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MILITARY SPRCIPICATION

MOCKUPTRSTING, ELSCTRIC SYSTEM, PILUIED AIRCW AND
GUIDED MISSILE, GENEW RRQUIREME~S FOR

1. SCOPB

1.1 This specification
electric-system mockups

covers the general
prior to prototype

guided missiles. (See 6.3.1.)

2. APPLICABLE D@XIMSNTS

* 2.1 The following documents, of the issue

requirements for testing of the
flight of piloted aircraft or

in effect on date of invitation
for bids or reaue=t for prop&al, form a part of this apecificatiOn tO the
extent specifi~d

SPECIFICATIONS

Militarv

herein.

MIL-C-45662 Calibration System Requirements

STANDAFUIS

Military

MIL-STD-831. Test Reports, Preparation of

(CoPieaof spacifications, standards,drawings, and publicationsrequired
by Buppliera in connectionwith apecific procurementfunctione should be
obtained from the procuringactiv it y or aa directed by the contract fug

i

officer.)

3. RRQUIRXMSNTS

3.1 laboratory test facilities

3.1.1 Test-generatordrives

* 3.1.1.1 Direct drives. If a direct coupling to the main
engine is used to drive the generators in the aircraft or

●

propulsion
guidetimiseile,
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the generator-system mockup may be driven by laboratory drives. The character-
istics 0[ tht.sc.drives sh.111 conform to the drive characteristics as installed
in the aircraft or guided missile with regard to the following:

a. Speed range - idle to iull military Powsr. As .sminimum requirement, the
laboratory-drivespeed range shall be equal to that of the actual drive..

b. Stiffness - initia1 speed (steady-scarespeed prior to shock-load
a p plic ation) minus 1 hr. m a ximum speed change with shock application or removal
of maximum test load, expressed as a percentage of initial speed. Stiffness
shall be determined at several initial speeds within the generator or
accessory-drive speed rawgt.,as applicable. The allowable difference betveen
the laboratory-driveand the actual-drive stiffness shall be i10 percent.

c. fiaximumacceIc,ration - maximum rate of change Of SP~F~. Th e al lo~ble

differmce between the laboratory-driveand the actual-drive.maximum accel-
eration shall b? IIC percent. This req.irement appiies under maximum rated
generator load and wil hin the rate.d speed range of the test generator or
accessory drive, as applicable,,

3.1.1.1.1 Direct-drive to)t.rance. If thr laboratory-drivecharacteristics
dlffer more Lhan al lowed from the actual drives, cicht.r an analytical study
or an aircraft or guided-missile test shal1 be msdt.to determine the effect
of this difference on the sys Len pf,riormzncv ~or both norn!-21and abnorml
operating contiitions.

* 3.1.1.2 Accessory drive. The ~encrator-syst..~!mockup shal1 be driven by
the actual drive <e.g., pneumatic, hydraulic, auxiliary power plant) used
in the aircraft or guided missile if direct cauplirw of the &eneratOr to
the engine is not used in the air vehicle. The laboratory input to the
accessory drive during these phases shall either duplicate or simlate the
aircraft or guided-missile instalIarion. Requirements for hydraulic and
pneumat ic drives arc listed Lvlow.

3.1.1.2.1 Hydraulicdrives. The Iaboraturyinput to the drives shal1 reset
the requirements of 3.1.l.la and. 3.1.1.lc.

3.1.1.2.2 Pneumaticdrives. The laboratoryair supply to the drives shall
be such that it can be controlled within the normaI range of the actu?l engine
air

a.

b.

c.

d.

2

supPly with re%ard to the foliowing conditions:

Temperature

Air supply (air weight flow)

Pressure

Sate of pressure change.

‘1
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3,1.1.2.3
aPPti.

Accessory-drivetolerance. The

MIL-M-25500B(USAF)

requirementsof 3.1.1.1.1 shall

3.1.1.3 Multiple drives. At least two separate generator drives shall be
used in tests of interconnected multiDle-Renerator systems if tvo or more
drives are used in the aircraftor gu~ded-missile. if practicable,the
number of laboratorydrives shall equal the number installedin the air-
craft or guided missile.

3.1.2 Environmentaltest equipment. Environmentaltest equipment [e.g.,
vibration,altitude, cooling, heating) shall be provided to perform the
required componentand system tests.

●

I

●

0’

● 3.1.3 Imtrumentstion. Instrumentationnethods shell be selected so that
electricalequivalenceof the s.vstern will not be affected. One example

#

wouldbe seniingof currentsdownstreamof the generator regulation point
so that series impedance will not be added to the generatnr control loop.
Instruments used in the test shall be laboratory type having inaccuracies
not exceeding * 3 p e r c e n t (oscillograph excepted). Each instrumentshall
be calibratedunder MIL-C-45662requirementsprior to the start of testing
and at intervalsnnt exceeding 90 deys during the test program.

j.i.h Load hnks. ~~oTatGrJ.~GaS ~@b.s =c.j& UEe~ t.csimulRt.e the’
power requireinentsof actual load ●quipment; however, substitution shall
not adversely affect the system test results. The load bank shall pro-
vide the capacity for rated continuous loads and overload rating of the
generation equipment. Alternating-current (ac) load bsnks shell include
linear reactors for power factor control as required in the rating Of
the ac generator. Short-circuit application and interrupting capability
shall be provided for any poiatin the system.

3.1.5 Groundsupportewipment. Ground equipmentproposed or contem-
plated for electricalsupport of the aircraft or missile shall be avail-
able to power the systemmockup during the course of the tests outlined
herein. The ground power supply shall connect to the electricpower
system through the externalpower circuit.

3.2 Mockup

3.2.1 Mockup components

3.2.1.1 Selection. Except as noted in 3.1.b, componentscomprising t h e
electric system shall be duplicationsof productionequipmentto be used
in the aircraft or guided missile. The components

componentacceptancetests specified in the detail
to incorporationin the mockup.

shall have pass ed
specification prior

3
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3.2.1.1.1 Equipmentvhich has unkno~ or marginal performancecharac-
teristicson the type of power system under test, or equipmentwhich is
sensitiveto electrostaticor inductivecoupling, shall be mockup tested.

3 . 2 . 1 . 2 Equipnent inspection. Prior to testing, sll equipent shall be
inspected for loose and broken parts, chafed insulation, and general con-
dition. Brush covers, blast-airhousing, or other cover plates shall be
removed during inspection. On’rotatingmachines, the conditionof the
sliprings,commutator,brushes, et cetera, shall be noted. The rotor
shall be turned to insure that the bearings -e free. On completion of
the inspection, all parts shall be reassembled in their proper condition.
Lock wiring shall be replaced where necessary. Equipment subjectto oon-
siderable wear shall be reinspectedperiodicallyduring mockup testing.

*
3.2.1.3 Types of electricaltests. Each cmnponent of the electric-
system mockup shall be sufficientlytested prior to or concurrentwith
system tests to assure that:

a. It is fun ctioning satisfa ctorily and within allowable tolerances as
defined by the applicable detail specification

b. Sufficientcharacteristicssre known to electricallyidentifythe
device and permit detailed systen analysis.

3.2.1.3.1 Electric componenttest items. The followingcharacteristics
of mockup componentsshall be determinedby tests, vhen applicable. If
necessary to assure conformanceto the requirementsof this specification
or at the option of the testing facility,the list shall be supplemented
with additionalitems. For item designatedby an asterisk,the infor-
mation shsll be determinedfor the specificequipmentunder test; other-
wise, type characteristicswill be sufficient. Tests need not be con-
ducted if results of inspection,qualification,or other tests approved
by the procuring activity and satisfying the requirements specified
herein are available.

a. Resistancea

(1) Insulationss

(2) windings and coils*

(3) Internal (batteries)*

!
,!
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b. Transient characteristics*

(1) Timeconstants*

(2) Impedances*

c.

d.

e.

f.

g.

h.

i.

(1)

(2)

(3)

(L)

(5)

(6)

~.

k.

1.

Saturationcurves*

Polarity*

Phase rOt.9ti0n*

Volt versus smpere characteristicS*

Voltage-timedischarge

Electrolytecheck*

Steady-statepower requirements

Operating voltage limits

Operating frequencylimits

Maximum operatingpower

Maximum operatingvolt amperes

Minimum operatingpower factor

Msximum warmup time

Operating time

Efficiency or heat redection

Contact performance (movingor rotating).

3 . 2 . 1 . k COmwn e n t e n v i r o nme n t a l t e s t s . Mockqp componentsthat have un-
known or questionableperformancecharacteristicsumder anticipatedair-
craft or guided-missileoperationalenvironmentalconditionsshall be
functionslly tested while operating under these conditions or probable
combinations thereof. These tests may be run in conjunction with system
tests.

5
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s. 2.1.5 D i s c r e p a n c i e s , An y d i s c r e p a n c i e s i n ma t e r i a l o r e q u i pme n t f u r n -
i s h e d b y t h e Go v e r nme n t ( GF AE ) , o r d e v i a t i o n s f r om i t s d e t a i l s p e c i f i -
c a t i o n , o r e v i d e n c e o f p o o r wo r kma n s h i p , s h a l l b e b r o u g h t t o t h e a t t e n t i o n
of the procuring activitY~

3.2.2 System mockup. A mockup of the electric system shall be tested as
follows.

3.2.2.1 Installation. The mockup airframe shall be a structuresimulating
the electric system areas. Materialsused for conductingpaths shall be
the same as used in the aircraft or guided missile. The ground plane to
the generationequipmentshall approximatethst of the aircraft or guided
missile The mockup design shall maintain as closely as practicable
electricalequivalenceto the completeairci.afior guided-missilesystem.
The size, length, spating, snd methods of harnessingand supportinggen-
eration equipment feeders snd control wiring shall be r.aintained6s close-
ly as practicableas designed for tbe aircraft or guided missile. Lc@d
feeders shall be constructedto simulatetypicsl wiring and ground paths
to the utilization equipment.

3.2.2.2 Electricaltests. Electricaltests shallbe
a satisfactoryelectric system prior to flight of the
or guided missile. These tests shall:

a. Include all possiblenormal.operatingconditions

performedto assure
prototype a.ircraft

b. Incorporatewhere applicable,emergency snd abnormal conditionssuch
as faults, componentfailures,malfunctioningof equipment,snd improper
operating procedures

c. Demonstratethat the system fulfills its design requirementsand
objectivesand verifies design calculations. This shall entail the func-
tioning of all system componentsinstalledin the mockup.

d. Establishthe sllowableadjustmenttolerancesof control elements
based on system performance

e. Determinethat the system electric-powercharacteristicsconform to
the applicableniilitsryspecifications

f. Determinethat the ground equipmentprop-xed or contemplatedfor elec-
trical support is adequatesnd cnmpatible vith the aircraftor missile
electric system undergoingtesting. The electric-systemmockup shall be
powered from the ground unit that vill supportthe aircraft or missile in
service. Ground power compatibilitytests msy be con~actedat any time
during course of the mockup tests.

6
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3.2.2.2.1 Types of electricaltests. The system mockup shall be tested
to determine the system characteristic or, where applicable,the effect
on the system of those items listed below. If necessary to assure con-

formance to the requirementsspecifiedherein or at the option of the
testing facility,the list shall be supplementedwith additionalitems.
Tests need not be conducted if results of inspection,qualification,or
other tests approvedby the procuring activity and satis~ing the require-
ments of this specification=e availablefor tbe specifictype of system
uoder test.

a.

(1)

(2)

( 3 )

( 4 )

( 5 )

( ~ )

( 7 )

( 8 )

( 9 )

( l o )

( 1 1 )

Voltage

Regulation - main bus or

Regulation- load bus or

Phase unbalance

regulationpoint (steadystate)

load (steady state)

Transientlimitsand stability

Plnasedisplacement

~,a..,=fcrz(.-..+fa.-+.nr.suhharmrmic, and harmoniccontent),--------....

Amplitudemodulation

Phase rotation

Rippie

Interruption (power transfer or fault clearing)

Drift (during varmup )

b. Frequency

(1) Regulation (steady state)

(2) Transient limits and stability

(3) Modulation

c. Capacity

(1) Normal

-1
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(2) Overload

(3) Fault

(h) Minimum

d. Parallel operation

(1) Real-loaddivision

(2) Reactive-1oaddivision

(3) Stability

(4) synchronizing

e. Manual control

(1) Range of adjustments

f. Protection

,., ,!,.-.--,+.”{L) ur,~=..“A.%e

(2) Overvoltage

(3) IJnderfrequency

(11) Overfrequency

(5) Ceiling excitation

(6) Generator,wire, .wi bus fault (includinginterruptingcaPacitY ~d
coordination)

(~.) Reverse current

(8) Reverse power

( 9 ) M i s c e l l a n e o u s

( 1 0 ) Co o r d i n a t i o n

6 . L o a d s

( 1 ) Sw i t c h i n g

8

control-systemfau.lts

I

,

I
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(2) Automatic transfer

(3) Voltsge self-modulation

(h) Compatibilitywith power supply.

3.2.2.3 Ground pover. The systsm mockup shall be tested in accordance
with 3.2.2.2.1when using ground power as describedin 3.2.2.2(f)to
ksmre satisfactoryelectric support durizg ground operations. These
tests shall.be in additionto those required when power is supplied from
simulatedor actual aircraft or missile power-generatingsystems.

3.2.2.b ~tery Power suDDlies. If batteries constitute the primsry
electric-power supply, tbe actnal batteries sbsll be used during those
test phases when the electric-system characteristics may be appreciably
affected by the power supply. Tests other than the above may be per-
formed using the laboratorypower supply.

3.2.2.4.1 FmergencvDowersuDDlies.Whena batteryis used as en emer-
gencypowersupply,testsshallbe conductedto determinethe maximum
timethe batterycan supplyadequatepowerto the connectedemergency
loadsafterfailureof the main electricsystemhas occurred.

3.2.2.5 Environmentaltests. If the predicteriaircrafior guided-
missileoperationalenvironmentfor anymockupcomponentcouldappreciably
affectthe resultsof the systemmockuptests,thiseffecton the system
shallbe determinedby testor calculation.

4. QUALITYASSURANCEPROVISIONS

● 4.1 Responsibilityfor inspection. Unless otherwisespecified in tbe
contract or purchase order, the supplier is respensible for the perfor-
mance of all inspectionrequirementsas specifiedtwrein. Except as
otberwiee specifiedin the contract or order, the suppliermay utilize
his own or any other facilities suitable for the perfowce of the
inspectionrequirementsspecified herein, unless disapprovedby the
Government. The Governmentreserves the right to perform any of the
inspectionsset forth in the specificationwhere such inspectionsare
deemed necessm to assure supplies and services conform to prescribed
l-equirements.

● k.2 bltxkup tests. Mockup testing shell be done in accordancevith the
requirementsspecifiedberein. When specified in the contract (see 6.2), a
detailed test procedure,applicableto the particularaircraft or guided
missile, shsll be preparedby the contractorto cover all requirements
of this specificationand shall be submittedto the procuring activity

9
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for approval. Tests performed in accordancewith the approvedtest pre
cedure shall be consideredto fulfill the test requirementsof this speci-
fication. Minor details of the approvedtest proceduremay be rncdified
vithout procuring activityapproval providedthe purpose of the applicable
test is not chsnged. Every effort shall be msde to choose the most eco-
nomical test methods without sacrificingthe end results. The test prO-
cedure shall include the following:

a. Mockup description

b. Purpose of each test

c. Detailed procedure for each test

d. Required instrumentationfor each test

e. Type,manufacturer,and function of test components,noting whether
Contractor-Fhrnished-Aeronautical Equipmentor Government-Furnished
keronauticelEquipment.

4.2.1 Duration. The following minimum requirements shall govern the
mockup duration:

a. The electric-systenmockup shall be kept intact for the duration of
the aircraft or guided-missileflight-testprogram.

b. At tbe end of the period specifiedin 4.2.la, the aircraft or guided-
missile manufacturer,in conjunctionwith the procuring activity, shall
d etermin e the lengthof timeto keepthemockupintact.

&.3 Reparation and submissionof test report. When apacified in the
contract (see 6.2).the contractorshallsubmita finalreportof the
mockup testing of the aircraftor guided-missileelectric &yStems and
equipment. This report shall follow, as nearly as practicable,the logi-
cal sequenceend the headings and subheadingsof the test outlined in the
contractor’stest procedureas approvedby the procurimgactivity. The
report shall be prepered in accordemcewith MIL-STD-831. The following
shsll be included:

a. Detailedmockup description

b. Exact testing procedure folloved,aod reasons fnr any changes frnm
the approvedtest proce~ure

c. Detailed results of the mockup testing

10
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d. Serial, type, manufacturerof test instruments,and date of last cal-
ibration

e. Serial, type,and rnanufacturer of teat components,includirigapplicable
specffications

f. Applicable environmental test conditions

g. Appropriate photographs, sketches, diagrams, and curve~ to explain
teat installations and reau.lts

h. Recommendationsaod conclusions

i. An appendixrecordingall pertinentchangesmadein the system(includ-
ing circuitry and equipment)during mnckup testing.

4.3.1 Deviations.Any departuresof the mockup test inatellationfrnm
the aircraft or guided-missileproduction installationdrawings,which may
appreCiablY affeet the test-systemperformance,shall be noted in the teat
report. Reasons for the departure and an analysisof the effect on the
system performanceshall be given.

5. PP_wPJ.4TIONFOR DELIVERY

* This section is not applicable”to this specification.

6. NOTES

● 6.1 Intended use. This specification is intended for use by contractor
in determining methods and procedures for testing electric-system mockups
of aircraft and guided missiles.

6.2 Orderinudata. Procurementdocuments should specify the following:

a. Title, number, and date of this specification

● b. Test procedure and test report to be submittedin accordancewith
ContractorData RequirementsList DD Form llt23(see 4.2 and h.3)

c. Point of delivery
●

6.3 Definitions

● 6.3.1 Mockup. The tern mockup as used herein should be construedto mean
either a fecsimileof the electric syaten or tbe actual system. However,

11
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the componentsthat mske up the electric system will be componentsde-
signed to detail specificationswhich will be the equipmentused in the
aircraft or guided-missileelectric system.

6,3.2 Electric system. The term electric system as used herein should
be construedto mesn power-generationequipmentsnd controls,batteries,
conversionequipment,distributioncircuits, and associatedcontroland
protectionequipmentbetween pover supplies and load equipment. Lnad
equipment should be consideredonly to the extent of its effect on, or
how it is affected by, the operationof the system.

6.4 lhe margins of this specification are cuerkedwith an asteriskto
indicatewhere changes from the previous issue were smde. This was done
as a convenienceonly and the Governmentassumes no liabilitywhatsoever
for sny inaccuraciesin these notations. Bidders sod contractorsare
cautionedto evaluatethe requirementsof this
content irrespectiveof the rnuginal notations
last previous issue.

Custodian:
Air Force - 11

Review activity:
Air Force - 82

12
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