breaking 600 to 400 percent of rated
current, and where practical all other tests, shall be performed continuously
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wi thout interruption. Tests breaking 100 percent rated current may be stopped and
restarted for conveni ence provided each operational test period lasts a mininum of
6 hours. Mechanical operational tests nmay be stopped and restarted as necessary.
Mechani cal operational tests are not required for solid-state devices. A nalfunc-
tion causing shutdown or out of specified limt performance during this period
shall constitute a failure requiring corrective action. A failure has not
occurred if malfunction can be attributed to external causes such as anbient
tenmperature over the specified tenperature, variation of input power paraneters
beyond specified limts, operator's error, and other unusual conditions.

Equi pnent shall neet the requirements specified in 3.15. |If a failure occurs
during the run, the cause shall be deternined and correction(s) made.

4.6.2.1 Restarting endurance test. Upon conpletion of corrective action
after mal function, the equipnent shall be restarted fromthe first operation

4.6.2.1.1 Termination of endurance run. In the event that an endurance run
is inconplete after nmore than three failures have occurred during the test, the
test shall not be continued unless approved by the contracting activity.

4.6.3 Overload protection. Overload relays shall be tested for tripping
characteristics (see 4.6.3.1). Resetting tine and tenperature conpensation shal
be as specified in 3.16.6.

4.6.3.1 Tripping characteristics. Overload relays shall be tested in a 50°C
ambi ent at 110, 125, 150, 300, and 500 percent of rated current to determ ne that
the tripping characteristic falls within the acceptable band shown on figure 1
Tests may be conducted at room anbient tenperature if the appropriate tenperature
conpensation correction factor for the deviation from specified anbi ent
tenmperature (see 6.2) is applied as specified in 3.11. Relays shall be tested
using the | owest, the highest, and a nedian rated heater or coil

4.6.3.2 Special tenperature sensing circuitry. Special circuitry for direct
tenmperature sensing and protection of the controlled device shall be tested
t hroughout its operating range with a sensor sinmilar to that used in the protected
devi ce.

4.6.4 Vibration. Before vibration testing, an exam nation and genera
operation test shall be perfornmed. The equipnment shall then be subjected to the
type | vibration tests as specified in ML-STD-167-1 for conformance to 3.17. 2.
Equi prent shall be operated at nominal voltage and frequency during the tests and
mounted in a fashion to sinulate shipboard conditions, including sway bracing when
required. During the variable frequency tests the equi pment shall be operated in
normal operational nodes to verify that all features and devices are functioning
correctly. During the endurance tests the operational checks will be perforned at
60 minute intervals. External devices shall be simulated as necessary to perform
t he operational checks. Specific electrical |oads are not required but at |east
one set of each type of contact on every device shall be nonitored by suitable
means (voltage recorder, ohmeter, indicator light, and so forth) to check the
openi ng and cl osing performance. When testing individual devices each set of
contacts shall be nonitored. COperational tests of PLCs shall be devised as
practical by the testing activity and shall include conditions that will check the
performance of each type of electromechani cal device or conponent that exists in
all operational nodes. After the vibration test, an exanination and genera
operation test shall verify performance.

4.6.4.1 Time delay relays. Time delay relays shall be adjusted to any
conveni ent setpoint for vibration testing. Performance shall conformto 3.17.2.2.
Post test reference measurenents shall verify that the set time delay has not
changed and that setpoint repeatability and variation of the indicated tine del ay
conformto 3.16.5. 2.
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4.6.4.2 Pressure switches. Pressure switch setpoints shall be adjusted to
50 + 5 percent of the range. Pressure switches shall be actuated at 5 Hz
intervals (5, 10, 15, and so forth) during the test and shall perform as specified
in 3.17.2.3. At each frequency of vibration pressure shall be applied to the
pressure switch and shall be varied over the specified operational interval
Pressure switches with ranges |less than or equal to 100 psig shall be operated
bet ween 10 percent above the setpoint and 10 percent bel ow the reset point;
pressure switches with ranges greater than 100 psig shall be operated between 5
percent above the setpoint and 5 percent below the reset point. Performance shal
conformto 3.17.2.3. Post-test reference nmeasurenents w thout adjustnments shal
verify retention of the pre-test setpoint and conformance to the requirements of
3.16.7. 1.

4.6.4.3 Tenperature switches. Tenperature switch setpoints shall be
adjusted to 50 + 5 percent of the range. Tenperature switches shall be actuated
at 5 Hz intervals (5, 10 15, and so forth) during the test and shall perform as
specified in 3.17.2.4. The tenperature of the applied actuating nmedi um need not
be measured but shoul d not exceed the switches nmaxi mumtenperature. Hot air guns
and vortex tubes are recomended. Post-test reference neasurements w thout
adjustrments shall verify retention of the pre-test setpoint and confornmance to the
requi rements of 3.16.7.2.

4.6.5 Shock. Shock tests shall be conducted in accordance with ML-S-901 to
determ ne conformance to 3.17.3. Tests shall be performed under [ight, medium or
heavy wei ght classifications, as required. Controllers, contactors, and
el ectrically operated associated sw tching devices shall be shock tested in the
deenergi zed and each of the nornmal energized conditions. Monentary contact
associ ated swi tching devices such as pushbutton switches and spring return |ever
swi tches shall be tested in the normal position (not actuated). O her associated
swi tching devices that may remain in nmore than one position shall be tested with
contacts actuated and not actuated. Specific electrical tests (insulation
resi stance, dielectric and pickup and dropout) shall be made as necessary to
determ ne satisfactory performance follow ng the shock test. For controllers and
associ ated swi tching devices mounted separately on the ships structure, ML-S-901
bul khead fixtures shall be used (fixture 4A mounting for |ightweight tests). For
i ndi vidual controller conmponents, fixture 6E of ML-S-901 shall be used.

Equi prent shall be mounted on the shock machine in a manner simulating normnal
shi pboard mounting. The following are definitions of failure:

(a) Breaki ng or cracking of any part, including mounting bolts, or

materi al around the mounting holes that will affect device
function.
(b) Failure to pass insulation resistance tests.
(c) Failure to pass pickup and dropout tests for individua
contactors and rel ays.
(d) Failure to pass voltage variation tests for controllers and PLCs.
(e) Failure to pass dielectric test.
(f) Failure to pass the visual exanination shall be cause for
rejection.
(g) Appreciable distortion of any parts, including enclosure and
f r amewor k
(h) Failure to nmeet the shock requirements specified in 3.17.3.
(i) Any change of state of a controller, contactor, or associated

swi t ching device

4.6.5.1 Contact monitoring. On shock tests of conponents, each contact
shall be nmonitored. Assenbled controllers shall have at |east one contact set on
each device nonitored, including one Iline contact; the recorded data, with the
exception of line contacts, shall be for qualitative determninati on of devices
responsi ble for controller malfunction should it occur. The contacts of equipnent
under goi ng shock tests shall be connected to the nmonitoring equiprment specified in
4.6.5.1.1 through 4.6.5.1. 3.
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4.6.5.1.1 Monitoring of AC line contacts. The line contacts of AC
controllers and contactors shall be nonitored as follows: C osed and open |ine
contacts shall be nonitored. Perfornmance shall be as specified in 3.17.3(a).

4.6.5.1.2 Monitoring of DC line contacts. The line contacts of DC
controllers and contactors shall be nonitored as follows: C osed and open |ine
contacts shall be nonitored. Performance shall be as specified in 3.17.3(b).

4.6.5.1.3 Monitoring of auxiliary and associated switching device contacts.
The auxiliary contacts of contactors and the contacts of associated switching
devi ces, when testing individual devices or spare contact sets of devices within a
controller, shall be nmonitored as follows: Closed and open contacts shall be
noni tored by oscill ograph, FMtape recorder, or suitable digital data acquisition
system Al equi pment shall have a minimum frequency response and sanpling rate
of 2 KHz. Digital signal processing of acquired data shall be capabl e of
produci ng suitable waveformplots with 0.5 nmillisecond m ni mumresolution, and for
anal ysi s purposes shall be able to expand contact events with graphical editing to
determ ne voltage levels and tine increnents of the individual sanple points.
Performances shall be as respectively specified in 3.17.3(c) and 3.17.3(d).

4.6.5.2 Time delay relays. Time delay relays shall be adjusted to any
conveni ent setpoint for shock testing. After each blowtinme delay relays will be
operated. The set time delay and the setpoint repeatability shall not change.
Set point repeatability and variation of the indicated time delay shall conformto
3.16.5. 2.

4.6.5.3 Pressure switches. Pressure switch setpoints shall be adjusted to
50 + 5 percent of the range. N ne hammer blows shall be applied with the test
pressure slightly below the reset point and 9 hamrer blows shall be applied with
the test pressure slightly above the setpoint. Pressure switches with ranges |ess
than or equal to 100 psig shall be tested at 10 percent above the setpoint and 10
percent bel ow the reset point; pressure switches with ranges greater than 100 psig
shall be tested at 5 percent above the setpoint and 5 percent bel ow the reset
point. After all eighteen blows, pressure shall be varied as necessary to cycle
the switch at |east three tines; tested perfornmance shall conformto 3.17.3.3.
Performance shall neet the requirenents of 3.16.7.1.

4.6.5.4 Tenperature switches. Tenperature switch setpoints shall be
adjusted to 50 + 5 percent of the range. The sensing bulbs of the tenperature
switch shall be installed in a suitable mounting adapter possessing tenperature
control and nonitoring capability. N ne hamer blows shall be applied with the
tenmperature of the nounting adapter slightly below the reset point and 9 hanmer
bl ows shall be applied with the tenperature of the nmounting adapter slightly above
the setpoint. Tenperature switches shall be tested at 15 percent above the
setpoint and 15 percent below the reset point. After all eighteen blows, the
tenmperature of the nounting adapter shall be varied as necessary to cycle the
switch at least two tines; tested performance shall conformto 3.17.3.4.
Performance shall neet the requirenents of 3.16.7.2.

4.6.5.5 Post shock tests and exani nations. Upon conpletion of shock testing
the followi ng tests and exam nations shall be perforned:

(a) Visual exanmination. Equipnment shall be carefully exam ned to
ascertain any mechani cal damage. Equi pnent shall be disassenbl ed
as necessary to detect any damage

(b) Examination and general operation. An exani nation and genera
operation shall be perforned as specified in 4.5. Equi prent shal
operate properly.

(c) Lnsulation resistance. Insulation resistance shall be measured as
specified in 4.6.7 and shall meet the requirenments of 3.17.4.

(d) Post shock dielectric. A dielectric test shall be conducted as
specified in 4.6.8 except that the test voltage applied will be
65 percent of the specified value and will be applied for 5
seconds. Performance shall meet the requirenments of 3.17.5.
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(e) Pickup and dropout voltage. When tested individually, contactors
and relays, including tinme delay relays, shall be tested as
specified in 4.6.11 except at anbient tenperature between 10°C and
40°C and shall neet the requirenents of 3.17.9.

(f) Voltage variation. Controllers shall be tested as specified in
4.6.12 and shall neet the requirenents of 3.4.1 and 3. 4. 2.

4.6.5.5.1 Tinme delay relays. Post test reference nmeasurenents shall verify
that the set time delay has not changed and that setpoint repeatability and
variation of the indicated tine delay conformto 3.16.5. 2.

4.6.5.5.2 Pressure switches. Post-test reference neasurements without
adjustnents shall verify retention of the pre-test setpoint and confornmance to the
requi rements of 3.17.3.3.

4.6.5.5.3 Tenperature switches. Post-test reference neasurenents wi thout
adjustrents shall verify retention of the pre-test setpoint and confornmance to the
requi rements of 3.17.3.4.

4.6.6 Inclination. Equipnment shall pass an exam nation and genera
operation test as specified in 4.6.6 when inclined fromthe bul khead nount ed
orientation to the follow ng positions at the nmaxi mum angl es specified in 3.17.7
(45° for surface ships and 60° for subnmarines). Tests shall be conducted at
nom nal voltage and frequency except where noted. Controllers shall be subjected
to the voltage variation test specified in 4.6.12 at each of the four test
positions. \When tested individually, contactors and relays, including time del ay
rel ays, shall be subjected to the pickup and dropout test specified in 4.6.11 at
each of the four test positions. Oher devices as specified in 4.6.6.1 through
4.6.6.3 shall conformto 4.6.6 and function in each of the foll ow ng test
posi tions:

(a) 45 (60) degrees fromvertical forward.
(b) 45 (60) degrees fromvertical backward.
(c) 45 (60) degrees fromvertical to the left.
(d) 45 (60) degrees fromvertical to the right.

4.6.6.1 Time delay relays. Time delay relays shall be adjusted to any
conveni ent setpoint for inclination testing. At each position tine delay rel ays
will be operated. The set tine delay shall not change and the setpoint
repeatability and variation of the indicated tine delay shall conformto 3.16.5. 2.

4.6.6.2 Pressure switches. Pressure switch setpoints shall be adjusted to
50 + 5 percent of the range. At each position pressure shall be applied to the
pressure switch and shall be varied between 10 percent above the setpoint and 10
percent below the reset point. Performance shall neet the requirenents of
3.16.7. 1.

4.6.6.3 Tenperature switches. Tenperature switch setpoints shall be
adjusted to 50 + 5 percent of the range. Tenperature switches shall be actuated
at each position. Performance shall meet the requirements of 3.16.7.2.

4.6.7 lnsulation resistance. The neasuring instrunent used shall have an
open circuit voltage of 500 Vdc plus or minus 10 percent. Measurenent shall be
made between all rnutually insulated points and between insul ated points and ground
(see 3.17.4).

4.6.8 Dielectric. Dielectric tests shall be conducted in accordance with
NEMA ICS 1 with a test voltage (RMS) of 1000 volts plus (2X nomnal voltage
rating) for controllers, contactors and all associated sw tching devices, except
for the PLCs. Dielectric tests shall be conducted in accordance with NEMA |ICS 1,
except the test voltage shall be 1000 volts AC rns or DC, as applicable, and
applied for one nminute for PLCs (see 3.17.5).
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4.6.9 Effectiveness of enclosure. Enclosures shall be subjected to the
applicable test conditions (see 6.2) specified in ML-STD-108 to determ ne
conformance to 3.16. 16

4.6.10 Noise, ac contactors and relays (if applicable). Noise tests
shal |l be conducted to determi ne confornance to the requirenments specified in
3.17.10. Ac contactors and relays shall be noise tested in the operating node.

4.6.11 Pickup and dropout voltage. Contactors and relays shall be connected
to a voltage supply that can be varied fromO to 110 percent of the rated voltage
to determ ne pickup and dropout voltages. Performance shall be in accordance with
3.17.9. The pickup and dropout voltage test for qualification and quality
conformance shall be conducted with the contactor or relay operating at maxi num
tenmperature, unless the tests are being perforned as part of another test.

4.6.12 Voltage variation. Controllers shall be connected to a voltage
supply that can be varied fromO0O to 110 percent of the controller rated input
voltage to determ ne confornmance to 3.4.1 and 3.4.2. The controller shall not
mal function due to the input voltage varying between 80 and 110 percent of rated
val ue. An exanination and general operation test shall be perfornmed at the | ow
and high points to deternine that the controller operates satisfactorily.

4.6.13 Terminal strength. The terminals of the contactors and contro
rel ays shall be tested in accordance with torque test method 211A of M L-STD- 202
(see 3.17.6).

4.6.14 EM. EM enission and susceptibility tests (CE101, CE102, CS101
CS114, Csl116, RE101, RE102, RS101, RS103) of M L-STD 462 which deternine
conformance to the limts specified in ML-STD- 461 (see 3.17.8) shall be perforned
on production nmodel equipnent for the qualification inspections only. EM
em ssion and susceptibility tests are not required for quality conformance
i nspections unless a change is nade in the design which government deens
sufficiently substantial

4.6.15 Tine delay setpoint repeatability. Tine delay relays shall be set at
5, 20, 40, 60, 80, and 95 percent of their timng range. At each setting, the
relay will be operated five tinmes. Performance shall conformto the requirenents
of 3.16.5.2

4.6.16 Recycle tinme of tinme delay relay. Tine delay relay shall be set at
80 percent of their timng range and operated five tinmes to establish an average
reference time delay. To test the relay the control voltage shall be interrupted
for 75 ms and then restored. Performance shall be the average of at |least 5
operations for each condition. Performance shall conformto 3.16.5. 2.

(a) Interruption inmediately following the timng interval. The
subsequent tinme delay shall be at |east 90 percent of the
reference tinme del ay.

(b) Interruption during (30 - 70 percent of the set time delay) timng.
The subsequent tine delay shall be at |east 80 percent of the
reference tinme del ay.

4.6.17 Steady-state voltage and frequency tol erance test for PLCs and other
solid-state devices. Equipnent shall pass an exanination and general operation
test (see 4.5) in each of the conditions A through F as specified in table X I
See M L-STD- 1399, Section 300 for linmts.
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TABLE Xl Il. Steady-state voltage and frequency tol erance test for PLCs
and other solid-state devices.
Condi tion Vol t age Frequency
Lower Nor mal Upper Lower Nor mal Upper
[imt limt [imt [imt
A (Reference Nomi nal 60
nmeasur ement)
B - 5% 3ph) 58.2
-10%
(1ph)
C +59% 3ph) 58. 2
+10%
(1ph)
D +59% 3ph) 61. 8
+10%
(1ph)
E - 5% 3ph) 61.8
-10%
(1ph)
F -20% 60
(1ph)

4.6.18 Transient voltage and frequency tolerance and recovery test for PLCs
and other solid-state devices. Equipnment shall not mal function or change state of
operation when tested as specified in 4.6.18.1 through 4.6.18.2. Equi prent shal
be tested in both the energi zed and deenergi zed operati onal nodes. Equipment with
nore than one energi zed operational nmode shall be operated in the npde sel ected by
the testing activity to be the nost likely to be affected by the test conditions
and the node used predoninantly in service. See ML-STD 1399, Section 300 for
limts.

4.6.18.1 Transient voltage.

4.6.18.1.1 Upper limt. Wth the equipnent operating at noninal frequency
(60 Hz) and the upper linit of the steady-state voltage (+5 percent (3 phase), +10
percent (1 phase)), the voltage shall be increased to the nmaxi mum positive
transient voltage (+20 percent) and then decreased back to the upper limt steady-
state voltage in a two second period. (for exanple, for 440V, 3PH, the voltage
will be at 462 and the transient will be to 528).

4.6.18.1.2 Lower limt. Wth the equipnent operating at nonminal frequency
(60 Hz) and the lower linit of the steady-state voltage (-5 percent (3 phase), -10
percent (1 phase)), the voltage shall be decreased to the nmaxi mum negative
transient voltage (-20 percent) and then increased back to the lower limt steady-
state voltage in a two second period (for exanple, for 440V, 3PH, the voltage wl|
be at 418 and the transient will be to 352).

4.6.18.2 Transient frequency.

4.6.18.2.1 Upper linmt. Wth the equipnent operating at nomi nal voltage
and the upper linmt of the steady-state frequency, 61.8 Hz, the frequency shall be
i ncreased to the maxi num positive transient frequency, 63.3 Hz, and then
decreased back to the upper limt steady-state frequency in a two second peri od.
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4.6.18.2.2 Lower linmt. Wth the equipnent operating at nomi nal voltage
and the lower linmt of the steady-state frequency, 58.2 Hz, the frequency shall be
decreased to the maxi mum negative transient frequency, 56.7 Hz, and then increased
back to the lower linmt steady-state frequency in a two second period.

4.6.19 Spike voltage. Equipment shall be subjected to the voltage spike
test as specified in ML-STD 1399, Section 300. Equipnent shall not nal function
or change state of operation when tested as specified. Equipnment shall be tested
in both the energized and deenergi zed operational npdes. Equipnent with nore than
one energi zed operational node shall be operated in the node sel ected by the
testing activity to be the nost likely to be affected by the test conditions or
t he node used predom nantly in service.

4.6.20 Power interruption. Equipnent shall be operated at nominal voltage
and frequency. The total electrical input power shall be interrupted and reapplied
in a randomy short period (less than 25 milliseconds). The equi pnent shal
continue to operate properly. Equipnent specified to continue operation during
power interruptions greater than 1 second shall be then operated | ong enough to
det ect any performance degradation, the power shall be interrupted for a period of
30 seconds or the specified recycle time, and then reapplied. During, and as a
result of these tests, no damage or nml function shall occur. Exam nation and
general operation test shall confirm proper equi pnent perfornmance upon conpl etion
of this test (see 4.5). Equipnent with nore than one energi zed operational node
the power interruption test shall be perforned in each of the nodes.

4.6.21 Leakage current. Assenbled controllers and stand al one devi ces shal
be subjected to the | eakage current tests specified in Appendix F of M L-STD 2036
and shall neet the requirements of 3.17.11.5.

4.6.22 Qutput |eakage current. Apply the rated voltage to the device under
test and adjust the load to obtain the rated resistive current, plus or mnus 5
percent. Place the device in the Off-state and neasure the output |eakage current
in each output circuit. The |eakage current in the output circuits of solid-state
swi tching devices shall not exceed the values specified in 3.17.11.6.

4.6.23 Qutput voltage drop. Apply the rated output voltage and rated
frequency to the device under test. Place the device in the On-state (conducting)
and adjust the load to obtain rated resistive current, plus or mnus 5 percent.
Wth a voltneter or oscilloscope connected across the device output termnals,
measure the output voltage drop (volts peak). The On-state output voltage drop of
solid-state switching devices shall neet the requirements of 3.17.11.9 and not
exceed the values listed in table I X

4.6.24 Pressure and tenperature switch setpoint repeatability. Pressure
swi tches shall be set to 5, 20, 40, 60, 80, and 95 percent of their pressure
range; all setpoints shall be plus or minus 3 percent of range. At each setting
the pressure switch will be operated five tines. These readi ngs shall be
conduct ed before and after the endurance test. The |ast pre-endurance test
setpoint for each setting shall be used as the first post-endurance test setpoint
for that setting. Performance shall conformto the requirenents of 3.16.7.1 and
3.16.7. 2.

4.6.25 Mechanical interlock. Contactors and relays incorporating a
mechani cal interlocking feature (see 3.16.2) shall be subjected to the follow ng
tests. Wth one contactor and relay held in the energized position as specified,
maxi mum operati ng voltage (see 3.4) shall be applied to the actuating coil of the
opposi ng contactor and relay for 50 cycles. The operational cycle shall consist
of 0.5 seconds ON and 2.5 seconds OFF, approximtely. The specified 50 cycles of
operation shall be applied under each of the follow ng conditions:

(a) The first contactor and relay being held in the energized position
by appl yi ng maxi nrum operating voltage to the device's actuating
coil.
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(b) The second contactor and relay being held in the energized position
by appl yi ng maxi num operating voltage to the device's actuating
coil.

(c) The first contactor and relay being held in the energi zed position
by mechani cal neans.

(d) The second contactor and relay being held in the energized position
by mechani cal neans.

4.6.26 Position sensing switch operational performance. Position sensing
swi tches shall be operated at nom nal voltage and frequency. Specific electrica
| oads are not required. Switches shall be actuated for a mninmum of 5 operations
at each checkpoi nt as specified:

(a) Mechanical limt switches. Switches shall operate within the
paraneters specified in 3.16.7.3(b) through 3.16.7.3(e) for
operating force, total operator travel, and operator reset travel

(b) Proximty switches. Proximity switches shall be actuated with the
target nmoved in the slide-by configuration to verify a m ni num of
five different checkpoints on the characteristic curve. The
checkpoints shall be spaced to represent 10 to 80 percent of the
maxi mum sensi ng di stance. The nmaxi mum sensi ng di stance checkpoi nt
shal |l be verified by head-on target novement al ong the sensor
axial centerline. Performance shall be in accordance with the
paranmeters specified in 3.16.7.4(c).

(c) Photoelectric switches. Photoelectric switches shall be actuated
by mani pul ating the receiver and reflector in a slide-by
configuration to verify a mnimmof five different checkpoints on
the characteristic curve spaced to represent 10 to 80 percent of
t he specified maxi mum sensing di stance. Performance shall be in
accordance with the paraneters specified in 3.16.7.5(c).

4.7 Inspection of packaging. Sanple packages and packs, and the inspection
of the preservation, packing and marking for shipnent, stowage and storage shal
be in accordance with the contract or purchase order (see 5.1 and 6.2).

5.  PACKAG NG

5.1 Packaging. For acquisition purposes the packagi ng requirenments shall be
as specified in the contract or purchase order (see 6.2). \Wen actual packagi ng
of material is to be performed by DOD personnel, these personnel need to contact
t he responsi bl e packaging activity to ascertain requisite packaging requirenents.
Packagi ng requirenments are maintained by the Inventory Control Points packagi ng
activity within the Mlitary Department or Defense Agency, or within the Mlitary
Depart ments System Conmand. Packaging data retrieval is available fromthe
managi ng Mlitary Departnments or Defense Agenci es automated packaging files, CD
ROM products, or by contacting the responsible packaging activity.

6. NOTES

(This section contains information of a general or explanatory nature that
may be hel pful, but is not mandatory.)

6.1 Intended use. Controllers, controller parts, and associated switching
devi ces covered by this specification are intended for surface and submarine use.
For special duty see 3.7.

6.2 Acquisition requirenents. Acquisition docunents nust specify the
fol | owi ng:

(a) Title, nunber, and date of this specification

(b) Issue of DODISS to be cited in the solicitation, and if required,
the specific issue of individual documents referenced (see 2.2.1
and 2. 3).
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Equi prent wi th whi ch associated (for exanple, punp, notor
generator set and so forth).
Quantity required.
Duty and service, if special (see 3.6).
Control voltage, if other than that of the controlled device
(see 3.7).
Motor field isolation (see 3.9).
Anmbi ent tenperature and nmaxi mum perni ssible tenperature rise
(see 3.12 and table VII).
Ac controllers for low noise, if required (see 3.14, 3.17.10 and
tables X and XlI).
Emer gency-run feature, if required (see 3.16.3).
Local transfer switch for vital function, if required (see 3.16.4).
Provision for EM and arcing suppression, if required (see 3.16.5).
| f enbedded tenperature detectors are used for overload protection
(see 3.16.6).
Anmbi ent pressure conpensations, if required (see 3.16.7).
Pressure and tenperature switch designation required
(see 3.16.7.1.1 and 3.16.7.2.1).
I nput and out put types for PLCs other than that specified
(see 3.16.9.8).
Space heaters, if required (see 3.16.10).
Indicator lights, if other than specified in 3.16.11.1.
Controller characteristics (see 3.16.14).
Vol t age and phase rating (see 3.16.14(a)).
Speci al service for submarine (see 3.16.14(a)).
Current rating required (see 3.16.14(b)).
Qperation (manual or magnetic), protective features and function
(see 3.16.14(c) and (d)).
Location and type of switches (see 3.16.14(e)).
Dc controllers, size, hp, and current, and dinensions as applicable
(see tables IV and VI).
Ac controllers, size, hp, current, and dinensions as applicable
(see tables V and VI).
(aa) Enclosure type (see 3.16.16).
(bb) Requirenents for inclusion of NSN on identification plate, if
needed, and the NSN to be used (see 3.16.19).
(cc) Provision for wiring to an overspeed trip nmodule, if required
(see 3.11).
(dd) Maximum vibration fregency if other than 33 Hz (see 3.17.2).
(ee) Shock classification for associated switching devices other than
specified (see 3.17.3(c) and (d)).
(ff) Requirements for resilient nmounting of equipnment (see 3.17.2.1 and
3.17.3.5).
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(gg) Packaging requirenents (see 5.1).

(hh) PLC dinensions, if other than that of figures 2 and 3 di mensions.

(ii) Remote indicating and nonitoring circuits shall be idependently
fused if required (see 3.10).

(jj) Duration of PLC monentary power loss, if other than 50 mlli -

seconds (see 3.16.9.1).

6.3 Technical manuals. The requirement for technical nmanuals should be
consi dered when this specification is applied on a contract. |If technical manuals
are required, mlitary specifications and standards that have been cl eared and
listed in DOD 5010. 12-L, Acquisition Managenent Systens and Data Requirenents
Control List (AMSDL) must be listed on a separate Contract Data Requirements List
(DD Form 1423), which is included as an exhibit to the contract. The technica
manual s nust be acquired under separate contract line itemin the contract.

6.4 Qualification. Wth respect to products requiring qualification, awards
will be made only for products which are, at the time of award of contract,
qualified for inclusion in Qualified Products List QPL No. 2212 whether or not
such products have actually been so listed by that date. The attention of the
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contractors is called to these requirenents, and manufacturers are urged to
arrange to have the products that they propose to offer to the Federal Governnent
tested for qualification in order that they may be eligible to be awarded
contracts or purchase orders for the products covered by this specification.
Information pertaining to qualification of products may be obtained formthe Nava
Sea Systens Command, SEA 03R42, 2531 Jefferson Davis Hwy., Arlington, VA 22242-
5160.

6.5 Definitions. The definitions specified in 6.5.1 through 6.5.108 apply
to terns associated with this specification

6.5.1 Across-the-line. Across-the-line signifies the connection of an
apparatus directly across the main supply circuit.

6.5.2 Anbient tenperature. Anmbient tenperature is the tenperature of the
medi um surroundi ng an equi pnent.

6.5.3 Associated switching device. Associated swtching devices are devices
that are used in conjunction with the nain line contactor(s) of a controller to
control the operation of the connected | oad and may be nounted separately fromthe
controller. These include control and overload relays, limt swtches, pushbutton
stations, pressure switches, selector switches, |evel swtches, and others.

6.5.4 Automatic. Automatic nmeans self-acting, operating by its own
mechani sm when actuated by sone inpersonal influence as, for exanmple, a change in
current strength, pressure, tenperature or mechanical configuration

6.5.5 Contactor. A contactor is a device for repeatedly establishing and
interrupting an electric power circuit.

6.5.6 Contactor, magnetic. A magnetic contactor is a contactor actuated by
el ectromagneti ¢ neans.

6.5.7 Contacts. Contacts are conducting parts which coact to conplete or to
interrupt a circuit.

6.5.8 Contacts, auxiliary. Auxiliary contacts of a switching device are
contacts in addition to the main circuit contacts and function with the npvement
of the latter.

6.5.9 Contact chatter. Contact chatter is a transient condition
characterized by the repetitive bouncing (make and break) of mating electrica
contacts. Each contact bounce is usually denoted by transient voltage excursions
equal to or greater than 90 percent of the applied circuit voltage.

6.5.10 Contacts, line. Line contacts are contacts on a contactor or relay
used solely for controlling the power to a motor or controlled device.

6.5.11 Contacts, normally open (NO) and normally closed (NC). Normally open
and normally closed signify the position taken by contacts when the device is
deenergi zed. The deenergi zed condition of a manual device is the off position

6.5.12 Control, local. Local control or device is a control function or
devi ce which provides for initiation or change of a control function from
within or directly upon the controller enclosure.

6.5.13 Control, renote. Renpte control or device is a control function or
devi ce which provides for initiation or change of a control function froma renote
poi nt .

6.5.14 Control, three-wire. Three-wire control is a control function which
utilizes a nmonentary contact pilot device and a holding circuit contact to provide
under vol t age protection
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6.5.15 Control, two-wire. Two-wire control is a control function which
utilizes a maintained contact pilot device to provide undervoltage rel ease.

6.5.16 Control circuit. The control circuit of a control apparatus or
systemis the circuit which carries the electrical signals directing the
performance of the controller but does not carry the main circuit power.

6.5.17 Control relay. A control relay is a device for repeatedly
establishing and interrupting an electric circuit. A control relay is usually
enpl oyed to actuate other relays or contactors in the same or associated circuits.

6.5.18 Control-circuit transformer. A control-circuit transformer is a
vol tage transforner used to supply a voltage for operation of control devices.

6.5.19 Controller, electric notor. An electric notor controller is a device
or group of devices which governs, in sonme predeterm ned nanner, the electric
power to the notor. An electric motor controller is distinct functionally froma
si mpl e di sconnecting devi ce whose principal purpose in a motor circuit is to
di sconnect the circuit, together with the motor and its controller, fromthe power
source.

6.5.20 Controller, full-magnetic. A full nmagnetic controller is an electric
controller having all of its basic functions performed by devices which are
operated by el ectromagnets. Basic functions usually refers to accel eration,
retardation, line closing, reversing, and so forth.

6.5.21 Corrosion-resistant. Corrosion-resistance neans constructed,
protected, or treated so that corrosion will not exceed specified |imts under
specified test conditions.

6.5.22 Controller, manual. A manual controller is an electric controller
having all of its basic functions perfornmed by hand operated devices.

6.5.23 Disconnection. Disconnection is the opening of a sufficient nunber
of conductors to prevent current flow

6.5.24 Dripproof. Dripproof means constructed or protected so that falling
dirt or drops of liquid will not interfere with the successful operation of the
appar at us under specified test conditions.

6.5.25 Drop-out, voltage or current. The drop-out voltage or current of a
magneti cally operated device is the voltage or current at which the device wll
return to its deenergized position

6.5.26 Duty, continuous. Continuous duty is a requirenent of service which
demands operation at a substantially constant |load for an indefinitely |long tine.

6.5.27 Duty, intermittent. Intermittent duty is a requirenent of service
whi ch denmands operation for alternate intervals of (1) load and no-load, or (2)
| oad and rest, or (3) load, no-load and rest; with such alternate intervals being
definitely specified.

6.5.28 Duty, varying. Varying duty is a requirement of service which
demands operation at w de variations of |oads and intervals of tine.

6.5.29 Duty of a controller. The duty of a controller is the specific
function or functions for which it is constructed with respect to the operation of
the notor. These include starting, speed control, reversing, stopping, and the
frequency and length of tinme of operation

6.5.30 Energency run. Enmergency run is a condition in which the protective
devices that normally interrupt a control circuit are tenmporarily and nanual |y
overridden by some neans, and cause the circuit function to be maintained.
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6.5.31 Enclosure. An enclosure is a surrounding case designed to protect:

(a) Personnel against accidental contact with the enclosed el ectrica
devi ces, and
(b) Internal devices against specified external conditions.

6.5.32 Equipnment. Equipnent, as used herein, nmeans controllers, controller
parts, and associ ated swi tching devices.

6.5.33 Failure of a control conponent or system Failure is a state or
condition in which a control conponent or system does not performits essentia
functions when its ratings are not exceeded.

6.5.34 Features, distinctive. Distinctive features are exclusive el enents
whi ch are characteristic of a particular design which are not comon to ot her
desi gns.

6.5.35 Fuse. A fuse is an overcurrent protective device with a circuit
openi ng fusible menber which is heated and severed by the passage of over-current
through it.

6.5.36 Gounded parts. Gounded parts are parts which are connected in an
i ntentionally grounded nanner.

6.5.37 lnput and output characteristics. Input devices accept signals from
the process elements and translate theminto signals which can be used within the
controller. CQutput devices convert controller signals into external signals used
to control the process.

6.5.38 lnsulation. The tenperature limts on which the ratings of
el ectrical apparatus are based are largely deternmined by the character of the
i nsul ation materials used.

(a) Insulation is considered to be inpregnated when a substance
provi des a bond between conponents of the structure and a degree
of filling and surface coverage sufficient to ensure adequate
performance under the extremes of tenperature, surface
contam nation (noisture, dirt, and so forth) and nechani cal stress
expected in service. The inpregnant should not flow or
deteriorate at operating tenperatures so as to seriously affect
performance in service

(b) The electrical and nechani cal properties of the insulation should
not be inpaired by the prolonged application of the limting
insul ation tenperature permtted for the specific insulation
class. The word "inpaired" is used here in the sense of causing
any change whi ch could disqualify the insulating nmaterial for
continuously perfornming its intended function, whether creepage
spaci ng, nechani cal support or dielectric barrier action

6.5.39 Interlock. An interlock is a device actuated by the operation of
some other device with which it is directly associated to govern succeeding

operations of the sane or allied devices. Interlocks may be either electrical or
mechani cal
6.5.40 |lsolation. |Isolation is the opening of all conductors connecting to

t he power source.
6.5.41 Jog (inch). Jog (inch) is a control function which permts the

nonentary operation of a drive for the purpose of acconplishing a small novenent
of the driven nachi ne.
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6.5.42 Limt. Limt neans that the designated quantity is controlled so
that a prescribed boundary condition is not exceeded.
6.5.43 Limt, current. Current limt is a control function which prevents a

current fromexceeding its prescribed linmts. Current Iimt values should be
expressed as a percent of rated |oad val ue.

6.5.44 Low voltage protection (LVP). LVP is the effect of a device which
on the reduction or failure of voltage, causes and maintains the interruption of
power to the main circuit until the circuit is restarted manually.

6.5.45 Low voltage release (LVR). LVR is the effect of a device which, on
the reduction or failure of voltage, causes the interruption of power to the main
circuit, but does not prevent the reestablishment of the main circuit on return of
vol t age.

6.5.46 Low voltage release effect (LVRE). LVRE is the effect of a device
whi ch remai ns unchanged on the reduction or failure of voltage and does not cause
an interruption of power.

6.5.47 Noise. Noise is an unwanted signal

6.5.48 Nonautomatic. Nonautomatic neans that the inplied action requires
personal intervention for its control. As applied to electrical controllers,
nonaut omati ¢ does not necessarily inmply a manual controller, but only that
personal intervention is required.

6.5.49 Nonreversing. Nonreversing is a control function which provides for
operation in one direction only.

6.5.50 Nonventilated. Nonventilated neans constructed to provide no
intentional circulation of external air through the encl osure.

6.5.51 Open nonentarily, or nonentary opening. Where applied in this
specification, these expressions nean that an interval of contact physical opening
may occur during high inpact shock

6.5.52 Part. A part is an itemprovided as an integral part of a controller
such as a contactor, relay, indicating light, or push-button.

6.5.53 Pickup and seal voltage. The pickup and seal voltage of a
magnetical ly operated device is the mnimum voltage at which the device noves from
its deenergized into its fully energized position.

6.5.54 Pickup voltage or current. The pickup voltage or current of a
magnetical ly operated device is the voltage or current at which the device starts
to operate.

6.5.55 Programmble logic controller. Programmble |ogic controller is a
digitally operating el ectronic apparatus which uses a progranmabl e nenory for the
i nternal storage of instructions for inplenenting specific functions such as
| ogi ¢, sequencing, timng, counting, and arithnmetic to control, through digital or
anal og i nput and out put nodul es, various types of processes.

6.5.56 Protection, overload. Overload protection is the effect of a device
operative on excessive current, but not necessarily on short circuit, to cause and
maintain the interruption of current flow to the device governed.

6.5.57 Push-button. A push-button switch (push-button) is a master switch
havi ng a manual | y operabl e plunger or button for actuating the switch
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6.5.58 Push-button station. A push-button station is a unit assenbly of one
or nore externally operable push-button swi tches, sonetinmes including other pil ot
devi ces such as indicating lights or selector switches, in an encl osure.

6.5.59 Rating, continuous. Continuous rating is the rating which defines
the substantially constant | oad which can be carried for an indefinitely |ong
tinme.

6.5.60 Rating, 8-hour (as applied to a nagnetic contactor). The 8-hour
rating of a nmagnetic contactor is the rating based on its anmpere carrying capacity
for 8 hours, starting with new clean contact surfaces, under conditions of free
ventilation, with full rated voltage on the operating coil, and w thout causing
any of the established limtations to be exceeded.

6.5.61 Rating of a controller. The rating of a controller is an arbitrary
designation of an operating limt. 1t is based on the power governed and on the
duty and service required. A rating is arbitrary in the sense that it nust
necessarily be established by definite fixed standards and cannot, therefore,

i ndicate the safe operating linmt under all conditions which may occur

6.5.62 Random access nmenory (RAM . Random access nenory is a device
designed to be witten into as easily as information can be read fromthem

6.5.63 Reduced voltage. Reduced voltage is the characteristic of a
controller where the full Iine voltage is not inmediately inpressed upon the
apparatus, but is applied gradually or in stages by neans such as resistors or
aut ot r ansf or mer s.

6.5.64 Read-only menory (ROM. Read-only menory is a device designed to
store permanently a fixed program which is not alterable under ordinary
ci rcunst ances.

6.5.65 Relay, magnetic control. A magnetic control relay is a relay which
is actuated by el ectromagnetic neans. Wen not otherwi se qualified, the term
refers to a relay intended to be operated by the opening and closing of its coi
circuit, and having contacts designed for energizing and deenergizing the coils of
magneti c contactors or other nmagnetically operated devices.

6.5.66 Relay, magnetic overload. A magnetic overload relay is an
overcurrent relay in which the electrical contacts are actuated by the
el ectromagnetic force produced by the full or partial |oad current.

6.5.67 Relay, overload. An overload relay is an overcurrent relay which
functions at a predeterm ned val ue of overcurrent to cause di sconnection of the
| oad fromthe power supply. An overload relay is intended to protect the | oad
(for exanple, nmotor armature) of its controller, and does not necessarily protect
itself.

6.5.68 Repeatability. Repeatability is the degree of correspondence
bet ween successive readings of the sane transition when neasured in the sane
manner. |t is expressed as plus or mnus deviations.

6.5.69 Reset. To reset neans to restore a nechanism storage, or device, to
a prescribed state.

6.5.70 Reset, automatic. Automatic reset is a function which operates to
automatically reestablish specific conditions.

6.5.71 Reset, manual. Manual reset is a function which requires a manua
operation to reestablish specific conditions.
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6.5.72 Resistance. Resistance is the (scaler) property of an electric
circuit, or of any body, which may be used as part of an electric circuit.
Resi st ance deternines, for a given current, the rate at which electric energy is
converted into heat or radiant energy, and has a val ue such that the product of
the resistance and the square of the current gives the rate of conversion of
energy. |In general, resistance is a function of the current, but the termis nost
conmonly used in connection with circuits where the resistance is independent of
the current.

6.5.73 Resistance starting. Resistance starting is a form of reduced
vol tage starting enploying resistances which are short-circuited in one or nore
steps to conplete the starting cycle.

6.5.74 Resistant (used as a suffix). Resistant, used as a suffix, means
constructed, protected, or treated so that the apparatus will not be damaged when
subj ected to the specified material or conditions for a specified tine.

6.5.75 Resistor. A resistor is a device used to introduce resistance into
an electric circuit.

6.5.76 Reversing. Reversing is a control function which pernmits changing
operation of the drive fromone direction to the other

6.5.77 Rheostat. A rheostat is an adjustable resistor constructed so that
its resistance may be changed wi thout opening the circuit in which it is
connect ed.

6.5.78 Sensing elenent. Sensing element is a primary neasuring device for
detecting either the absolute or variable pressure or tenperature.

6.5.79 Service of a controller. The service of a controller is the specific
application in which the controller is to be used, for exanple:

(a) GCeneral purpose
(b) Definite purpose.

(1) Crane and hoi st.
(2) Elevator
(3) Machine tool
6.5.80 Starter. A starter is an electric controller for accelerating a
nmotor fromrest to normal speed. A starter is a device designed for starting a

motor in either direction of rotation. |If it includes the additional function of
reversing, it should be designated a controller

6.5.81 Starter, autotransformer. An autotransformer starter is a starter
provided with an autotransforner which furnishes a reduced voltage for starting.
It includes the necessary switching mechanismand is frequently called a
conpensator or autostarter.

6.5.82 Starter, part-winding. A part-winding starter is a starter which
applies voltage successively to the partial; sections of the primary w nding of an
ac notor.

6.5.83 Starter, primary reactor. A primary reactor starter is a starter
whi ch includes a reactor connected in series with the primary w nding of an
i nduction notor to furnish reduced voltage for starting. It includes the
necessary sw tching mechanismfor cutting out the reactor and connecting the notor
to the line
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6.5.84 Starter, primary resistor. A primary resistor starter is a starter
whi ch includes a resistor connected in series with the primary w nding of an
i nduction notor to furnish reduced voltage for starting. It includes the
necessary sw tching mechanismfor cutting out the resistor and connecting the
nmotor to the |ine.

6.5.85 Subnersible. Subnersible nmeans constructed to exclude water when
submerged in water under specified test conditions of pressure and tinme.

6.5.86 Switch. A switch is a device for making, breaking, or changing the
connections in an electric circuit.

6.5.87 Switch, camoperated. A camoperated switch is a switch in which the
el ectrical contacts are opened and closed by a nechanical action of a camor cans.

6.5.88 Switch, control cutout. A control cutout switch is a switch which
interrupts and isolates the control circuit of an electric controller

6.5.89 Switch, control-circuit limt. A control-circuit lint switchis a
[imt switch in which the contacts are connected only into the control circuit.

6.5.90 Switch, drum A drumswitch is a switch in which the electric
contacts are made on segnents or surfaces on the periphery of a rotating cylinder
or sector, or by the operation of a rotating cam

6.5.91 Switch, float. A float switch is a switch which is operated by a
buoyant constituent part and is responsive to the level of liquid.

6.5.92 Switch, limt. Alinmt switch is a switch which is operated by sone
part or notion of a power-driven machine or equiprment to alter the electrica
circuit associated with the nachi ne or equi pnent.

6.5.93 Switch, master (see also push-button). A master switch is a switch
whi ch dom nates the operation of contactors, relays, or other renotely operated
devi ces.

6.5.94 Switch, pressure. A pressure switch is a switch which is operated by
a constituent part and is responsive to fluid (gas or liquid) pressure.

6.5.95 Switch, proximity. A proximty switch is a device which reacts to
the proximty of an actuating neans w t hout physical contact or connection
therewith.

6.5.96 Switch, selector. A selector switch is a manually operated, multi-
position switch for selecting an alternative control circuit.

6.5.97 Switch, tenperature. A tenperature switch is a two-state (on-off)
controller which is responsive to the tenperature of a sensed nedi um

6.5.98 Tenperature, anbient. Anbient tenperature is the tenperature of the
medi um such as air, water, or earth into which the heat of the equipnent is
di ssipated. For self-ventilated equipnment, the anbient tenperature is the average
tenmperature of the air in the i medi ate nei ghborhood of the equipnment. For air-
or gas-cool ed equipnment with forced ventilation or secondary watercooling, the
ambi ent tenperature is taken as that of the in-going air or cooling gas. For
sel f-ventilated enclosed (including oil-inmersed) equi pment considered as a
conplete unit, the anbient tenperature is the average tenperature of the air
out side of the enclosure in the inmmedi ate nei ghborhood of the equi pnent.

6.5.99 Tenperature rise. Tenperature rise refers to the increase in
t emperature above anbient, neasured in °C, that will be reached by a device during
its normal operation.
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6.5.100 Tests, dielectric. Dielectric tests are tests which consist of the
application of a voltage higher than the rated voltage for a specified tine for
t he purpose of determ ning the adequacy agai nst breakdown of insulating materials
and spaci ngs under normal conditions.

6.5.101 Thermal cutout. A thermal cutout is an overcurrent protective
devi ce which contains a heater elenent in addition to and affecting a fusible
menber which opens the circuit.

6.5.102 Thernmal protector (as applied to notors and generators). A thernal
protector is a protective device which is intended for assenbly as an integra
part of the machi ne and which, when properly applied, protects the machi ne agai nst
danger ous overheating due to overload and, in a motor, failure to start.

6.5.103 Tinme delay. Tinme delay neans that a time interval is purposely
i ntroduced in the performance of a function

6.5.104 Transition, closed-circuit. C osed-circuit transition, as applied
to reduced-voltage controllers, including star delta controllers, is a method of
starting in which the power to the notor is not interrupted during the starting
sequence.

6.5.105 Utimate tripping current. Utimate tripping current is the mninmum
val ue of continuously applied current that will cause an overload relay to operate

(trip).

6.5.106 Ventilated. Ventilated neans constructed to provide for the
circul ation of external air through the enclosure to renmove heat, funmes, or
vapors.

6.5.107 Watertight. Watertight neans constructed to exclude water applied
in the formof a hose stream under specified test conditions.

6.5.108 Waveform output. OQutput waveformis the graphical representation
of the output during one pul se interval

6.6 Special information concerning shockproofness. Users of this specifi-
cation who design equi pnent or acquire controllers and associated switching
devi ces should be aware of the extent of shockproofness of equiprment listed on the
Qualified Products List QPL-2212. It is the aimof this specification to provide
equi prent as shockproof as possible for Naval shipboard use; however, due to the
nature of shock, 100 percent shockproofness is not possible in all cases. During
shock, it is possible that the controller output power may be interrupted
nmonentarily. It is also possible that associated sw tching devices may interrupt
the circuit they are part of monmentarily.

6.6.1 Linits on shock testing. Users of this specification who have the
responsi bility for acquisitioning shockproof equipnent for Naval shipboard use are
requested to give careful consideration before requiring additional shock testing,
which will stress the equi pnent and nmay cause unnoticed damage. |f additiona
shock testing is deened essential, then instruction should be issued to require
careful post-shock exam nation by qualified personnel

6.7 Provisioning. Provisioning Technical Docunentation (PTD), spare parts,
and repair parts should be furnished as specified in the contract. Wen ordering
spare parts or repair parts for the equi pnent covered by this specification, the
contract should state that such spare parts and repair parts should neet the sanme
requi rements and quality assurance provisions as the parts used in the manufacture
of the equipnent. Packaging for such parts should also be specified.
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6.8 Subject term(key word) listing.

Control l er, magnetic

Control |l er, manual

Encl osure, controller

Rel ay

Switches, limt, pressure, selector, and tenperature
Transfornmers, ac and dc

6.9 Changes from previous issue. Mrginal notations are not used in this
revision to identify changes with respect to the previous issue due to the extent
of the changes.

Preparing activity:
Navy - SH
(Project 6110-N385)
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APPENDI X A

ENG NEERI NG DRAW NGS TECHNI CAL CONTENT REQUI REMENTS

Al. SCOPE

Al.1 Scope. The appendix details the drawi ng requirenments for contactors
and controllers and associated swi tching devices. This appendix is a nandatory
part of this specification. TH' S APPENDI X | S NOT A MANDATORY PART OF THI S
DOCUMENT AND | S NOT MEANT FOR COWPLI ANCE. THI'S APPENDI X |'S FOR | NFORVATI ON

PURPOSES ONLY.

A2.  APPLI CABLE DOCUMENTS

This section is not applicable to this appendi x.

A3. Drawi ngs. Drawings nmust conformto ML-T-31000. Figure 4 is an exanple

of a draw ng.

Drawi ngs shoul d be prepared by the controller manufacturer and

contain the followi ng mni nrum data, as applicable:

(a)

(b)
(c)

(n)

(0)
(p)

List of material, listing the enclosure and all conponents. Each
conponent shall show the description, quantity, material, material
speci fication, conpany part or catal og nunber, and any suppl emren-
tary descriptive.
List of repair parts, listing name of parts. Each part shall show
pi ece nunber, quantity, and conpany part or catal og number
Qutline of the front and top views of the controller, supplying
di mensi ons and essential details of the enclosure, including the
size and quantity of the nounting bolts required.
Connection and schematic diagrans of the control circuit, including
connections to associated switching devices and other renote
devices. The ladder logic for the PLC shall be included when a
PLC is provided. The rating of all fuses shall be indicated.
Description of operation of the controller
Description of adjustnents which can be made on the equi pment, such
as the range of time for a timng relay.
Tabl e of overload heater or coil catal og nunbers, with full | oad
notor current ranges.
Applicable current transforner data.
Applicabl e voltage and volt-anpere rating of control circuit
transformers.
Tabl e of applicable autotransformer or reactor information,
containing turns, wire size and covering, coil insulation and
i mpregnation and rating of taps.
Tabl e of applicable resistor catal og nunbers with correspondi ng
st ep-by-step and overall resistances, continuous anpere ratings of
each step and identification as to where used.
Appl i cabl e capcitor information, including type (paper or electro-
Iytic) and mcrofarad and vol tage rating.
Applicable rectifier information, including type (selenium or
silicon) and current and voltage rating. For seleniumrectifiers,
the size and number of cells should be indicated.
Descriptive information of the equi pnent which shall include: [list
of exceptions to this specification, rating, duty, type, anbient
tenperature, weight for controller and an unboxed set of repair
parts, degree of enclosure, and shockproofness statenent.
Tabl e of revisions including a brief description of each revision
of the draw ng.
Titl e bl ock.
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A3.1 Shockproofness statenent:

SHOCKPROOFNESS: GRADE A, CLASS 1 OF M L-S-901. SHOCK TESTS HAVE BEEN
PERFORMED ON BASI C MOTOR CONTROLLER TYPES AND SHOCK TESTS ARE PERFORMED
PERI CDI CALLY ON | NDI VI DUAL COVPONENTS. THESE TESTS FORM PART OF A

MONI TORED QA PROGRAM
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APPENDI X B
TECHNI CAL CONTENT REQUI REMENTS FOR CERTI FI CATI ON DATA

Bl. SCOPE

Bl1.1 Scope. The appendix details the certification requirenents for
contactors, controllers and associated switching devices. This appendix is a
mandatory part of the specification. TH S APPENDI X IS NOT A MANDATORY PART OF
THI S DOCUMENT AND | S NOT MEANT FOR COWPLI ANCE. THI'S APPENDI X IS MEANT FOR
| NFORMATI ON ONLY.

B2. APPLI CABLE DOCUMENTS

This section is not applicable to this appendi x.

B3. PROCEDURE

B3.1 Certification information. Certification information should include
the foll ow ng:

(a) Navy contract or Shipbuilder's order and item nunber.

(b) Controller manufacturer's order and item nunber

(c) Master drawi ng nunbers of the controller and all associated
swi t chi ng devi ces.

(d) Catal og nunbers of the controller and all associated switching
devi ces.

(e) Applicable specifications (including issue, amendnent, and date).

(f) Voltage, horsepower, and anpere rating of notor

(g) Drawi ng nunber of nptor and other associated control devices.

(h) Nunber and identification of ships involved.

(i) Application on ship.

(j) Quantity per ship.

(k) List of repair parts (if repair parts are furnished on a per set
basi s) .

(1) Title block.
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10

FIGURE 2. Basic PLC installation envel ope.

NOTE: All dinensions in inches.
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FIGURE 3. Basic PLC npounting footprint.
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