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MILITARY SPECIFICATION

INSTRUMENT AUXILEIARIES, ELECTRICAL -
MEASURING: SHUNTS, RESISTORS,
AND TRANSFORMERS

.

Thie specification 1ies approved for use by all Departments end Agencies
of the Departoent of Defense.

l - swPE

1.1 Scope. This specification covers electrical measuring instrument
auxiliaries as follows (eee 6.1 and 6.2.1):

(a) Shunts

(b) Resigtorxs

{(¢) Current trsnsformers

{d) Potential transforoers

(e} Current trensformer protective devices

2. APPLICABLE DOCUMENTS

2.1 Covernament docunente.

2.1.1 Specifications end eétandards. The following epecifications and
scandards form & part of this specification to the extent specified harein.
Unless othervise specified, the issuce of these documents shall be those listed
in the issue of tha Departoent of Defense Index of Specifications and Standards
(DoD1SS) and supplement thereto, cited in the solicitation.

Benaficial comzents (recomnendations, additfons, deletions) snd any pertinent
data vhich nay ba of use i{n improving this document shall be ‘sddresased to:

' Comvander, Naval Sea Systexms Comoand, SEA 5513, Dopartment-of the Navy,
Washington, DC 20362-3101 by using the sclf-addressed standardization Document
loprovenent Proposal (DD Form 1426) appearing st the end of this document or

by letter. ’ .

F5C 6625
DISTRIBUTION STATEMENT A Approved for public release; distribution unlimited
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SPECIFICATIONS
MILITARY - .
MIL-§-901 - Shock Testas, H.1. (BEigh-Impact); Shipboard '
Machinery, Equipment and Systems, Reduirements
for.
HIL-E-%17 = Blectric Power Equipment, Basic Requirements

{Naval Shipboard Use).
MIL-P-15024 - Plates, Tage and Bands for Identification of
MIL-P-15024/5 - Plates, Identification.
MIL-E~17555 = Electronic and Electrical Equipment, Accessories,
. and Proviaioned Items (Repair Parts): Packaging
of.

STANDARDS

MILITARY
MIL-STD-105 ~ Sempling Procedurea and Tables for Inspection
by Attributes.
MIL-S8TD-195 - Marking of Connections for Electric Assemblies.
MIL-STD-202 <~ Test Methods for Electronic snd Electrical
Component Parts.
MIL-STD-454 -~ Standard General Requirements for Electronic

Equipmﬂt .

{(Copies of specifications and atandards required by contractors in connec-
tion with specific acquisition functions should be obtained from the contracting
activity or as directed by the contracting activicy.)

2.2 Other publications. The following documents form a part of this speci~
fication to the extent specified herein. Unless otherwise apec.:l.f:l.ed. the isgues

mE e Admmcomacatrn sobd o mwan TiaPt admotnd ahatl1 ha sheona Tdatvad fo sl Jdaaca P .
Vi LI UULUWEN LD 'IILLII AL WJUY BUVYLGCU DHOLL Ve LIWDT AaDBLEU AU WU LHH“H Ui L

DoDISS specified in the solicitation. Unless otherwise specified, the issueg of
documents not listed in the DoDISS shall be the issue of the nongovernment docu=-’
ments which is current on the date of the solicitation.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)
C57.13 Instrument Tremnsformers, Requirements for.

{Application for copies should be addressed to the American National
Standards Institute, 1430 Broadway, New York, NY 10018.)

UNIFORM 61&551?i"f16ﬁ COMMITTEE AGENT
Uniform Freight Classification Ratings, Fules and Regulations

‘(Application for copies should be addressed to tha Uniform Classification
Comnittee Agent, Tariff Publicatiocn Officer, Room 1106, 222 South Riverside
Plaza, Chicago, 1L 60606.) .

(Nongovernment gtandards and other publications are normally available
from the orgenizations which prepare or which distribute the documents. These
documents slso may be available in or through libraries or other informational
services.)

'.\‘
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2.3 Order of precedence. In the event of a conflict between the text of
this specification and the references cired herein (except for associated detail
specifications, epecification cheets or MS standards), the text of this specifi-
cation shall take precedence. Nothing ia this specification, however, shall }
supersede applicable laws and vegulations unless & specific exenptipn has been
obtained.

3. REQUIREMENTS

.. 3.1 First article. When specified in the contract or purchase order, a
sanple shall be subjected to first article inspection (see 4.4 and 6.3).

3.2 General requirements. The folloving general requirecents applying to
the instrument suxilisries covered by thig specification shall be in accordance
with MIL-E-917 (mee 4.6 and 4.7.2):

{(a) Creepage and clearance diatances

(b) Corrosion-resistent treatment

(c) Connection msrking

(d) Insulation, electrical, including encapsulants
(e) Safety

(f) Prohibited oaterials

(g) Soldering

(h) Threaded parts

(1) Toxic materials

(}) Tenperature measurement

3.3 Dielectric strength. When tested in accordance wich 4.7.1, the
instrument suxiliaries shall wvichstand the voltage velues ghown in table I.

TABLE I. DUielectric strength design values.

Hame of part ) Ac Tms voltage
Stuncs:
For portable instruments 100 plus two times rated voltage
For switchboard oouncing 1500
Rasistors 1000 plus tvo times rated voltage
Current transformer 2000 plus 2-1/4- times rated voltage

fonedmare)
AL Aiama F 5

2500 (secondary)

Potential tranaforoers 1000 plus tvo times rated voltage

(primary smd secondsry)

Praotective devices 1500 -’

-
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3.4 Temperature rise. When tesred in accordance with 4.7.10, the teaper-
ature rise shall be not greater than the values showm 1o table II.

TABLE II. Temperature risé. ‘

Hame of part : lenperuture tise
(50°C ambient)

Shunts . Value which will oot cause
physical damage
Registora
Class B insulation 75°C
Current and potential
transformers .
Class A . 55°C
Class B, 15°C
Current transformer Value which will not cause
protective device physical damage

3.5 Shock. Instrument auxiliaries and protective devices shall withstand
the grade A, class I, type € shock test for lightweight equipment in accordance
with MIL-S5-~901.

3.6 Insulation resistance. Inasulatlon resistance shall be measured
between 500 and 1000 volts direct current {Vdc) and shall be not less than
10 wegohms.

3.7 Silver-plated terminsls. Connections and terminals for sll ejuipment
except resistors shall be silver—plated, except teruminals below 30 amperes may

be tin plated. Tin plating shall be 0.0005 inch thick.
3.8 Shunts.

3.8.1 Material. Shunts shall consist of an alloy with a minimum temper-
ature coefficient of resistance up to the reted capacity.

3.8.2 Construccion. Fabrication shall be by bracing or eilver scldering.
Soft solder shall not be used.

3.8.3 Thermal electromotive force. The thermasl ealectromotive force
produced by continuous operstion of the shunt ar rated current shall be not
greater than the value which would cause a change in the reading {at rated
current) of 0.25 percent. The connections to the circuit shall be made .80
lﬂﬂt l:ne Opportunlty IO'I.' tne BBCHPE OI l'l.eﬂl; Bllﬂ.l..]. Dﬂ equ.lx E‘I’. WI’.I] :enlu.nazs.

3.8.4 Polarity. Shunts shall be regarded es being uitHOut polarity until
inatalled.
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3.8.% Resistance. Resistance shall be oo specified (mee 6.2.1).

3.8.6 Mounting. Mounting shall be porcable or svitchboard type as
specified (see 6.2.1). - : !
3.8.7 Voltage drop. The voltage drop st rated current shall be as follows
within 0.25 percent (see 6.2.1):

{(s) 50 or 100 millivolts for direct current {dc) switchboard shunts.
(b) SO, 100, or 200 millivolte, as approved for dc portable shunts.

3.8.8 leads.

3.8.8.1 Iasulation. GShunt leads shall be insulated flexible conductors.
The fosulating oaterisl ehall have a wall thickness of not less then 3/64 inch
and a heavy outer braid of cotton or synthetic fiber.

Length. Tha laangth of the
t

ds shall be not leas than 3 feet for

as
not gresater than 8 feet for switch-

a a

2o DU e h
portable shunts and not leas than 5 fee
board shunts.

lea
but

3.8.8.3 Terminals. The leads shall bo provided with properly sized flat
teroinals at both ends. The terminals shall be of the closed type for swicch-
bosrd instruments.

3.8.8.4 Llead resistance. Lesd resistance shall be as specified (see 6.2.1)
for the instrument wich vhich the leads are to be used.

3.9 Resictors.

3.9.1 Overload snd humfdity. Resietors ghall withstand the overload and
humidity test epecified in 4.7.5.

3.9.2 Reaistor tolerance. The total resietance of resistors shall not
diffar from tha design value by more than 0.5 percent.

3.9.3 Resistance valua. The resistance value shall be as specified (see
6.2.1).

3.9.4 Resistor mounting. -Mounting oecans snd dimensions and overall
dinensions of cage mounted Eceparate fromn the ifastruzent) resiscors shall be

as approved by the command or activity concarned.

3.10 Current transforumers.

3.10.1 Construction. The transformers shall be either sealed or encap-
!ullted- * P

3.10.2 Primary current and gecondary current., The primary and secondary
currente shall be as specified (see 6.2.1).

-

3.10.3 Current transformer oounting. The omounting for Eurrent transforners
gshall be portable, switchboard, bar, wound, or window as specified (see 6.2.1).
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3.10.4 Polarity and terminal markings for current transformers.

3.10.4.1 Arrangement of terminals. The terminals of all current trans-—
formers shall be arranged with regard to instantaneous polarities.

’
]

3.10.4.2 Current transformer polarity marking. Current transformers shall
be subtractive and shall be so marked in accordance with HIL-STD-195. These
polarity markings shall not be obliterable by paint. They may, however, be
supplemented by a durable white paint on the respective primary and secondary
terninal. .

3.10.5 Current transformer frequency range. No change of current trans-
former accuracy shall result from frequency change of the current being measured
over the range of plus or minue 10 percent of design value. This design value
ghall be either 60 or 400 hertz (Hz) as specified (see 6.2.1).

3.10.6 Current transformer accuracy and ratio error. Current transformers
ghall not exceed the ratio error and phase engle limitations shown in table III
at rated frequency for the seyxvice epecified (see 6.2.1).

TABLE I1l. Current transformer ratio error and phsse angle.
Ratio error

Phase limits

Service angle ) {naximum)

Havy ANSLY/ Percent of #Hioutes Percent

designation designation | rated curreat | (plus or minus) } (plus or minus)

Navy primary 0.3 f 10 20 0.50
service (KPS) 100 + 10 10 0.25
Navy secondary 0.6 10 40 1.00
service (NSS) 100 + 10 20 0.50
General usage 1.2 10 80 2.00
(cu) 100 + 10 40 1.00

-1/ The ANSI €57.13 designations are a combination of that shown in tables III
and IV, for example 0.38-0.l. .

3.10.6,1 Current transforuer buiden. Current. transformers shall be
furnished in the burdens (at rated current of voltage and frequency) specified -
in table IV with relation to the accuracy specified in the acquisition docyment
(see 6.2.1). '

-
.-
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TABLE 1V. Current trangforuer. burden.

Volt=-smperes Percent power factor { ANSI de.ignnttonl!J
2.5 90 B-0.1
5 90 B~0.2
12.5 90 B-0.5
25 50 : B~1
50 50 B~2

1/ The ANS1 C57.13 designstiono are a combination of that shown ia tables
III and 1V, for example 0.35-0.1.

3.10.7 Short circuit and open circuit limf{tations.

indear conditiann

3.10.7.1 Current trzosformar on shorted secondary circuit. Under conditio
of shorted secondary circuit, current transformere shall withstand without injury
40 tipes the rated primary current applied for 1 second.

3.10.7.2 Current transformer on open secondary circult. Under conditions
of open secondary circuit, current tranoformers shall be capable of carrying

rated primary curreant conttnuounly wicthout damage co the insulation and without
interruption of service.

3.10.8 Current transformer ratio. Qurrent transformers shall be furniched
in the following standard aopere ratios. Nonstandard ratios, 1f required, shall
be as specified (wee 6.2.1).

25:5 250:5 1000:5 1/3500:5
50:5 300:$ 1200:5 4000:5
0’75:5 400:5 1500:5 %000:5
L7 80:5 5006:5 2000:5 6000:5
100:5 600:5 1/2500:5 1/7000:5
150:5 750:5 3000:5 8000:5
200:5 800:5
1/ Nor te be used for new construction
2/ 400 Hx only

3.10.9 Current crangformer coisture resistance. When specified (see 6.2.1),
current transformers shall withstand the moisture resistance test specified in
4.7.1&4. At the conclusion of the cest, the insulation resistance ahall be oot
less chan 25 megohms.

3.10.10 Current transformer protective devices. WUhen specified (see 6.2.1),
protective devices shall protect the associsted current transformer againsc high
open secondary circuit voltages by sutomatically short=circuiting the secondary
ternivals of the crangformer before the secondary voltsge exceeds 450 volts root
wean square (Vras) at 5 apperes root mean square (ras) sine Wave.
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3,10.10.1 Current transformer mounting. Current transformer protective
devices shall be capable of being switchboard mouuted neparn:ely from the current
transformer they protect. :

3.10.10.2 Leakage current. Leskage current of protective devices at 10
vrus shall be not greater than 4 milliamperes.

3.11 Potential transformera.

3.11.1 Conatruction. Tradsformers shall be either lealed‘or.encapaulated-

3.11.2 Primacy voltage and secondsry voltsge. The primary voltage and
gsecondary voltage shall be as epecified (see 6.2.1).

3.11.3 Poteatial transformer mounting. Unless otherwise specified
(see 6.2.1), the potential traneformer mounting shall be for switchboard.

3.11.4 Polarity and terminal markings for potential transformers. The
terminals ehall be arraunged with regard to instantaneous polarities.

3.11.4.1 Potentiasl transformer polarity marking. Potential transformers
ghall be subtractive and shall be so marked in accordance with MIL-S5TD-195.
These polerity markings shell not be obliterable by paint. They may, however,
be supplemented by a durable white paint on the respective primary and secondary
terminal.

3.11.5 Potential transformer frequency range. HNo change of potentisl trans-
former accuracy shall result from frequency change of voltage being measured over
the range of plus or minus 10 percent of design value. This design value shall
be either 60 or 400 Hz as apecified (see 6.2.1).

3.11.6 Potential tranaformer accuracy end ratio error. At sny voltage from
g0 &5 110 percent of the primary voltage rating and at any aacondarv burden from

0 to 110 percent of the rated volt-ampere capacity over the specified frequency
range, the saccuracy limftations showa in table V shall apply for the service
specified (see 6.2.1).

TABLE v. Potentlal trsngformer ratio error and phase aﬁgle.

Phase angle Ratio
Classification minutes=-limits error limits
Kavy ans1i/
NEs | 0.6 + 20 + 0.5
NSS 1.2 &0 +1

1/ The ANSI C57.13 desiguations are a combination of that shown in
tables V and V1, for example 0.6Y.



Downloaded from http://www.everyspec.com

MlL-1-1361C

3.11.6.1 Potential transformer burdea. Potential transformers shall be
furnished i{n the burdens (at rated current or volcage and frequency) specified
fn table VI, with relation to the gpecified accuracy (see 6.2.1).

'
TABLE V1. Potentisal transformer burden. '

Volt-azperes Percent power factor ~ ANSI destgnatlonl!
12.5 10 w
25 ’ 70 X
s 20 M
75 85 Y
200 85 z

1/ The ANSI €57.13 designations are a combination of that ghown
in cables IV and v, for example 0.6Y.

3.11.7 Potentisl transformer ratio. Potential cranaformers shall be
furniched in the following standard ratios. Other standard ratios, when
required, shall be selected from ANSI C57.13 as specified (see 6,2.1).

{a) 230 to 115 volts (2/1)
(b) 460 to 115 voles (4/1)
{c) 575 to 115 wvolts (5/1)
{d) 1100 to 110 volts (10/1)

fat 3400 en 118 wvaleas 20711

\Cs LaVw L0 4ad VOALE RAV/ias

(£) 4600 co 115 volee (40/1)

3.11.8 Potential tranaformer ooisture resistance. When specified (gee
6.2.1), potentisl transformers chall withstand the moisture resistance test
specified in 4.7.14. At the conclusion of the test, the insulation resistance
shall be not less than 25 megohms.

3.12 Markings.

3.12.1 Potentisl tranaformer polarity markinge. The polarity of all points
where external connections are made shall be plsainly carked.

3.12.2 1Identification plates. Equipment shall be provided with identifi-
cation plates in accordance vich HIL=-P-15024 and MIL-P-15024/5. They shall be
located in an accessible position vhere they can be read at all times without
danger to persounnel. Aluminum shall not be used for identificstion plates.

3.12.2.1 Current and potential transformers. The following data shall
be marked on the idencification plates. Items (a), (d), (e), (g), (h) and (1)
are required as & mioisun. .

-
-
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{a) Hanufacturer's name {or sywbol)

¢(b) Manufacturer's serial number

{c) Manufacturer's type and form designation

(d) Ratio in terms of primary and secondary curreat {current
transformers only) .

(e) Ratio in terms of primary and secondary voltages (potential
transformers only)

(£) Voltage rating of primary winding (potentisl transformers only)

(g) Volt amperes -

(h) Rated frequency -

(1) Accuracy classification

3.12.2.2 Shunte and resistors. The following data, which shall be marked
on the identification plates apply to self—contained equipment with instrument
cases and to portable and ewitchboard mounting. Items (a)}, (c¢), (d) and (e) are
required as a minioum.

{a) Manufacturer's name {or symbol)

(b} Manufacturer's type and form designation, or the equivalent
{(c) Voltage drop at rated current {ghunts only)

(d) Current ra:ing

(é) Resistance \ncu B8LOTIS 65;?}

3.13 VWorkmanship. Iustrument auxilisries shall be manufactured and pro-
cessed in accordance with good design and eound practice. The instrument auxil-
faries shall be free from metal filinge, grease, oil, foreign material, dust, or
other loose particles which might interfere with normal operation. The workman=
ship of instrument auxiliaries shall be in accordance vith requirement 9 of
MIL-STD-454.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responeibility for inspection. Unless otherwise specified in the
contract or purchase order, the contraector i1s responsible for the performance of
all inspection requirements as specified herein. Except as otherwise specified
in the contract or purchage order, the contractor may use hie own or any other
facilities suitable for the performance of the fnspection requirements apecified
herein, unless disapproved by the Government. The Government reserves the right
to perform any of the inspections set forth in the epecification where such
inapections are deemed necessary to agsure supplies and services conform te
prescribed requirements.

4£.1,1 BRegponsibilicy for comnliance. Al) items must meet all requirements
of sections 3 and 5. The inspection set forth in this specification shall become
a part of the contractor's overall ingpection system or quality program. The
absence of any inspection requirements in the specification shall not relieve the
contractor of the responsibility of agsuring that all products or supplies sub-
mitted to the Govermment for acceptance comply with all requirements of the
contract. Sampling in quality conformance does not authorize gubmission of known
defective materfal, either indicated or actual, nor does it coumit the Goverument
to acceptance of defective material.

10
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4.1.2 Inapection systém. Unlcss otherwise specified, the contractor shall
ovide and maintaln an inepection system and a calibration system in accordance

r
1ich the dats ordering documents included in the contract or order (see 6.2.1
and 6.2.2). - : !

4.2 Classification of inspections. The inspections ecpecified' herein are
clasgified as follovs:

5]

(a) First article inspection (see 4.4) -
(b) Quality conformance ingpection (eee A.5)

4.3 BReference conditiong. Unless otherwvise specified (see 6.2.1), the
reference conditions shsll be as follows:

(a) Teoperature: 23 + 1°C
(b) ERelacive humidity: 50 to 75 percent
(c) Atmospheric pressure: 650 to 800 uillimeters of mercury

4,4 Firse article inspection. . First article inaspection shall consist of
the exanination and tests specificd in table VII performed in any order. One
or wore fasilures ehall be csuse for rejection of first article (see 3.1 and 6.3).

4.4,1 Pirsr article sawple. Prior to beginning production, the contractor
shall provide three inscrument suxiliariecs for cach ciase desiguation {produced
with equipment and procedures used in production) for firet arcticle iaspection.

11
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4.5 Quality conformance inspection. The qualicy conformance faspection

shall consgist of the examination ond tests shown in table VII, se applicable,
except that the following testes need not bo performed:

{a) Shock .
{(b) Insulstion resigtance
(¢} Moisture recistance
(4) Temperature rise

{e) Short and open circult

4.5.1 Inspection lot. Electrical indicsting instruoent suxiliaries of
the same class which are presented for delivery at one time shall be considered

a lot for purposes of ingpection.

4.5.2 Ssmpling for quality conformance ingpection. A random ssmple of
equipaents shall be selected from each inspection lot io accordance with table
VI1I and shall be subjected to the tests spoecified fn 4.5. The regults of each
test shall be coupared with specification requirements.” Failure to conforov to
this spectfication for any test shall be considered a defect, and the equipment
shall be rejected. Acceptance shall be fn sccordance with MIL-STD-105 as wodi-
fied by table VIII. (Acceptable quality level (AQL) equals 1.5 percent
defective.) .

TABLE VIII. Sampling for quality conformance inspection.

Acceptance Rejection

number nuaber

Number of Number of (Nuaber of equipment
equipoent in equipnent nonconforming on any
inspection lot in sample examination or test)
15 and under 3 0 A |
16 to &0 5 Y] i
41 to 110 7 0 |
111 co 300 12 0 1
301 to 500 17 1 2
501 and over : 25 2 k|

4.6 General exanination. Each instrupent suxiliary shall de eznninéd
thoroughly to ascertaio that the material, dimensions, design, sarking, and
vorkmanship are in sccordsnce with this epecification.

4.7 Test procedures,

4,7.} Dielectric strength. Dielectric strength tests shall be conducted
to deteraice conformance with this specification. The voltages shown in table
I, as applicable, shall be applied for 1| aioute, Foluts of application of test
voltages and other test conditfions shall be the same as for Lnsulation resistance.

4,7.2 Creepage and clearance. Creepage and clearance distances shall be
demonstrated by actual messurencat to be in accordance with 3.2.

13
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4.7.3 Voltage drop. Shunts shall be tested at 25, 50, 75, 100 and 150 per-
cent of rated current. The test shall be repeated for esch rating of the shunt.
Duplicated current settinge need not be repeated. Testa-shall be done in an
ambient of 20 degrees Celsius {°C) snd repeated. The current shall be held until: .
the temperature of the shunt is stabilized for settings up to rated current.
The 150 percent rated test shall be held for 5 minutes immediately following
the rated current test. The voltage drop shall be within 0.25 percent of
rating for all tests. .

4.7.3.1 Volrage drop between main goutacts. The instrument leads shall be
reconnected to the main contacts and rared current applied. The voltage drop
shall be not greater than 1,0025 cimes the value between the inastrument terminals.

4.7.4 Resistance. The overall resistance of resistors shall be measured by
the bridge method to determine whether they are within plus or minue 0.5 percent
of the design value. The temperature at which resistance readings are taken
shall be recorded.

4.7.5 Overload and humidity. Resistors shall be placed in a chamber with
a relacive humidicy of 95 percent and subjected to 50 ¢ycles as described herein.
Each cycle shall consist of energizing the resistors at 120 percent of rated
voltage for 2 hours and then deenergizing and permitting them to cool for 1.3
hours. The humidity shall be raised to 100 percent as the temperature decreases.
{Precautions shall be taken to prevent dripping on the resistore.)} Directly after
every five cycles, temperature rise, insulation resistance, resistance, and
dielectric strengrth tests shall be conducted and the results ghall be noted.

4.7.6 Polarity.

4.7.6.1 Polarity of current transformers. The polarity of a current
transformer shall be tested by one of the following methods:

§.7.6.1.1 Method 1 for current transformers. A standard current transformer
of known polarity shall be connected to a wattmeter, the potential coil of which
shall be suitably excited. The deflection of the wattmeter ghall be noted and
compared with the deflecticn of the transformer under test when connected and
operated in the same manner. If in both cases the deflections are in the same
direction, the two transformers have the same polarity.

4.,7+6.1.2 Method 2 for curreant transformers. A dc voltmeter or amueter
shall be counnected scross the low voltage winding of the tranaformer to be tested.
A dry cell and switch shall then be placed scross the primary winding. when the
switch ia closed, the instantaneous deflection of the meter shall be noted. A
positive deflection indicates that the secoadary lead connected to the positive
side of the seter and the primary lead connected to the poeitive side of the dry
cell are of like polarity.

4.7.6.2 Polarity of potential transformera. The polarity of a potential
transformer shall be tested by one of:the following methods:

-
-
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§.7.6.2.1 MHethod | for potentisl transformers. The correspondiag high
voltage leads of a standard transforoer of known polarity and of the trsnaformer
being tested shall be connected. Both transformers shall be parallel excited.
1f, when twvo of the corresponding low voltage leads of the transforumers are /
connected, s voltaeter resds the difference of the lov voltage wviandings, the
two transformers are alike fin polarity. If the voltmeter resds the sum of the
low voltages of the two transformers, the transformers are of oppoaite polarity.

4,7.6.2.2 Method 2 for potential trangformers. Method 2 shall be as
specified 10 4.7.6.1.2. :

4.7.7 Phase diegplacement.

4.7.7.1 Phaae dicplacement of current transforwers. Current tranformers
shall be tested to deternine whether the phase angle displacement exceeds the
value specified in 3.10.6 by measuring the difference between the phase angle
of che transformer being tested and that of a standard transformer of che aans
rating. This standard trangformer shall have been calibrated at the test
fraquency by a laboratory wethod of ceasuring absolute values. Transforaers
shall be tested at 10, 90, 100 and L10 percent of the rated current for first
article tests and at 20 and 100 percent of the rated current for Quality
conforsance teats at the specified frequency and at rated burden.

4,7.7.2 Phasec displacement of potential cransformers. Potential ctrans-~
foroners shall be tested to determine whether the phase angle displacemenc exceeds
the value specified $n 3.11.6 by measuring the difference between the phase sngle
of the transforuwer being tcsted and that of a etandard transformer of the sane
noninal rating. Thig standard cransforser shall have been calibrated at che test
frequency by s laboratory method of measuring absolute valuee. The transformer
ghall be tested at O, 90, and 110 percent of ite rated volt-ampere capacity at
the specified frequency and a given power factor. It shall be tested at 90, 100,
aad 110 percent of the rated voltage for first srticle tests and at 100 percent
of the rated voltage for quality conforpance tests.

4,7.7.3 Phase displaccment for quality inspection. Phase displacement may
ba tested in accordance with ANSI C57.13 in lieu of §.7.7.2.

4.7.8 BRatio crror.

4.7.8.1 Ratio error of current transformergs. The ratio error shall be
tested to determine whether the ratio error exceeds the value specified in
3.10.6 by measuring the difference between the ratio of the transformer being
¢tested and that of a standard treansforper of the sane poainal rating. These
standard tranaforoers shall have been calibrated at tha test frequency by a
laboratory method of messuring sabsolute values. The transforoer shall be tested
at 10, 20, 40, 60, and 100 percent of cthe rated current for first arcticle tests
and at 20 and 100 percent of the rared current for quality conformance tests at
the gpecified frequency snd at rated burden.

4,7.8.2 Ratio error of potantial tranoformers. The ratio error shall he
tested to determine vhether the ratio error exceeds the valud specified in
3.11.6 by ceasuring the difference between the ratio of the transformer being
tested and that of & standard transforoer of the same nominal rating. This
standard transforomer shall have been calibrated at the test frequency by a

15
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laboratory method of measuring absolute values. The traneformer shall be tegted
ac 0, 90 and 100 percent of the rated volt-ampere capacity at the specified
frequency and at a given power factor. It shall be testgd at 90 and 110 percent
of the rated voltage for first article tests and at 100 perceat of the rated o

voltage for quality conformance tests. .

4.7.8.3 BEatio error for gquality imspection. BRatic errsr msy be determined
in accordance with ANSI C57.13 in lieu of 4.7.8.2.

4.7.9 gcurreot trenaformer protective devices.

4.7.9.]1 Breskdown voltage. The current tranaformer protective device ghall

be tested to determine whether it short—circuits the secondary terminals of a
current transformer when 450 Vrms is applied to the device.

4.7.9.2 Lleakage current.. The current transformer protective device shall
be tested to determine whether the leaksge current at 10 Vrms exceeds 4 milli-
amperes. .

4.7.10 Temperature rise. The test methods and precautions for conducting
the temperature rise test shall be as specified in MIL-E-917. The tests shall be
nwade under conditions equivalent to normal operation at rated voltage, frequency,
and load to determine thst the rises specified herein are not exceeded. Hethod 1
shall be uged for shunts and reslstors. Method 2 ghall be used for other equip-
went.

4.7.10.1 Temperature rise for shunts. Shunts under test shall be mounted
horizontally on bus bars exiénding 3 feet to each eud and with natural air
cooling. The gize and number of the bus bars shall conform to commercial
practice to carry the required current.

4.7.11 Short and open circuir tests for current transformers.

) 4.7.11.1 Thermal rating with shorted secondary. The winding temperature
under short circuit conditions shall be calculated in accerdance with the method
gpecified in ANSI C57.13.

4.7.11.2 Open gecondary circuvit.

4.7.11.2,1 Open circuit test. With the transformer completely assembled,
the rated current shall be applied across the primary circuit with the secondary
circuit open. The test shall continue until the temperature of the transformers,
a8 measured in accordance with MIL-E-917, rises to a constent value. Any damage
to the insulation or discontinuance of service shall constitute failure of the
test.

4.7.12 Shock. The equipment shall be subjected to the ghock test speci-
fied in MIL-5~901 (Bee 3.5). Fixture 4A shall be used with the equipment mounted
thereon, simulacing shipboard imstallation. After the test, the equipment ghall
be carefully inspected, and deteils of the damage shall be recarded. The resie-
tance of each device shall be taken between terminals snd termiuvals to ground.
Resistance measurement between terminals shall not change. Resistance to ground
shall be not less than 10 megohms. Device shall be fully functional within

L]
epecified rolsrances and he aperated with intended device.
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4.7.13 Insulation resistance. The inculatfon resistance shall be oeasured
successively betwveen each clrcuit and all other circuite and metal parteé which
are grounded, Window-type current transforsera-shallbe tested vith an inserted
inductor to siculate the primary vinding. The cests shall be performed at rogo
teoperature, and the relative humidicy shall be recorded. .

4.7.14 HMoisture Tresistance. When required in the acquisition document
(eee 6.2.1), the poisture resistance test of MIL-5TD-202, wethod 106 shall be
_ performed on trsnsformers. The following detsils and exceptions shall apply:

(a) Mounting: On rscks.

{(b) Initial massurements: Kot applicable.

(c) Condictioning: The 24-hour initial drying period prior to the
first cycle say be omitted.

(d) Polarization: Ualess othorwise specified (see 6.2.1),
polarization i¢ applicable. The polarizing voltage ghall be
applied during steps ]| to 6 inclusive, between all windings not
connected directly to the core or case, snd the core or case.
¥hen the dielecrric-withstanding test voltage is less than 100
Vrms, a 50 volt de polarizing voltage shall be used. The
polariring voltage shall be popitive with respect to the core
and the case.

(e) Loading voltage: Not applicable.

{f) Final examinatione: .

{1) Secaled transforecers, netal encased with either separately
fabricated headers or terminsls or both: Upon completion
of step 6 of the -final cycle, transformers or inductors
shall ba removed from the humidity chamber and shall be
conditioned for a maxipum of 8 hours at scandard inspection

.condicfons (see 4.1.2). After this conditioning period,
dielectric vithostanding voltage (at reduced voltage),
induced voltage, and insulation resistance shall be measured
at any temperature above 20°C and at ambient room humidity,
but rejections shall be based on messyrements made between
20 and 35°C and at a relative humidity not greater than
80 percent. If failure occurs abave reference conditions
the teats ghall be rerun within reference conditions.

(2) Encspsulated transformers, including colded or embedded
conptructions, and units with & petal shell, open at one
or both ends snd filled with encapsulated material: Upon
coopletion of atep 6 of the final cycle, transformers
or inductors shall be removed from the humidity chamber,
and the overload voltage ahall be applied to the units as
soon ag possible afcer removal from the humidicy chanmber;
in no case shall this interval exceed 6 bours.

(g) Vigual exanination: Transformers and {nductors shall be exsamined

* for any visible daoage, including corrosion and obliteration of

warkiog.
4.8 Inspection of packaging. Sample packages and packs, and che inspection

of the preservation-packsging, packing and marking for shipment and storage shall
be in saccordance with the requirements of aectton 5 and the documents specified
theredin.
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5. PACKAGING

(The packaging requirements specified herein apply only for. direct Govern-
went acquieition. For the extent of applicability of the packaging requirementa’
of referenced documente listed in section 2, see 6.5.)

5.1 Domestic shipment and early equipment installation.

5.1.1 Preservation and packaging. FPreservation and packaging, vhich may be
the contractor's commercial practice, shall afford adequate protection against
corrosion, deterioration, and physical damage during shipment froz the gupply
source to the using activity and until early installation.

5.1.2 Packing. Packing ghall be accomplished in a manner which will insure
acceptance by common carrier at the lowest rate and will afford protection against
physical or mechanical damage during direct shipment from the supply source to the
using activity for early installation. The shipping containers or method of pack-
ing shall conform to the Uniform Freight Classification Ratings, Rules, and Regu-
lacions, or other carrier regulations as applicable to the mode of tramsportation,
and may conform to the contractor's commercial practice.’

5.1.3 Marking. Shipment marking information shall be provided on interior
packages and extericr shipping containers in accerdance with the contracter's
commercial practice. The information shall include nomenclature, Federal stock
nuaber or manufacturer’s part number, contract or order number, contractor's

name, and destination.

5.2 Domestic shipment and storage or overseas sh;ggenc-

5.2.1 Preservation and packaging, packing, and marking. The equipment,
accessories and technical publications shall be preserved and packaged at level
A or C, packed at level A, B, or C, as specified in the acquisition document
(see 6.2.]1), and marked in accordance with MIL-E-17555. Method II shall apply
for level A packing of equipment.

6. NOTES

6.1 1Intended use. The electrical measuring instrument auxiliaries covered
by chie egpecification are intended for general use to extend the scale range of
measuring instruments or to provide low current for relay circuita. Shunts and
current transformer are for use in current circuits to extend thelr scale ranges.
Resistore and potential transformers are for use in potential circuits to extend
their scale ranges. Current transformers for relay service provide low current
for relay circuirs, Current transformer protective devices protect the gecondary
aide of current transformers against excess voltage,
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6.2 Ordering data.

6.2.1 Acquisition requirements. Acquieition dosunen:n should specify the
following: . P

{a) Title, nuaber, and date of this specification.
(b) Type of instrument suxiliary required (see 1.1). Specific
inforumation for csch type should be specified &8 follows:

(1) Shunte
a. Resistance (sec 3.8.35)
b. Mounting (see 3.8.6)
c. QCurreat rating and vo

itage
d. Lesd resistance {(sce 3.8.8.4)

{2) Resistors
a. Resistance (sec 1.9.3)

" {3) Current tranaformers

a. Primary current (see 3.10.2)

b. Sccondary volrage (see 3.11.2)

c. Mounting (sce 3.10.3)

d. FPrequency range {see 3.10.5)

e. Service (sece 3.10.6 and table III)

f. Burden {see 3.10.6.1)

Be Batio (.eﬂ 3-10-3)

h. Whether moisture resistance tests are required
(see 3.10.9)

1. Whether current transformer protective devices are
required (see 3.10.10)

(4) Potential transformers
8. Pripary volcage (gee 3.11.2)
b. Secondary voltage {sea 3.11.2)
¢. HMouanting (sco 3.11.3)
d. Frequency range (see 3.11.5)
a. Service (sec 3.11.6 and table V)
f. Burden (gce 3.11.6.1)
g+ Batio (mee J.11.7)
h, Whether molature resistance tests are tequired

(see 3.11.8)

{c) 1If ifaspection syetenm is required (see 4.1.2).
{d) What reference conditions apply (see 4.3).
(e) Polarization test required during moisture test (see 4.7.14(4)).

6.2.2 Dsts requirepenta. When this specification f{e used in.an scquisicion
and data are required to be delivered, the data requirements identified below
chall be daveloped as specified by an approved Data Item Description (DD Form
1664) and delivered in accordance with the approved Contract Data Requiremencs
List (CDRL), i{ncorporated into the contract. When the provistons of DoD FAR
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Supplement Putt 27, Sub-Part 27.410-6 (DD Form 1423) are invoked aad the DD

1423 is not used, che data specified below shall be delivered by the contra

in sccordance with the contrect or purchase order requirements._ Deliverable
data required by cthis eépecificarion are cited in the following paragraphs. o

F

t

Paragraph no. Data requirement title ‘Applicnhle DID no.” Option

4,1.2 Inspection system program plan DI-R-4803 -

(Data item descriptions related to this specification, and identified in
seccion 6 will be approved and listed as such in DoD 5000.19L., Vol. II, AMSDL.
Copies of dats item descripticns required by the contractors in comnection with
specific acquisitiou functions should be obtained from the Naval Publications
and Forms Center or ag directed by the contracting officer.)

6.2.2.1 The dats requirements of 6.2.2 and any task in sections 3, 4, or 5
of this specification required to be performed to meet a data requirement mey be
waived by the contracting/acquisition activity upon cerciffcation by the offeror
that identicsal date were submitted by the offeror and accepted by the Government
under a previous contract for identical item acquired to this speciffication.

This does not apply to specific data which may be required for each contract
regardless of whether an identical item has been supplied previously (for example,
test reports).

6.3 Firet article ingpection. When & first article inapection is required,
the items should be a first article sample. The first article ghould consisgt of
three units. The contracting officer should include specific instructions in
qcquisition documents regardiag arvangedents for exatlmations, approval of first
article test results and disposition of first articles. Invitations for bids
should provide that the Government reserves the right to waive the requirement
for samples for first article inmspection to those bidders offering a product
which has been previcusly acquired or tested by the Government, and that bidders
offering such products, who wish to rely om guch production or test, must furnish

evidence with the bid that prior Government approval is presently appropriate
for the pending contract,

6.4 Definitious.

6.4.1 Multiplier. A multiplier is a particular type of series resistor
used o extend the voltage range in an instrument beyond some particulsar value
for which the instrument is already complete.

6.4.2 Phase angle.

6.4.2.1 Phase angle of a current transformer. The phase angle of a current
traneformer ie the angle between the primary current vector and the reversed
secondary current vector. For convenience, this angle is considered positive
when the reversed secondary current vector leads the primary current vector.

6.4.2.2 Phase angle of a potential transformer. The phase angle of a
potential transformer is the angle between the primary voltage “vector and the
gecondary voltage vector reversed. For convenience, this angle is considered
poaitive when the reversed secondary volrage vector leads the primsry voltage
Vector.
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6.4.3 Correction factors.

6.4.3.1 Phase angle correction factor. The phase angle correction factor
is that factor by which the reading of a wattmeter or vatt-hour aeter operated
from the secondary of a current or potential cransformer, or both, cust be euicl-
plied to correct for the effpct.of phage displacement of current and voltsage
due to the peasuring apparatue. This factor equals the ratio of the true power
factor to the apparent powver factor. .

6.4.3.2. Ratio correction factor. The ratio correction factor is that
factor by which the oarked ratio of e current or potential transformer oust be
multiplied to obtain the true ratio. This factor is expressed as the ractio of
the true ratio to cthe narked ratio. 1f a current transformer and s potential
transforuar are ueed in connection with a wattmater or watt-hour meter, the
ratio cotrection factor becomes equal to:

(true C.T. ratio) y _(erue P.T. ratio)
mewlad £ T ardin {marked P.T. ratio)

WHBLARUS Wwe aas EUbAvJ w—a

6.4.4 Power factor.

6.4.4.1 True pover factor. The true power factor io an ac circuic &s
the power factor calculated from instrudent indications after sll the necessary
corrections have becn applied, including the correction of the wattmeter reading
tor the effect of phase displacement of the current and voltage due to tho

oeasuring apparstus.

6.4.4,2 Apparent power factor. Tho apparent pover factor in an ac circuit
1s the powver factor caslculated fros instrument indications after all the acces-
sary corrections have been applied, except the correction of the wattmeter
reading for the effect of phsse displacement of the current and voltage due to
the measuring apparatus.

6.4.5 Primary and secondary windinge.  The terms “primary” and “secondary”
distinguish the windings in regard to energy .flowv. The primary receives energy
from the supply circuic, and the cecondary recelves energy by electromagnetic
induction from the primary.

6.4.6 Ratio.

6.4.6.1 True ratio. The true ratio of a current or potential transformer
is the ratio of the rms primary current or voltage to the rms secondary current
or voltage under specificd coanditiouns.

6.4.6.2 Marked ratic. The marked ratio of s current or potential trans-
toreer is the ratic, indicated by the racing plate, of the primary to the
secondary curreant or voltage respectively.
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6.4.6.3 Ratlo error. The deviation of the true ratfio from the mar ked
ratio is called the ratio error.

-
-

6-“-7 R.nting. . "

6.4.7.1 Rated primary current of a current trangformer. The rated primary
current of a current transformer is defined as a current which can be carried
for an unlimited periocd without causing any of the specified limitations to be
exceeded.

“6.%.7.2 Rated prima:y voltage. The rated primary voltage of a current or

PUI—I:III.ial transformar is dafinad g8 a vel tage vhich can be carried for an

unlimited period without causing any of the specified limitations to be exceeded.
The rated primary voltage of a current transformer defines a voltage which can

be applied from primary winding to ground for an unlimited period without

causing any of the especified limitations to be exceeded.

6.4.7.3 Rated burden. The rated burden of a transformer is defined as a
burden which can be carried at a specified accuracy for an unlimited period
without causing the established limits to be exceeded.

6.4.8 Burden of a transformer. The burden of a transformer is that
property of the circuit connected to its secondary which determines the flow of
true and reactive power from the transformer. It is expressed either as total
chos impedance, together with the effective reeistance and reactance components
of the impedance, or as the total volt-amperes and power factor of the secondary
devices and leads. The values expressing the burden apply to the condition of
rated secondary current or voltage of the transformer and a stated frequency,
both of which must be included with the burden expression.

6.4.9 Mounting types.

6.4.9.1 Wound (wound-primary) type current transformers. The wound type
current transformer has the primary and secondary windinge completely insulated
and permanently assembled on the core. The primary is usually a multi-turn
winding, but may be a single turn if the turn is cooplete. -

6.4.9.2 Bar type current’ transforuwer. The bar type current transformer
has the primary and secondary windings completely iusulated and parmaneatly
assembled on the core. The primary consists of a bar type conductor passing

" through the core.

6.4.9.3 Window type current transformer. The window type current
transformer hags a secondary winding completely insulated and permanently
assenbled on the core but has no primary winding. Complete insulation may or
may not be provided for a primary conductor to pass straight through the core
wvindow.

6.4.9.4 Switchboard equipment. Switchboard equipment is designed ¢
permanently mounted oo a switchboard for operation with a partiguiar el
measuring instrument.
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6.4.9.5 Self-contained with instrument reeistors. A reaistor which is
self-contained with the ingtrument s an integral part of the instrument for
which it was designed.

-

6.4.9.6 Cage-type resistor. A cage-type resistor i{e mounted on or adja%ent
to the instrument with wvhich - it operates.

6.5 Sub-contracted materisl and parte. The packaging requirements of
referenced documenta listed in eection 2 do not apply when materisl and parts
are acquired by the conctractor for incorporation into the equipment and lose
their separate 1dentity when the equipment ie shipped.

6.6 Changas from n r in this revision
to identify changes with respect to the previous issue due to the extensiveness

of the changes.

\steriske are not used

revious iasue.

Custodians: Preparing activity:
Army - MR Navy - SH
Navy - SH (Project 6625-05609)

Alr Poree - 99

Reviewv activitice:

UESC - ES
Alr Porce - B2

User activities:

Aray - ME
Navy - CG, MC, 05, AS, EC
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