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ABST$AC’T

ThishandbookcontainspolicyandprocedurespertainhgtoSwitchgearand
I&laying.Ithaabeenpreparedastheresultofbasicdesignguidance
developedfromextensivere-eva,luationoffacilities.Itisintendedforuse
byexperiencedarchitectsandengineers.Thecontentscoverelectric
switchgearandrelayingconsiderations,suchassourcesofcriteria@medium-,
Mgh-,andlow-voltagestitchgear,Mstributionequipment,andrelaying
aysteins.
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ImEwoRD

Thismilitaryhandbookhssbeendevelopedfromamevaluationoffacilitiesin
theshoreeatablMiment,frommwveysoftheavailabilityofnewmaterials
smdconstructionmethod~tandfrom#electionofthebestdesign~racticesof
theNavalFacilitiesEmgineeriwCoamand(llAVFACE’NGCO15),otherGovernment
agemcie~,andthepr$vatesector.Xhishandbookwaspreparedusing,tothe
msximumextentfeasible,nationalprofessionalsociety,association,and
imstitmestandards.Deviationsfromthiscriter3a,intheplannimg~
engineerfx,desigm,andconstructionofNavalshorefacilities,cannotbe
madewithoutpriorapprovalofNAVFACENGCOMCode04..
Designcannotremah static anymorethancanthefunctionsit serves orthe
technologiesituses.Accordhgxy, teconmen%ations forimprcwmermare.,
encouragedad shouldbefurnishedtoCoxaandimgOfficer,.MavalFacilities
EngineeringComand,ChesapeakeDivision,Code406,Wamhington17avyYard,
Washingto?k,DC20374;telephone(202)433-3314.

THISHANDBOOKWALLHOTBEUSEDASAREFERENCBDOCUMENTFORPROCUREMENTOF
FACILITIESCtUWI’RUCTIOIV.M’ISTOBEIISEDINTEEPURCHASEOFFACILITIES
ENGINEBRIMGSI.’UX)IESAZ3DDESIGM(FINALPLAt7S,SPECIFICA$IOX!S,ANDCOST
ESTIB?M%S).DOHOTllEFRREIWXXTXl?&lILITAR%ORFEDERALSPECIFICATIONSOR
OIMRRPROCUREMENTDOCUMENTS.
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Section1: SOU3CESOFCRITERIA

1.1 w. ‘JM@handbookpresentsdataandconsiderationsnecessaryfor
theproperselectionof low,medium-andhigh-voltageswitchgear,distribution
eqmipmentfiandrelaysystemsforcontrolandprotectionofelectricpower
d5atribwtion.

1.2 -latiou. ThishandbookcancelsandsupersedesMAVFACDM-4.3,
andRe- ,datedDecember1979.

1
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Section 2: MEDIUFlANO HIGH-VOLTAGE SWITCHGEAR

2.1 ~s. Table 1 indicates the pri~arY
distribution and transmission voltages comonly used. Standard voltages shown
without parentheses are preferred.

Range

Medium

High

Table 1
Nominal Voltage Classesl

Standard \A ssociated nonstandard
nominal s stem volts es~

~ 2 kv and under (in kv)
(2.4) 2.2, 2.3

(4.16Y/2.4)
4.16 I 4.
(4.8)

I
4i6

(6.9) 6,6, 7,2
15-kV class (in kV)

(8.32Y/4.8) 11, 11,5
12Y/6.93
12.47Y/7.2
13.2Y/7.62

(13,8Y/7.970)
13.8 14.4

~
(20.78Y/12. )
(22.86Y/13.2) I

(23.)
24,94 Y/14,4 I

~
34,5Y/19.92

(34,5) I
33

~

(;:; 2)2

115
.562
110-120

138
(161)

132
1<A

I ..-
230 220 I

lTZIiStable abstracted from Institute of Electrical and Electronics Engineers,
Inc. (IEEE), IEEE 141, ~
~, ,
2&nerican National Standarda Institute (ANSI), ANSI C84.1, vOltaK~
for Electric Power Systems a d auiDment (60 Hz>, identifies these voltages as
~ IEEE 141 identifies these voltages as
medium volta8e.

.)

2

“:)
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(‘,.

2.2 Cu$t,_ nt~~t~ Devic~.Powerfusesincoxtjunctionwith
load-breakawitdhesprovideaneconomicalmeansforcircuitandequipment
protectionandisolation.Cwrremt-limitingprotectorsandpower-assisted
fusesshallbeusedtoreducepeakfaultcurrentfo~olderelectricalsystems.
Circwitbreakersshallbeusedwhereincreasedflexibilityisrequiredfor
equipmentoperationandpromptrestorationofservice.lieelofwmand
sectionalizesprovideameansofmaintainhgcircuitreliabilityaftera
faultoccurs.Forthisreason,they&hallbeusedonlywhenthecircuit
requiresreliability.Themaximuminterruptfn,gratingsadviaedforpower
fusesareindicatedimTable2.

Table2
MsximumInterruptingDutyforPowerFuses
RatingsofExpulsion-TypePowerFuses

—
Maximum Three-Phase

Y3a.%immColltixnlouaSymmetricalInterrupting
NominalRating Current Rating

7.2
14.4
23
34.5
46
69
115
138

100,200,300,400
100,200,300,400
100,200,300,400
100,200,300,400
100,200,300,400
10Q,200,300,400
100,200,
100,200,

* 162
406
785

1,174
1,988
2,350
3,110
2,980

RatingsofCurrent-bkithgPowerFuses

FhximumThree-phase
MaximumContinuous SymmetricalInterrupting

I?ominalRating Current Rating
(k)v (h) (?IV)A

2.4 100,200,450 155-210
2.4/4.16Y 450 360

4.8 100,200,300,400 310
7.2 100,200 620
14.4 50,100,175,200 780-2,950
23 50,300 750-1,74’0
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Table 2 (Continued)
Maximnm Intermpting Duty for Power Fuses

Ratings of Solid-Material Boric-Acid Power Fuses

Maximum Three-Phase
Meximum Continuous Symmetrical Interrupting

ominal Rating Current
kV

Rating
A~

2.4 200, 400, 720 155
4.16 200, 400, 720 27o
7.2 200, 400, 720 325

14.4 200, 400, 720
23

620
200, 300 750

34.5 100, 200, 300 2,000
46 100, 200, 300
69

2,000
100, 200, 300

115
2,000

100, 250
138

2,000
100. 250 2.QOo

2.2.1 Circuit Breakers. In the selection of circuit breakers, ratings
conforming to ANSI C37.06, Preferred Ratings and Related Reauired Capabilities
~ etr Cal Current Basis. and
IEEE C37.04, &S%S ican National Standard Rat Structure for AC iizh-Volta~
~ etrical Current Basis, shall be implemented.

2.2.1.1 Voltaxe Rating. The voltage rating will be determined in term of
three-phase, line-to-line voltage:

S) Maximum nominal system voltage for which the breaker is
intended, and

b) Maximum operating voltage at which the breaker will be used,
taking into consideration line voltage regulation, machine overexcitation and
overspeed, and shunt capacitance.

2.2.1.2 Insulation Level Rated Impulse Withstand Voltage. Referring to IEEE
C37.04, the impulse strength of the bredcer must be coordinated with the surge
protection of the system as follows:

a) Across breaker contacts, and
b) Between breaker contacts and ground. No increase shall be

indicated in surge voltage as a result of voltage reflection.

2.2.1.3 Frequency. For a frequency of 60 Hz, compare the calculated ratings
with standard ratings. For other frequencies, check with the manufacturer(s).

2.2.1.4 Continuous Current. Calculate the maximum current flow through the
breaker by computing the current flow under normal and contingency conditions,
Provide for future load growth, if required.

)

)
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2.2.1.5~terrw Dutv, Toselecttheproperinterruptingdutyusing
IEEEC37.010,ucati nGuideo forAC- -VoltafleCircUitBreakersRatedon
asvmmetricaXwrrentas~ itisnecessarytoperformacompletefault
analysistodeterminether~quiredinterruptingdutyofthecircuitbreaker
undernormalandconti~encyconditions.Usethecr~teriainWestinghouse,
$Iectr%callka~d Di,s~atiomRefwe BOo1$#andthefollowi~:

a) Provideforafutwresystemdesignthatmightmateriallyaffect
theinterruptingdutyofthecircuitbreaker..Circuitbreakersareratedona
symmetricalbasisratherthanonanasymmetrical(totalcurrent)basis,and.applicationshallfollowrequirementsofXEllEC37.010,andIEEEC37.011~

cationGuideforZra v v -Volta
JlreakersRatedona~-1 ‘?=~uah

fieCircuit
.

b) Iftheoperatingvoltageofthecircuitdiffersfromtherated
voltageofthecircuitbreaker,correctthefinalvaluestocorrespondwith
theratedvalues~iveninthemanufacturer’saircwitbreakerratingtables;

c) Determinetheasymmetricalrequirementsbasedonthebreaker
contactpartingtime;and

d) Determinetheactualoperatingdutyandinterruptiontimeofthe
breakerfromtherelaysettingcalculations(refertoSection4).

2.2.1.6b~titwdeCorrectiO?J.Correctionforvoltageandcurrentratingsare
requiredforaltitudesabove3,300ft(19000m).UseIEEEC37.20,Swicchaear
~sed BuQ,andI$ationalElectricalWmufactu,rers
Association(IWMA),mm SG-4,~e’nt HiEh-VoltastePowerCircuit
M ealterg,forcorrectionfactora.

2.2.1.7 emtT~ ● Circuitbreakersinenvironmentswithambient
temperatureshigherthan+104°F (40°C)orlowerthan-22”F (-30°C)shall
bederatedinconformancewithIEEEC37.030.

2.2.1.8~. Breakerselectionwillbeconductedusingthe
followingcriteria:

a) ~j. Theevaluationofthevoltagerating,
irisulationwithstandvoltagerating,frequemcyrcontinuouscurrent,and
interruptingdutyprovidestherequiredratingofthecircuitbreaker.For
thefinalselection,selectcircuitbreakersthat meettherequiredratingat
thelowestoriginalandmaintenancecostandatthelowestfirehazardcost.

b) ~. RefertoTable3forcircuitbreaker
characteristics.

I
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Table 3
Characteristics of Circuit

Medium
(1.5 kV to 34.5 kV)

Medium and high
(above 34.5 kV)

Breakers
)

Application

1.5 through 15.O-kV up to 1,000-MVA interrupting
duty . Vacuum circuit breakers shall be used.
Provide suitable enclosure. Consider use of
overhead/outdoor/open style sublswitch station.
Consider use of sulphur hexafluoride (SF,5)and
mineral oil circuit breakers.

15.0 through 34.5-kV up to 2,500-MVA interrupting
duty. Allow use of vacuum circuit breakers where
they provide adequate interrupting duty. Permit
use of air blast (compressed-air type), sulphur
hexsfluoride (SF6), and mineral oil or oil circuit
breskers as a contractor’s option. Use oil
circuit breskers where adverse atmospheric
~

use oil circuit breakers, grounded metal-tsnk tYPe
with pneumatic operating mechanisms. For voltages
of 115 kV and above, permit use of sulphur
hcxafluoride (SF6) or mineral oil-operated types
~

2.2.2 Reclosers and Sectionalizes

2.2.2.1 ADlrlicatiOn. Automatic reclosing shall be used for aystsm
configurations such as overhead lines serving residential or commercial loads.
With other system configurations, reclosing may cause problems. Select the
location where these reclosers are to be installed, giving due consideration to
the line to be protected. The location shall be limited to a value where the
current, for a fault at the remote end of the line to be protected, is equal to
at least 1-1/2 times the minimum trip of the recloaer. The minimum trip value
of a recloser is usually about twice the coil rating (refer to Standard
H~ ers, Donald G. Fink end E. Wayne Beaty. Uee
subsection entitled OverCurrent Protection). Coordinate the reeloser with the
existing protection equipment by comparing the recloser times with the current
time curves of the sxisting equipment. Select the automatic recloaer to be
used by following essentially the ssme procedure outlined for e circuit bresker.

2.2.2.2 i+~. Determine whether the relay protection at the
substation will operate for faults at the rsmote ends of the feeder. Check
whether successful reclosure 1s probable in the event of a tripout. On bare

overhead lines, the probability of a reclosure is good; on underground or
aerial cable, the probability is not as good. Investigate the problsms that
may occur with existing protection (fuses, relays, and medinm-voltage taps).

)
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2.2.2.3~. Fortiefeedersystems,applythesamefactors
asdescribedfortheradialfeedersystem(refertopara.2.2.3.1).Determine
whetheritwouldbedesirabletoinsertreclomers%mthemainrunbetween
substationswhenthetotalcircuitloadcanbemppl%edfromeither
substation.Thecircwitsfromeachsubstationmathavethesame~ae
rotation.Thecircuitbreakersfeedingfromeachmbatathrimatcoordinate
withtherecloaer.‘

2.2.3 ~ower- Powerfusesshallbeuwlwherethesystem
configuration(referLOparaa.2.2.3.1and2.2.3.2)&tdicatesthatitwouldhe
advantageous.Donotusepowerfusesforc~rcuitareqmiringreclosd.mg.

2.2.3.1 FeederSvstERJ. Determinewhetherrelayprotectionisneeded,
in additiontofuses,toprovideforfaultobothatthesubstationandatthe
remoteendsofthefeeder.IfrelayprotectionIsprovided,itwillbe
necessarytousecircuitbreakers.Checkthetypeofloadcmthefeederto
determineifisolationresulti~frumablownfusewouldcausedamageto
utilizationequipment,Buchasoinglephasingofthethree-phaseequipmentQr
relativelylongoutagetime.Ifitisdeterminedthattheuseoffuseswould
resultindamagetoutilizationequipmemt,useeithercircuitbreakersor
fusesincombinationwithphase-lossprotectionontheequ~pmanttoprovide
protectionforthatequipment.Investigatetheprobkmathat my occurwith
existingprotection.

2.2.3.2He FeederSmt~. DonotinstallfusesAmthemainmm offeeders
interconnectingtwosubstations.Fusesmaybeimstalledonspursoftie
feeders.Wheretheinstallationoffusesisdeairabletthefuselocation,
rating,andcoordinationneedtobedetermined(referto ardHandbookfog

,,~, DonaldG.Finkandl?.WaymeBeaty).Specifyafuseof
therequiredratiwandselectafusefromthesebasfctypes:opem-fusible
link,expulsion,boricacid,andcurrantlimiting.Selectivityorcoordination
shallbeconsideredindeterminingfuseselect$on.

2.2.4 &oad-Brc~Sit-w Factorsnecessarytotheselectionof
Ioad-breskswitchesareduty,”rati.ngandoperation.

2.2.4.1-. Typesofcurrenttobeinterruptedare,for=@!Mple,
capacitive,magnetizing,andload(resistiveant$inductive).

2.2.4.2l??m. Switchratingwithrespecttovoltage,continuouscurrent,
frequency.andinsulationlevelasoutlinedforclrc~i~b=@=~in
par~.2.2~1ofthissection.

2.2.4.3~. E~ectr~~alversus

2.2.4.4~. Load-bre~
inmanFdifferentmechanicaldesignsto

manual.

orinterrupterswitchesareavailable
providearc-breakingcapacity.

Oesigmsincludethe“amp-open”typewithasmallmeasureofinterrupthg
ability,the“puffer”or“de-ion”andtheoil-insulatedtypesforgreater
$nterruptiwability,andthe“SP~”or“vacuum”typesforInterruptionof
high-voltagecircuits.Cautionmustbeexercisedinselectin$oilswitchesto
ensurethattheshort-circuitdutyIsadequate.

I
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2.2.4.5 ~ounting. Select load-brake evitches from types suitable for pole
mounting, ground mounting, or those provided in a switchgear lineup. Except
where oil is more suitable, use only nonoil type. Transmission SYStem
volteges may require the use of bus end switch structure-mounted types.

2.3 ~ D vices. The location of circuit-isolating
devices depends on the eyatem configuration.

2.3.1 Locations. Factors to be considered with respect to advantageous
locations stated in paras. 2.3.1.1 and 2.3.1.2.

2.3.1.1 s~ . Provide for isolation of faulted sections of a
feeder so that service may be restored to the unfaulted sections of the feeder.

2.3.1.2 m~ . Provide for isolation of equipment from the rest of
the system so that periodic maintenance on this equipment may be Derformed
safely with as little associated equipment out of service aa possible.

2.3.2 RatiM. The isolating devices are not intended to break load;
however, their rating must be determined with respect to voltage, insulation
level, frequency, centinuous current, and fault current.

2.3.3 m. The type of isolating device to be used may be disconnect
switches or disconnecting links.

2.3.4 ~n. Select the actual switch or fuse link to be used by
reviewing the appropriate manufacturers’ catalogs and choosing a unit that
meets the required rating.

2.4 Protection Devices. The extent of surge study and traveling wave
data required will depend on the complexity and size of the system. tiormally,
this data is only required for systems of 20-Megavolt Amperes (MV,4)or
larger, A computer study may be necessary for systems of that magnitude or
for those with two or more sources of power and complex interconnecting
lines. Short extensions to existing systems shall usually be based on data
already compiled.

2.4.1 Surge Study. The selection of protective devices shall be made
after investigating the determining factors affected by lightning end switching
.wrgea. Use criteria in ANSI C62.2, Guide for the ADDlication of Valve-Tvne
~s; IEEE 399, R~ed Practice for
~; and Westinghouse, Electrical
r~ . Factors that must be considered
are described in paras. 2.4.1.1 through 2.4.1.7.

2.4.1.1 Svstem Configuration. Include the effect of multiple transfomners,
lines, and circuit breakers and the effect of electrostatic and electromagnetic
coupling between circuits where available and economically feasible.

“)

‘)

2.4.1.2 Atmospheric Conditions. Temperature, pressure, and humidity ehall
be considered in choosing the type of protective device to be used.

I
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2.4.1.3~lse Uulat@tLev~● Determinethebasicimpulse
insulationlevelofsystemequipmentaswellasthatoftheprotective
equipmentinuse.

~*4*~.4~. Systemgroundingincludestheisolated,
neutral,andeffectivelygroundedtypes(refertoNavalFacilitiesEngineering
Command,MAVFAClM1-4.01,~. Pre-arv ResiEn
~ons~erationsDe~ual ,andIEEE142,BecomdetiPracticeforGroundiu

dCo-al Pom Smtw m% forsyt+temsgroumdingcriteria).

2.4.1.5~. Stationshielding5.sdeterminedbythenumberof
growndwires,groundmatorcounterpoisedetails,towerfootingresistance,
locationofsurgearrestersandaaaociatedprotectiveequipment(referto
IREI?80,SuideforSafetvinSubstq&.$onGrow ,andIEEE81,@idefm
k$ea~r@f@4x&h~e~ a otencalsof
~) ●

2.4.1.6m-emvolt- Someofthefactorsaffectingtheselectionof
protectivedevicesinclu~~normalvolta~e,ratedvoltageforcontinuous
operation,andJMximumvoltagethatthesysteminsulationmustwithstand.

2.4.1.7~.
ofsystemagainstIightnfng

2.4.2 Xrave-WaveQ.
wavesthat mayoccuronthe
proceduresaredescribedin

2.4.z.1~g
locationsonthesystem.

Ascertaintheperformanceelsetihereofthistype
andswitchingSurge@*

Determinethemagnitudesandshapesoftravellng
systemasaresuXtofa8urgeimpulse.The
paraa.2.4.2.1thro~h2.4.2.5ofthissection.

Computethevaluesofsurgeimpedanceatstrategic

2.4.2.2 Ctioll actionConstanta. Calculatethereflectionand
refractionconstantsatthejunctionsofe~uipmenthavingdifferentsurge
impedancevalues.

2.4.2.3~ Resist&l&g.Determinetheattenuationoftheequipment
xesiatamceonatravelingwave.

2.4.2.4l!@tura~~rea~en=. Determinethenaturalfrequencyatwhichthe
travelingwavewillpropagate.

2.4.2.5batticeRetWork. Withtheaforementionedinformation,constructa
latticenetworkandcomputethevaluesofvoltageatthevarioussurgeimpulse.
poixktaonthesystem.Anexampleofalatticenetwork%sgiveninthe
Westinghouse,

2.4.3 ~ Select%-.Selectequipmentwithrespecttothe
advantagesandlimitationsofthedifferenttypesthatmaybeusedtoprotect
theoystemfromsurges.Thecharacteristicsoftheselectedequipmentmustbe
relatedtoprotectivelevel,tolerances,oneratinglife,andeffectsonsystem
relayingandfuses.

9
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2.4.3.1 Arresters. Arresters are the preferred method of surge protection.
(Refer to NAVFAC DM-4.02, Electrical En i eerin~,
for characteristics and applications of arresters.)

2.4.3.2 GiZrE. Characteristics of rod and sphere types of protective gaps
are that they:

a) not be capable of interrupting power flow current,
b) are relatively large,
c) are affected by surrounding bodies and weather, and
d) have large tolerance in withstand-time curve.

2.4.4 Coordination. The insulation level of the protective equipment must
be coordinated with the insulation level of the system equipment. Refer to
IEEE 142 and perform the following:

a) ~. Establish a protective voltage level
to correlate with the system voltage level at which protective equipment
as surge arresters) is expected to operate.

b) Level of Insulation of Svstem. Determine the level of
insulation of the system equipment.

c) Atm s he~. Check the effect of atmospheric
conditions on the flashover characteristics of the equipment insulation.

d) Arrester Separation. Determine the effect of arrester
separation from the equipment to be protected. This separation shall be
to a minimum.

e) Volt-Time Withstand Characteristics. Compare volt-time
withstand characteristics of the system equipment insulation with the
volt-time withstand characteristics of the protective equipment.

f) Marain Between Levels. Determine the margin between the
Protective Voltage levels and equipment withstand voltage.

(such

kept )

“)
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Section3: LOW-VOLTAGESWITCEGEABMD DISTBXNJTIOREQUXPMERT

3.1 erruDt*llevic~.Specffylow-voltaaeequipmenttomeet
atmosphericconditionsorclimaticrequirements.

3.1.1 -it Breake~.CircuitbreakersarepreferredSfrtcetheycannot
singlephase,donotrequirefusereplacementsandaremoredifficultto
modifyforcarryingcurrentsgreaterthanoriginally%ntended.Circuit
breakersratherthanfusibleswitchesshallbeusedforcircuitprotection,
exceptforspecialapplications,suchascriticaltechnicalloadpanelboards
(refertoNAVPACDM-4.01).Intheselectionofcircuitbreakers,referto
paras.3.1.1.1through3.1.1.5.

3.1.1.1VoltaneEatb. Determinethemaximumoperatingvoltageatwhich
thebreakerwillbeused.

3.1.1.2~eaue~. Determinethebreakerratingatthefrequencytowhich
itwillbeapplied.StandardfrequencyIS60Hz.Whenusedforother
frequencies,suchas50or400Hz.,themanufacturershallbeconsultedfora
deratingfactor.Mostmanufacturersdonotderatewhenfrequenciesareat
50Hz.

3.1.1.3JTontinuousCurrent● Computethemaximumcontinuouscurrentflow
throughthebreakerfornormalandcontingencyconditions.Alsoconsider
provisionsforfutureloadgrowth,whererequired.

3*~.~*4~. A completefaultanalysismaybenecessaryto
selectthepropercircuitbreakerinterruptingdutyundernormaland
contingencyconditions.UsecriteriainIEEE242, endedPracticefox

Qf~d Co~ PoerSmtWw ,and
IEEE341.Incaseswherethereisleasthan25-percemtmotorload,fault
currentcalculationsbythesimplifiedgraphicmethod(refertoAppendixA)
aresufficientlyaccurate.Determineifprovisionsforfuturesystemdesign
willaffecttheinterruptingdutyofthecircuitbreaker.Cascadingisnot
permitted,exceptascoveredinSection4ofthishandbook.MAVPACcomputer
Pro#WmsavailableforcalculatingfaultcurrentsincludeComputer-Assisted
PowerSystemEngineering(cAPSE)andVICTOB.

3.1.1.5BreakerSelection. Ofthebreakersdescribedina)throughe),
specifybreakersoftherequiredratingwithdueconsiderationofinitial
cost,maintenance,andsimilaritems (refertoNAVFACN&4.02):

a)Welded-Ca=circui~~r-~eu● Molded-casecircuitbreakers
shallbeusedfornormaldutyonly.Thistypeofcircuitbreakerisgenerally
equippedwithnoninterchangeable-thermalandadjustable-magneticor
solid-statetripelements.Interchangeabletrigelementsareavailablefor
c%rcuitbreaRemofmorethan225A.framesize.Current-limithgbreakersare
availableinmosrsizes.Molded-casecircuitbreakersaresuitablefor
mountingInpanelboardsandswitchboards.Deratethermaltrippingsetting~
dependingonambienttemperature(refertoNEMAA&l,MoldedCaseC~SGUit
Breaer~k ~andNationalFireProtectionAssociation(NFPA),llFPA-70,ona~
lectricalCod?,)*

11
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b) h te~rallv Fused Moldcd-Case CirCuir.Breaker. Integrally fused,
molded-case circuit breskers shall be used to protect small loads connected to
systems with high available short-circuit currents. Various current-limiting
fuses are available.

c) ,Fower Circuit Breekers. Power circuit breakers shall be used in
accordance with IEEE 242. For low-voltage AC pover circuit breakers used in
enclosures, refer to the application guide in IEEE C37.13, Low-Voltaze AC
power Circuit Breakers Used in Enclosures.

d) Current-Limitin~ Circuit Breakers. Current-limiting CirCuit
breckera are used in lieu of current-limiting fuses only where economically
feasible. Current-limiting circuit breakers are defined in Underwriters
Laboratories Inc. (UL), UL 489, Molded-Case Circuit Breakera and Circuit
Breaker Enclosures.

e) hsulated-Case Circuit Breakers. Insulated-case circuit
breakers shall be used to the maximum sxtent feasible in lieu of more
expensive open-type air circuit breakers. Insulated-case circuit breakers
shall conform to 2?AVYACENGCOM Guide Specification (NFGS) NFGS-16335,
Transformers. Substations and Switchzear. i rExter o ; NFGS-16462, Pad-PIounted
~ kVA to kVAl ; NFGS-16465, Inter~; or
NFGS-16475 , ~ Low-Voltai!e, as applicable.

3.1.2 Switches. Generally, use switches only where necessary for
isolation purposes. Switches for Heating, Ventilating, and Air-Conditioning
(HVAC) aystams must be installed in conformance with NFPA-70.

3.1.2.1 Enclosures. Select enclosures of electrical equipment according to
NEMA-type designation to ensure safe snd reliable operation for the applicable
axtemal conditions (refer to NEMA ICS6 Series, E~ ndustrial
Controle and Systems).

3.1.2.2 s~ Duty . Switch equipment duty is defined by NEMA KS–1,
Enclo9ed Switches. Use general-duty equipment for nonessential applications
and where equipment ia subject to infrequent operation. General duty
equipment is intended for use on circuits of 24o V or leas; therefore,
heavy-duty equipment is required for higher voltagea. Use heavy-duty
equipment for industrial application where reliability and continuity of
service are prime factors and where equipment is subject to frequent
operation. It is intended for use on circuits of 600 V or less and where
available fault currents of more than 10,000 cmperes are likely to be
encountered.

3.1.2.3 S&Eing. To determine ratings, follow the basic procedure outlined
for circuit breakers in para. 3.1.1. Motor disconnect switches shall have an

amPere rati~ of at least 115 percent of the full-load current rating of the
motor to meet the requirements of NFFA-70; however, 125-percent capacity is
not considered axcessive.

3.1.2.4 J’usible Switches. Fusible switches combine isolation with

protection of a particular component of the circuit.

.?

)

12

Downloaded from http://www.everyspec.com



I

I

, (

I
) (’

I

3.1.2.5SE@.?AW
(refertoHFPA-70and

MxL-EDBK-loo4/3

Spec3fya switchoftheappropriateratingandenclosure
NEMAKS-1)and@electfromthefollowing:

a] Safety(disconnect)switchescanbefusedornon,fuaedunits
operableupto600voltsand1,200amperesofmaximumcontinuouscurrentand
arenormallywedformotorisolationorprotection.

b} Otherswitchessuchasheavy-dutyswitchesoperableupto600
voltsand1,200amperesofcontinuouscurrentandload-breakpressureswitches
operableupto600voltsand5,000amperesofcontinuouscurrentshallonlybe
usedforapplicationwherecircuitbreakersarenotappropriate.

3.1.2.6 Swi&cheQ● Automatictransfer(andbypass/isolation)
switchesshallconformtoNFGS-16262,tic~r (and~Is olation)
&t@@i*

3.1.3 ~EuS.Generallyfuse@willbeusedonlywhenrequiredtoprovide
adequateinterruptingdutyforshort-circuitconditions.

3.1.3.1w. Determinetherathgoffusesbasedonwoltase,
current-car~ingcapacity?andinterruptingrequirements.Takeinto
considerationmotor-startingandotherformsof%nrushcurrent.

3.1.3.2Goordin@jzn. Fusesshallbecoordinatedwithallothercircuit
protectiveequipmentthatoperateainserieswiththeminthesystem.Usethe
time-currentcurvesofdevices.

3.1.3.3selection.Specifyasetoffusesofthecalcu~atedrating;select
fusesfromTable4. The10,00Munpereinterruptingcapacityshallonlybe
usedforcriticaltechnical-loadpanelboardswherecircmitbreakersarenot
permitted.Higherinterruptingcapacitiesarewsuallyusedinconjunction
withcircuitbreakero.

3.1.4 protection. Protectiondevicessha~lbeselectivelycoordinatedto
providemaximumsystemreliabiMty.

3.1.4.1service-~ceProtectiQ. Service-entranceprotectionshall
consistofanonautomaticloadinterrupterwithacurrentlimiterforservices
withMg,havailableshort-circuitcurrents.

3.1.4.2&?tworRFratectalx?. Usenetworkprotectorstopreventdamagein
networktransformers.Specf,fyassociatedreverse-currentrelayswhichare
suffkiemtlysensitivetotripthemminbreakerupon.lossoftransformer
magmeti’zhgcurrent(refertoMEMASG3~Low-VoltaffePowerCircUit13reakers,
andSection4ofthishandbook),

(
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Table 4
Fuse Selection )

I

I

Meximum
Type continuous current Interrupting capacity

Smperes smperes

Single element ......... 600 10,000
Dual element:
Low interrupting

capacity ............ 600 10,000
High interrupting

capacity ............ 600 100,000
Current limiting. ...... 600 200,000
Current limiting. ....... 6.OO0 200.000

3.1.4.3 Low-Voltage Ground-Fault Protection. NFPA-70 requires ground-fault
protection at the service disconnecting means for circuits rated 1,000 smperes
or more and for circuits having a voltage-to-ground in excess of 150 volts.
Where such protection is required, current transformers connected in residual
or a zero sequence current transformer shall be applied as shown in Figure 1.
The use of a single current transformer on the grounding electrode conductor
is not acceptable because grounding of the service transformer provides a
second point of ground-fault current which is not sensed when this system is
used.

3.1.4.4 Suree Protection. Provide arresters snd metal-oxide varistors ss
required by the equipment being protected (refer to NAVPAC DM-4 .02 snd
MIL-HDBK-419, Grounding. BondinR. snd Shieldiru? fOr Electronic EaUiDMentS snd
Facilities) .

3.2 GrouDed Devices. Switchboards, power distribution psnelboards, and
branch-circuit panelboards are included snd shall be provided spare capacity
for normal load growth.

3.2.1 ~. Place switchboards as close as possible to the center
of the load to be served. Select utility areas end avoid locations near
heat-dissipating equipment.

3.2.1.1 Clearances. Follow the procedure outlined for indoor unit
substations in NAVFAC DM-4.02 and NFPA-70.

3.2.1.2 Spare Capacity. Provide 25-percent additional spare smpty
compartments for future circuit-interrupting devices , only where the nature of
the project indicates the necessity, and 25-percent spare bus capacity.

I 14
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I (.
3.2.2 @ e~~ist~i~~tionPa?alMM@Sw Ingeneral,panelboardsserving
three-phasemotorsandpowereqwipment~hallbeofthecircuitbreakertype.

3.2.2.1.&tOUIL~. Usewall-mountedpanelboardswherepossible;otherwise,
adopta freestandingtype.

3.2.2.2~ocation.Placethepoweranddi~tr$butionpanelboardasnearas
possibletothecenteroftheload,

15
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( 3.2.2.3L.bLW&m.Inestablishingdesignlimitations,considerthe
maxfmumheightof theupperbreaker,themaximumnumberofbreakersinone
panelboard,themaximumcapacityofthelugs,andthemaximumcapacityofthe
mains.Hormally,panelboardswithmorethan twolugsperphaseshallnotbe
used.Wheremorethan1,200-amperemainsareused,switchboardconstruction
shallbeprovided.

3.2.2.4spareCaDacity.A sparebuscapacityof25-percentshallbe
provided,20-percentsparecircuitbreakers,andS-percentspareemptyspaces
asaminimum.

.

I

3.2.3 #ran”h~ircaitp-boa- ● Branchprotectivedevicesin
panelboardsshallbecircuitbre~erounlessfusesarerequiredbecauseof
availablefaultcurrentsorlimitationsoncriticalloadoutagetimes.
Considerthedifficultyofstockingfusesatremoteinstallations.

3.2.3.1LocationPanelboardsshallbelocatedasnearaspossibletothe
centeroftheload:Forpanelboardsservingonetypeofload,sacrificeease
ofaccessibilitywhenlarge-scaleeconomyofbranchcircuitsispossible.
However,donotprovideaninstallationwhichwouldnecessitatea
recormaisancemissiontolocatethepanelboard.

3.2.3.2E!inGircui~Bre~er,. Maimcircuitbreakersshallbeusedfor
isolationp&roesandforshort-circuitprotection(refertolQFPA-70).Main
circuitbreakersmustbeILlistedasswitableforservice-entranceuse.I

( 9.2.3.3kh&WiQW=Limitationsshallbethesameasthoseforpower
distributionpanelboards.

g.z.~.~ WUQWUUYOXhesparecapacityshallbethesameasthatfor~ powerdistributionpanelboards.

3’.3 ~. Buswaysshallbeusedtocarrylargecurrentloadsthrough
minimumphysicalepaceandforsystemflexibility(refertoMEMABU-lS

I ~us~av~,andUL@57,~C EUSwws )*

3.3.1 -. Theratingsofbwawaysshallbeusedonmaxlmumcurrent
undernormalardcontingencyconditions.

3.3.2 &J&Y.Deteminem~ima~etrical short-circuitcurrentavailable
attheconnecti~pointofthebusduct.SRec2fybracingtowithstand
mechanical.stressesproducedbywtmhcurrent.

3.3.3 VoltemeDrm. VoltagedropsshaUnotexceedthelimitsimposedby
MPPA-70.

3.3.4.1FeeerBusd way.Feederbuswaysshallbeuaecltosupplyheavyloads
topanelboards,withminimumlossesandVolt@$edrops.Specifylow-impedance
buswaya.
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3.3.4.2 High-ImDedance Buswav. High-impedance busways can be used to reduce
short-circuit duty of switchboard equipment connected at the busway load end,
but such use is not recommended because of energy losses; current-limiting
fuses or circuit breakers with higher interrupting duties shall be used
instead.

3.3.4.3 Plux-In Busway. Plug-in busways shall be used for multiple tapping
and for system flexibility.

3.3.4.4 Hij?h-Freauency Busway. High-frequency busways shall be used where
the system frequency is 180 Hz and above.

3.3.4.5 Trolley Duct. Trolley ducts shall be used for supply of overhead
cranes, hoists, and moving loads in general and for industrial lighting.

3.4 S ste~. System corrective equipment includes
voltage regulators and capacitors. This equipment shall comply with the
criteria in paras. 3.4.1 and 3.4.20,

3.4.1 VOltaCe~. Voltsge regulators shall be used to maintain a
constant load voltage from the available source or a constsnt utilization
voltage with a variable load on a weak source of supply (refer to ANSI C57
Series, Transformers) . The regulator kVA can be calculated by multiplying the
line current by the rsted range of regulation in kilovolts or by multiplying
the line current times the line kilovolts times the per unit regulation
(percent regulation in decimsl equivalent). When using .Ingle-phase
regulators to serve three-phese loads, provide regulators connected in a
grounded wye, ungrounded delta, or ungrounded open-delta configuration.

3.4.2 Power Factor. Capacitors shall be used to correct the 10V power
factor in accordance with DOD 4270.l-M, Construction Criteria Manual. An
overall load power factor of not less than 90 percent shall be achieved. When
power factor correction capacitors have been installed and the calculated
power factor exceeds 95 percent, switched capacitor banks shall be used to
prevent overvoltage during off-pesk hours. Capacitors on inductive loads
shall be provided as near to the loads as is practical. Capacitor for large
inductive loads shall be switches that are simultaneous with the load.
Install capacitors close to the loads to reduce reactive current through
feeders, improve voltage regulation, and reduce losses (refer to Standar4
Handbook for Electrical Engineers, Donald G. Fink and H. Wayne Beaty,
subsection entitled Power Capacitors and subsection entitled Application of
Capacitor) .

.-

3.5 Current-Convertin~ EauiDment. If rectifiers are to be used,
determine the rectifier duty and select from the types described in
paras. 3.5.1 through 3.5.4.

3.5.1 ~ d Rectifiers. Silicon-Controlled Rectifiers
or thyristors,shall be used where high efficiency and accurate voltage
are required. This type is suitable for practically all load r.sngea.

(SCRS)
:ontrol

)

)
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( 3.5.2 Grid-Co~ercw=-A@ llect~ . Whereaccuratevoltage
controlIsrequired,grid-controlledrectifiersshallbeusedthatarecapable
ofcarryingmediumtoheavyloads.

3.5.3’l!leta~$ecti&i&r&. Metallicrectifiers@hallbeusedforsmall
loads,batterycharging,andsimilarpurposes.

3.5.4 ~otat~Ea~. Eotatingequipmentit!theleasteffic$emt
I methodofrectifying.!fheuseoflargeflywheelsonrotatingequipmentto
I supplygreateramoumtaofenergyforthortpertodaoftimeisnotpermitted.
I 3.6 ~ete-. Allbuildingservice-entranceequipment,auChasmain

1“
distributionswitchboardsormaimdiatr~butionpanelboards,shallbeequipped
withavoltmeter,ammeter,&Wmeter~kVAEorpowerfactormeter,andWh meter
withpetlkdemandregisterandpulsegeneratorforfutureconnectiontoenergy
monitoringandcontrolsystems.

I
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Section 4: RELAYING

4.1 ~. The purpose of relaying is to remove faulted circuits
from a system as quickly as possible by operating circuit breakers.
Considerations as to appropriate operation must tske into account system
stability, possible apparatus damage, continuity of supply to other portions

of the system, and rapid reestablishment of service. Time for relay operation
would ideally be instantaneous; however , since coordination with other
protective zones is required, such selectivity requires some sacrifice of
speed. Protective relaying schemes shall be aa simple as is compatible with
satisfactory operation of equipment. Unless otherwise indicated, protective
relaying is to be provided only for high- or medium-voltage systems. For
further details, consult Westinghouse, ADD1ied Protective Relaving; The Art
~. , C. Russell Mason; and IEEE 242.

Requirements for relaying systems shall be as described in paras. 4.2
through 4.9.

4.2 Fault Studv. The extent of short-circuit computations will depend
upon the complexity of the system. Radial distribution from a single power
source usually requires coordination based on maximum short-circuit duties
which will be approximately that of the supplying substation bus. A more
Complsx system, such as one with two or more sourcee of power and
interconnecting lines, may require a computer study. Among the data produced
shall be phase end ground-fault currents for both source and end-of-line
faults under all operating conditions. A Prosrsm known as CAPSE ia available
from the utilities brsnch of each NAVFACENGCOM division. This progrsm can be
used for determining faulta under steady-state load flows. A suitable
substitute may be found smong commercially available software and
documentation.

4.3 Fault Detection. Relaying systems shall be able to detect faults in
circuits or apparatus under all normal operating arrangements and for all

types of faults. Complete protection may not always be possible because of
coordination or selectivity requirements. Also, complete selectivity or
coordination may not be possible either. The optimum protective device system
is based on both protection and coordination requirements. An example is the
coordination of circuit breakers and fuses. In some cases, the inherent
reliability of the equipment does not justify the costs of extra protection.

4.4 Selectivity. In the design of a selective protective relaying
system, the conditions in paras. 4.4.1 through 4.4.3 must be met.

4.4.1 ~. Only the faulted circuit or
apparatus shall be disconnected, with a minimum disruption of the system.

4.4.2 Remote BaCkUD. Line relays shall be coordinated with relays of
adjoining zones, which are set to clear a fault in the next zone, only if the
primary relays at the next substation have failed to clear the fault. Msny
relaying installations have an inherent backup feature and do not require
separate backup protection, for example, time overcurrent and certain forms of
differential relaying. In gome situations, such as pilot-wire relaying, local

backup relays may be required.

)

)
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( 4.4*3 ~. Relayamustdistinguishbetweenfaultsandnormal
loadconditions(forexampletcoldloadpickup,motor-startingcurrent,and
transformerinrush).Thenormalloadconditionmayexceedthecontinuousload
ofthecircuit,butthisiaanticipated.Theprotectiverelayingcanbe
coordinatedtopreventnuisancetrippi~.

4.5 ~* Currenttransformersshallprovide
overlappingofprotectivezonesateachcircuitbreaker.

4.6 ~oorcl~tion~~llwtmtYco- . Wherevertherelayingsystem
involvesautilitycompanynetwork,theprotectiverelayi~schemeshallbe
coordinatedwiththeutilitycompany.

4.7 ~. Adwtab~lftyofthere~aYiu
schemetofutureexpansionofthesystemmustbeprovided.Relayashallbeof
the“drawout”type,withtherelaymechanisminacradleforeasyremoval.
Shortingbarsmustbeprovidedtoshortanycurrenttransformercircuitswhen
thecradleiaremoved.Inductiondiscrelayearegenerallypreferred.During
a fault, the resetactionofaminductiondiscrelayfollowsthethermalreset
actionoftheload(forexample,conductors,transformers,andmotors)and

i providesincrementaloperationoftherelayuntiltrippingoccurs.When
relaysarespecified,aninvestigationshallbemadetodeterminethatthe
relaytypebeingspecifiedisnotscheduledforobsolescence.Solid-state
relaysmaybeconsideredduetotheindustrytrendtowardsmanufactureof
solid-statere~ays.However,caut$on8hallbeexercisedasuseof
fast-resettingsolid-etaterelayswillnotprovidereliablecircuitprotection.

4.8 ~. Batteriea~~~~be~sedfor
closingand.tripp$ngcircuitbreakers.Standardizeon125Vdcdirectcurrent
formostcentralstationinstallations.Uae48Vdcdirectcurrentonlywhere
necessary.Batteriesareinherentlyreliabledevices,andjustificationis
necessaryifmorethamonebatterysystemisprovidedatanylocation.
Remotenessofamareaisnotconsideredjust~ficationforinstallingabackup
batterysystem;atremoteIocationarfailureusualxyresultsfrominadequate
maintenance.Mostuninterruptiblepowerayatemsoperateononlyonebattery
system.Closingshallbebyastoredenergymechanism.Forextremelysmall
installationswherebatterycostisnotjustified,alternatingcurrentmaybe
usedforcloaimgandtripping.Ifadequatecurrentisalwaysavailableduring
faultconditions,currenttransformersoraprotectedcfrcuitprov$dea
reliablesource.Capacitortrippingmayalsobeuttlized.Relaycontacts
shallnotbreaktheshunt-tripcwremt;breakingshallbedonebyauxiliary
switches. Providearedpilotindicatinglighttosupervisetheshunt-trip
circuit.Usehad-resetlockoutrelaysformultipletrippingarr~ements.

4.9 ~t ‘h~. Burdensandaccuracyclassesshallbe
adequateforthemeteringandrelaydevicessupplied.Xxcessivesecondary
leadlengthshallbeavoided.Ratioerrormayhaveaneffect ondifferential
relayiq.

!

h.

4.9.1 (JJ * Theuseofmultiratiocurrenttransformersis
encouraged.
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4.9.2 Potential~1 . Resistive-type PTs are generally used
for single-function burdens of less than 36 VA. For multiDle-burden
aPPlicatfOns and burdens above 36 VA, uee capacitive coupling-type PTs.

)

4.10 Device Numbers and Functions

4.10.1 -. The devices used in switching equipment are referred to by
numbers, with appropriate suffix lettera when necessary, according to the
functions they perform. Use numbers for devices based on the system adopted
as standard for switchgear by IEEE. A list of standard device function
numbers is provided in Appendix B. For detailed descriptions, refer to
IEEE C37 .2, Standard Electrical Power Svstem Device Function Numbers. This
system is used in switchgear connection diagrsms, in relay instruction books,
and in specifications.

4.10.2 Commonly Used Relav Device Numbers. Commonly used relays are
described in Table 5 along with their general applications.

)
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Table5
ComixmlyUsedRelays

G~
levice Function PhaseGrown&Bu8 Trams-Generu-Load
Ho. ;faultfault fomer toror ahed-

motor

21 Distance.......... x x ‘
25 ~Synchronizingor

syncCheck....... x
27 UnderVoltage...... x
32 Directionalpower. x
49 ,Machineortrana-

~ formerthermal
relay............ x x

50 Instantaneous
overcurrent...... x x x x x

5’1 ACtimeover-
current.......... x x x x x

63 Liquidorgas
pressure,level i
orflow.......... x

67 ACdirectional
overcurrent,..... x x

81 IFrequency......... x x
85 Carrierorpilot

wirereceiver.... x x
87 DXerential...... x x x x x

4.11 ibuti~ ● DistributionMneshavevoltagesof
34.5IWandbelow.Theyaregenerallyrunforrelativelyshortdistances,
3to10miles(Sto 15 km)atNavalfacilities.

4.11.1Overcu~tRelas@lg. Useovercurrentrelaysofthenondirectional
type(51/50,51N/50N)forradialcircuitswherepowercanflowinonlyone
direction(thesuffixletterWM~*daotesdeviceconnectedinneutralline(see
Figure2).

4.11.1.1esofRelavQ* Instantaneous(50,50H)andti.me-overcurrent(51,
51N)relayswithvarioustimecharacteristicsareavailable.Ti.me-overcurr=t
relaysshallalwaysbespecifiedwiththeinstantaneousattachment~whether
usedornot,toprovideforfutureloadorsystem_eS. Thetypesof
relaystobeusedareasfallowa:

a.)Instantaneousovercurrent(50,50M)relays~ usingphZILger-tYPe
relays,shallbeusedonlyinconjunctionwithtime-overcurrentrelaying.
Instantaneousrelaysmustbeadjustedso theywtllnotoperateonfaultsinan
adjoiningprotectivezone.
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b) Inverse time (51, 51h’)relays have a relatively flat
time-current characteristic. They are more difficult to coordinate with other
relays than are the very-inverse type. The universe time relays shall
generally be limited to locstions where there are no coordination requirements
with other relays. They are mainly used for motor protection.

c) Very-inverse time (51, 5117)relays give a shorter tripping time
thsn the inverse time relsys. For low-level faults, however, the tripping is
longer. The very-inverse time characteristic is generally used more than any
other to relay distribution and subtrsnsmission lines.

d) Extremely inverse time (51, 51N) relays shall be used only in
special circumstances, such as where close coordination with the much steeper
time-current characteristics of the medium-voltage fuses is required or where
energizing a circuit may cause a heavy inrush current.

4.11.1.2 M~ . In general, mixing relays of different
time characteristics shall be avoided because selectivity is thereby
impaired. To ensure proper selectivity, the time interval (coordinating time)
between the oDeration of an overcurrent relav and the next relav UD the line
shall be
value of

4.11.1.3
study.

4.11.1.4
relaying
residual
aS shown

4.11.2

approximately 0.2 to 0.3 seconds. &is margin is dete-mi;ed at the
current sensed by each device for a single fault.

Settin.ss. Relay settings shall be based on a relay coordination

Usual Connections. Overcurrent phase relaying shall always include
of ground-fault current by interposing a neutral relay in the
connection of current transformers in addition to the phase relays,
in Figure 2.

Directional Overcurrent Relaving. Use overcurrent relays of the

)

)

directional type (67, 67N) for loop feeders where power normally flows in
either direction and where power can flow back from other power sources such
as large synchronous motors. Consider provision of s current polarizing
option if the available voltage source ia unreliable as a polarizing source.

)
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NondirectionalOvercurr=tRelay-
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4.11.2.1 ~, Directional relays have three principal
components: a directional unit, an induction disk overcurrent unit, and an
instantaneous unit. The latter shall be of the CUP or cylinder type because a
better line coverage ia provided for instantaneous tripping. As long as the
directional unit contacts are open, the overcurrent units can develop no
torque. The directional unit contacts must close in the tripping direction
before either the instmtaneous overcurrent units or the time-delay
overcurrent units can operate (see Figure 3).

4.11.2.2 Directional VoltaS... The directional unit contacts are correctly
operated by voltage taken from double secondary bus potential transformers, as
shown in Figure 3. Delta polarization voltage for the phase relays comes from
the 66-volt tap of wye-connected secondaries. If only one secondary winding
is available, three auxiliary transformers shall be connected wye-broken delta
for zero sequence potential.

4.12 ~. Protection considerations are
dependent upon whether the transformer supplies utilization or distribution
voltages.

4.12.1 U~B . Most transformers will be of the
secondary-unit substation type and usually 1,000 kVA or less in size. These
will normally be protected with fuses. However; where primary circuit
breakers (medium voltage) sre warranted, then the requirements for
distribution voltage transformers shall apply.

4.12.2 D~ . The necessary circuit switching
and protection for transformers with high- or medium-voltage primaries and
medium-voltage secondaries can be accomplished either by a circuit breaker or
by a switch and fuse combination. The switch and fuse combination is the most
economical, but fuse current capabilities may be less than those for the more
expensive circuit breaker. Therefore, in those cases where the continuous
current rating necessary is greater than that available for fuses or where the
interrupting duty required is more than that advised for power fuses in
Table 2, the circuit breakers must be provided. Even when fuse protection is
adequate, the use of circuit breakers shall be considered for primary
protection of transformers of 5,000 and 7,500 kVA capacity. Circuit breakers
are required for transformers of 10,OOO kVA and larger in size. Circuit
breakers may also be necessary where there are such requirements as the need
for automatic switching or for installation in a network system. Judge each
installation on its own and take into consideration local practice, importance
of the load, and balancing costs againat the added reliability of the system.
When using circuit breakers for remote or automatic switching, provide a local
lockout switch.

4.12.3 Protec~ nternal aults. Protection can be
accomplished by use of one or more of the following methods described in
paras. 4.12.3.1 through 4.12.3.5.

)

)

4.12,3.1 &!s.ea. Power fuses on the primary side.
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4.12.3.2 TemDera ture. Winding-top oil-temperature (49) relays are used
either to sound an alarm in attended stations or to disconnect the primary and
secondary circuit breaker (or where there is no primary circuit breaker to
disconnect the secondary circuit breaker) in unattended stations. These
devices shall not be provided for transformers of 2,500 kVA and smaller
transformers protected by power fuses, unless forced-air cooling is provided.
For larger transformers without forced-air cooling, use shall be justified by
other protective devices available and operating conditions, such as loading
and smbient temperature.

4.12.3.3 Pressure. Fault- (sudden) pressure (63) relays for hermetically
sealed transformers are used to provide either sn alarm or tripping device as
described in para. 4.4.3.2. TheY shall be provided for transformers of 10,000
kVA snd larger snd where justification may be provided for trs.nsformersof
5,000 and 7,500 kVA capacity. An advantage in providing sensitive
fault-pressure relays is that other relaying, such as differential protection,
need not be nearly as sensitive and that undesired tripping on
magnetizing-circuit inrush is minimized. False tripping is sometimes a
problsm with these relays, so facilities which cannot afford to be shut down
and are unattended shall have remote alarms at an attended point. The
Buchholz type of gas accumulator fault detection consists of two float devices
to trap evolved gas. One float chsmber collects gas bubbles given off
gradually and sounds an alarm; the other operates by a rush of oil through
piping which closes the contacts and disconnects the transformer. This
device, used primarily in Europe, has been used little in the United States
because of claims that this device is for the sole protection of
transformers. The diaphragm and float device contains a float chsmber to
sound sn alarm on the accumulation of gases. The device has had moderate

application in the United States and C-ada. However, adequate detection use
was made in Csnada by four major transformer users, and thus dsmage was
prevented beyond the incipient stage, Objections to this relay have been the
special construction requirsmenta , maintenance, snd the expense of untanking
and inspecting after a relay indication. (These have not proven to be true.)
Sometimes, a chemical analysis is made snd accumulated gas is tested for
combustibility. Also, considerable weight is given to the length of time
between alarms. The United States is believed to have undereat lmated the use
of gas accumulation relays. These relays are not limited to conservation-type
transformers, but it is hoped that this principle will be applied to other
types of transformers.

4.12.3.4 Differential Protection. Differential protection requires that each
transformer winding be provided with a circuit breaker, and the operation
trips all circuit breakers. In general, it shall be provided for transformers
of 5,OOO kVA and larger.

4.12.3.5 Instrumentation. Minimum instrumentation for transformers dependent

on voltage level end size is given in Table 6.

4.12.4 ~~ . Differential relaying shall
be provided where it is warranted by transformer size or for other reasons.

,)
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Table6
MinimumInstrumentationforTransformers

1

2
3
4

Fortransformers2,000kVAandabove,provideinstrumentationasshownfor
medium-voltagesecondaries.
Relaysapplyonlywhenc$rcuitbreakersareprovided.
l’twmbersinparenthesesareAXWIIdevicenumbers.
Refertopara.2.2.2,ReclosersandSectionalizes,ofthishandbook.
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4.12.4.1 Harmonic-Restraint Relavs. High-speed harmonic-restraint
differential (87) relays provide the best protection possible, but they are
complicated devices and require frequent maintenance and testing.

4.12.4.2 ~. Very-inverse time-overcurrent (51) relays
can also provide differential protection, as shown in Figure 4, and csn
provide sdequate protection for most locstions. For overcurrent relays,
approximate settings shall be with the overcurrent element set to about
40 percent of rated current , with a time dial set at 0.5 to 1.0 and
instantaneous trip set at 2-1/2 to 3 times rated current. Installation checks
must be made to ensure nonoperation on inrush. This is done by energizing
with the secondary open for about 10 times in succession, visually observing
relay action, and readjusting the settings when necessary. However, plain
overcurrent relays sre very poor differential relays, and it takes much
engineering time to determine s setting which will not operate for through
faults.

4.12.5 Additional Requirements for Differential Relaying

4.12.5.1 Grounding. Differential relaying circuits shall be grounded at one
point only.

4.12.5.2 Parallel Transformers. Where a differentially protected transformer
is operated in parallel with other transfomners, differential relaying shall
be provided for all transformers.

4.12.5.3 Three-Winding Transformers. Apply the same rules as for two-winding
transformers.

4.12.5.4 Transformers with Load Tap ChanEin~ Features. Additional
requirements apply as follows:

a) Differential relay operation shall cover the maximum range of
taps.

b) Current transformer ratios shall be chosen for the maximum
emergency current rating of the transformer; that is, the lowest voltage tap
when carrying NEMA overload voltage.

4.12.5.5 Current Transformers. Current transformers used in differential
protection schemes shall not be used for any other purpose than for
differential relaying. Special care shall be exercised in the determination
of the correct current transformer connection to prevent unbalanced currents

I from flowing in the differential relaying circuits.

1
a) Characteristics. Phase error, ratio error, and saturation

characteristics of current transformers for differential relaying shall be
matched as far as practicable.

b) Corrective Autotransformer and Relav TaPs. When adequate
balance cannot be obtained with standard current transformers, correcting
autotransformers and relay taps is necessary even though such a systsm reduces
the sensitivity of the achame.

:)
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I c) Gw rent Transformer Ratios. Current transformer ratios shall be
based on the kVA rating of the largest winding and on the voltage rating of
each winding.

d) ~S. Current transformers for
delta-connected transformer windings shall be wye connected. Current
transformers for wye-connected transformer windings shall be delta connected.

4.12.6 B~. All transformers shall meet the
installation requirements of NFPA-70, and in addition, oil-immersed units
shall be separated from buildings and provided with fire exposure protection
as covered in MIL-EDBK-1OO8, Fire Protection for Facilities EnRineerinfi
~. Transformers provided with forced-air cooling shall
have necessary interlocks and alarm contacts so that all transformer
auxiliaries (fsns, PUMPS, and similsr items) start and shut down correctly and
send a trouble signal to a designated location.

4.13 ~ of AC Ma-. Relay protection of rotating machines,
such as motors or generators, is generally provided only for medium-voltage
units (refer to Criteria Msnuala on Mechanical Engineering).

4.13.1 Generators. The minimum instrumentation provided for generators
shall not be less than that indicated in Table 7. Where load shedding is
required, frequency (81) relays shall be provided with on-off selector
switches to permit choice of feeders dropped, which is dependent upon
operating conditions. The relays operate on drop of system speed, which
follows loss of generation, to save the system from collapse. This is not the
ssme as load dropping, which is done to limit loads. Undervoltage (27)
relays, which might be appropriate for load dropping, cannot be used for load
shedding because generator regulators will hold the voltage up.

)

)

4.13.2 Motors— . Protection of medium-voltage motors will depend upon the
use, size, and type of motor and whether the motor is in an attended or
unattended location. The manufacturers’
into account.

recommendations shall alao be taken
Standard relaying is available, and the value of additional

protection must be evaluated on a case-by-case basis.

4.14 Protection of SwitchRear. Protection of switchgear and open
substation busing shall use an opposed-voltage differential or a circulating
current differential system, but only when the system servea loada large
enough to be considered of sufficient importance to justify this extra
protection. IEEE surveys indicate a very low failure rate for bus, with
inadequate maintenance providing the greatest contribution to failures. There
is also a danger that more problems will result from false tripping of relays
than from bus failures, especially if the relays are inadequately maintained.
Because of system cost and complexities, differential relaying shall be used
only to protect extremely important buses where the short–circuit duty is
excessive.

4.14.1 General Considerations in Bus Differential Relaving. Current
transformers used in differential protection schemes shall not be used for any
other purpose.
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Table7

MinimumInstrumentationforMedlum4JoltageGenerators

I Cenerator Size(WA)
Devices upto 501to 12,500

500212*500andup

I Iw.sys
Device51V,backupowrcurrent relay,voltage
restraint,orvvltaga-controlledtype

IWticeSIG,backupgroundtima-overcurrentrelay

I,Jxm7icc32, revereepowerrelay,
antimotoringprotect9.on

‘bevtce40,reverseVU relay,loseoffieldprotection
Ihmice87 instantaneousovercu.rrentrelay$providing
self-ba~rme-typedifferentialprotection

Device$7,differentialrelays,ftiedorveriabl.e-
percentagetype,eitherstandardspeedorWgh
Spead,ortheeel.f-balence+ypeWheneverapplicable

Device40,txspedancerelay,affset-mhotypeforleas
offieldprotection,single-elementtype

IDevice46,neative- ham-sequenceovercurrentrelay
f!,Device87, Mferentalrelaya,hi@-speedvar$abler

percentqetype
Dewice$7G,Grouoddifferentialrelay,directional
producttype

Device40,impedancerelay,offset-mhotypefoxloss
of fieldprotection%Cw-elsmenttypeIsrecommended

Device49,temperaturerelaycomu.itorstatorwinding
Device64F,generatorfieldsroundrelay,applicable
onlyonmachineehmln&fieldsupplyslipr%~sIDevice6(I,voltagebelawe relay

lfeceriag

IM anmetervltbnwltcb
DCammeter(field)
ACVolmaetarwith stitch.
DCvoltmeter(field)
Frequency~ter
Wtaeeter
Vaneeter
Watt-bOurmeter
Powerfactormeter

1
1
1
1
1
1
1
1
1
14

Addltionelprotectionthatshallbeconsideredformultiplemachinesonaa
isolatedsyetaa.
Porgeneratorshavingexcitationsyatemathatdonot havetheabilftyto
awtaintbeshoti-circuitcurrent,eventb basicminimumrecommendations
W1.11notapply.Theserucbimeswilltypicallybesingleisolatedunits
havinsverysmallkVAratinas.
h thilargermectinerati~s,madespeciallythoee operationsinparallel
withaut%litycompanysupply,thisaddittouelrelayisrecommended.
A synchroscopepaneliarequiredwhenevertheSeneratortillbe~nually
synchronizedtoanothersource.Also,● symchroscopestitchmustbeprovided
foraachgenerator.
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4.14.1.1 Ratios and lWDes. All current trsnsformera for bus differential
relaying shall be of the scme ratio range and type. Multiratio current
transfo%ers must be operated on their full windings. Tap connections cannot
be used.

4.14.1.2 ~g . Buses shall be sectionalized to prevent dropping all
load upon a bus failure. At least two sections shall be provided. Sections
normally have about four to six feeders supplied from one differential zone.
Bus tie breakers are used for sectionalizing, with protective zones at the
current transformers provided on each side of the breaker, so overlapping of
bus differential zones can be established.

4.14.1.3 Installation. Bus differential current transformers shall be
installed on the line side of all circuit breakers, except those for the bus
tie.

4.14.1.4 Maintenance. Special arrangement shall be made for frequent
maintenance and testing of the installation with the bus in service. The risk
of accidental tripping increases in direct proportion to poor maintenance;
where accidental tripping happens often, operating personnel usually disconnect
or reset relays so that the bus differential system has been essentially
eliminated.

4.14.2 Forms of Bus Differential Relaving.

4.14.2.1 ClrculatlnE-Current Differential SYstem UsinK a High-Imuedance Relav.
The circulating-current differential system using a high-impedance relay shown
in Figure S is the type of relay used is a high-impedance relay designed to
provide instantaneous bus differential protection. This relay consists of an
instantaneous overvoltage cylinder unit, a voltage-limiting suppressor, an
adjustable tuned circuit, and an instantaneous current unit. Considerable care
is needed in investigating the current transformers and circuits in order to
determine the correct settings of the trip elements. Properly applied, these
relays are largely immune from the effects of current transformer saturation.

)

)

4.14.2.2 Circulating-Current Differential Svstem UsinE Time-Overcurrent
~. The application of the circulating-current differential system using
time-overcurrent relays is limited to substations where both short-circuit
currents and X/R ratio are low. This system does not provide high-speed
relaying; however, it can be used economically by avoiding saturation in the
current transformers. The circuitry is the scme as shown in Figure 5, except a
time-overcurrent relay is substituted for the voltage relay.

34

Downloaded from http://www.everyspec.com



MIL-EDBK-1004/3

I

I

4.14.2.3Chosed-Voltafiell~eremtialSwstq,, Theopposed-voltage
differentialsystemrequirestheuseofair-c~recurrenttransformercalled
“LinearCouplers(LC).!’TheseLCSaremutualreactorswoundonnonmagnetic
toroidalcoreswhichproduceasmallvoltageandareusedinsteadoftheusual
curremttransformers.Allsecondarywindingsshallbeconnectedinseriesso
that,whennofaultisonthebus,,theresultantvoltKgewillbezero.Xb.e
riskofoperationduetomtuationofcurrenttransformercoreswIIZbe
ellmhatedbythisscheme(seeFigure6).LCSamdLCrelaysofferasimple
andreliableformofbusprotection.LCQareBormallyusedamlyforowtdoor
open-busdifferentialprotectionbecamaeoftheirsize.Itfanot
economicallyfeasibletouseLGswithiuwitchgear,andtheyarenotwidely
sunwfactwred.

t
I
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Figure 5
Circulating-Current Differential Relaying

)

)
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4.14.3 Ground Detectors Ouerating an Alarm. Ground detectors that trigger
an alarm shall be provided on ungrounded delta systems. Wye systems are
protected by the use of ground relays.

4.14.4 Unacceptable Svatems. Some forms of switchgear protection are
considered to be too complicated for use in new installations. Where
extensiona or modifications to existing systsms occur, the following
protective systems shall be carefully evaluated before incorporating them into
the changes:

a) Circulating-current percentage differential system,
b) Frame leakage ground-fault relaying, and

c) Directional comparison systsm of bus protection.

4.14.5 Cascading. Cascading is not recommended and shall be applied only
as a temporary measure when all other efforts to limit fault currents have
been exhausted. Cascading shall be used only when approved by NAVFACENGCOM
Headquarters and under the following conditions:

4.14.5.1 ~. Cascading of circuit breakers is allowable
only for existing installations where breakers are no longer able to interrupt
the increased short-circuit currents or where it is permissible to interrupt
service to a number of loads when a fsult occurs on but one of a group.

4.14.5.2 Ouerating Characteristics. The switchaear must be capable of
withstanding, both mechanically and thermally, the largest available fault
currents. Each breaker’s operating characteristics must be so coordinated
that no breaker will open against a fault in sxcess of its rating.

4.15 Relsvirusof Subtransmission Lines. Relaying of srrbtrsnsmission
lines will generally be the same as for distribution lines, except for the
need for directional control.

4.15.1 -D es of Relavq.

4.15.1.1 Directional Relsvs. Very-inverse directional (67) relays must be
used where appreciable fault current can flow in either direction. Relays
with cylinder-type instantaneous attachment may provide instantaneous fsult
clearing for about 75 percent of the line length when maximum fault duty is
imposed on the bus. Nondirectional relays (51/50, 51N/50N) with instantaneous
attachments can be used where backfeed to the bus 1s less than 25 percent of
the minimum fault current at the fsr end of the protected line section.
Plunger-type instantaneous attachments can provide instantaneous tripping for
about 60 percent of the line. In either case, the reach (length of line
covered) of the instantaneous trip will be reduced if the short-circuit duty
at the bus is decreased by a reduction in generating capacity.

)
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4.15.1.2 M-wirel?- . Pilot-wire(85)relayashal~beavoidedunless
thereisnosatisfactoryalternative(seeFigure7).Thesesystemsarevery
expensive,requiresomeformofbackup,aredifficulttomaintain,and
introduceadditionaloperationalproblems.Themajormaintenanceproblemis
oftenthepilotwireitself.Eventseacha~Xightning,highwinds~cable
failures,aswellasincorrectInstallation,causemostofcheproblems.Load
ismatacriterionfor@electingapilot-wireprotectionsystem.Pilot-wire
relaysareusedIntheabsenceofothermeanstog,ettherequiredhigh-speed
clear&mgandselectivity;suchre~.ayamaybeneceaearyinthefollowingtypes
oflines:

a) Toreducethenumberoftimeatepainsomesectionsofa100P
circuit..

(1 “

b) TOprotectundergroundcables,becausethelowSmpedanceof
shortcablerwnsdoesmotprovidediscrtiinationinfaultcurrentlevels
betweensourceandloadends.Suchdlscrlmbat%onianecemw’ytomake
time-overcurrentrelayseffective.However,overcurmrktrelays(usually
directionaltype)areneededaabackupforpilot-wirerelayaeventhoughtheir
performanceieleesthanthatdesired.

c) Toprotectshortsectionsof69kVor115kVaeriallineswhich
supplynavalfacilities.Suchlines(5to10miles[8to16km]]areusually
ownedbythelocalutilitycompany,whichprovidesthenecessaryprotection.

4.15.2.1CMracteristicg. Pilot-wiresystemsarebasicallydffferemtschemes
oftheopposed-voltageorcirculatiu-currenttype.Specialcharacteristics
areasfollows:

a) A relayisprovidedateachendoftheline;usually,onlytwo
pilotwiresareused.

b) Pilotwiresnormallyarenotconnectedto theactualpilot-wire
relayabuttoinsulatlm.gtransformersthat summatethethree-phasecurrent.

c)Themaximlinelengthprotectedinthismanner@hallnot
exceed20miles(32km);backupprotectionisnecessaryWherepilot-wire
protectionisused.

d) Careshallbeexercisedintheselectionofpilot-wiresurge
protection.Somepilot-wiresystemsmaynotprovidereliableperformanceasa
resultoftheprotectivemeasuresappliedtothecircaitstopreventdamageto
therelaysfromvoltagespikesandsimilarhazards.

4.15.2.2~lte~teSYEM-* Thecostofprovidingpilotwiresishigh.
Modificationsoftheschememayincludetheuseofrentedtelephonecompany
lines,actualpowerconductors(carriercurrent)$orfiberoptics.
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ARPendixA
FAULTCUREENXCALCtKdEJXONSBYTHESIMPLIFIEDGRAPHICMETHOD

Section1: SCOPE

U*1 ~. Zodeterminetheinterruptingrequirementsof
Iow-voltagecircuitbrcakera,itisnecessarytoestabl$shthefaultcurrent
availableatthepointwherethecircuitbreakeristobelocated.A
short-circutt.dhgram(seeFigureA-1)@hovsthefactorsconsideredIn
formulatingthefaultcurrent.

TRANSFORMER

-i
AVAILABLEFROM

\

\PRIMESOURCE
v bSECONDARY

SWITCHBOARD
BUS

‘rCIRCUIT
CONDUCTORS

FigureA-1
Short-CircuitDiagram

istheavailablefaultAI*2 fr~ .This
energywhichcanbedeliveredbytheprimesourcetotheprimarysideofthe
transformer.Whereanactualvalueisnotavailable,assumetheprimesource
tobeinfinite.

U.3 erkARat@gv ● TransformerkVAratingsandpercent
impedancevoltagehaveaneffectontheavailablefaultenergy.

I
A1.4 rvoltQ.Low-voltagedistributionsystemof480Y/277volts
or208Y1120voltsiagenerallyused.

A1,5 Motor Com@&&,@B. Motor contributionsdohaveameffect,butfor
mostcases,short-circuitcontributio-fromanymotorareconsideredtobe
offsetbytheimpedanceofcircuitbreakers,feederconnection,andothersuch
contributionswhicharerarelyincludedincalculationsunlessthemotorload
&agreaterthan2SpercentofthetotaXload.

I
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A1.6 Feeder Condu~, The conductor size will also determine the
short-circuit contribution at the fault point, depending upon its per-unit
reactance.

.)

Al.? L%!2EZM. A simplified graphic method has been developed to determine
the fault currents available for common applications at various distances from
the transformers. It is sufficiently accurate for most conditions.
Figures A-2 through A-4 are based on stamdard transformer kVA ratings and
impedance values and on conductor sizes most commonly Used. TWO charts are
used: one to determine reaccance and one to determine fault current.

)
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section2: HOWYOUSECHAXTS

I

I

TousethechartsshowninFiguresA-2throughJ&4,performthefollowing
steps:

SWLL ~bt~intiefollowi~data:inparaa.A2.1.1throushM .1.3.
a) TransformerINAratin&,percentimpedance,andprimaryand

tsecond?myvoltages.

b) Secondaryswitchboardfeederlengthandsize.
c) Circuitconductorfeederlen@handsize.

~teDNQ. COmpUtethetotalper-=itfeederreaCt~CefrOmthe
transformertothefeederbreakerbyaddingper-unitreactanceforitemsin
stepsl.bandc,whichareobtainedfromthereactamcedeterminationchart.
Per-unitreactanceareobtainedbyenteringthechartalongthebottom
scale. Thedistanceoftheapplicablefeederismeasuredinfeet(meters).
Drawaverticallineupthecharttothepointwhereitintersectsthe
applicablefeedercurve;fromthispoint,drawahorizontallinetotheleft
towardthescalealo~theleftaideofthechart.Thevalueobtainedfrom
theleft-handverticalscaleistheper-umitreactanceofthefeeder.

~te~- . EnterthefaultcurrentdeterminationChartalongthe
bottomscalewiththetotalper-unitfeederreactancefromthetransformerto
thefaultpoint.Drawaverticallineupthecharttothepointwhereit
intersectstheapplicabletransformercurve;fromthispoint,drawa
horizontallinetothelefttowardthescalealongtheleftsideofthechart.

I

I

iiwLEQu* Thevalueobtainedfromtheleft-handverticalscaleis
thefaultcurrent(inthousandsofamperes)availableatthefaultpoint.
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Device
Number

1
2

3
4
5
6
7
8

9
10
11
12
13
14
1s

16
37
18

19

20,
21
22
23
24
25

26
27
28
29
30
31
32
33
3’4
35

36.

37
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AppendixB
ANSIS’MXiDARDDEVICEFUNCTIONRUMBERS

RrnCtion

Masterelement
Time-delaystartim8or
closhgrelay
Checkingorinter~ockingrelay
Mastercontactor
Stoppingdevice
Startingcircuitbreaker
Anodecircuitbreaker
Controlpowerdisconnecting
dev%ce
Reversingdevice
Unitsequencewitch
ReversedforfutureappMcation
Overspeeddevice
Synchronous-speeddevice
Umderspeeddevice
Speedorfrequencymatchixw
device
Reservedforfutureapplication
Shuntingordischargeswitch
Acceleratingordecelerating
device
Start@5-to-runnirU3transition
contactor
Electricallyoperatedvalve
Distancerelay
Equalizercircuitbreaker
Temperaturecontroldevice
Ileservedforfutureapplication
Synchronizingorsynchronism-
checkdevice
Apparatusthermaldevice
Ukdervoltagerelay
Flamedetector
Isolatingcontactor
Annunciatorrelay
Separateexcitation dev~ce
Directionalpowerrelay
Positionswitch
Mastersequencedevice
Bnsh-operatingorslip-ring
short-circuitingdevice
Polarityorpolarizing
wolm~e device
Undercurrentormderpowerrelay

I
47

Device
Mumber

38
W
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
S6
57
58
S9
60
61
62
63
64
6s
66
67
68
69
70
71

Function

Bearingprotectivedevice
Mechanicalconditionmonitor
Fieldrelay
Fieldcircuitbreaker
Runningcircuitbreaker
Manualtransferorselector
device
Unitsequencestartingrelay
Atmosphericconditionmonitor
Reserve-phaseorphase-
bahncecurrentrelay
Fhase-sequencevoltagerelay
Incompletesequencerelay
?Yachixzeortransformer
thermalrelay
Instantaneousovercurrent
orrate-of-ricerelay
ACtime-overcurrentrelaY
ACcircuitbreaker
ExciterofDCgeneratorrelay
Reservedforfuture
application
Powerfactorrelay
Fieldapplicationrelay
Short-circuitixMor
groundingdev%ce
Rectificationfailurerelay
Overvoltagerelay
Voltageorcurrentbalance
relay
Reservedforfuture
application
Time-delaystoppingor
openingrelay
pressureswitch
Croumddetectorre~ay
Governor
Notchingorjoggingdevice
ACdirectionalovercurrent
relay
Blockingrelay
Pemmiss2vecontroldevice
Rheostat
LevelSwitch
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Device
Number

72

73
74
75

76
77
78

79
80
81
.s2
83

84

Function

DC circuit breeker
receiver relay
Load-realator contactor
Alarm relay
Position chenging ❑bchsnimm
generator
DC overcurrent relay
Pulse transmitter
phase-angle measuring or
out-of-step protective relay
AC reclosing relay
F1OW switch
Frequency relay
DC reclosing relay
Automatic selective control or
transfer relay
Operating mechanism

Device
Number

85
86
87
88
89
90
91
92

93
94
95
96
97
98
99

Function

Carrier or pilot-wire
Locking-out relay
Differential protective relay
Auxiliary motor or motor
Line switch
Regulating device
Voltage directional relay
Voltage end power
directional relay
Field-chenging contactor
Tripping or trip-free relay
Used only for specific
functions in individual cases
where none of the assigned
numbered functions from 1
to 94 are suitable.

)
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AppendixC
IIJTERKA!fIOllALSYSTEMOI’UHXTS(S1)COHVBRSIONFACTORS

foot(ft)
foot(ft)
Jmh(in)

squareyard(yd2)
squarefoot(ftz)
squareinch(in2)

cubicyard(yd3)
Cwbicfoot(ftg)
cubicinch(ing)

gallom(gal)
fluidounce(fl02)

footpersecond
(ftlsorf.p.~.)
adleperhour

INTBRNATIOHAL
Sxl~

meter(m)
millimeter
udllimeter(mm)

square meter(m2)
squaremeter(m2)
squaremillimeter(mm2)

cubicmete.r(m3)
cubicmeter(m3)
cubicmillimeter(mm3)

liter(L)
milliliter

meterpersecond(mis)

kilometerperhour
(mile/horm.p.h.)(km/h)

footper second
squared(ft/s2)

shorttom(20001b]

pound(lb)
Ounce(oz)

tompercubic
yard(ton/yd3]
poundpercubic
foot[lb!ftg)

ton-force(tomf)
kip(1000lbf)
pound-force(lbf)

ton-forcefoot
(tomf.ft)
pound-force
inch(lbf.i.n)

meter persecond
squared(m/s2)

metricton(t)
(1000I@
kilogram
gram(g)

metrictonpercubic
meter(t/m3)
kilogrampercubic
meter(kg/m3)

kilonewton(kH)
kilonewton(kll)
newton(lT)

kilonewton
meter(kl?.m}
newtonmeter(N.m)

APPROXIMATE
@NVBRSIOH

lft = 0.3048m
lft = 304.8mm
lin = 25.4mm

1yd2 = 0.836127m2
1ftz = 0.092903mz
1in2 = 645.16mmz

1yd3 = 0.764555m3
1fta = 0.028317OP
1 in~ = 16,387.1m3
1gal =
lfloz=

1ft/B=

1mile/h=

1Wtla=

1ton =

llb =.
10Z ‘=

1ton/yd3=

1lb/ft3=

1tonf=
1kfp =
1lbf =

1tonf.ft=

1lbf.in=

3.78541L
29.5735mL

0.3048U1/S

1.609344kmh

0.3048U1/S2

0.907185t
0.453592kg

28.3495g
1.18655tfms
16.0185kg/m3

8.89644kN
4.44822Hi
4.44822??

2.71164kN.m

0.112985N.m
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Us.
QUANTITY CUSTOMARY UNIT

PRESSURE, ton-force per
13.7895 MPa
m square inch

(tOnf/in2)
ton-force per

95.7605 kPa
square foot
(tOnf/ft2)

poured-forceper
6.894 76 k~a

square inch
(lbf/in2)

pound-force per
47.8803 Pa

square foot
(lbf/ft2)

kilowatthour(kwh)
British thermal
unit(Btu)
foot-pound-force
(ft.lbf)

horsepower
British thermal
unit per hour
(Btu/h)

foot pound-force
per second
(ft.lbf/s)

QEEILE Btu per square
m foot hour
OF HBAT degree
TRANSFRR Fahrenheit (Btu/
(U-valuel ft2 hr.OF)

THSRMAL Btu per foot hour
QQNL?l& degree Fahrenheit
= (Btu/ft.hr.oF)
<K-value>

MIL-EoBK-loo4/3

IIVTERNATIOfiAL
(S1) UNIT

megapascal(MPa)

kilopascal(kPa)

kilopascal(kPa)

pascal(Pa)

megajOule(MJ)
kilojoule

joule(J)

kilowatt
watt(w)

watt (W)

watt per square
meter kelvin

(W/m2 .K)

watt per meter
kelvin (W/m.K)

APPROXIfWTE
co~

1 tOnf/in2 =

1

!

lkwh =
1 Btu =

1 ft.lbf =

lhp =
1 Btu/h =

1 ft.lbf/s =

1 tOnf/ft2 =

1 lbf/in2 =

1 lbf/ft2 =

1 Btu/ =
ft2.h.OF

1 Btu/ -
ft.h.OF -

3.6 MJ
1.055 06 kJ

1.355 82 J

0.745 700 kw
0.293 071 W

1.355 82 W

5.678 26 WI
m2.K

1.730 73 WI
m.K

.)
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( AMEWCAM

AUCJ

WIREGAGB(AWG)CONVERSION.

kCM

I .- —.-

[

20**.*.....● ●*..*●*●..●*.*..●*.*1.02
1$●***....***●..*.*..*.*.*..***.1.62
16..,,*...*..●..*.***.......*..*2.s8
14●...*..*..*...........●...9*.*4.11
12●*...*.****.*****.**.**.*.**..6.53

. 10●..*.*..***●.****..*****..***10.4
8*****.****.*.***..*.***..***.16.5
6.......***●.**.*...*..........26.2

. 4 ●.*.*.****..*.**.*...........41.7
2..............+..0...0●*.****66.4
1..*.*.**.....0..0....0..**..*83.6
1/0*..*..*.***●********.******105.6
2/0..........0.*.*...****.,..*133.1
3/0.........*...*...*.**●O.*.**167.8
4/0.**.*..**...*....**....*.**211.6

**********O *****O*.*** .* O..O.**** 0.517
....0..0...**..*****..**O...*****0.823
.**.***.**.,.,0.0-....●.**..*.**.1.31
*******.****.*****.*****●****.***2.08
**..**..****.*.*****.*●********=*3.31
......................●*.....**..5.26
●******.*...●***.**.***.●*.******8.37
...**.**.**●...**.*..*....0..00.13●3
●.***...**.●*.4.**.*.*●O.*******21.2
..O.**.****●.*.***.***..........33.6
...0.0..0....0...0...0●**.****** 42.4
..***...***●.***...**.,****o*o**53.5
..*.***.***......00.0..**...*.**67.4
............**..,..**...........8s.0
●*..***..*.*...***.****..**.*..107●o
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C62.2 GuidefortheApplicationofValve-Type
LightningArrestersforACSystems

.
C%4.1 VoltageRatingsforBlectricPowerSystemand

EquiMent(60HZ)
TheArtandSeiseofProtective Re- ,GeneralElectricEn@neerhg
PracticeSeries,C.RussellMason,JobnWiley&Sons,Inc.,HewYork,
NY30036.

ComtrmtikmCriWiai?am,DOD4270.I-M,DepartmentofDefense,TheOffice
oftheDeputyAssistantSecretaryofDefense(Installations),ThePentagons
Washington,DC.

( WEEPU~icati-s~nst~~uteofElectricalandElectro~b s nc,
345East47thStreet,NewYork,NY10017.

80 GuideforSafetyinSubstationGround$ng

81 GuideforMeasuringEarthResistivity,Ground
Impedance,andEarthSurfacePotentialsofa
GroundSystem

141 RecommendedPract2ceforElectricPower
DistributionforIndustrialPlants

142 RecommendedPracticeforGroundingIndustrial
antiCoaxnerc%alPowerSystems

242 RecommendedPracticeforProtectionand
CoordinationofIndustrialandComercialPower
systems

399 RecommendedPracticeforIndustrialand
CommercialPowerSystemAnalysis
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Underwriters LaboratoN (UL]

UL 489 Molded-Case Breakers
Enclosures

snd Circuit Breaker

DEE ANSI Pu licatio s~L
~, 345 East 47th Street, New York, NY 10017,

C37.010 Application Guide for AC High-Voltage Circuit
Breskers Rated on a Symmetrical Current Basis

C37.011 Application Guide for Transient Recovery Voltage
for AC High-Voltage Curcuit Breakers Rated on a
Symmetrical Current Basis

C37.04 American National Standard Rating Structure for
AC High-Voltage Circuit Breakers Rated on a
Symmetrical Current Basis

C37.13 Low-Voltage AC Power Circuit Breakers Used in
Enclosures

C37.2 Standard Electrical Power System Device Function
Nnmbers

C37.20 Switchgear Assemblies Including Metal-Enclosed
Bus

Military Handbooks. Copies of military handbooks may be obtained from the
Commanding Officer, Naval Publications and Forms Center, 5801 Tabor Avenue,
Philadelphia, PA 19120, TWX: 710-670-1685, TELEX: 834295, AUTOVON telephone
number 442-3321.

MIL-HDBK-419 Grounding, Bonding, and Shielding for Electronic
Equipments and Facilities

MIL-HDBK-1OO8 Fire Protection for Facilities Engineering,
Design, and Construction

National Fire Protection Association (NFPA>, Batterymarch Park, Quincy,
MA 02269.

NFPA-70 National Electrical Code

NAVFACENGCOM Copies of design manuals (DM) and Naval Facilities Guide
Specifications (NFGS) may be obtained from the Commanding Officer, Naval
Publications and Forms Center, 5801 Tabor Avenue, Philadelphia, PA 19120,
TWX: 710-670-1685, TELEX: 834295, AUTOVON telephone number 442-3321.

Criteria Manuals on Mechanical Engineering

)

DM-4 .01 Electrical Engineering: Preliminary Design
Considerations

)
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I
I

I
( I)M-4.02 ElectricalEr@neerim$:PowerDistribution

systems

NFGS-16262 AutomaticTransfer(andBypass/Isolation)
switches

NFGS-16335 Transformers,SubstationsandSwitchgearJ
I Exterior

1 NFGS-16462 Pad-MountedTransformers(75kVAto500kVA)

I > NFGS-16465 InteriorSubstations

I NPGS-16475 InteriorSwitch&earandSwitchboards,Low-Voltage
.

!li$lIi$lectial Maturers A~soc2atiand ,, OQ,2101LStreet,
m.,l?ash%ngton,DC.

I
A&l MoldedCaseCircuitBre@ers

I w-l Busways
I SCS6 EnclosuresforIndustrialControlsandSystems

KS-1 EnclosedSwitches.
[ SC-3 Low-VoltagePowerCircuitBreakers.

SC-4 Alternating-CurrentHigh-VoltagePowerCircuit
Breaker&.

StandardRandbookforElectrical~ ,12thEdition,DonaldG.Finkand
H.WayneBeaty,McGraw-HillBookComRany,Inc.,NewYork,NY10036.)
~nderwritersLaboratoriesm, 333PfingstenRoad,Horthbrook,IL60062.

I 489 Molded-caseCircuitBreakersandCircuitBreaker
I Enclosures.

~ 857 Electric$uswaysandAssociatedFittings.

I

I
[
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Westinghouse Electric Corporation: -).,-

CUSTODIAN:
NAVY - YD

Applied Protective Relaying; Relay and Telecommunications Instrument
Division, Coral Springs, FL 33065.

Electrical Transmission and Distribution Reference Book, 777 Penn
Center Boulevard, Pittsburgh, PA 15235.

PREPARIl?GACTIVITY
X?AVY-YD

PROJECT NO.
FACR-0194
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