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METHOD 513.1

ACCEI.FJUTION

L =. - lhe accelerationtest is perfomed to determineif equipnent
is conetruoted to withstand expecteds!teadystate atressca and to insure that
performance degradationsor malfuuctlonewill not be prnduced by the eimulated
Barvice acoelerationenvironmentother than gravity. Procadure I is the struc-
tural test and ProcedureII is the operational test.

2. Apparatus.- Eithar of tw facilities may be utilised for acceleration
tests: a centrifuge,or a track and rocket sled facility. A centrifugeof ade-
quate size Is reccmmandedfor all structural smd most operationaltests because
of the convaniermeand ease of control. However, the performanceof space
oriented equlpnent,such as gyI’os,epace control platfonnc, etc., are difficult
to test on a centrifuge,even when a counter-rotatingfixture is amployed. A
rocket sled run is advantageousshare &trlctQ linear accelerationis required.

3. fiooeduree.- lhe tesk itsm ehall be subjected to both the structural and,.- the operationalteat, unless otherwisespecifiad.

3.1 Mountl.n$!of test item. - Direotion of forward accelerationie always con-
sidered to be the directionof tha vehicle accelerationand equipment shall be
oriented accordingly,wdmg its nermal mourrtl.mgmeans. For cemtrifuge8,the locationof
the test itcsn(withreference to the G level establishedfor the test) shall
normally be detenninadby a measurement from the rotatinhal centar of the cen-
tri~e to the gemetric center of the test item. Should w petit of the test
itm nearest the center of tha cemtrii’ugeexperienceless than 90 percent Of the

(--
specified G level,the test itan shall be moved outward on a radius of the cen-
trifuge or the speed of rotation shall be increasedvntil not less than 90 percent
of the specified G lavel ia obtained. Caution: If the furthest end Of the test
item .xperiancesmore than 110 parcent of the desired G lavel at the geometric
center (while the nearest and expariances90 percent or umdar), then the test

. itan may be tested using a lower speed and a larger radius centrifuge am. For
large teat speclmameaxceptiona shouldbe made to allnw for maximum gradient baaad
on the axisting availabilityof large oentrifugee in canmercialor Govarrnrmntt=t
facilities.

3.1.1 Teat itan orientation (centrifu ~e . - When a centrifugeis used to
attain the required accelerationlevele,the test itaceshall be oriented as follows:

Fore: Front or forward end of tact itssnshell face toward center of
cemtrifhge.

Aft: Reveree item 180 d0gree8 from tha “fore”poaitien.
up: Top of specimen shall face toward center of centrifuge.
Down: Reverse item 180 degraesfrrxothe %Pn ~sltien.
Lateral: Each side (right, left) in turn shell fece toward canter of

centrifuge.

,..
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3,2 Test level determination,- lhe G level t+ be applied to the test itf?n ~

is contingent an two factors: ‘iledirection of forward accelerationlevel (A)
of the vehicle, and the orientationof the test item within the vehicle.

Where: A = me highest Pxsible known or unknohn forward
acceleration of a vehicle in which equipnemt
is to be mounted. (A) shall never be less than
one G level.

Instructionsfor selection of test levels for Frocedure I from table 513.l-I,
end for ProcedureII from table 513.1-11 are as follows:

Forward Orientation
accel. of of test item
vehicle in vehicle Test lavel

Known hok Substitute known accelerationA in forward
acceleration column of appropriatee vehicle
category, and use given multiplying factors
to attain test level for indicated directions.

Known IJnkmwn Substitute known acceleration A IJ fortia?-d
acceleration COIIUR.Iof appropriatecatepr,y~
and use largest given multiplying factor to
attain test level for all directions.

unknown Gown Select most probable level from those given
in forward acceleration column of appropriate
category, and use given multiplying factorsto
attain test level for required direction.

Unknown UnknOwm Select most probable level from those given in
forward acceleration column of appropriate

~..

category, and use largestgiven multiplying
factor to attain test level for all directions.

3.3 ProcadureI. Structuraltest. - The test it& shall be irmtallad on the
acceleration apparatus in accordancewith section 3, Ganaral Requir&nents,para-
graph 3.2.2, by its normal mounting means. ‘he G level shall be determinedin
accordance with 3.2, and shall be applied while the test it= is nonoperating.

3.3.1 Performanceof test. - ‘he G level determined for the test shall be
app~ed along at least three mutually perpendicular axes in two opposite directions
along each axla. The test time duration In each direction shall be at least 1 ud.nute
followlng centrifugestabi~iaation. Cm centrifuges, a test time of 1 minute I*
usually aufficiant to detemine StruCtWd SOU@IeES (~Oper operation);howaver,
the test time w be inbr&s6d. Test times for other apparatuswill probablybe
shorter, depending upon the type of apparatus. At the conclusion of the test, the
test item shall be operated “ad the results compared with the data obtained in ac-
cordance with section 3, Ganeral Requirements, paragraph 3.2.1. The test itea shall
then be inspectedas specified in section 3, General Requirements,paragraph3.2.4.

3.4 Frocsdure II. Cmerational test. - ‘lhetest itcm shall be installedon
the accelerationapparatus in accordance with section 3, General Requirenanta,
WWrar@ 3.2.2, by its ncmal mounting means. Ihe G level shall be detemined
accordance with 3.2, and shall be applied while the test item is operating.

MX’IWOD513.1
20 October 1969
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3.&.1 perforwce of test.- The G level determined for the test shall be

applied alOns at least thee ~t~lly p=~ndicu~r =es in two opposite directions
along each &s. The test time duration in each direction shall be at least 1 minute
following centrifuge stabilization. A test time of 1 minute is usually sufficientto
determine proper operation;however, the test time may be increased. This test time

app~es to centrifugeapparatusonly. Cther appsratus may require modificationof
the above test time duration. ‘l’hetest item shall be operatedbefore, during and at
the conclusion,~of each test, and the results compared with the data obtained in
accordance with section 3, General Requirement, pragraph 3.2.1. The test item
shall then be inspacted as spcif ied in section 3, General Requirements,pmagraph
3.2.L.

4. Sumuary.- The following details shall be specifiedin the equipment
specificationor test plan.

(a) Procedure number if both procedures are not required (see 3).
(b) Pretest data required(section3, General Requirements,

paragraph 3.2.1).
(c) Test level and test time (see 3.3 and 3.L).
(d) ~wth of time required for operation and measurements.

~:
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MBTSOD 514.1

VIBR&TION

1. krDose. - The vibrationtest is pe?formed to determineif equipment is
constmcted to withstand expecteddynamic vibrational stressesEUIdto insurethat
perfomnance degradationsor malfunctionswill not .beproduced by the servicevibration
erivironment.Tests specifiedherein are established for equipmentwhich may be used in
a variety of military applications.

2. @paratus. - Vibrationequipment with required instrumentation.

3. General. - Tne vibrationtest charts, tables 51b.1-Ithrough 514.1-VII,
provide a convenientmeans of summarizingtest procedures to be specifiedin the equip-
ment specificationor test plan according to various military applications. Each table
title refers to the applicablecategory of the equipmentto be tested. The tables are
divided into two m.aJorsections. Section A, “Test procedure and time schedulechart,”
specifiesthe tests to be imposedon the equipment and the test time schedulefcm each
test. Section(s)B(C),’’Curveselection chart,” specifiesthe vibration test curves

applicabletO that particuk equipment category and application. Guidancefor select-
ion of the vibration test for an item is as follows:

(a)

(b)

(c)

Determine equipmentcatego~ (or categories)in accordancewith 3.1,

Proceed to the applicable table correspondingto equipment category
through (h) or 4,17 for category (i) equipment. Select a procedure
the table based on the followingequipment mounting configuration:

(l) Without vibration isoktors

(2) With vibration isolators

(3) Tied down

(4) Loose

(a)
from

For all proceduresexcept IX, XI, and XIII, select the applicabletest
Level curve(s)from tables 51b.1-1 through 514.l-VII in accordancewith
3.3 based on:

(1) Listed selectioncriteria

(2) Detailedknowledge”of the specific equipmentenvironment

514.1-1 MM!iOD 514.1
..., 20 October 1969
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3.1 ~Equipment category.- For purposes of this test method, kquipent is
categorizedaccordingto the vehicle In which it will be installed or transportedas f~: ‘

...

CATEOORY

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)

Equipment installed
and figurej514.1-1)

Equipment installed
514.l-II end figure

Equipment installed
5U.1-3)

Equipment instalied
figure 514.1-4)

Equipmentinstalled
figure 51b.1-5)

Equipment installed
>14.1-6)

-,
:.

in airplanes and helicopters (see”@e’51~. 1-I

.. -

in airplanes,excludinghelicopters (see table
51b.1-2)

in helicopters (see table 514.1-111and figure

in air launched missiles (see table 514.l-IV end,,.. .
:,. .

in ground launchedmissiles (see table 51b.1-V and

in ground vehicles (see table 514.l-VI and f’igme

Equipmenttransportedby common carrier, land or air (see table 51h.1-VII
and figure 51k.1-7)

Ground equipment,excludingcategory f (for transportationtest, see
categoryg) //-,.,

,

Shipboardand eunpbibiousequipment or when a ship ie the common carrier
(see L.17)

3.2 Applicable tests. . For any given equipment category, all tests listed beside
the selectedprocedure for the applicableequipmentKmInting configurationin tables
51b.1-1 through 514.1-WI shall be performedunless otherwise specified. For example,
refem-~ b table 514:1-Iv section A, for testing equipmentcategory (d) when Fmcedure
III is selected,there are four parts with four differenttest levels Indicatedby the
test curves. Tests indicatedby “X” in all four parts shall be performed to evaluate
equipment installed in an air launchedmissile for both the captive and flight phase.

. ,. . . . .
3.3 Selection of test curves. - A curve shtii‘be.se~ec~e~~iin~tables 51h.1-1

ttio~h 51k.1-VII or by ,pakinga detailed analysis of the ,expectedvibretion environ-
ment within the pdiculu vehicle involved. A primary considerateion is the equipment
locationwith respect to predominant vibration sources such as high intensIty noise of
jet and rocket exhausts,&o@mic excitation includingatmosphericwind and turbu-
lence, and unbalance of rotating parts. Additional factors to be consideredshall in-
clude attenuation,or amplificationand filteringby structuralmembers. Guidance for

;METROD 5,14.1 514.1-2
“.20October 1969
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,,.. .
/.’ selecting vibration curveswith respect to .squipmentlocation or applicationis given

in section(s)B(C) of tables >lk.1.I through 51b.l-VII. Applicable test curves for
each equipment category are shown on figures 514.1-1 through 514.1-7. In some instances,
several curves are shown for one equipmentcategory. When the ,equipment,due to its

,.
aPPlicati~, may be subjectedto more than one level of particular type of vibration,
the curve representingthe most severe level shall be selected.

3.b Examples of procedure selection.- The equipmentspecificatia or test plm
shall identifywhich tests are to be imposed on the equipmentby specifying the appli-
cable procedure and test curve(s) when applicable. Tables 51h.1-1’through 51h.1-VIIand
figures 51~.1-1 through 514,1-7 are arrangedto accommodatethis identification.

3.4.1 Example No, 1. . Select the test conditionsfor equipmentto be used in
the followingapplication.

Category: Equipment installedin airplane (Jet engine at rear of fuselage)

Equipment location: Forward half of fuselage

. .
Equipment mounting: On vibration isolatedpanel

Referringto table 51b.1-11, the above identificationspecifiesthe followingtest
conditions:

Procedure I

Part 1 (curve J)
,/-
,’ Part 2 (curveAR)

Part 1 specifiesa resonance search, resonance dwell and sinusoidal vibration cycling
to the level of curve J from figure 514.1-2within the time schedule specified for
part 1 on table 514.1-11. Next, with vibration isolatorsremoved in accordancewith
note 2, part 2 is performedthe same as part 1 but to the test level of curve AR from
figure 51b.1-2 within the time schedule specified for part 2 from table 514.l-II.

3.4.2 Sxwnple No. 2. - Select the test conditionsfor equipment to be used in the
followingapplication:

Category:

Equipment

Equipment

,..

(.

Equipment installedin air launchedmissile (missilethrust/
!

weight ratio 15/1 and carried on airplane wing of Jet airplanewith
wing mounted engines).

location: Equipment in missile booster section

mounting: Without vibration isolators (hard mounted)

514.1-3 MSTSOD 514.1
20 October 1969



... ,
Referringto table :51h.l-~.;.the:above identificat+on.sp?i~ies kthe.following,test=ie,;

. .. .//-,.-,

conditions:
i.. ;

~J*t:,;:*iq#, :.,’.&.. ~+:q..,;, -.,-.,;> ~=~z+>.7., ,-s ~,- ‘:......:/
..-:.:,.-,-.:----- ... .. . . . ..

Procedure 11,.+.“, ,~c ,--~~.~,..,.., ,.-.+ -
.,,

Part 1 “-&tive phase (curveH) ,.~ :::!.,, - .

Part.2- Plightphase (curve-R) ::: ......
-...

Part 3 - Plightphase (curveAJ)
..:,-...

Part 1 specifies a resonancesearch, resonance dwell, and sinusoidal cycling to the
level of curve H from figure51h.1-J within the time schedule specifiedfor part 1 of
procedure II on table 51b.1-IV. These tests are followedby part 2, a sinusoidal
cycling test to the levelof curve R frcsnfigure 51b.l-k within the time schedule speci-
fied for part 2 of procedureII on table 514.1-IV. Next, part 3, a random vibration

..

test, shall be performedto the level of curve AJ from figure 51b.l-h within the time
schedule specified for part 3 of procedure II on table 514.1-IV.

b. Test rocedures.- The basis for selecting a test procedure (ProcedureI
ttiough X~cular equipment category shall be according to 3. A procedure
consists of all tests indiated‘oyan “X” under the “Applicabletests” column of tables
515.1-1 through 51b.1-VIIto the right of the procedure number with the duration of the
test as specifiedunder the column entitled “Test time schedules (per axis)“. The vibra-
tion environment, specifiedby the curve selected from tables 514.1-1through 514.l-VII
in accordancewith 3, shallbe applied to each of the three mutually perpendicularaxes
of the test item. The entire sequence of tests may be accomplishedfor any one axis
before changing to the next axis. The transversemotion at the input monitoring
point(s) shall be minimized,and should be limited to 100 percent of the input motion

r’

....

except that reaction machines shall be balanced to reduce tr~sverse motion +/-10 percent.

,.

4,1 Test item’oper~ti% .- Unless otherwise specifie~~:the.test item.shall-~e
operated during applicationof vibration (resonance se=ch, resonance dvell, cycling,
and rendom vibration) so that functional effects causedby these tests may be evaluated,
When a test item performemcetest is required during vibration and the time required for the
performance test is greater.than the duration of the vibrationtest, the performance
test shall be abbreviatedaccordingly. Lt the conclusionof the”’test,the test item
shall be operated and the results shall be compared with the data obtainedin accordance
with section3, General’.Requ+qents, paragraph+3.2.1. ,At.rtheconclusionof each test,......
the test item them shall:be.i+spected in accor~ce .@~-&t~on 3, General Requirements,-----
~r~raph 3.2.k. --—”~-”: :--.7...@a IY+z,,;a -;.--?

k.2 Mounting,tectiiqties.:- In accordance,,withsectici~3, @nera.1 Requireme?Jts,
‘,

paragraph 3.2.2, the test item shall be attached to the vibrati6n exciter table by its
normal mounti.ngmeans~.o-o,.by$.pe~sofla rigid f.i@ure ca~b.le.-.of,transmittingthe vibra-
tion conditions specifiedherein. Precautionsshall“betaken In the establishmentof.
mechanical interfaces to minimize the introductionof mndeiirable responses in the test. ,.. ~.”~,,:,.:..:. ~.::,’“If.,.. .,:>,

,.!:;:-~~:+ c..r#;’&~ -.-;:;;.:;--+.
METHoy,:l~.1-;%.,,~i$.”,,;. .<:-,;-:;;: . 511+.1-4 “*’.,.;:.:~~
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/-,.
~,. setup. Whenever possible,the test load shall be distributed uniformly on the vibra-

tion exciter table in order to minimize effects of unbalanced loads. Vibration ampli-
tudes end frequencies shall be measured by techniques that will not significantly

. affect test item input control.or response..: The input control sensing device(s) shall
be rigidly attached to the vibration table or to the intermediate structure,if used,
at or as near as possibleto the attachmentpoint(s) of the test item.

4.3 Combined temperature-vibrationtest. - Tests shall be performedunder room
ambient conditions unless a high or low temperature vibration test is specified, in
which case the temperatureextremes and time duration tiso sh~l be specified.

4.b Combined sinusoidalcyclinu and random vibrationtest. - The sinusoidal
cycling and random vibrationtests shallnormally be perform.edseparately. If analyses
of actual or predicted data indicate a simultaneoussinusoidaland random vibration
environment,the procedure for a combinedtest shall be specified.

4.5 Common test techniques.-

4.5.1 Sinusoidalvibration tests. - The vibration shall be applied along each of
the three mutually perpendicularaxes of the test item. The vibratory aczeleration
levels or double amplitudesof the specifiedtest curve shall be maintained at the test
item mounting points. When specified, for sinusoidalresonance search,resonance dwell,
and cyclingtests of itemsweighing more than 80 pounds mounted in airplanes,heli-
copters,and missiles, the vibratory accelerationsshall be reduced +/-1 g for each 20
pound incrementover 80 pounds. Accelerationderating shall apply only to the highest
test level of the selectedcurve, but in no case shall the derated test level be less
than 50 percent of the selected curve (see note 1 of applicable table 51b.1-1 through

,r. 51k.1-v). For equipmentweighing over 100 pounds and transported by aircraft, resonance
search, resonance dwell, and cycling tests may be frequency and accelerationderated
(see notes 1 and 2 of table 51b.l-VII). When packaged items are always grouped together
cm mechanized loading platforms or pallets, accelerationand frequency derating may be
based on the total load on the pallet. When the input vibration is measured at more
than one control point, the cont?ol signal shall be the average of all the accelero-
meters unless otherwise specified. For massive test “items,fixtures and large force
exciters,it is recommendedthat the input control level be an average of at least three
or more inputs.

4.5,1.1 Resonance search. - Resonantfrequenciesof the equipment shall be deter-
mined by varying the frequencyof appliedvibration slowly through the specified range
at reducedtest levels but with sufficientamplitude to excite the item. Sinusoidal
resonancesearch may be prefomed using the test level and cycling time specified for
sinusoidalcycling test, provided the resonance search time is included in the required
cyclingtest time of 4.5.1.3.

4.5.1.2 Resonance dwell. - The test item shall be vibrated along each axis at the
most severeresonant frequenciesdeterminedin b.5.1..1. ‘ll=tlevels, frequencY rwzes.
and test times shall be in accordance with the applicableconditions from tables 511!.1-1
through 514.1-V and figures 514.1-1
more than four significantresonant

. .

.

c“

through 514.1-7 for each equipment catceorY. If
frequenciesare found for any one axis, the four

514,1-5 METSOD ji4.1
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most“severe”resonant frequencies shellbe chosen for the dwell test.“;:: cIf a ch”ang~~i”n~ ~”~
the’resohut frequencyoccurs duringthe test, its time of occurrenceshall-be‘fecorded‘--.
and imme;$iately the frequency‘shallbe adjusted to maintain the peak resontice-:condi~
tion. The final resonant frequencyshall be recorded. ..:...

. .. .

h.5:.l.3 cycling.- The test item shall’be vibrated along each axis in accordance
with the!applicabletest levels, frequencyrmge, and times from tables.514.1-1 through
51k.1-VIIand figures 514.1-1 through 514.1-’7. The frequency of appliedvibraticm shall
be swept over the specified range logarithmicallyin accordance vith figure’51h.1-10.
The specified sweep time is that of an ascending plus a descendingsweep and is ttice
the ascending sweep time shown on figure 514.1-10 for the specifiedrange. Linear
sweep rates may be substitutedfor the logarithmic sweep rate. When linear sweep rates ,
are used, the total frequency range shall be divided into logarithmicfrequencybands
having similar time intervals such that each time interval is the time of ascending
plus a descending sweep for the correspondingband. The sum of these time intervals
shall equal the sweep time specifiedfor the applicable frequencyrange. The linear
sweep rate for each band is then determinedby dividing each bandvidthin CPS by cme-
half the sweep time in minutes for each band. The logarithmic frequencybands may be
readily determined from figure 514.1-10. The frequencybands and linear sweep rates
shown in table 51b.1-IX shall be used for the 2 (or 5) to 500 cps and 5 to 2,000 CPS
frequencyranges. For test frequencyranges of 100 cps or less, no correctionof the
linear sweep rate i5 required.

-.

h.5.2 Random vibration test. - The test item shall be subjectedto rtidom vibra-
tion along each of three mutually perpendicularaxes according to one specified curve
Allthrough AP from the applicable figure 51b.1-k or 51b.1-5. Test times shall be
accordingto the applicable schedulefrom tables 514.l-IV or 514.1-V. The instantea~
ecus‘randomvibraticm accelerationpeak+ WY be limited to three times the rum accele- ..
ration level. The power spectral density of the test centrol signalshall not deviate
from the”specifiedrequirementsby mere than +40, r-30 Percent (+/-1.5 dB) below 500 .”
CPS and ?100, -50 percent (+/-3 dB) between 500 CPS and 2,000 CPS, except thet devia-
tions as large as +300, ‘T?’Percent (+/-6 dB) shall Oe allowed over a cumulativeb~d-
wi~th of 100 cps, maximum, between 500 and 2,000 cps.
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(a) On-1ine, contiguousfilter,eqWliZAtion/analysis system having
a bandwidth . B = 50 cps, maximum.

(b) Swept frequency analysis systems characterizedas follows:

1. Constant bandwidthanalyzer.

a. Filter bandwidth as follows:
B = 20 cps, maximum between 20 to 200 cps
B = 50 cps, maximum between 200 to 2,000 cps

b. Analyzer averagingtime = T = 2 RC = 1 second,
minimum, where T = True averaging time and RC
= analyzer tire constant

c. Analysis sweep“rate (linear)=R= B or=,
(cps/second)maximum, whichever ~ 8
is smaller.

2. Constantpercentagebamdwidth analyzer.

a. Filter bandwidth.pfc=one-thirdoctave maximum
(.23 fc) where p=percentage and f= = analyzer
center frequency.

b. Analyzer averagingtime=k>, minimum
pfc

c. Analysis sweep rate (logarithmic)=R=pfcor (pfc)2
(cPS/Se,Ond),maximum,whichever GT
is smaller.

(c) Digital power spectraldensity analysis system employing quantization
techniques providing accuracies correspondingto the above approa:h.

The composite G-rms test level shell not be less than the value given on figure 514l-b
or 51b.1-5 for each test curve. Accelerometers ) employed for test level control shall
be mounted in accordancewith 4,1. Where more than oneaccslemineteris employed for test
level control, the power merage of the several accelerometersignals shall be used as
the test level signal control.

4.6 Procedure 1. -

4.6.1 ~. - Proceed the same as in 4.5.1.1, k:5.1.2, and h.5.l.3. The test
level shall be accordingto one sp.ecifieacurve C through H, J, L, M, Z, AS, or AT from
figures 51L.1-1, 514.1-2, or 514.1-3 as applicable for that equipmentcategory. Test
time schedules shall be as specified for part 1 of Procedure I in the applicabletable.

514.1-7 lCiYITiOD51h.1
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4,7 Procedure II. -

L!.-(#lPart 1._ - Proceed the same as
level shall be accordingto one specified
Test time schedules shall be as specified
514.1-IV.

. .- .. ,

in L!.5.1.1,4.5.1.2,and h.5.l.3. Thetest
curve C, D, H, or J from figure 51b.1-b.
for part 1 of Procedure II as shown in table

b.7.2 Part 2. - Proceed the same as in 4.5.1.3. The test level shall be accord-
ing to one specifiedcurve P, Q, R, or S from fi~e 514.1-4. Test time schedulesshall ‘
be as specified for part 2 of ProcedureII as shown in table 514.1-IV.

4.7.3 Part 3. - Proceed the same as in L,5.2. The test level shall be according
to one specified curve AP through AK from figure 514.1-4. Test time schedules shall be
as specified for part 13of ProcedureII as shown in table 51k.1-IV.

b.8 Procedure III. -
,. -. -,..

k.8.1 Part 1. - Test items normally providedwith vibration 1solators shallbe
vibrated with the isolators in place as in b.5.l.1,~.5.l.2, and k.5.l.3. The test
level shall be accordingto one specifiedcurve C, D, H, or J from figure 51b.l-h.
Test time schedules shall be as specifiedfor P~ 1 Of ~Ocefl~e III aS shO~ CQI
figure 514.1-IV. ““~’ ““”-‘>’””: ‘ “- ‘x:

....

k.8.2 Part 2. - Test items normallyprovided with vibration isolators shallbe
vibrated in accordancewith 4.5.1.1,4.5.1.2, ad k.5.1.3 with the vibration isolators
removed but includingany other requiredholding devices. The test“levelshall be
accordingto one specifiedcurve.Bor AR from figure-51b:l-k.“-Test time schedules
shall be as specifiedfor part.2 of Procedure III as shown in table 51b.1-IV.

,. >-,>---. -G

l!.8.3 ~. - Next, vibrationisolators shall“tireplacedand the test item
vibrated again as in ~.5.1’:3. The teat level shallbe in accordingto one specified
curve:P,Q, R, or S from figure 51bflJ4. Test -tim? s“chedules”:shallbe as specified
for part 3 of ProcedureIII as shown in table 51b.1-IV. :-~~.~~ ~ ~ ; -: ‘- ~..

b.8.L Part b. - With vibrationisolators in place, proceed tie.:s-”;as..knlb:5.2.
Tne test level shallbe accordingta one specified c~ve Ap ttiO@ ~ fiOm fi~
514.1-L. Test.time schedules:s~.-~ ‘as s>iified.for ~t’~k%f ‘ProcedureIIIas
shoti in table-’5l4.l~IV. ? :1 ~-.>-c=~~~- 9’”--:---------‘;-‘- ~R:i -- ‘:

.-. .-.,, .,,,.-:5.7-.:~.-”.,~~... .... . ~.q,$.:., . -- ~...,....
.:...,’--.: ; *,-A,.m----~i ,. c.;.-;-f<%:,&a:-.%...+,.+..-’-..!..,,.
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h.9 Procedure IV. -

14.9.1 ~. - Proceed the same as in 4.5.1.1, 4.5.1.2, ~d h.5.l.3. The’test
level shall be accordingto one specified cqve B or AB from figme 514.1-L. Test tine
schedules shall be as specified for part 1 of Procedure.IVas shown in table 51b.1-IV.

4.9.2 ~. - Proceed the same as in J.5.1.3. The test level shall be eccordin~
to cur.reN from figure 51b.l-h. Test time schedules shall be as specified for part 2 of
Procedure IV as shown in table 514.1-IV.

b.9.3 Part 3. - Proceed the same as in b.5.2. The test level shall be according
to curve AE from figure 514.l-k.

.,
Test time schedules shall be as specified for part 3

of Procedure IV as shown in table 514.1-IV.

b.10 ProcedureV. -

14.1o,1 Part 1. - Proceed the same as in h.5.l.3. The test level shall be acccrd-
ing to one sp-d curve P through U from figure 51b.1-5. Test time schedulesshall
be as specffied for part 1 of Procedure V as shown in table 514.1-V.

k.10.2 Part 2, - Proceed the same as in 4.5.2. The test level shall be according
to one specified curve Al throughAP from figure 51h.1-5. Test time schedules shallbe
as specified for part 2 of ProcedureV as shown in table 5111.1.v.

b.11 procedureVI. -

4.11.1 ~. - Test items normally provided with vibration isolators shallbe
vibrated with the isolators in place as in 4.5.1.3. Test levels shall be accordingto

(F...
one specified curve P through U from figuye 51b,1-5. Test time schedules shall be as
specified for part 1 of ProcedureVI as shown in table 514.1-V.

b.11.2 Part 2. . Test items normally provided with vibration isolators shallbe
vibrated in accordancewith b.5.1.3with the vibration isolatorsremoved but including
any other required holding devices. Test levels shall be according to curve N from
figure 51h.1-5. Test time schedules shall be as specified for part 2 of ProcedureVI
as shovn in table 51b.l-V.

4.11.3 ~. - With vibration isolators in place, proceed the same as in 4.5.2.
Test levels shall be according to one specified curve Al through AP from figure 514.1-5. ,
Test time schedules shall be as specified for part 3 of ProcedureVI as shown in table
514.1-V.

4.12 ProcedureVII. -

L.12.1 part 1. - Proceed the s~e as in 4.5.1.3. Test levels shall be according
to curve N from figure 51b.1-5. Test time schedules shall be as specified for Prt 1
of Procedure VII as shown in table 514.1-V.

..
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4.12.1 ~. - Proceed the same as in b.5.2.
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Test levels,slial~’be~accordln~~: ,:‘ “>
to curve,AF from figare 514.1-5. !festtime schedulesshall be as specified for part 2 .:.,
of Procedure VII 8s shown in table 51b.l-V. .. ..

,... 4.13 ProcedureVIII. - Proceed the same as in k.5.l.1, k.5.1.2”;.and 4.5.1,3.‘,
Test levels shallbe according to one specifiedcurve V, ii,or Y from figure 514,1.6.
Test time schedulesshall be ai suecified in PrcmedureVIII as shown intable 514.1-VI.
Time schedule A shallbe used for”general tests when‘thevehicle (in which the”equipment
is to be mounted)or its mileage schedule is not known. Time scheduleB is to be used
for more realistictesting when the vehicle is known. When test item resonances’below

5 CPS are measuredor expected the test curves shallbe extendedto 2 cps end the sweep
time shall be 18 minutes (2-500-2cps).

b.14 ProcedureIX. -

4.1h.1 ~. - Proceed the same as in 4.5.1.1. ‘Ihetest l~vel—sha.llbe applied
over a frequencyrange of 10 to 55 cps and at a vibratory displacementof not less than
0.030 inches, doubleamplitude. The vibratory frequencyshall be changed in discrete
steps of 1 cps ad maintained at least 10 secondsat each frequency. Where possible,
fixturing Wall be such that resonances within the test item can be observed and
measured. Subassembliesmay be tested separately,provided they are secured to the
vibration exciter in a manner sinilarto that used to mount them in the test item.
Vibration isoiaimrs,if any, of the test item shallbe blocked durin”gthe test. The
test item shall have na resonancesin the frequencyrange of 10 to 55 cps that exceed
twice the amplitudeof applied vibration. This criteriaapplies for equipment designed
to operate with or without vibrationisolators.

b,14.2 Part.2, bounce, vehicular. -
P.

4:14.2.1 Apparatus.- A package tester capableof 1 inch (double amplitude)
~.

displacementand cf suitable capacity for testingmilitary equipment,

b,14.22 Test conditions.- :,,

...

(a) Cover the’test bed of the packagetester with a panel of l/2-iich
plyvood, with the grain parallelto the drive chain. Secure the ‘
plywocd with sixpenny nails, with top of heads flush with, or
slightly.belovthe surface. Space nails at 6-inch intervals““
_uOua all four edges. If the distante between’either pair of ‘

:.. :‘ -fencesis”greater than 24 inches,,;’ the plywocd shill‘~so be naiidd~
at 3-inch intervals in a 6-inch square at the center of the‘test’ ‘

/ area, -J: ._,S’:.,3,Y.,{,-. :.:.-.— —.
(b) Using suitablewooden fences.constrain the vehicular. or simulated.-’ ‘“

3.-.. . --: i.iap~erplateto a horizontalmotion of “n6tjubre:then’2inches in.--
.. ‘any lateral diriction. z-5.,: ->-e.,
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4.14.2.3

.

Performanceof test. -
.

Step 1 - Secure the test item to the vehicular, or slmmlated,‘adapter
plate in accordancewith section 3, Oeneral Requirements,
paragraph 3,2,2,end place on the package tester.with the
constraints outlined in 4.14.2.2(b). If the test iteniweighs
over 200 pounds, an approved simulated adapterplate shall be
used.

Step 2 - Attach an accelerometeras close as possible ta the point of
test item attachmentto record the shock transmittedto the
test item.

Step 3 - Adjust the package tester, shafts in phase and table operating
in a vertical linear mode, to a speed such thatthe average
value of the rendom accelerationpeaks shall be 7.5 +/-2.5 g’s,
Measure this inputwith an accuratemeasuring or recording
system at the output of a band pass filter. The filter band “
pass shall be 0.2 to 100 cps and the attenuationslope shall be
12 to.18 dB ‘peroctave at the 3-dB down point. Oue,to the
random nature of the input, pulses greaterthan ‘TOg’s cen be
expected to occur, however, if they are infrequent,they need
not be used in calculatingthe average, Performthe test for a
total of 3 hours. At the end of each 3/b-hourperiod, rotate
the adapter plate end test item 90 degrees each time in tbe
same direction.

Step ~ - At the end of the 3-hour period, operate the test item and
compare the resultswith the data obtained in accordance with
section 3, oeneralRequirements,paragraph 3.2.1. Then inspect
the test item as specified in section 3, GeneralRequirements,
paragraph 3.2.4.

4.15 Procedure X. - Proceed the smne as in b.5.l.1, &.5.l.2, and L.5.1.3. The
test level shall be accordingto specifiedcwe( S) AV, AW, AX, AY, AA and AQ from
figure 51b.1-7 as applicable. Test tire?schedules shall be as specifiedfor Procedure
X as shown in table 51k.1-VII. When test item resonancesbelow 5 cps are measured or
expected the test curves shall be extendedto 2 cps.

..
)!.16 prOced~re XI. -

..

k.16.1 ~. - Proceed the same aS in part.1 of Rocedure IX.
....=. ...

b.16.2 part 2, bounce, loose cargo. -

11.16.2.1Purpose.- To determin+ that the equipment,as prepared for field use,
shall be capable of withstmding the vibrationsnom inducsd duringtrdnsportaticm
ae190Le cargo. Equipment in this class is normally transported in a shipping case,
transit case, or combination

(-

I...

.,.’..’,. .!.,.,

case.
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4.16.2.3““Teat condition~~,~

....,}=.. ,.-,.<,+F_
‘”~e” t~s~$$’of ‘the’packa”@.te~er shql ~ c~ered +=::::,...y vith a panel of l/2-inchplywood; with the grairi”parallelio~t~%~ive chain. Tbe I

plywood shall be securedwith sixpennynails’,”with top of”heads~,-nushwith or slightly
below the surface. Nails shall’be spaced at“6-irichinte,nals‘arcad all four edges.
If the distancebetween either pair of fences is greater than 2k””inches,the plywood

:shall also be neiled at 3-inch interfds in ?.6r~ch ?gu~e at tk?,csnte~ Of the test
area. Using suitablewooden fences,constrain theu.test.it~rnt~’~ ~Oriz~tal mOtiOn Of
note more than 2 inches in a directionparallel to the ~e.s.cf t+. shafts, e{dist~ce
more t- sufficientto,insure the test item till not re~~d *C+IIfence to fence.

JI.16.2.L performanceof test. - ‘he ‘test’‘it$@k,’8S .sec~~$~& its’shipping case,
tram it case, or ccabination case, or 8s othe~ise PrePared ?O.r;field tr~sPOrtation >
shall be placed on the package testerwithin the constraints,outlinedabove. The pack-
age tester shall be operated in the synchronous mode with the ,shaftsin phase. (In this
mcde any point on the bed of the package tester till mOve in .ac~cul~ path in a vertl-
cal plane perpendicularto the axes of the shafts). The package tester shall be oper- ~

..,, ated at l-inch doubleamplitude’and 28h rpm +/-2 rprnfor a total of 3 hours. At the
end of each l/2-hourperiod, turn’the tens.t‘item.+-0,,rest .On”,&“gi;f~rentface$ sO that
at the end of the 3-hourperiod the test item.will have rest&d ‘og6ach Of its SiX faces
(tOp, bottom, sides,and ends);.:At .the.,endOf the 3-!ow, PSTiO$B.the test item shall be
operated end the results‘comp$iy+d’*it-h“th?.‘data’,Obtained~in:,,:%$~~O.~,~cewith ‘ectiOn3*
General Requirements,pwagraph 3.2:1’.’-1116”test item shall’then be inspected as speci-
fied in section 3, General Requirements,paragraph3.2:4.”-The “@kage tester shallbe
operated in the verticallinear mcde-{straight up and down in the-vertical plane)
instead of in.“the“synchronous.mbd:~~t<pe.-s:. ‘the’”fOll~~ipS.$$#$A:fOnsOccWs:.. .,~,

(

-.
. ..,. .:,-..,?,..

~ (a) lbunc~ ‘b~the“test‘itemis v~+j’’”severe-~< presents a hazard
.,,+.. .,,.

to personnel. .. . 4,. .
,-
.. .. ..,.kT.,....:-.

(b) Forvard ~d ,rear.oscillation~:=vOt. be redu~d. ~~n .OP”@rate~
in the verticillinearmode, “v~~n- f@’&s~$# -be-plac$dOn a~l ...
four aides‘of”the test item‘toconst~~in‘lt6motion to not more ‘.’.. .. .
than 2 inches in either~diieitfbn. .; ..*.3Z---. - ?. -. - 2: ‘=:

:.-. . ...L .-. .~i,,,-~.,... .. . .%76.:.<2...7-...

L!.17 ProcedureXII. - For sbipboaid end ‘amphibiousequiprn~~‘or-when“aship is ‘:““;s:
the common carrier,the vibration test shall be in accordance with me 1 o? !
uIIAT&167 . - ..:.:-...:2..L ..

,..,. ---=-..”*%+.-:9_.
4.18 ProcedureXIII;-----‘ .%< Ei ,?.:9?a: -s: Latinfl+ - .I $-s?? ,~...___-—. —

,.,.
,..

4.18,1 Part 1. - Proceed the same as in @t ~7~f-~”@~d-m-JIX-~~=~~~~ :”’-“$
‘.;
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h.18,2.l Purpose. - To insure that the system shelterassemblageshall be capable
of withstanding the vibrationsnormally induced duringtransportation. The system
shelterassemblage may consist of equipment mounted in a truck or trailer, or equip-
ment mounted in a shelterwhich is then mounted on a truck or trailer.

4.18.2.2 Performanceof test. - The system shelterassemblage shall be driven
five tim+s over tbe sectionsof the Munson Test Course,atthe Aberdeen Proving Ground,
Aberdeen, Maryland, or approved equal, in the followingorder and at the specified
speeds. (See 4.1.)

Coarse whboard (6-inch waves spaced 72 inches apart) 5 mph
Belgian block 20 mph
Radial washboard (2-inchto b-inch waves) 15 mph
Single corrugations (h-inchto 6-inch waves) 20 mph
Any short sections between the above sections 20 mph

5. summary.- The following details shall be specifiedin the equipment specifi-
cation or test plan:

(a) Procedurenumber (see 3).

(b) Pretest data required (section 3, Oeneral Requirements,paragraph 3.2.1).

(c) Curve selection (see 3.3).

(d) Accelerationor frequencyaerating of selectedcurve, if required
(see 4.5.1).

(e) Nonoperationof equipment during test, if desired (see b.1).

(f) Limitationof trmsverse motion (see 4).

(g) ‘Temperatureextremes ad test time durations (see k.3).

(h) ~~e~ur~ for combining sinusoidal and random vibration,if,applicable
. .

(i) Total vehiclemileage (see table 514.1-VI).

(,I) Total land tre-mportationmileage”(see tiu schedtiein table 514.1-VII).

. 514.1-13 MSTSOD 514.1
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Applicabk tests Test time schcduk (vr axis)
.(=4 for test procedures)

...2. Dwell time Sinusoidal
s-p ~

k.ipment.. Plwedu,e Procedure Re$.manct Resonance Sinusoidal at each cyc hng .Cuwe,

mounting numkr part %arch dwell cycfing resnnme time 5.500s 5.200@s (note 1)
mnfigu ration Wmhe, (4.5.1.1) (4 S.1.2) (4.5.1.3) (4.S.1 .2) (4.5.1.3) v W “--’

W!thout vibration 3-hrsAess
ikolators 1- 1 x x x 30 mi” dwell time 15 min 20 mi. M, Z, AS,AT

3.hrSkss
With vibraei.an I 1 x x x 30 rni” dwell time 15 mio 20 min M,Z.K.AT

icdators (note 2) .,, z
x x x 10 min 30 min 15 mi” 20mim B,AR

N%nally with

L.

vibration ,solalors ,
&l tested wtho”t
isolatcm

Note1,

Note 2

..

-.

1 x x x 10mill 30 min 15 mill 20 rnin Id”BAR

For simsoidal vibtation resomnce tests and cycfkg tests of items
mounted in airplanes and helicopters and weighing mom than 80
pounds, the vibr?.tory acwlemti.am dull k redwui by +/- 1 g for each
20-pound imrement of weight w+., BO pound. However. the .ibratow
acceleration shafl i“ m case be k than 50 percent of the slwcif%d
curve level,

Test items of equipme”! wmndly provided with vibr?tion isofators fust
shall k+ tested with the isolators h pface. (Pan 1). The imta:oc% the”
sha!l be removed, md the teat item ritidly mounted and s.bjectcd to
the test level i“d icated (Part 1).

B. cum election chuf for Categow (1) eq.bme.t

;.

Sekctwn criterk Cur+. (for fceq.
m Km cm)

%ivt.1 de~.d f.: ~~ ~licoP~ and *P~M *pp@tiOn~ when t~
!ccaticm in the .irpfme u in the rem fuff of the fudge or m wiq arm of z
,i@meS vith ti.g 0, f,.WI1 m M! “tCd mlsine, m othm C=@plllC”t0, @llC
lomtio”s“d specificallymentioned for other o.!w-

(-”’

=====CnIve (for rlcq.
102000 CPSsuch

s @ aircraft)

4 AS

J-”AT

d..,
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FIGURE 514.1-1. Vibration last WW?S for cwipment installed
in airplanes and helicopters - Equipmsnt wtegotv (d
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TABLE S 14.1-11
A. Test promdurc md tbne schdtde chart fm equipment insta31edin @danes - equipmm~ cakgcay (b)

Aptible tests
(*4 fcu tell p10cu3ures)

Test time sched.ik (P+I an)

D~A~C Si;cm~~. .Sw t~. .
Equipment Pr’Xe&rc Prod”. R&anw SaOnumx Sinwoidd cure
InountiIl& mmlbn part ., search . drd - cycling .-. time 5-5BS -200C-S (note 1)

c.a.fi~raticm “Umber (4.5.1.1) (4 S.1.2) (4. s.1.3) (4 S1.2) v, *

Without vibration 3 bkm
iac.lators 1 1 x x x 30Ulin

C.D,EJ,
dd tie M mm 20 mm GJiJ,orL

3 bk. C.D.E.F,

With .ibratioo 1 x x x 30 mm dwell time 1S min 2fhnin GJJI,ML

isolators(note2) 1
2 x x ,x Iomin 30 mb! 15 rd. 20 mill BAR

Normally with
vibration isolators I 2 x x “x lomill 30 m“in 15 ml. 20 mm
but tested withcut

B,AR

ism!aton

Note I :

Note 2:

-
For sinusoidal vibntion reso&m tests md cyc!ims tests of itmm
mounted in airplwm and weigbins more th BO pounds, the vibmt.ary
accelerations !h911 k redu cd by +\- I B f= each lfbpc+md increnmnf
of weight over BO Pnd% Hewer, the VODIOIY *ccelemtion slwfl in
. . .case be 1.ss thm sO percent of the sptxilkd cum. kvek

Test items of cquipent .cmndly provided rntb vibration isolamri 1%9
dull be tssted titb the iso!atora in place (FM 1). The i$olaton’ th.a
$haU be removed, d test item rigidly mcurded and mbj+ctcd to UC
test level indicated IPul 2). ,’

B. Cum sekdon chm forcatigory(l)cq,lpmenl

cum.[for fmq.

selectioncriteti cy5g”cffp to?.OMq, mch
as jet .ircmfl )

Ewipme.t ~s~ ~ ~=trn.i-~ted P~S = mck~ whm tb.” P*nd = mck u
not availsbk for te$l m whm the equipment is tmcd with WIA1OII med u B AR
specil%dby the spplicabk proced.m.

Squi&lt in for-id U of fuelage or 0@9nerd m * smss of *lanes
wkh e“stnes al rcsf of ftmdase

c
4

.J
:.

on SiIplule Cr@m I F I L
,,.

,/,‘“-:,
(,
...

(-’
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TABLE 514.1 –[11

A. Test procedure and time $chcd.le chui for equipment instdkdb hefkoplas – D@pwt caQgOrY (c)

Applicable Tests
.-.. -: ; (~ 4 for rest p,cm.dums)

Test time scixduk (p81 AS)

.-.

Eq.ivmmt

Dwell timt sinusoidal ‘S*P time. . -
Fwxedure Proccdum RcscmanceKesonance Sin.soiti ,1 each, cycling Curve

nlo”nting number =arch dwell cycling rc.”mlcc time s5fxM
conr,gurati.an

(note 1)
“:.%, (4.5.1.1) (4. S.1,2) (4,5.1.3) (4..s.L 2) (4.5.1.3) Cp$

ithcut vibmtim 3 bku. “,.
isokmn

,. ,7X ;.- . . ~..i.
I ,x ’30IT& dwd time iskm ‘M

Wilh vibmtisn
...’ ‘.. 3 bless

1 x’ x x. 30 MLII dwell time 15 mill
01.10,, (note 2) I

M:
.—

1’- x x“ x 10mill ,0~h .- 1srnin B:,

NormdIY with
bmtion imlntots I ‘“2 x- x .x 10mill 30mill 15*i” B“
t tested without

iwktors . . . . .

.,. :. .<.,.
,.~..-’ ;. ‘{ ‘- , ,.

Note 1: For sinumidzl vibration resonaoct tcm md cycling 1.$1s of items
m.. nted in helicopters and weigbii mom lhAn 80 W. nd% the

,, ”.:. . WMatOW- Xcderations dull be ted.czd by +1– 1 g for each’ 2LLp&d

.--’. ,, imremm t,: of weight over 80 pmnds However, the .Y?Jmtory
.. . ., .Cc=kratio” ~ in w ..$s b tms tin 50 percent of the spesified

,, ..!,. . , .’ cum. 1.”.1
. . . ,’ .--.,

NcIte’2: Test items, of equipment mxmdly prmidcd with vibmti.an iioht.an first
.,

)--, /:. .

.

shall be mted with the ,@ofitom in F4% (Pul 1). The, isolalmt ‘the”
shall he rern.wed, a“d the test item ~dly mounted MM 91bjccted to

.. .,/> , the 1.s! level tiicated. (PUI 1) . .

-.:.
)’

,,!- , B. Cum sckcdon chti for ateg.mf (.) equipment

,’, ;./
! Selection ctiterii : , . : Curve

,. ., ,
Equipmrnl d.& fm ~lko&I •PPfiu~ .~Y ~ ;

:,$ M

Equipm:ntimulkdcmvibrationkohyd panel:orreckswhenty pumf& mck is ,. i
notn’afubk Jm. m .Qs.w.hen.Uie.wulpment .LI tested. with.the, fsahhm. remove d.- ..-.~——... B . ...-..._.&
● specif~d by tk sppltc.bk ptDc&re. ,<. . . . . . . .. . . .. ..

..,:
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TABLE314,1-N
A,Ttird.. -4 time.Iwdukdmtforequlpnm,tnidkdb drlm,nckdmbdk, . tq+mcn,..w (d,

APF.Uu&let.
(*4 f.ak,,*c.cd* ml UmeIdW&kt#.h)

DRn ,irmsinuIOMll
Ew@mnt ?ua&. PIaedu. Rewnuub.m “s-v *Sm.mtiRu,dmI.,Cxh
mwlmq mmkc,

-W.*

Wcw C“*,
Ibw-- S-Km Smms ,R&C!u:”k(4W.!) (4:!’2),%.%) 4.$.2) (’45.,.2,,,,$,,;,)~ * (W* 1)

W,@, “ib,dm (-PL) x x x 2hk. 15mh 20nlh C,D.H,o#J
moll,on 30+ dmclltie

11 ,2,n@l,, x 30I&n M mh 20nlbl P.Q.Rws
3(m@) x 30mm (),K.,AF

w.,AK

30mm 2bk.
,(C&) x x x d-u time M mm 20nil , w+

Withtibmfio” >
im!,,ccl ,,, ‘(C&c) x x
(.0-2)

x.. .’ ,0d ,0e ,$~m ~~~m ~*,;R

,-

Nmz 1:

Nan1:

I3(nirh1) x 30nd,l 1sInb 10mm P,0,RM5
:qfltit) x 30mm cllj:F,

No,nMwrnti
“,b”,i..im,,,om
,.,lc,,edtilhcu, (C&. x x .x

2lu,k!! BO,AII
nbr,ti-mIM!J,% 30mm dwlltime1smm 20mm

-1

Iv 2[night) x 30q! 1smm 20mhl N,
3(ni@) x 30mh AE

,,

.—. .

.’.:
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RAN- VIBRATIONENVELOPE
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RANDOM VIBRATIONTESTLEVELS

1 m
NOTE:—TE 0-. [’7,,Wmf]

., . .:.
WHEM 1;N#D *Z..sTHE LOmR AND

~.. . LIWERTEST FREOUEWY LIMITS, RE=ECTIVTLV.

. WI)IsTHE ACCELERATIONmm. SPEcma
DENS8TV 8. cl- “Ml%.

FIGuRE 514 1–4. Wbmfkm test cum” for w@nnent immlled
i“ air Iaunchai mkiks – equ!’t wtepy fdl
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@ip~t
rmu”tiq

cm figursa’on

Without vikation
isolatms

,ithvibrd ion isolator
(note 2)

Normallywith rib.
isolators but tested,
withoul IsoI,l o,,.

-.

w I “x 30mm 20mm OncofP&u U

2 x 30 min 20 mm - N

1 x 30 min 0“, of AE thru AP

Vflll’1 Xl! 130, nin/20mrnl I N

1’1 1X11 \3121ni” I A,

NoteI :

Not. 2:

.. .
:,, . .... . ~
-.. ..-— ,—. . .

.. . .

For ainwaidd vibration rescmmct trots and cycling tests of imms mounted
In rnissila and weighing more than 80 pou.d$ the vibratory accdemtiom
sfull h mdumd by +1-l g for each 2&pcm”d Incmnmnt of WI over 80

~u.d. NOWWCI. the vibratory accdetation shafl in n. casek less than sO
wr.e.! dti wecitied CUIVClWeL’
Test item$ of equipment nonndly provided with vibration rnhtors first
shall k Irsted with the isolatmt M PIIca (PM 1) Tbe isolator, then
dull k mmved, and the tesl item r@ly tm.aunled s“d $ubjecttd 10

Ih. le,: ~ i.di@uL (plrI 2). Isolators shallbe re-
placedand the test item 9ub ected to the

~testlevel indicated.(Part3 .

,,,,., . .

B.Gwe s+.ctimcharifor.atqory(e)equipment . .
?
r ,:

:;
-. ,

Aw.mimat. tha 10 V,bmti.n[ml Cu”es

Ez:.y:i: : %y:~:;$% ::
weigh t rat i. or

“-. tJuwtin pcim~ Sinusoidal R,n&un
, ><

- -- --—
,-.

. .. .

.All except btixm
“F

.—,. --. —. ALL POZQ AE. AF.0, AG : ,:-”’

: :,
‘.

2S0,000 lb., or Ien Qor R
,.,

AH, AJ, or AK
! :.
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F. EWENCV {C?N

RANDOM VIBRATION CURVES

RANDOM VIBRAllON TEST LEVELS

AUXLERATION PWIER COk=lrd
RAN- V!BRAllON ENVELOPE ::VE $=-L ==N ‘-R~

& (GZCFSl hllFOMm

., am s..
fmnnRED WWE mm
CUR= ACT“ROU3”w

., 0,04 ,.4

. . o.m M
.wo-— _

AH 0.10 t, o

f, ., 0.20 ,s.s

A. 0.s0 m. 7

AL 040 , 230

* AM 0.s0 n.,

,. ,.- ,7..

“ *.*
I

e..

;’ / .“
,. . l. . .._ . NOTE:-91E0- -[~, w{w]’~

I I WERE 1, ND IzARS ll!E LU#W MD
20 100 lcm . .-2W0 WPfR TESTFREWEMCV LIMITS. RE9ECTIVELV,

FREWE- !~l ~., ~; 7,;, ~; WI t3 TW ACCELERATION?ONER S?ECTRAL
DE!6nY m WcPcun,ra

FIGURE 514. 1–5. Vibration tess cum for eq@wnent imtalkd
in grmmd Immch,sd miss!les – equim.snt ~ {e)

,,, 514.1– 23, METHOD 514.1

. . 20 October 1969
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TABLE 514.1-vI

A. Test pr,xc,j.m and time dicduk chirt for equlm,em installed h ground vet@ - ~.ipment category (0

---””-;;;, :x <:: ‘:; :$~g$ “c”:

E.wipmmt
conditions “umber (4.5,1.1) (4. S,1.2) (4s.1 .3) (4.14.2) (4. S,1.21 (4.5.1.3) qn

Sckeduk A
Vehick and

mik~ VI [! xl
3 hr+kss 15 mio

Wlkllowl
xix 30 rnin dwfl time (note i) v,w,orY

I Schedule B

Dwell 1/6 d 20 ndn/10nlJ

Vehick known
cycling tim al vehicle mika or

vu! x:x x each rmormnu as deterndmed Is I&,, v,w.orY

I (30 mm ma.) from vchkk
mileage chul “e

To b, . M only 1 x! x 3ee4,14.1
wk. speckied Ix

2 I %4.14.2

fiII t?;.2
Note 1: Sweep time shall t+ 18 mhmtm if test frequencies go m 2 cpi

.—

B, cum sekctic.. char! for mtegow (O equipment

‘B

-.._ .— _
Selection criterb Cum.

W’heekd vehicles except
tw+whm!ed trtiem v

Tricked VCbklrn -
w.

Twc.wheekd Inlkn
~.

C. Vehkkmikawselectionchal :

.- ... .. -. .___,. . . . .L. _.. .._.: Tout
GrOm Ck5ificmica Miles@

Trail= semitrsikm, and dollicx
A Tmilers, semitrailers mldddlii. 6.OW

Tr#iler b.adies.ndeWiprrmt 3,000
: Electronic and missile $vstmm tmilers -d $snivcilen 4,@

wbcckd vehicle.
D Tmdcaltmck, kTmNoMl . . . . . . . . . . . . . . . . ..25.CU1
E Truck bodies, equirxnmt (~ NoI@l ., 11.400
F Lit vai@t, low milaagn tmck.i

I–spnmg tow. . . . . . . . . . . . . . . . . . ..4.WJ
Z–u”wwwp...:.:: :,..,.. 6000

G n* flo”tin v*kl- ..:...... . . . . . . . . . ..4.m
H btiibk.us . . . . . . . . . . . . . . . ..~L . . . . . .. B.4m

Fitmcks ,., ,,<T,.-- . . . ..5. m<.. .5, m
: Carr,rrarcid trucks, Lu”&T-gnrm .35,000

T-Lx! Vehklar:
K \.. -!’Twk’ m,d self. prc.wllrn (SW twwnns ..>, ,.
L tim ~=m.l w-rmn IAPc). wkw cam- .kiib {“~

r.umom w*- vati.rec.cw vehkko .
.K1-zrnctm(wlel towadlnadl ..; .,., !6,&

M ~ Er@wm can~t vehii. IEcFI a-d en@nnI .} i .~$
-Ilvehkk, elc, . .5.M

1
N Enginem crn.der!ncmm- milimqW, ; ; ~~~ 6,0M
0 Anwhibiwsv*i* lLVTwl . . .!. 5,0s0
P Twr,t.- “led mea SI.SI - t.temlly m.- i ‘flmmmrmwrse$dwl~tl .,, ..$. ,:. .,* Tm

NOW 11’
-unlm’.bm.~ifii~ &&fmnwh+p 0.

‘fi E “~~= ~ ~t ~ 6 UIS =. ~~, -w* ti i.-, IES
mn~ k,, 9m91,6415C.~i@5 m WPI&bk, @ M umd u
datmndmzk. festtiniaoftitim, ~&leB. ,,; :.}{,, .,.,~. ‘.. . .

(c’
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For sinusoidal vibration resonance tests and cycltng teats of items traneprted in
air plares and Imlkopters and we fghing more then lCU punds, the vibratory ac c eler-

.,

atlonsshallbereducedby +/-1g foreach25-pJundincrementof weigl!toverlCO
pounds.Dere.~ shallapplyonlyto thehighesttestlevelof curveAY.However,
thevibratoryacceleration shall in no c8se be lesstlw.n1.5g.
Fore,quipnenttre.nspxtedinaircraftandweighingnnrethanlW Fotis,theupper
frequencyI.i.mitof curveAI of figure51.4.1-7maybereducedaceor&!gtothecut-
offfrequencyvs.weightrequirementof figure5z&.1.9.mm ~ t,r~sft~aseor
c,ateis providedfortheitwr,,thecaseor ci-st~shallbe ticludedinthetest
set-upforacc’kl?rationandfm?queney.&-at.ing.
Sweeptiimmay,be 8s longas 18minutesif tetd.frequenciesAO to 2 .+s.
Whentesting?ibrationisolateditems,theresonantdwelltim shallbebroken
into.5&inutetastprricdiwith2-ud.nuteshutdowninterval~.
Total.testtti parads (resonmtdwellspluscycling)is U Anutespr 1020
milesforlandtranspxtationor onehourforaircrafttranspxtation.For
equfpcentsMppsdby bothlandandairjbothtestsshallbe performed.(fhe
loadvehicleCydlngtimeof 15 ndnut,eeperlIXCIties pal.ti,gier*cd 2.5 :
minutespm ECU ndleaforresonencein thatda, m-dtheaircraftcycl@ time

~of 1 hourperads is reduced 10 minutes for each resorxince fn that ads. I.md

transportation t.lmes are pr lCCCI vehicle miles, which may be deterudrmd from
table514.1-VIC).
knd andaircuiveaforProcedureX shallbe cycledsep.rate2yin accordancewith
theapplicabletimeschedules.llmdwelltfmaforeachresonanceofrmn-iamlated
itemdshallbe&terrdnedfromthetotaltesttimeof theapplicablecurves.For
~Ple, f.ftheresO~ce occurshere thea~licablelandvehiclecurrere~e-
sentsa higherG level,theitemshallbe testedat eachresonance(mdnum of four)
tothe G level& theapplicable-land,-mhiclecuive‘tithWt &t-‘timeforeach
resow.nceequalto 1/6of thetotaltesttimeperaxleforthelandvehicle.&n-
Versely,if theaircraftcurveisequalto,or Mgher than,theLandvehiclecurve,
theitemsl@.Ite testedfor~ch resc,_e (~ c.ffew) to theG levelof
theaircraftcurvehltha teattfm foreachresonanceequalto l/6ofthe cycling
time par &is far aircraft .

When a transit case or cnSe is provided for the test Ita!n, tbe case or crate EIha21
be included in the test setup. ,.

......
‘...’ .,., .

,; ,..-

lcwerfrequeney
tbomde of

?..,.:...
!
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TABLE 514,1-IX ““’ ‘“
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Lineaf CyC!iW rates . .

1 Toldfrequency Freq”e”cy band
Sw=p timein UncmCydins

range (Cps)
minutes

I (mi.-m-.mrn)
rate(qdmin)

2–moqlsor .llos ... 3 2
S–mocps Stalz.s 6 ...,. S.8
asapplicable 22.s to,llo 5 35

Ilotc. son 4 195

5 i. 22.5- 6 5.8
22.5 to 110 5 35

5–2mo CP liotOsm “... 4... 19s

500 to 9W2 3 267
!mn ,. 2.nml 7 I. Inn
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ACOUSTICAL NOISE

1. Purpose. - The acousticalnoise test is performed to determine the effects
on equipment of acoustic sound fields that are characteristicof aircraft, miseile
and other high performancevehicles. In general,equipments located in areas where
DOise levels are 130 dS overall or less will not require testingto noise environ-
ments. This method is primarily for use with equipmentmounted internal to the vehicle
structure, but may also be applicablefor use with externallymounted equipment. l’he
acousticalnoise test is not a substitutefor the conventional.sinusoida.lor random
vibraticn test.

2. Apparatus.- A reverberationtype test chamber, suitableformed and propor-
tioned to produce a diffuse sound field end a uniform sound energy density throughout
the enclosure. A noise generatorto produce or simtite abroad band noise spectrum.
Measuring equipmentsuitable to accomplishthese tests, includingan octave band
analyzer.

3. Procedure.-

,
3.1 Definitionsand terms. - A comprehensivelist of standardterminology is

contained in United States of America Standards InstitutedocumentS 1.1-1960,titled
I!Acou~tica~ Temin~logy (IncludingMechanical Shock and Vibration).“

3.2 Criteriafor application.- Some equipment is insensitiveto aco-usticstimu-
lation even at very high levels. Other equipmentmay respond in a mmner that will

,-.. modify.or dis+mptthe equipment !lnction end in extreme cases mechanical failure may

(..
resuit. Equipmentthat is sensitiveto vibration is usually sensitiveto sound field
exposure. For this reason a suitablevibration test is often a good indicator of
acoustic sensitivity. Howe~er, it is possible that high frequencyresonances of some
r~sponding equipuentelements may be overlookedduring the vibrationtest due to the
high frequency limitationsof the shaker and vibration attenuationof the fiiture and
the equipment under test. Of importante is the fact‘thatsome equipmentmay possess
both sensitive and insensitivecharacteristics, @ad it may be difficultto ascertain,
before a test is performed,whether the equipment is sensitivet~ acoustic stimulation.
The following criteriaare presentedas a guide to initially determinewhether &quip-
ment is sensitiveto acoustic stimulation. Such criteria cannotbe considered as the
only determiningfactors. The final.decision, whether to performan acoustical noise
test, must be supplementedby such additional factors as a descriptionof the charac.
teristics and durntionof the end use acoustic environment,the locatioq of the eqlIiP-
ment within the vehicle structure, and a considerationof specielmounting.meeneor
pqpt~ctive enclosuresemployed for the eqq+prne!t.. _ ___
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3.2.1 Equipment insensitiveto acoustic stimulation.
to have smell surface areas, high mass to area r&tiOs, ~d
Exwnples,are as follows:

,.<
- This equipment is likely {
high internal damping. -..

(a) Eigh density modules,particularlythe solid or encapsulatedtype.
(b) Modules or packageswith solid state elements mounted on small

constrainedor damped printed circuit boards or matrices.
(c) Valves, hydraulicservo controls,or auxiliary power unit puqs.
(d) Equipment surroundedby heavy metallic castings,Particul=ly

those that are potted or are encasedwithin the casting by
attenuatingmedia.

3.2.2 Equipment sensitiveto acoustic stimulation.- This equipment is normally
classifiedas microphonicsor usuallyhaving large compliant areas of’exposure,low
mass to area ratios or low intexntidamping. Examples are as follows:

(a) Equipment containingmicrophonicselements with high frequency
resonemces such as electron tubes, weveguides, klystrons,
magnetrons,pieZOeleCtriCcomponents,or relays attached to
thin plate surfaces.

(b) Equipment containingor consistingof exposed diaphragmatic
elements such as pressure sensitivetransducers,valves, switches,
relays, or flat spiral entenna units.

3.3 Selection of test intensit~.- The noise levels are divided into four
intensitycategories as listed in table 515.I-LThe categories are in order of
increasingseverity (overall soundpressure level) from A through D. The category
should be selectedas appropriatefor the expectednoise level of the end use environ-
ment.

TABLE 515.1-1 Acousticalnoise test category

Test overall Typical applications Exposure
Category Sound pressurs

level (dB~/) Vehicle Equipmentlocation (ml~%es)

A lho Aircraft Majority of locations 30
Near the noise source or in the

B 150 Aircraft noise cone,if separated by thin 30
partitions
External store5 or open exterior

c 160
compartmentsnear the noise

Aircraft source or sub.1ect to the nofse 30

cone environment of any aircraft

Rocket
Majority of locations, exclusive

8of booster or engine compartments
Booster or engine compartments,

D 165 Rocket
on site launch equipment or
externallymounted pods near the 8

noiee somce

y
Reference 2x10-k dynes/cm2.

KSTSOD 515.1 515.1-2
20 Cktober 1969
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3.l! FrocedureI. -

.. .. ... .............. ,.-.:. .... .....: .. . . .- —. -.,

3.4.1 Test item mounting. -
- .,.-..-_:

The test item should be softlysuspended in tbe
... test chamber bf means of ‘springsor elastic cord. If a mountingstructure is

required betweenthe soft suspension and the test item or to hold the soft suspen-
sion care must be exercised to assure that no spurious acousticor:vibratory inputs
are introduced. The natural frequency of suspensionshall be less than 25 cps.
‘Ihetest item shallbe exposed on every surfaceto the so~d field”by centrally
‘locatingit in the test chamber. The test itemvolume shouldbe no more than 10
percent of the test chaubervolume: When the test chamber is rectan@ar, no maJor

.. . surface of the test item shall be installed parallelto a cheziberwall.
..

3.4.2 Per~orme.nceof test. -

Step 1 - The overall sound pressure level for the specified test
cate’goryof table 515.1-1 shall be introducedinto the
test chamber to conform with the octave band spectmm
specified on figure 515.1-1or 515.1-2l_/. The average
sound pressure distributian (overall level)should be
unifcpn within -2 to +h dB of the desiredvalue. The

. sound pressure field shallbe measured withoutthe test
item mounted in the test chamber. Measurementsshall
be made by using a microphone (more than mie if desired)
to define the sound field within the test volume (central
10 percent of the chamber volume).

~ Choice of ~igure 515.1-1or 515.2-2 i5 dependent on
test equipment availability.

Step 2 - The test item shall be placed in the chamberas sp-ecified
in 3.4.1. At least three microphones shallbe umnitored.
They shell be located in proximity to each major dissimilar
test item surface, at least 18 inches framthe test item
surface or one-half the distance to the nearest chember

~--

wall, whichever is less. The average overallsound pressure
distributinn emound the test item shallbe measured and be
uniferm within -2 to +4 dB of the desiredvalue. However,
for large a irregularly shaped items where this tolerence
cannot be achieved, the tolerance shall be 26 dB. Test times
shall be as specified in table 515.1-1. The operation of the
test item during the test shall be monitoredwhen and as
apecified. Following the test and when measurements are
made during or folloving the test, they shall be compared
with the data obtained in accordance with section 3, General
Reqwiiments,parag?apb 3.2.1. At the conclusionof the test,
the test item shall be inspectedin accordancewith section 3,
General Requirements; paragraph 3.2.~.
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:)4. summary.- The followingdetails shall
specificationor test plan. .

(a) Pretest data required (section3,
Paragraph 3.2.1).

(b) Test categon (see 3.3).’

~(c) Vhether operationduring the test
the operationiB to be mnnitored.

.- -..,,.

i.. j
be specifiedin the equipment

.
..

General Requirements,
I

is required, and if end how

1
1
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1. purpose.- The chock test is performedto determineif ‘equipmentis con-
structed to vithstand expected dynamic shock stresses and that performancedegrada-
tions or malfunctionswill not be produced by the service shock environmentexpected
in handling,transportatlnn, and service use.

2. Apparatus.-

2.1 Shock machine. - The shock machine utilized for Procedures1, III, and IV
shall be capable of,producingthe specifiedinput shock pulse shown on figure 516.i-1
or 516.1-2. The shock machine may be of the free fall, resilientrebound,nonresi:lient,
hydraulic, compressedgas or other activatIng types. Apparatusfor other proceduresaye
included in the individualprocedure.

2.1.1 Shock machine calibration.- The actual test item, a rejected item, or a
rigid d- mass shall be used to Calibr8tethe shock machine for conformancewith the
specifiedwave shape. When a rigid dummy mass is used, it shall have the same center
of gravity and the same mass as that intendedfor the test item and shall be installed
in a manner similarto that of the test item. (When a rigid dummy mass or re$ected
item is used for calibration,the waveform during the actual test maY be scnnewhat
different from that observeddur3ngcalibration. The shock machine shall then be cali-
brated for conformancewith the specifiedvaveform. Two consecutiveshock ap@ication3
to the calibrationload shall produce waveformswhich are all within the tolerance
envelope given on figures 516.1-1 ant 51.6.1-2. Tne calibratingload shallthen he re-
moved And the shock teet performedCm the actual test item. prodded all conditionsre-
main the same,other than the substitutionof the test item for the calibratingload, the
waveform shall be considered to meet the spcif ied test requirement. The actual teet
waveform sha’11be recorded for later use in a failure analysisif the test item fails.

2.2 Instrumentation.- The instrumentationused to measure the input shock pulse,
in order to meet the tolerance requirementsof tbe test procedure,shall have the
characteristicsspecified In the follovingparagraphs.

2.2.1 Frequency response.- The frequencyresponse of the completemeasuring
system, from the accelerometerthrough the readout instrument,shall be as specified
by fi~e 516.1-3. Perticulercare shall be exercised in tbe selectionof eecb indi-
vidual.instrumentof the shockmeasuring instrumentationsystem in order to essure
compatibilitywith the prescribed frequencyresponse tolerance.

..,. ., - ..-”
.2.2.2 Accelerometer,piezoelectric.- When a piezoelectricaccelerometer.is

employed as the shock sensor,the fundmaental.resonant frequencyof the accalero@er
shall be greater than 14,000 cps (resonantfrequencies n? 30 kc or higher.ere-recommend-
cd). For suitablelow frequencyresponse the accelerometerend load (cathodefollower,
amplifier, or other load) shall have :thefollowing chmacteriatics:

,._6-.‘. ..>”,.i . ..:,w,~fi-+.1.-..7*:.-.,:,:-., . ;.
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,-
RC > 0.2

Where R . load resistance (ohms)
C = accelerometer,capacitanceplus shunt capaciteace

.’.,.... of cable end load (farads)

2,2.3 Accelerometer,straingage. - A strain gage accelerometermay be used,
provided the undampednatural frequency is equal to or greaterthan 1,500 cps with
damping approximately0.64 to 0.70 of critical,

I

2,2.4 Accelerometercalibration.- The accelerometershall be dynamicallycali- I
brated to the specifiedaccuracy,

2.2.5 Accelerometermountin&. - The monitoring accelerometershall be rigialy
attached to the test item supportfixture at or near the attachmentpoint(s) of the
test item.

3. Procedures.-

3.1 :hcck P$se. - The shock pulses for Procedures 1, 111, and Iiishall be as I

shown on f~g~e 51 .1-1 or 516.1-2 (whichever is specified). W1 points of the ac.:eier-
ation waveform o“nrainedshall lie within the area enclosed by the tolerance limit lines, ~

it is reccmunendedthat the saw tooth shock pulse be used, since its broad freqzency
spectrum tends to exzite all resonant frequencies.

.3.2 Mountingof test item. - The test item shall be rigidlyattached to the
sho:k hachine table for Procedures1, III, and IV, in accordancewith 8ection 3,
Oeneral Requirements,paragraph 3.2.2. Whereverposb..ble, the test load shallbe
distributeduniformlyon the test platform in order to minimizethe effects of
unbalanced loads. (r

3.3 ProcedureI. Basic desian test. - This procedure shali be used for shzck
testing of equipmentassemblies (mechanical,electrical,hydraulic,electronic,etc.)
of medium size, including item which mount on vibration isolatorsand equipmentracks.
Three shocks in each direction shall be applied along three mutuallyperpendicularaxes
of the test iten (total of 18 shocks). If the test item is normallymounted on vibra-
tion Isolators,the isolators shall be functicnml during the test. The shock pulse
shape shall k-ein accordancevith either figure 516.1-1or 516.1-2,of amplitudea or
b and time durationc or d, as specified. The test item shallbe operating during the
test if requiredby the equipment specificaticm. At the conclusionof the te@,, the
test item shall be operated and the results comparedwith the data obtained in accord-
ance with section3, General Requirements,paragraph 3,2.1. The test item shall then
be inspected as specified in.section 3, Ceneral Requirements,paragraph 3.2.k.

,.
3.k Procedure II. Transit drop test. -

3.4.1 purpose.- Thisprwedure shall be used for equip~nt, in Its transit or
combinationcase as prepared for field use, to determine if the equipment is capable
of withstandingthe shocks normally induced by loading and unloading of equipment.
(This is not the logistics ehfppirg ●nvironmentexperiencedby chippingcontainers.)

METROD 516.1
20 October 1969
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3.~,2 Test conditions.- The test item shall be in its transit or combination
case. For equipment 1,000pounds or lesa, the floor or barrier receivingthe impact
shall be of solid, 2 inchesthick, plywood backed by eitherconcrete”or,a rigid steel
frame, Foreq,ilpmentover 1,000 pounds, the floor or barrier sh?ll be concrete or its
equivalent.

3.b.3 Performance”of test. - Subject the test item to the number end heights of
drop as required in table 516.1-1. Upon completion of the test, the test item shall
be operatedand the resultscompared with the data obtainedin accordancewith section
3. GeneralRequirements,para~aph 3.2.1. The test item shall then be inspected aa
specifiedin section 3, General Requirements,paragraph 3.2.b.

TABTLE516.1-I. Transit drop test (Prxedure II)

Weight of test item Largestdimensions Heightof
and case (inches) h’otes &OD (h. )

Under 100 pwrxks Under 36 A 48
man-pa-ledand
man-p~rtable

?6 and over A 30
100 to 20?Ipcunds, Under 36 A 30
inclusive

36 and over A 24
@er 200 to 1,000 under 36 A 24
pounds,inclusive

36 to 60 B 36

Over 60 B 24
Cver 1,000pounds No limit c 18

Iio:eA,

Note B,

.

. .
i’ :..-..
I I?oteC.

!
.i
i

.;

.,
I...,

,. ’-

~

...

,,, ,

No. of &0p8
Drop on each face,
edge, and coiner

Total of 26 dl’OpS

Drop on each corner

Totalof 8 dl’OpS

4 edgewise drops
2 cornerwisedrops

Erops shall be made from a quick-releasehook; or drop tester as ua~e by the
L.A.B. Corporaticm,Skaneateles,New York, or equal.. The test item shall be
oriented so that upon impact a line from the stmck corner or edge to the
center of gravityof the case and contents is perpendicularto the impact
surface. ..

.
With the longestdimension pe.rallelto the floor,the tram it or combination
case, with the test Item within, shall be supportedat the cornerof one end
by a block 5 inches in heiuht. and at the other corner or ede of the same
e~d by ,*block 12 inches i; height. The oppositee~d O? the-c~e ‘shallthen
be raised to the specified height at the lowestunsupported corner:and,.
allowed to fall freely. . . . . ;-..-.’i.=.Z+.ZF.*..-~.

... &. .. . .. .. .......... >>W, , %$Q:.
kile in the ‘rio~ transit position,“the case hd contentsshall:be sub-
jected to the e~ewise end cornerwisedrop test as follows (Ifnormal transit
position Is unknown,the case shall be orientedsuch that the tvo longest
dimensionsare parallel to the “floor”):

---- . >:? Z.WI.
.f,,.:=*; ~vf![F.

. 516.1-3 MFEiOD 516,1. :
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E@ViSe dI.optest. One edge of the base of the case shallbe supperted {
on a sill 5 to 6 inches in height. The oppositeedge shallbe raised to
the specifiedheight and allovedto fall freely. tie test shallbe
applied Once tO each edge of the base of the case (total of four drops).

Cornerwise drop test. One comer of the base of the case shallbe
supported on a block approximately5 }nches in height. A blcck nomi-
nally 12 inches in height stall be placed under the other corner of
the same end. The opposite end of the case shall be raised to the speci-
fied height at the lowest unsupportedcorner and allowed to fall freely.
This test shallbe applied ooce to each of two diagonally op~site
corners of the base (total of two cornerwisedrops). When the propor-
tions of width and height of the case s.rssuch as to tause insist.tlity
in the .ccrnenfisedmp test, edgewise drops shall be substit:.ted.iu
such ir.st.~.:e$two mere e&gevisedroF.son ew,h end shall be performed
(fwr C@.itor.sledgewise dI-OpSfor a ?.oialor eight edgewisedrops).

3.5 Frmedure ITI. Crash au’ety tesrk.- This procedureshall be used La ~eter-
mine the stmctural integrityof equipmentumunting means. ‘Fnetest item or dummy
lGad shall be attached by its normal points of attachment. The teSt item or dummy
k.ad shali & subjected t.~tvo shocks in each direction along three mutuallype?.pndfc-
ular axes of the equipment (totalof 12 sh~cks). The shock pulse shape shallbe in
acccrdanc~with either fi~re 516.1-I or 516.1-2,of amplitudea or iiand time duraticn
c or d, as specified. There shall be--nofailure of tbemounting attachmentand the teat
item or dummy laad shall remain in plice and not creste s.hazard. However,bending and
distortion shall be permitted.

3.6 Proce4me Iv. High intensitytest. - This prccedure shall be used where
high acceieratia, short time duration shock excitatIcn results from handling,stage
ignition, separation,re-entry,and/or high velocity aerodynmnicbuffeting experienced (
by missiles andfor high performanceweapor.systems. Two shocks shall be applied to the
test item in each direotion slag each of three mutually perpendicularaxes (total of
12 shocks). The shock pulse shape shall b+ in aceordemce with either figure516.1-1
or 516.1-2,of amplituie a or b and time duration c or d, as spscified. The test item
shall be operatIng during the test if requiredby the equipnent specification. At the
conclusionof the test, the test item shallbe operated and the results comparedtitb
the data obtained fn accord8ucewith section3, General Requirements,parsgraph3.2.1.
The test item shall then be inspectedas specifiedin section3, General R@q,nirements,
para~aph 3.2.k.

3.7 Frocedure V. Bench handling test. - l’hiaprocedure shall bs used to deter-
mine the ability of equipmentto withstand the shock encounteredduring servicing.
The chassis and front panel assembly shall be removed from its enclosure,as for serv-
icing, and placed in a suitablepositIon for servicing on a horizontal, solidwooden
bench top at least l-5/8 inchesthick. The test shall be performed, as follows,in a
manner simulatingshocks liable to occur during servicing:

. .

M@l!ROD516.1 516.1-4
20 October,1969
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Step1 - Usingone edge 8s a Pivot, l~fi the opposite edge of

the che.sslsuntil one of the followingconditionsoccurs
(whicheveroccurs fifst):

. .-,

(a) The ch~sis- forms an angle of k5 de~ees’ with the
horizontal bench top.

(b) The lifted edge of the chmsis has been raised 4
inches above the horizontal bench top.

(c) The lifted edge of the chassis 1s just below tbe
pelnt of perfect balance..,.~

Let the chassis drop backfreely to the horizontal bench top. Repeat, using other
practical edges of the same horizontal face as pivot points, for a total of four

.,
drope.

Step 2 - Repeat step 1, with the test item resting on other faces until
it bas been dropped for a total of four times cm each face on
which the test item could be placed practicably during servicing..
The test item shall not be operating during the test. At the
conclusionof the test, tbe test item sh~l be operated and the
resultscompared with the data obtained in accordancevith
section3, General Requirements, paragraph 3.2.1. The test

. A item shall then be inspected as specifiedin sectinm 3, General
Requirements,paragraph 3.2.L.

3.8 Procedure VI. Rail impact test. - This procedure shall be used to deter-

r

,..
i mine the effect that impact,due to shipping and other types of transportation,will

have on equipment. If an item can be shipped in two orientations,it shall’be
impactedonce in each Airestica of eachorientationat speedsof 8, 9. ~d 10 miles
per hour ~ percent (totalof 12 impacts). If cm item can be shipped only in cme
orientation, it shall be impacted twice in each directionof that orientationat
speeds of 8, 9, and 10 miles pcr hour (a total of 12 impacts).

3.8.1 @aratua. -.me rdlmins equiet till~ neeessq to.perfO~ this

(d

(b)

;“

‘“ .i

(c)

(d)

. .-. . .

Three ordin~ railroad cars, with st~dard draft..-sccrcouplings.
-.

A prime rover for movhg the cars.
7:. ,..-... ..4.- ..-. .:...-..Q-,: ,. :

..-.-s.... ... ....- -
A ctiibratedmcana to dctenuine-thattiicspeed St the “timeOf -

impact is 8, 9, or 10 mph, within ~ percent.

Accelermneteraand aa=ciated circuitryto measure the impact
shock,and equipment response, if these measurementscre ‘-’
specified. :.. Z .

516.1-5 M3mioD 516.’1..
,, 23 Cctobcr 1969
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~

3.8.2 Performanceof test. -“ (

(a) TWO cars will act”as buffer CMS and be located on a level section
~,

of track. The air brakes shall be set in the emergencyapplication
position on both care. The total buffer load excludingcar weights
shall be 140,000 pounds minimum.

(b) The test item shall be mounted Oritbe end of the test car in direct
contactwith the floor and adquately blocked and securedto prevent
any longitudinal,vertical, or lateralmovement. Metal banding, or
wire, cf sufficient size or strength shall be used to provide 6ddi-
tional tiedown strength. Positions of the equipmentwith respect
to the test car and whether or not packagingis necessary shall be
specified. If loading s,* tie-down3 are not specified,all lGading
and tie-downs shall be in accordance with recommendedpracticea af
the Association of American Railroads.

3.9

(c) Impact the test car into the two loaded cars.

(d) Impact shall be made in progressive step.with impacts8, 9, and
10 miles per hour. The speed Just prior to impact shall be measured
by electroni:cr electricalmeans.

Related shock tests. -

3.9.1 Missile latinchor missile impact. - A test for simulatingmissile launch,
missile impact, hard landings,etc., may be performed by employinga rccket sled test
facility,cmnpressed gas ram,cr other high accelerationapparatus suitable for per-
forming the required te3t.

“(
3.9.2 Hardsites. - Equipment located in or at missile hardsitesusually demands

specialtesta, however, for some zones, special adaptationsof conventionalshock
machinesmay be used. For the critical zones, shock tubes, explosion chambers,
hydraulicactuators, etc., can be used.

3.9.3 High impact.- Unless othez-fisespecified,ballistic shock,tests and
high imp.ct tests shall be performed in accordance with MIL-S-901.

3.9.& Shipboardequipment.- Shock tests for shipboardequipment shall be
performed in accordancewith MIL-S-901.

~.. .

3.9.5 Rough hendling for packaged items. - Tests for shipping and handling
shall be performed in accordancewith KIVP-116 or FEDERAL STII.NO. 101.

METSOD 516.1
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3.9.6 .Fuzee and aumuniticm. - Shock tests for safety and operationo? razes
and ammunition shall be performed in accordance with MIL-STD-331.

3.10 Combined te~erature and shock test. - TestB shall be performed at room
ambient conditions unless a high or lw temperature shocktest is re~uired, in which
case the tegeanture extremes @hall be as specified.

k. Sllmme.ry.-

The
test plan.

(a)

(b)

(c)

(d)

(e)

(f)

(6)

(h)

(3)

followingdetails shallbe specified in the equipment specificationor

Pretest”data required (section3, General Requirements,paragraph 3.2.1).

?rocedurenumber.

Shockpulse selection, specify shape, pe6k value, and duration (see 3.1).

Whether the rail Impatt shock pulse input and test item respomie are tc
be reakured (see 3.8.1’(.1)).

Test item positioning ti.threspect t~
is necessaxyfor the rail impact test.

tbe teat car aud whetin.?rp~ck~gins
!see 3.8.2!b)).

Temperatureextremes (s.?e3.10).

Filter(s)used shail be identified.

Wh,etheropera?IcfiduringM test is required,mode of such operation,
and if and how the operationis to bs mnnitored.

Loading and tie downs (see 3.8.2(b)).

.-.
-...

. ..

-. ...

:..>. ,
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IDEAL SANTOOii ‘ “,” -::.-.

“‘+ ~ ‘“

.

PUISE
— 1.15P

,1.-”. -

‘A-tTOLERANCELIMITS

7

-.. . .. ....

. .‘1z--y>/2;

/’b” . ..p
,. Al 0.07 D

0.]5 P I
—— 1

0.2 P
t

-..
:,.

,.-.,
f..

PEAK VALUE (P) g’s NOt.UNALDURATION (D) ms

FLIGHT VEHICLE GROUND FLIGHT VEHICLE GROUND
PROCEDURE TSST EQuIPMENT (a) EQUIPMENT (b)EQUIPMINT (c) EQUIPMENT (d)

I BASIC DESIGN 20 .,. bo 2/ 11 ,,; 18 ,..

III CRASH SAF~
(

40 75 11 11

IV HIGH INTENSITY 100 100 6 u

!w’rss: lJ S!WK Parameters(a) AND (c): REGOMM3NDEDFOR EQUIPMENTNM’ SH02KMCAINTEDAND
WEICHINOLF5S TSAN W K)UXDS.
FQUIPMSNTMXINTSDONLY IN TRUCKS AND SEMITRAILERSMAY USE A 20g PSAK V.ALUS.

THE OSCILI@RAM SHALL INCLUDE A TIME ABOUT 9D LCNGWITH A PUJ5E IKCATED
APFROXX.MTELTIN TFtSCENTER. T?03PEAK ACCELERATIONMAGNIIUDEOF THE SAWTOOTH
WISE 1S PJANDITS DURATION IS D. TIE WtASUREDACCELERATIONFW3E SHALL SS
CONTAINEDBEWEZFJTHE BROKEN LINS BCJJNDARII!SAND TFE MEASUREDVEIJXITYCHMJGI
(WHICHM4Y S3 OBTAINEDBY INTEGRATIONOF T1-LSACCEIE?ATIONR-ME) SHALL ES
WITHIN THE LIMITSOF V _W.1 V , WERE Vi IS THE VEW.XWCHAXGE .A.WXIATED
NITH THE IDEALFULSEW#IICHEQUiLS0.5 BP. TH3 INTEXXiATIONTO DETEIWINE
VEI.O.XTYCHANGESHALL EXTEND FROM O.@ BEFORE THS PULSE TO O.lD AFTER THE
PULSE.

FIGURE 516.1-1. Teiuninal-peaksawtoothshock pulse configurationand its
toleranceI.imlts

..’ METHOD 516.1 516.1-8
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TOLERANCE WTs~ ,,,_~ ....---------,.15 A

.... “1,“’+”fl , A

pm !!ALJJIJ (A)~!~ NOMINALD~ D) MS
FLIGHT VEHICLE GROUND FLIGHTVEHICLE GROO?JD

‘ROCEDURE TEST EQUIPMENT (a) EQUIPmNT (b) EQUIPMENT (C) EQUIPMENT(d)

I BASIC DFSIGN 15 ho ~ 11 18

III CRASH SAFWTY 30 75 11 11

IV HIGH 1NTENSIT% 100 100 6 6
L

l\.
“., , ----- ~~- ‘--0.85A,,. ..-K-;

/’
SINE WAVE TRANSLATED_, “ .
COWTi0,15 A

‘,,,‘-–— ~~ ~~ TRANSLATED
,:,
,,, ,,\ “

0.2 A ‘., IDEAL SINEWAVE

1 ,’.
‘,

J, r- 0.2 A “

0.05 A-7 / / \’—— q“

00-+% ‘ ;/’ ““ “’.; - ~$.:

}
:——..

0.2 A j l---t

—~ 0.~ D k...–—..–..– D 0.2 A

NOTES : ~/ SHOCK PARAMETERS(a) AND (C): RECOMMENDEDFOR EQUIPkDDiTSHOCK MOUNTEDOR
WEIGHING300 POUNDS OR i@RE.

~/ EQUIFWN’IMOUNTEC ONLY In TRUCKS AND SEMITRAILERSMAY USE A 20g PEAK VALUE.
~/ THE OSCILLOGRAMSHALL INCLUDEA TIhZ3ABOUT 3D LONG WITH A PULSE LCJCATEDAPPROX-

IMATELYIN THE CSNTER. THE ACCELERATIONA!@LITUOEOF THE IDEAL HALF SINE PULSE
IS A AND ITS DURATIONIS D. THJ ~URED ACCELERATIONPULSE SHALL BE CONTAINED
BETWEENTHE BROKEN LINE BOUNDARIESAND TME MT.ASUREDVELOCITYCHANGE (WHICHMAY
BE OBTAINEDBY INTEGRATIONOF THE ACCELERATIONFUISE) SEALLBE WITHIN THE
LI~TS Vi =0.1 Vi WHERE Vi IS ~ VELOCITY-CHANGEASSOCIATEDWI~ THE IDEAL
PULSE WSICH EQUAIS 2 AD/% . THE INTEGRATIONTO DETERMINEVELOCITYCRANGE
SHALL EXTENDFROM O.bD BEFORETHE PULSE TO O.lD AFTER ,SS PULSE

. ...+- ——. . . . . ... .. . . . ._- _+.. . . . .. . .._ .:*._. -- .-. ..__~. . . . ..
. .

FIGURE 516.1-2.Half.she shockpulse configuration and its tolerancelimits
:,;,- .’..

516.1-9 MBTSOD 516.1
:?:;) r;~~w~a??l
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SPACE SIMULATION

-. . . . . . . . . .

(Ummm TEST)” .“

1. Purpose,- The teeta de.scribe4herein.are intended for the ~evaluation of
space vehicle cemponentn, apacevehicle subsystems end complete space vehicles in-
cluding installedequipment.

The spacesimulationtest1s performedto determinewhetherspacevehicles,
. such e,aSatellite, externalinstrumentationpI!Ck8.9S8, spacecraft,end epacestations

vfth aa~ociatedequipmentcan vithstend the deleteriouseffectsof very 10Vpressure8,
low temper8ttirea,and solarracllation.. Ordinarily,thie test will requireestablish-
ing rea.lie.tic t.emperattiredlstribution acroBsknd throughthe test Iten. Aerndynemic
heating is not usuallyconsidereda pert of this test but may be partia.llysimulated,
if so specified,by the applicationof heat.

The detailsof a spacesimulationtest.depend entirelyon the particular
enviionme>tailconditionto be eimulatedand on the purposeend type of testto be
simulatedand performed, one of the most sigeiflcantenvironmentsof outerspace
which must be simulatedis thatof extremelylow pressure. Effectsof thisenviron-
ment ●re the changein convectiveead conductiveheat tremsfercharacteristic.

3 Wile outer spacepreeeureshavebeen measuredas low ae 10J6 Torr it is generally
acceptedthat en operatingpressureof 10-5 Torr ie eufficientto avoid convective
and gaaeousconductiveheat‘transferand electricaldischarge,even thoughit does

.’C

not duplicateepaceconditions,interm of gasmaterialinteractionat the surface
of the test vehicle. No accuratemeana existsfor calibratins instr~entatiOntO
preesurealoverthen 1 X 10-10Torr, however,it appeem that the outer apacepres-
surescould be aa low as 1o-16Torr. Pressurelevels for variouseffectssimulation
are given in table51’7,1-1.

Differentprocedurescanbe used to oimulatethe radiantheat tremfer
effecte of the spaceenvironment.

.3...
1.1 Procedure I utllizes the confiningsurfAces of the chamberto aimlate the

cold absorbingnatureof mace end the radiantheat is providedfrum 8 simulatedsolar
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TA2G3 517,1.11, Avercgorrxiiatioocharacteristicsof D1.&O”

Planet

Earth

Venue

Ec@h’ s
moo

Incident
re.iiatioo
intene.ity
(VIIU2)

lboo

626

2740

lLOO

Y
‘Pleoet

reflectivity

0,311

0.148

0.67

0,072

..-

Planet
thermal
rcdieticm

M!_

213

226

336

Pleaet~
o@ivelent
blackbcdy

~ Thin.is the clbedo
~ This is ea emissivityfuactioo

Perfommoe reauirments for ● speoiflotest chouldreferencethe
apcoeeimulato,rolmwifioation showola table S17,l-III.

TAB~ 517,1.111, 201ar oi?UU1.CtOrOh31Jif iOOtia

.C

.
Choe I Clam II ClesmIII

Uniforlelty ~3% max. go% max. Greaterthan @

Solar subtense ~bo max. -40 mex. Greaterthan ~~”
aogle
(wholeangle)

. ..4...

2pi3ctrum In e.ccordeme u Y --
table IV

.,.
....
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1.3 Procedure IIIut111zes the confi!iiigtenrperatwe.,.’
the chamberto forcea given calculatedtemperatureca the

controlledsurfacesof [-’
test object.

1.k Rocedure IVutilizesen infraredsourceto programheat&rouodthe object
in zonesto simulateorbitalskintemperature+

1,5 ProcedureV utilizesa conductivetemperat~e controlledsurfaceformount-
ing internalcomponentsto simulatetheirheat transfercnnditioo.

1.6 ProcedureVI utilizescbmber to simulatethe pressureeffectof space.

,,
1.’1ProcedureVIIutilisesa cryogenicheat sink@as vehicle-heaters.

2. Apparatus . - This sectiondealswith generalperformance requiremcntoof mu
apparatue used in spcceemulation tccting. Performance=“Quirementsfor a specific
teat ehouldbe calledout in the ewipment specification.

2.1 Thermal vacuum chcmber. - Tbe test chamber shall
vacuum of at least 10_5Torr with thetest item installed.
calibratedin accordancewith ASTM St-d=d %295.

be capable’of providinga
vacuum gauges shall be

Prosaura levels recouauendedfor viriouseffectssinr.ilationare givenin
table 517.1-1. /

TASLE517.1-1. Weeaure levels for effectssimulation

Structural.

Rediantheat transfer

Dielectric strength

Materialevaporation

Surfaceeffects
,2

. . . .. . .

1 atm to 10 Torr

Below10-5 Tori

Selav 10_5 Torr

To 10-7‘Torr

Selev10-9 Torr
.,

b-Torr (particular
testsare ehowmin
tablee517.l-III cnd
1-VI) - ,

2,2 Heat source(radiant~. - Ecctsourcesyete& shallbe capableof producing :
the beatingeffeetsof sol= energy,planetradiatien,and s.lbedocm teat specimens
withinthe space simulator. .-,. . . .....x ,..,..

2.2.1 Sol=..simulator..-.‘l@ sim@tor..shall~ Fapab.leof ~~d% r~~t
““~‘.ener~ correspondingto..that,ofthe sun iXI~}P#?~+”‘.~?l$PoW,SO>= .??@sY,?+Q1 ~

eQualto the applicablevalueof table517.1-11; COIUEU2. me degree”to”~ich tbe
sol= enviro-nt mustbc simulatedforparticulartests is shownintable 51’f.1-IV.,. , - ,....m,..

:;YS@D15~7.1c ‘[$iW’-2:. . “’ ‘“ ‘
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TABLE 517,1-IV. Solar electromagnetic eaergy diattribution

Percent of total Wavelength bend Allowable variation
Band NO. solar irradiance (emgstroms) of band enemy, percent

1 2,6 2,500-3,300 ~o
2 20.8 3,300-5,000 225
3 25.5 5,000-7,000 ~lo . .. . .
4 l’r.3 7,000-9,000 ~lo

5 10,8 9,000-11,000 :15
6 11.2 11,000-15,000 ~20

7 8.3 15,000-25,000 ~30

202,2 Heat flux eimulatOr.- Thethermal effecteof the epaceenvironmentupon
a spacecraftmay be simulatedusing redicntenergy eourcesentirelyin the infrared
(heat) pOfiion of the wctr~ ~der either of the fOllO~nS COnditiOns: ‘.

(8) If a piece of equipmentis shieldedfrom directview of sun
end planetsin flightmode

...

(b) If e spacecraftor a piece of equipmentwhich in directlyviewed
by the sun’end planete1s configuredsuch that a ‘thermalsource
will supplythe sameheatingeffectas a sourcesimulatingthe
spectrumand collimationof the SUMwould.
cablefor m e U1 ment: (1) with”a’

This would be appll-

(Alpha/Epsilonf,72) with no eensit”iveparte mnunteclin.deep... .
uniform external finish ~

crevicee, where the collimation’of the radlatfon would be important,
or (3) where the rotationalmOtiOn in sPace ~~d be such as tO
resultin effeetivelyuniform sOlai/plenet illumiciation sufficiest
to ccmel the effecteof crevicesand non-unifom ~ eurface
finie.hee. .-,

2.2!2.1 @en structureline source.- Quartzlamps, carboncloth,tungstenwire,
strip emd tubularheaters,and othereimilarmeane may be utilizedto simulatethe
heatingeffectsof solarenergy,planetradiation,~d ~~dO OM te~ sPeCimensfith~
cryogenicallycooled epacesimulationchamber6. Radiationunits and supportingstruc-
turee shallbe.deaignedfor minimumblockagearea,ease of mnuntlug,10V out-gassing,
ad controllabilityof r8diati~ int~sitY. . .,

.-

2.3 Heat eink (radiant~. - Seththe temperatureand emieeiviiy, or blac~eses.
of the cryogenicshroudsare iiportantparametersin simulatingthe blackciessof space.
The low temperaturereducesthe radiationemittedby the wells in accordbce wlth%he
Stefan-Boltzmemnbw, and the high emissivity.causeethe -Is tO absOrbw radi?!i~
impingingupnn them.ratherthap reflectingthe enerffback to the test,yepicle,’“A-lOOO
Kdviu wdl tith,8’”0.95etis’siv~:y- simulatethe sP=e 9nvir0=nt !Owith$!lyPer-
cent for a 300°:Kelvintehicle. Radiat’iti.b “leavethe surfaceof the ch~ber “?~”;
eitherreflectionor emissionand cont”rblof bbth 16 ne&ess~ to maintaingrindemulat-
ion of the ep~c$,,.~irnnment._Total reflectedand emittedr~iat ien,,exclusiveof-the
solarsimulation“arrivingat the””test,~$h#&6’etil be.less than 50 titte per eq~e”~ter . ,Q.:-.7,lJ-X.-:-A..37s ,.. ::.7-,.:. !ZW<3,Zqes,.. c..:.:e..,::.*7..72?--Se>. -w a

edt t$a~CS>&L a>.+ f..57w.:<~-c:~--se=,i3’set%s LB3CT .“:.I-:.:i? ef.citid Lis$ai.:
........,.,. ... .... ......~, ..=.. .... ... ..... .........?3a=$+

W-surf acee;such aa~Winijv feed”thrOU2hpO@s,: s=.? ,Ws, .~~c.s...--..,,.,----.-
shouldbe,kept,.toa ~nimum and’shoild<be‘“coveredwith cooled‘plat@cwhen‘they”ar~h~
in use;<::‘-””-’

~,.:.,~~
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Contaminantion i;n:rols.- Con:ardnationlevels shall be controlledand——. .
measufed T,Oinsure that emissivity end abs”tirbtivevalues are not altered by more-”
th~ 5X Of the iqit$d v+lues.of the flight Or test h?rdw~e from-time Of ‘CePtmce
of test articleto completionof the test.

! . . .

3, Prep&ration,fortee.t.- _. .. .
.

3,1 Informationreaulred.- In preparingthe specimen for a test, typical
informationreQuired,ia: . .

. (a) Need””forsimulatingp18nei/moonradiation and albedo.
(b) Rotational modes and attitudeorientation,as e,pplicable.-
(c) Programming solar rad~ation in accordance with the miseion

(considering tpe day @ night ~rbitfng perf?de Plus cfsl~~
- end tra.niiunamissions).

,/---

., ,

(d)
(e)
(f)
(g)
(h)
(i)
(J)

(k)

(1)

(m)

(n)
(C!
(p)
(q)

(r)

(s)

Equipment operatio:,duty cycles.
&ration of test.
Method for monitoring test item during teet.
Operating parametersto be monitored.
Allowable deviationfrom specifiedtolerances.
Coupling of radio frequency outpute to dummy loads.
Substitution of power source having volt-ampere characteristics
similarto. the vehicle’s primY’ Power SUPPIY.
Finissionof fuels and oxidizers.
Stetement of reliability and failure criteria.
Peripheral heating and coolingdevices to maintain proper
conditions of equipment under test until flight conditions
are established.
Aerodynamic heating simulationrequirement.
Vehicle surfaceemissivity and absorptivity.
Vehicle thermal balance computations.
Minimum heating conditions (i.e., the coldest condition
which is often the most difficultto achieve).
Auxiliary power to supplementpower equipment for chamber
and equipmentunder test.
Other applicablerequirements.

3.2 Simulatorperformancep=ameter validation.- I’heinstrumentperformance
ch=t, table517.1-V,indicatesthe levelOf perfO=ce requiredOf inatr~entsfOr
indicatedparmneters: absoluteaccuracy, reproducibility,response time, view angle,
discriminateion or senaitivity, and miscellaneousitems for the evaluation of solar
simulation. ,.

3.3 Teet duration, - When the intendedmission time of the test item i= such
that the test item will be exposed to low pressureconditions for periods in excess
of 24 hours,the test chambershallbe maintainedat a pressureof at least1 X 10-5
Torr fornot lessthan 24 hoursto properly’validatethe perfom.anteof thetest item.
Teet itemwithintendedflighttimes of lessthan Zk hoursshallbe exposedto lW
pressurefor a time equalto or longerthapthe actualintendedflighttimeto proper-
ly validatetheperfo-ce of the test item.

...
517.1-5 M?lMOD517.1 --

20 October1969.:

‘ c

,.- ,., .
..

. ‘,: -.::,. . “ .,7..-
.Y

:
..,.,
.,’,,..

.. . .. ...
.—.=,... . . ,.7-----........,..., .-::”.-.7:=y~ ~:-,;-~:. .,...,.,:.‘..-.;?.:.=“=::;:,:“-”-:.;:>7’;7.-’~-:=”%..:.,.‘.,.-;~,x7-==--..............-’.. .. .. .. .....-,.,......... .,.:..,:.,......, .,.,,,.., -.:,....,: ., .. ..,,::~:,.:::y..:..”;.:,:-:-.,.,,.,y.,,,-:.:,.;:-:;,;$.!.:.:.!.;::*;.:;,:

.’.’, .... ,),.$.. .,..,:.’.,,,’::,.. ..: “. :.,
,,,

......



TABLE517.1-V. Solarsimulator- instrumentationperformancerequirements

Absolute Reoponne
Parameter SCCuracy Rep$e,tability the Miscellaneous

Total 23% 21% 1 min. Spectral Oeneltivity
irradience max. :2% for 2500-25,000

AnEmtr=
Irradiance NIA ~1% 1 tin. Scan timemustbe

Uniformity w, compatible vith
response time

Solar eubtense lfb? lfk” NjA Reference to exfs
an@e divex- of chamber
gence

Temporsl 9$ 5% 1 sec. See note 3
stability

Spectral See mote 3
distribution

Not e 1

Note 2

Rote 3

View angle ehoul~ be 5 degrees or greater thanthe solarsubtenseangle.

Temporeletabilityae ueed in thie standard means the intensityfluctu-
ation of the eource wherethe eource is defined in itB broadest sense to
include the optice. No quantitativevalue can be given that will serve
ae a universal stability etantid to which all sources must comply. It
is self evident that the time constant of the test object or perhaps a
local area of interestwouldhavea directbearingon the resulting
criterion, Further,by the broadest ipterpretation of temporal atability,
intennity variation during periods of leap cm electrode replacementm!mt
be considered, For the present, it appears appropriateto merely state
that the periods of fluctuationmust be considerablyless than the time
constant of the test area of interest.

Spectral distributionshall be measured at a carefully definedpoint in
the be-. The bandwidth shall be no longer than that indicatedin table
517.1-IV. Bandwidthsof 500Angstromare preferable.The total.area
underthe spectralcurveshallbe nornm.lizedto lbOOv/Iu2for comparison
with the JohnsonSpectralCurvehavingequivalentunits. The accuracy
shallbe 1/2 the smallestnumberin the applicablelevelof table517.l-V.
Calibrationof spectralmeasuringequipmentshallconformto currentNBS
recommendedpractices. If s- othermeansof measuringspectr~ distri-
butionshallbe used as a multiplefilterradiometer,then.prnofof its
calibrationagainstthe samesourcethroughuse of accuratemeasune=ents
with a monocbr.amatormustbe furnished.

(“’
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4. %wcedures. -
.. . . . .. $.-.+... .

4.1 ProcedureI - Solcrsimulation.- The test itemshallbe subjectedto a
pressure.of 10_5Torr or loverin orderto virtuallyeliminateheat transferby ccm-
vectiom. Thetest item shallinitially“see”black coatedchamberwallsmaintained
at~ 100eKii orderto simulatethe heatsinkof space. Simulatedsoleircdiaticm
shallbe appliedto the teat item fromthe directioncorres~ndingto th8tof the aun
in apace.

Thetest object shellbe nmumtedin the test chcmber(apparatus2.1) having
a cryogenicheatsink (apparatus2.3) c.nda solar.slmuhtor(app=atus 2.2.1). The
specimenshallbe installedin the testvolumeon a fixturesupportedby 10Vheat
conductionmccns. If orbitclsimulationisrequired,the fixtureshallpr.ividemeans
of motinm. Albedoand planetary radiationMY be eimulatedby the use of heat flux
sources”(apparatus2.2.2). .

Recommendedparameters for specificsolar test requirementsare shovn in
table 517,l-VI.

TABLS 517. l-VI. Significantparameters for snlar simulation

Actual space Therm8.1 Solar cell Collector type 6y0tem

Paremeter condition teOta teats 21 Dover OyOtems teeta

Imtenaity llloow/td2 1200-1600 1200-lboo 1200-lJ400 1200-lhoo

uniformityU --- ClassII ClassI ClassIII L1O% 22 to 55

Sol= subten=e 32’ ‘“ ‘ ClassI ties ‘III““ ““10 clccsII
angle

Spectral Acsumcd 4 TARJE 517.l-Iv ?
NRL curve

Cold, black 10-6 %ss than50Wm2 ‘recelvcdat test artfcle
space Vatt8/@

..
&/ In testplane
~ Rearearthorbit

~.1.1 PerfOru&ce of test. - For the follnwlng,refer to Sectinn 3 cm Oenera.1
Requirements,paragraph3.2 of MIL%.TD-81O. .-

..
me “testitem ehallbe placedin the test &mber in accordance&th

GeneralRequirenicnts,Section3, paragraph3.2.2. The temperatureContrnl8Uf8CeS
of the testitem shallnot directlyfaceany abnnrmalheat source. Any operational
performancecheckshdllbe accomplishedin.accordancevithGeneral.Requ@ments,
SectionL3,paragraph3.2.1. AU equipcnt.shall.beoperated(excluding.my propulsion
system).md meaaurc~nts mcde aa specifiedIn the vehicleor aquipmemt,spCCifiCatiO1l.
Thetest chcaber. shall then be reducedto;that.p~ssure.’~eterminedthr6u@ compliance
vith 2.1 of thistest n&h6d cmd the chambervans cooled..toibelow:lOO°K.Thermal :.
energycorrcspading“tothe applicablevc.luccmd mcmmer,ofexposuredeterminedthrough
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compliancewith 2,2,1 of this method shall then be applied to the test item. ‘l’he
normal rotational mode of the test item along with otherrequirements~d cOndltiOns
shall then be establishedand maintainedthroughout the test. Measurementsmade
during the test shall be compared with the data obtained in accordancewith General
Requirements,Section 3, paragraph3.2.1. At the conclusionof thetest,thetest
chambershall be returned to Btmdard ambientconditionsand stabilizedand the tent
item inspectedin accordancewith GeneralRewire~nt~, Section3t Paragraph3.2.4.

k.2 Procedure II - Heat flux simulation.- The test object shallbe located
vithin the test chamber (apparatus2.1)having a cryogenicheat sink (apparatus2.3).
A heat flux simulationsource (apparatus2.2.2) shallbe providedsurroundingthe test
objectand thermallyieolatedfromit. The test objectshallbe supportedby lowheat
conductionm.eanE, The teat shall be ~erformed ae described in 4.1.1.

4,3 Procedure III - Heat-fl:v<simulationwith thermal canister.- T%e test object
shall be located within the test :hamber (apparatus 2,1) having a cryogenicheat sink
(appamtus 2.3) with a thermez ~t~nister(appwatus 2.~.1). The teat object shall be
mounted within the canister ty low heat conductionmeans. The test shall be performed
as describedin h.1.1.

4,4 Procedure IV-- Heat flux sirmiition”variable temDeratureshroud. - The teat
object shall be locatedwithin the test ch~ber (apparatuS 2.1).havinsa variable
temperature shroud (apparatus2.4.2). The tent objeot mhall be mountedwithin the

shroudby low heat conductionmeann.
Lol,l,

The tent shallbe perfomed u describedin

k.5 ProcedureV - Heat fluxwithconductivesourceand crycv?enicshroud.- The ,,
+.estobjectshallbe locatedwithinthetest chauber(apparatus2.1)havinga cryO-
genicheat sink (apparatus2.3).

/
Thetest ob.1ect shallhave a conductivesource

(~ppa.@:~ p ~) attachedto it ~d ~~1 be supported ~ low heat conductionmeans.

4.6 procedure VI - Vacuum simulation.- The test ob~ect shall be located within
$,hetest chamber, (apparatus2.1). Its volume should be ‘preferablymuch smaller than
chamber volume. All test fixtures should be vacuum compatible.

lt.’7fiOcedure ~ - Heat flux ti18tion @th vehicle heaters.- The test object
shall be located within the test chamber (aPWr~tus 2.1) hti% .9cryogdc heat S~
(apparatus2.3). ‘TheteSt object shallhave vehcle heaters (heaterbmet~ ., fl~d
.s@em) attached to its surface.

5. Definitions.- Terms frequentlyused fi solar stilation in conjunctionwith
thermal vacuum t,estkngare as follows:

(a) Absoitiance.-Absorptanceie the ratioof the abeorbedradiantflux
to the iicidentradi~t flwi. Totalab,aorptaricerefereto absorptance
measuredover all wavele@”ha. Spectralabsorptancerefersto absorp.
tancemeasuredat a s cified wavelength.

(b) -. - rAlbedois t e ratio of the amount of electroma@etic.radiation
reflectedby a body to the amount”incident upon it. This fraction is
often expressed as a percentage, such as 34 percent for earth a.lbedo.
The spectrum of reflectedenergy.is’generally clifferent from that of the

,.. incident radiation.~. :~~- --- .: ..’ :>::-f:.: ‘.‘.’ ~.. ,.
.,, .->.

I

I



(c)

(d)

(e)

(f)

(h)

(i)”

(J)

(k)

,,..

The definitionof slbedo,while identic61with reflectfum,is commanly
used in astronomyandmeteorologyto:descrlbethe reflectivltyof
p>anet~ bodies=titheir8tmo@eres to solarradiation.

/, ., .:~_ ...

Blackbody.- A blackbody is defined’to be a body whiche.beorbse.11
incidentenergy. Thereforeits abmrptsnce@ , 16 equslto 1 for all
wavelengths. Accordingto“Kirchoff‘s law,.auchsn object will be a
perfectemitterof rsdistionat allwavelengths.

Collim.ation Sngle . - Bee l’Bolsr beamsubtenae sncle.”

FaE.lsnivity. - Emissivityis the emittsnceof s layerof materislhaving
an optically smooth surface and of such thickness thst there is no change
in emiaaivity with in$reaeein thlckpess;gexierallyreferBto sn ideel
case,flat surface.

Eminsivity<e> ~ -RrAssivity is theratio of the radi~t flUX e~tted by
a specimento that emittedby a black bpdy radiatorat the aame teqperatur6
snd wavelength, Oenorsllyrefersto a specific sempleor measurementof a
specificsample. Totalhemisphericalemlssivity is the energy emittedover
the hemisphere above the emitting element for all wavelengths. Normal
d Beivftyrefers tothe emissivltynormalto the wrface to the emitting
body,

Radiance, - Radianceis radicnt fluxem.tttedin a sp=clfleddirectionper
unit projected area of surface, per unit solid angle. The preferreday!rbol
for this quantity is L, and is usually expressed in units of

Watts cm-2 si ‘1

me irr~iance (radiant flux density)produced by.radiation from the
source upon a unit mrf ace area orisntednormal to the line between
source and receiver,divided by the solid =gle subtendedby the seurce
at the receiving surface, is equal to source radianceif the receivsrto
sourcedistance is ls.rgeralative to the source size. .

If the radisntsourceis a perfectlydiffbe radiator(thatis, emits
exsctlyaccordingto bber law),then“itsradiance is equal to its
emittsnceper unit 8olidangle.

Radiantener~ ~~) .. Radiant aner~ is energy emitted,t~um-fe~d or
received as rsdiatirn. ..

,. ,. ...

~adlent flux.also, radiant .rmwer. {3)

. .. . . . .

. - Rsdi8nt flux, also radiant
power, is the averageradiant energy smltted, transferredor receivedas
rsdiaticmpsr unit t-. psr.U.it .~g.., h,.. .-. .

.. ~.,:..,,.-..&..,$L.,. ,..-:: .. -$,,L>T-,a ., ... .,.
“Rtiiatlcm- bfr&a. - Infraredrti@t+on ,is.radiatlgmfor.yhich the
wavelengths~e gresterthti those for,visible radiationtid leSS than

about0.1 millimeter.
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(1)

(d

(a)

(o)

Soler boom incident anule. - Tbe solar bees incident angle. 1s the
{ I

angle measured at aQ arbitr~ point in the test volume (eee figure ~~
belw). betwen the iaoident r~e etriking that point ad ● line
prcllcl to the de of the eolarbeem, The anglee,hellbe measured
eo that 95 peroent or more of the eolsr ener~ inoldent at the afore-
sentloned pd.at 1s inoluded. The mximum inoident m@e, ueudly
found at the extreme e&re of the teet volume (or ulene). lo eometinm
referrsd to as the sol&’ be= 8ivergenoenngie,- -

I

IiiF.
I ppa,rent aouroe

I
&le.r bmm tie

Inoident angle
I

Subtence an@e

/’

Geomeifiu.Zlrelationshipof sol= subtenseand incidenteagle

Solarbean subtenseanule.- The eolw beam subtenseangle is that
a~e subt=ded by tie“~= di=nsion Of the apparentsourceat
SD arbitrarymint on the test specimen. (Seefigureabeve),Note:
The terms“decollimetionangle”and “fieldangle”are mmatimea used
for ‘subtenseangle.“ The term “subtermeangle”is praferred.,The
OD@* SW be 1=~6 so that 9ti or more of the simulatedsol=
energyincidentat cay point in the test volume is receivedfrom the
app~nt Sourceaa herein&fined.

Solar coietant. - “Solar cnnet~t” is the rate at viaichsolarradic-
t$on ia rtmeivedoutsidethe earth’ B atmcmphere on a surface normal
to the incidentradiationand at the Earth’smean distancefrom the
sun.

Solarabeomttic~. - This relatesthe absorptan$e0?[~]a test item
irradiatedwith a solarsimulatorti the absorpteme the teet item
would”experience frm the aim. ‘ .,.— . ...
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(d ~fi~~ data required (Sactica 3 on Oeneral Rewirommt g, puugraph

(b) All informstioo neeesmry for the OOEWM1OOof 3.1 (d throu@ 3.1 (o).
(o) La&h of timo required for measurements.
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