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METHOD 513.1
ACCELERATION

1. Purpocse. - The acceleration test is performed to determine if equipment
is constructed to withstand expected steady state stresses and to insure that
performance degradations or malfunctions will not be produced by the simulated
service acceleration environment other than gravity. Procedure I is the struc-
tural test and Procedure II is the operaticnal test.

2. Apparatus. - Either of two facilities may be utilized for acceleration
tests: a centrifuge, or a track and rocket sled facility. A centrifuge of ade-
quate size is recommended for all structural and most operational tests because
of the convenlence and esase of control. However, the performance of space
oriented equipment, such as gyros, space control platforms, etc., are difficult
to test on a centrifuge, even when a counter-rotating fixture is employed. A
rocket sled run is advantageous where strictly linear acceleration is required.

3. Procedures. - The test item shall bs subjected to both the structural and
the operational test, unless otherwlse specified.

3.1 Mounting of test ltem. - Directiocn of forward acceleration is always con-
sidered to be the direction of the vehlcle acceleration and equipment shall be
orlented accordingly,using its normal mounting means, For centrifuges,the location of
the test item (with reference to the G level established for the test) shall
normally be determined by a measurement from the rotational center of the cen-
trifuge to the gecmetric center of the test item. Should any point of the test
item nearest the center of the centrifuge experience less than 90 percent of the
specified G level, the test item shall be moved outward on a radius of the cen-
trifuge or the speed of rotation shall be increased until not less than 90 percent
of the specified G level is obtained. Caution: If the furthest end of the test
item experiences more than 110 percent of the desired G level at the geametric
center {while the nearest end experisnces 90 percent or under), then the test
item may be tested using a lower speed and a larger radius centrifuge arm. For
large test specimens exceptions should be made to allow for maximum gradient based
on the existing availability of large centrifuges in cammercial or Goverrmment test
facilities.

3.1.1 Test item orientation (centrifuze). - When a centrifuge is used to
attain the required acceleration levels, the test item shall be oriented as follows:

Fore: Front or forward end of test item shall face toward center of

centrifuge,
Aft: Reverse item 180 degrees from the "fore™ position.
Up: Top of specimen shall face toward center of centrifuge.

Down: Reverse item 180 degrees from the ™ip" position.
lateral: Each side (right, left} in turn shall face toward center of

centrifuge,

513.1-1° - METHOD 513.1
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3.2 Test level determination. - The G level to be applied to the test item
is contingent on two factors: The direction of forward acceleration level (A)
of the vehicle, and the orientation of the test item within the vehicle.

Where: A = The highest possible known or unknown forward
acceleration of a vehicle in which equipment .
is to be mounted. (A) shall never be less than
one G level.

Instructions for selection of test levels for Procedure I from table 513.1-I,
and for Procedure II from table 513.1-IT are as follows

Forward Orientation

accel. of of test item

vehicle in vehicle Test level

Known Knowﬁ Substitute known acceleration & In forward

acceleration column of appropriate vehicle
category, and use given multiplying factors
to attain test level for indicated directions.
Known Tinknown Substitute known acceleration A in forward
acceleration columr of appropriates catepowy.
and use largest given multiplying factor to
. . attain test level for all directions.
Unknown Known Select most probable level from those given
in forward acceleration column of appropriate
category, and use given multiplying factors to
attain test level for required direction. -
Unknown " Unknown Select most probable level from those given in (/’
forward acceleration column of appropriate
category, and use largest given multiplying
factor to attain test level for all directions.

3.3 Procedure I. Structural test. - The test item shall be installed on the
acceleration apparatus in accordance with section 3, General Requirements, para-
graph 3,2.2, by its normal mounting means. The G level shall be determined in
accordance with 3.2, and shall be applied while the test item is nonoperating.

3.3,1 Performance of test. - The G level determined for the test shall be
applied along at least three mutually perpendicular axes in two opposite directions
along each axls., The test time duration in each direction shall be at least 1 minute
following centrifuge stabilization. On centrifuges, a test time of 1 minute ig
usually sufficient to determine structural soundness (proper operation); however,
the test time may be increased. Test times for other apparatus will probably be
shorter, depending upon the type of apparatus. At the conclusion of the test, the
test item shall be operated and the results compared with the data obtained in ac-
cordance with section 3, General Requirements, paragraph 3.2.1. The test item shall
then be inspected as specified in section 3, General Requirements, paragraph 3.2.4.

3.4 Procedure II. Operational test. - The test item shall be installed on
the acceleration apparatus in accordance with section 3, General Requirements,
paragraph 3.2.2, by its normal mounting means. The G level shall be determined in

accordance with 3.2, and shall be applied while the test item is operating.

METHOD 513.1 513.1-2
20 October 1969




MI~-STD-810B
15 June 1967

"(v) a0J pesn sq TTRYS TPAST €U} ‘UMOUY ST STOTUSA 9Yj JO UCT}RISTI00®
DIEMIOY 8Y} USYM “UMOUNUN ST UOTIRISTSCI® DJIEMIOJ USUM Pasn aq TTEYS LUUMOd STY] UT STOAS] /T

0°0t
VX0t VXO'T VXO'T | ¥vX 50V X§'T o3 S8TT8ETW
0°9 payouneT punols

. 00t
VX0t ¥ X SL0 VX G2'Z | Y XG0 |V¥XEGT o BaTTEsTU
06 - PBUDUNET JTY

o'zt
VX Ol ¥ X §L°0 VX G'Z | ¥YX G0 |[VXgT o% S88TOTYsA
09 aowdsoase pawmrey
¥X0'¢ Yy X GZ'2 VX626 | VXS T VvxX6T 0z s103do0TTeH
¥ X Q'¢ ¥ X 422 VXG99 [ VX ETIvx eI o'z SoURTAJTY

(SUCTIORITP OMY) MOJ dpn 1IY 304
TeIeqe]

(T-T°¢£16 sandyy 995) UOT}ed9Te008 STOTUSA JO UOTFOIT(]

ToAaT 9S8

/T
¥
UoTIRISTaOE

pPIBMIOJ

% (o} EL TS -5 Y

LTI

A

(I aanpedc.d)} 35997 TEINIONUAYE JOJ STSAST 9

*I-TUETS TIavy

. METHOD 513.1
20 October 1969

513.1-3



—.. . \. ., . . . | -
L | /\ , . . A‘/n.\\‘

. *(V) 207 posn aq TTeRYS TeAd[ 1By} SUMOUN ST STOTYPA 9U3 JO UOTIBISTAOOR PIBMIO]
g SU3 USUM UMOID[UN 8T UOTIRJSTOOOR DIBMIOJ USUM ISR 8q TTBUS WIMTOd STY3 UL 6T8Ad] /T

{ 0°0t f
' VX g99°0 ¥ X 99°'0 VX99'0 VX EE0 VX O'T - 03 SeTTIsTH|
09 payouneT punodn
_ ] 0°0t -
. ¥ X99°0 Y XS0 VX ST IVXEED (YXOT 0% SoTTesTH|
‘ 06 PRYPUMET ITY
i
' % ag* . . ozt - -+
m VX990 Y X $°0 VX ST [VXEE'0 |[VYXOT o3 §8ToTUaA !
| 09 sovdsodoe pouuey -
o - 2
t . . .
) Yyxo0'z ¥Yyx o1 VXSE|VXOT [VXo'T 0°Z ~ 8203d0OTTeH
” ¥ X02 VX 6T VXS'T | ¥yX0€ |¥yX0t 0z souerdayy |
! ! "
i (SUGT399aTD OM%) MoQ dn IV Sd04 : rm :
(T-T"€£1$ M3ty 295) UOTIBISTAOD® STOTYSA JO UOTID8JT( /T :
v . ;o
o e ToAST 3887 UCTYRJISTS00%® Axofaqeo aToTysp o
28 pIEMIO 2 :
1% . 27 “
£ g L
MJ (II eanpedoad) 1§89 TeuoTyeIado J0F STAST § ‘IT-T°€T$ TIAVL ﬂm !
A 8% !
ZO b
m Q :
1 2 _
.|P‘M.. ‘e

P
[




.

MIL-STD-810B
15 June 1967

3.4.1 Performance of test.- The G level determined for the test shall be
applied along at least three mutually perpendicular axes in two opposite directions
along each axis., The test time duration in each direction shall be at least 1 minute
following centrifuge stabiligation. A test time of 1 minute is msually sufficient to
determine proper operation; however, the test time may be increased. This test time
applies to centrifuge apparatus only. Other apparatus may reguire modificstion of
the above test time duration. The test item shall bs operated before, during and at
the conclusion.: of each test, and the results compared with the data obtained in
accordance with section 3, General Requirements, paragraph 3.2.1. The test item

shall then be inspected as specified in section 3, General Requirements, paragraph
3.2.4.

4. Summary.- The following details shall be specified in the equipment
specification or test plan.

(a) Procedure "umber if both p ocedg.es are not required (see 3).

(b) Pretest dat requ 1red(sec n 3, General Requirements,
paragraph 3 .15,

{c} Test level and test time (see 3.3 and 3.4).

(d) Length of time required for operation and measurements.

513.1-% METHOD 513.1
20 October 1969
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' METHOD 51k.1
VIBRATION
1. Purpose. - The vibration test is performed to determine if equipment is

constructed to withstand expected dynamic vibrational stresses and to insure that
performance degradations or malfunctions will not be produced by the service vibration
eﬁvironment. Tests specified herein are established for equipment which may be used in
a variety of military applicationg,

2. Apparatus. - Vibration equipment with required instrumentation.

3. General. - The vibration test charts, tables 5iL.,1-1 through 51k.1-VII,
provide a convenient means of summarizing test procedures to be specified in the equip-
ment specification or test plan according to various military applications. Each table
title refers to the applicable category of the equipment to be tested. The tables are
divided into two major sections. BSection A, "Test procedure and time schedule chart,"
specifies the tests to be imposed on the equipment and the test time schedule for each
test. Section{s) B(C),"Curve selection chart," specifies the vibration test curves
applicable to that particular equipment category and application, Guidance for select-
ion of the vibration test for an item is as follows:

(a) Determine equipment category {or categories) in accordance with 3.1.
{(v) Proceed to the applicable table corresponding to equipment category {a)
through (h) or 4.17 for category (i) equipment. Select a procedure from
the table based on the following equipment mounting configuration:
(1) Without vibration isolators
(2) With vibration isolators
(3) Tied down
{4) Loose
(¢) For all procedures except IX, XI, and XIII, select the applicable test
level curve(s) from tables 51L.1-I through 514,1-VIT in accordance with
3.3 based on:

(1) Listed selection criteria

(2) Detailed knowledge of the specific equipment environment

 s1h.1-1 METHOD 51k.1
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3.1 Equipment category. - For purposes of this test method, eqnipment ia
categorized according to the vehicle in which it will be installed or transported as

: -follows:
iLn CATEGORY - : . - .
(a) Equipment installed in airplanes and helicopters {see table 51%.1-I
and figure 514.1-1) | T
. ) T
(v) Equipment installed in airplanes, excluding helicopters (see table
514,1-I1 and figure 51k.1-2) )
(¢) Equipment installed in helicopters (see table 51%.1~II1 and figure
514.1-3) : '
(a) Equipment_ins;glied in air launched missiles (seq table_Slh.l—IV and
figure 51h.1-4) o
(e) Equipment installed in ground launched missiles (see table 51k%.1-V and
figure 514.1-5)
(f) Equipment installed in ground vehicles (see table 51L.1-VI and figure
51k4,1-6)
S (g) Equipment transported by common carrier, land or air (see table 514.1-VII
and figure 51k.1-T) : ‘ .
.. {h) Ground equipment, excluding category f (for transportation test, see B
a category gl

(i) Shlpboard and amphibicus equipment or when & ship is the common carrier

e

3.2 Applicable tests. - For any given equipment category, all tests listed beside
the selected procedure for the applicable equipment mounting configuration in tebles
5i4.1-I through 5ik.1-VII shall be performed unless otherwise specified. For example,

referring to table 514.1-IV section A, for testing equipment category {d4) when Procedure

I1I is selected, there mre four parts with four different test levels indicated by the
test curves. Tests indicated by "X" in all four parts shall be performed to evaluate
equipment installed in an air launched missile for both the captive and flight phase.

3.3 Belection of test curves. - A curve shall be 'Fiéciéﬁ&lﬁig'“?a les 51k,1-I
through 51L.1-VII or by making a detailed analysis of the expected vibration environ- L.
ment within the particular vehicle involved. A primary considerationm is the equipment :
location with respect to predominant vibration sources such as high intensity noise of
Jet and rocket exhausts, sérodynamic excitation including atmospheric wind and turbu-
lence, and unbalance of rotating parts. Additional factors to be considered shall in-

clude attenuation or amplification and filtering by structural members. Guidance for

} ME'THOD 5ik.1 : 51h.1-2° _ o -
'r_'gg_October 1969 . : ' L L A




MIL-STD-810B
15 June 1967

selecting vibration curves with respect tc equipment location or application is given

in section(s)} B(C) of tables Sik,1-I through 51k.1-VII. Applicable test curves for

each equipment category are shown on figures 51b.1-1 through 514.1-7. In some instances,
several curves are shown for one equipment category. When the equipment, due to its
application, may be subjected to more than one level of particular type of vibration,
the curve representing the most severe level shall be selected.

3.4 Examples of procedure selection. - The equipment specification or test plan
shall identify which tests are to be imposed on the equipment by .specifying the appli-
cable procedure and test curve(s) when applicable. Tables 5ib,1-I throtugh 514.1-VII and
figures 51L.1-1 through 51L4.1-7 are arranged to accommodate this identification.

Select the test conditions for equipment to be used in

3.4.1 Example No, 1, ~
the following application.

Category: Equipment installed in airplane {Jet engine at rear of fuselage)

Equipment location: Forward half of fuselage

Equipment mounting: On vibration isclated panel

Referring to table 51h.1-II, the above identification specifies the following test
conditions: :

Procedure I
Part 1 {curve J)
Part 2 (curve AR)

Part 1 specifies a resonance search, resonance dwell and sinusoidal vibration cycling
to the level of curve J from figure 51%.1-2 within the time schedule specified for
part 1 on table 514.1-II. Next, with vibration isolators removed in accordance with
note 2, part 2 is performed the same ms part 1 but to the test level of curve AR from
figure 514.1-2 within the time schedule specified for part 2 from table S1L.1-II.

3.4.2 Example No, 2, - Select the test conditions for equipment to be used in the
following application:

Category: Equipment installed in air launched missile (missile thrust/
weight ratio 15/1 end carried on airplane wing of jJet airplane with
wing mounted engines).

Equipment location: Equipment in missile booster section

Equipment mounting: Without vibration isolators (hard mounted)

METHOD 51k,1
20 Octoober 1969
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Referring to table Slh l—I\ir the a‘bove identif:.ca.tion specir:les ,_the following test. sz !
conditions: ! ' . oF goisto N A P e

Part 2 - FlJ.gh‘t phase (curve_R) L
Part 3 - Flight phase (curve AT) - . ' oz

Part 1 specifies a rescnsnce search, resonance dwell, and sinusoidal cycling to the

level of curve H from figure 51L.1-b within the time schedule specified for part 1 of

procedure II on table 51k.1-IV. These tests are followed by part 2, & sinusoidal

cycling test to the level of curve R from figure 514.1-4 within the time schedule speci- .
fied for part 2 of procedure II on table 51%.1-IV, Next, part 3, a random vibration

test, shall be performed to the level of curve AJ from flgure 51L.1-b within the time

schedule specified for part 3 of procedure II on table Sik.1-IV.

b, Test procedures. - The basis for selecting a test procedure (Procedure I
through XII) for a particular equipment category shall be according to 3. A procedure
consists of all tests indiated oy an "X" under the "Applicable tests" column of tables
515.1-I through 51%.1-VII to the right of the procedure number with the duration of the
test as specified under the column entitled "Test time schedules (per axis)". The vibra-
tion environment, specified by the curve selected from tables 514.1-I through 514.1-VII
in accordance with 3, shall be applied to each of the three mutually perpendicular axes
of the test item. The entire sequence of tests may be accomplished for any one axis
before changing to the next axis. The transverse motion at the input monitoring (\

point(s} shall be minimized, and should be limited to 100 percent of the input motion
except that reaction ma.chines shall be balanced to reduce transverse motion +/-10 percent,

L1 Test item operation.‘- Unless otherwisge spec:lfled the test item-shall be
operated during application of vibration (resonance search, resonance dwell, ¢ycling, -
and random vibration) so that functional effects caused by these tests may be evaluated.
When a test item performance test is required during vibration and the time required for the

‘performance test is greater than the duration of the vibration test, the performance

test shall be abbreviated accordingly. At the conclusion of thetest, the test item
shall be operated and the results shall be compared with the data obtained in accordance

with section 3, -General Bequirements, paragraph 3.2.1. At the conclusion of each test,
the test item then shall be,inSpected in accordance wa.t.h section 3, General Requlrements R

para.gra.pn J 2. li,- - ‘ L -,:t;g_, BREcrTh :ﬂ-;;_f_*_

L.,2 Mounting techniques.-_‘- In accordance with sectmn 3, General Requiremehts,

paragraph 3.2.2, the test item shall be attached to the vibration exciter table by its.
normal mounting means . or-by.means of-.a rigid fixture. ca.pable -of transmtting the vibra-

& o

tion conditions spenfica herein., Precautions shall be taken in the establishment of.

mechanical interfaces to minimize the introduc_:tion of -undesirable responses in the test
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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 locads. Vibration ampli-
tudes and frequencies shall be measured by techniques that will not significantly

affect test item input control.or response. The input control sen51ng device(s) shall

be rigidly attached to the vibration table or to the intermediate structure, if used,
hle to the stitachment 1t{s) of the test item.

at Aw oo naow ao NAo h o]
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4,3 Combined temperature-vibration test. - Tests shall be performed under room
ambient conditions unless & high or low temperature vibration test is specified, in
which case the temperature extremes and time duration also shall be specified.

4.4 Combined sinusocidal eycling and random vibration test. - The sinusoidal
cycling and random vibration tests shall hormelly be performed separately. If analyses
of actual or predicted data indicate a simultaneous sinusoidal and random vibration
environment, the procedure for a combined test shall be specified.

4.5 Common test techniques. -

4,5,1 Sinusoidal vibration tests. - The vibration shall be applied along each of
the three mutually perpenrdiculer axes of the test item. The vibratory acceleration
levels or double amplitudes of the specified test curve shall be maintained at the test

item mounting points. When specified, for sinusoidal resonance search, resonance dwell,

and cycling tests of items weighing more than 80 pounds mounted in airplanes, heli-

copters, and missiles, the vibratory accelerations shall be reduced +/-1 g for each 20
pound increment over 80 pounds. Acceleration derating shall apply only to the highest
test level of the selected curve, but in no case shall the derated test level be less
than 50 percent of the selected curve {see note 1 of applicable table 51L.1-I through

514.1-V). For equipment weighing over 100 pounds and transported by aircraft, resonance

search, resonance dwell, and cycling tests may be frequency and ecceleration derated

{see notes 1 and 2 of table 51L.1-VII). When packaged items are alweys grouped together

on mechanized loading platforms or pallets, acceleration and frequency derating may be
based on the total load on the pallet. When the input vibration is measured at more
than ocne control point, the control signal shall be the average of all the accelero-
meters unless otherwise specified. For massive test items, fixtures and large force

exciters, it is recommended that the input control level be an average of at least three

or more inputs.

4,5,1.1 Resonance search. - Resonant frequencies of the equipment shall be deter-
mined by varying the frequency of applied vibration slowly through the specified range
at reduced test levels but with sufficient amplitude to excite the item. Sinusoidal

e i o mm oo L m 2T dnd 13 +ha rmanmiired
4 o

sinusoidal cycling test, provided the resonance search time is included in the requl
cycling test time of 4.5.1.3.

4,5.1.2 Resonance dwell. - The test item shall be vibrated along each axis at the
most severe resonant frequencies determined in 4.5.1.1. Test levels, frequency ranges,
and test times shall be in asccordance with the applicable conditicns from tables 51h.1-1
through 514.1-V and figures 51k.1-1 through 514.1-7 for each equipment catcgory. If

more than four significant resonant freguencies are found for any one axis, the four

.. 51k ,1-5 . METHOD 51L,1
- 7 20 October 1969
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. _minimzm.A Specific ana.lyzer chara.cteristics shall be as spec:.ried below or. equivalent.

most severe “resonant frequencies- shall be chosen for the dwell test. If a- ch’a.nge"«in: ( !
the’ resona.nt frequency occurs during the test, its time of occurrence shall-be ‘recorded - -
and immediately the freguency shall be adjusted to maintain the peak resonance ‘condi-

‘tion., The final resonant frequency shall he -recorded. LT TroTomaftts

N Moan dem Zhome alallf b vikrated alaong each axis in accords

'9-)-4.-.) \.az(.-.LJ.qu - .Lu.c: ur:au AT Duu_L.x. UT VIULGWSW IVl Sod-ll axXis 1l A auu.u\.,s—
with thel applicable test levels, frequency range, and times from tables. 51h 1-1I through
514,1-VII and figures 51b.1-1 through 51L.1-7. . The frequency of applied vibration shall

be swept over the specified range 1ogar1thm1cally in accordance with figure-51k,1-10,
The specified sweep time is that of an ascending plus a descending sweep and is twice
the ascending sweep time shown on figure 51k.1-10 for the specified range. Linear
sweep rates may be substituted for the logarithmic sweep rate. When linear sweep rates ;
are used, the total frequency range shall be divided into logaritlmic frequency bands
heving similar time intervals such that each time interval is the time of ascending
plus a descending sweep for the corresponding band, The sum of these time intervals
shall equal the sweep time specified for the applicable frequency range. The lipear
sweep rate for each band is then determined by dividing each bandvidth in cps by one-
half the sweep time in minutes for each bend. The logarithmic frequency bands may be
readily determined from figure 51k4.1-10. The frequency bands and linear sweep rates
shown in table 514.1-IX shell be used for the 2 (or 5) to 500 ¢ps and § to 2,000 cps
frequency ranges. For test frequency ranges of 100 e¢ps or less, ro correction of the
linear sweep rate is required.

4.,5.2 " Random wibration test. - The test item shall be subjected to random vibre-
tion slong each of three mutually perpendicular axes according to one specified curve
AR +h-rnnah AP from the nh-n'!-ir'n‘h'lp f'imnnp q'l,.l 1-L or "—)'lh 1-5. Test times shall be
according to the apphcable schedule from tables 514.1-IV or 514.1-V. The instantan-
ecus random vibration acceleration peaks may be limited to three times the rms ‘accele- .
ration level. The power spectral density of the test control signal shall not deviate (\
from the specified requirements by more then +40, -30 percent (+/-1.5 4B} below 500 N
cps and +100, -50 percent (+/-3 4B} between 500 cps and 2,000 cps, except that devia-
tions as large as +300, -75 percent {+/-6 dB) shall oe allowed over a cumulative band-
width of 100 cps, maximum, between 500 and 2,000 cps. '

Tolerance levels in terms of 4B are defined as:

TO- . e i

-; v

"

Where Wl = measured acceleration pover spectral -demsity in GE/cps units. ‘The term Wo
"defines the specified levelin G2/cps units.- - Ha Al BT

[ “-1__,_‘}" . .

T b

Confirmation of these tolerances shall be made by use of an analysis system providing
" statistical &ccurscies corresponding to a bandwidth-time constant product,” BT = 50,

"'3“.“" Fl Y

ML ':am:;; BIao - I L BRI ,..a P N
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(a) On-line, contiguous filter,equaliszation/analysis system having
& bandwidth = B = 50 eps, maximum.

(b} Swept freguency analysis systems characterized as follows:
1. Constant bandwidth analyzer.

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

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

c. Analy51s sweep rate (1inear)=R= B or B? .
(cps/second) maximum, whichever LRC 8
is smaller.

2. Constant percentage bandwidth analyzer.
a. Filter bandwidth=pf.=one~third octave maximm

(.23 fc) where p=percentage and f. = analyzer
center frequency.

b. Analyzer avereging time=T= 50 , minimum
pfa
¢. Analysis sweep rate (logarlthmlc) =R=pf, or (pf )2
(eps/second}, maximum,whichever EEE‘ -7;—

is smaller,

{c} Digital power spectral density analysis system employing quantization
techniques providing accuracies corresponding to the above spproach.

The composite G-rms test level shall not be less than the value given on figure 51L.1-4

or q']h 1- l; for each test curve Arnralaromateari{c) amnloved for tect laval rantral =hall

Calil ooy CRIVe., ALLTATIVHT VoL Vo Laipallgta 400 wooue afvoa CONVWIOL Sliaad

be mounted in accordance with 4.1. Where more than one accelerometer is employed for test
level control, the power average of the several accelerometer 51gnals shall be used as
the test level signal centrol. :

4,6 Procedure I. -

4.6.1 Part 1. - Proceed the same as in 4.5.1.1, 4.5.1.2, and 4.5.1.3. The test
level shall be according to one specified curve C through H, J, L, M, Z, AS, or AT from

figures 51b.1-1, 514,1-2, or 51k.1-3 as applicable for that equipment category. Test
time schedules shall be as specified for part 1 of Procedure I in the applicable table,

51kL,1-7 METHOD Sik.l
20 October 1969
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. h 6 2 Pa.r‘t 2. - Test items norma.lly provided wlth vi'bration 1lolators shall be
' vibrated in accordsace with L.5/1.1%84.5,1.2; and b.5.1.3 with the vibration isolators '
removed but including any cther required holding devices. The ‘test level shall be s
Lo according to one specified Curve B or AR from figures 51b.1.1, 51%,1-2, or 51k.1-3

as applicable for that equipment -category. Test-time schedules shall be as specified

for part 2 of Procedure I in the applicable table.

N 4.7 Procedure II. -
L.7.1 Part 1. - Proceed the same as in 4.5.1.1, 1&5 12 andh 5.1.3. The test
level shall be accordlng to one specified curve C, D, H, or J from figure S1k.1-b.
Test time schedules shall be as specified for part 1 of Procedure IT as shown in table
514.1-IV.

b.7.2 Part 2. - Proceed the same as in 4.5.1,3. The test level shall be accord-
ing to one spec:Lf:Led curve P, @, R, or § from figure 51k.1-4, Test time schedules shall !
be as specified for part 2 of Procedure II as shown in table S1k.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 AF through AK from figure 514,1-h, Test time schedules shall be
as specified for part 13 of Procedure II as shown in table 51k,1-IV,

ewdm—

L.8 Procedure IIT. -

.

4.8.1 Part 1. - Test items normally provided with vibration isolators shall be
vibrated with the isolators in place as in 4.5.1.1, 4.5.1.2, and 5.5.1.3. The test
level shall be according to one specified curve C, D, H, or J from figure 514,1-h,
Test time schedules shall be as specified for pa.rt 1 of Procedure III as shown on

figure 51h 1-1V. : e e, £ (“

g ~

4.8, 2 Part 2. - Test items normelly provided with vibration isolators shall be
vibrated in a.ccorda.nce with k. 5.1.1, 4.5.1. 2, and Q.D..L 3 with the vibration isclators
removed but including any other required holding devices. The test level shall be
according to one specified curve -B or ‘AR from figure -51k:1-k. - Test time schedules
shall be as specified for part.2 of Procedure III as shown in table 5114 l-—IV

e
- R - - e

4.,8.3 Part 3. - Fext, vibration 1501 tors shall be replaced and the test it
vibrated again as in 4.5.1.3., The test level shall be in eccording to one specified
curve ‘P, Q, R, or 5 from figure 51822k, . Test -time schedules:ghall be as sPeciﬁed

H

for part 3 of Procedure III as shown in table 51L.1-IV. . .~ Lo -l s
Y b :)
4.8.4 Part 4. - With vibration isolators in place, proceed tle sdme’as -in<%;5.2.

The test level shall be according to one specified curve AF through . from }igure
51h.1~4., Test-time schedulesushall-be’as specified for partsl of-Procedure II
shown in table- 514.312IV. . . - SliTTOT :

e
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4.9 Procedure IV. -

-

MII~STD-810B .
15 June 1967

4.9.1 Part 1. - Proceed the same as in 4.5.1.1, 4,5.1.2, and 4.5.1.3. The test
level shall be according to one specified curve B or AR from figure S1k.1-L, Test time
schedules shall be as specified for part 1 of Procedure -IV as shown in table 51k,1-1V,

4.9.2 Part 2. - Proceed the same as in 4.5.1.3.

to curve N from figure 51k,1-k,
Procedure IV as shown in table 51

4.1.1v,

4.9,3 Part 3. - Proceed the same as in 4.5.2.

to curve AE from figure 51k,1-L,

4,10 Procedure V. -

4.30,1 pPart 1. - Proceed the same as in 4.5.1.3,
ing to one specified curve P through U from figure 51L.1-5.

The test level shall be eccording
Test time schedules shall be as specified for part 2 of

The test level shall be according
Test time schedules shall be as specified for part 3
of Procedure IV as shown in table 514.1-IV,

The test level shall be acccord-
Test time schedules shall

be as specified for part 1 of Procedure V as shown in table 51k,1-V.

4.10.2 Part 2. - Proceed the same as in 4.5.2.
to one specified curve AE through AP from figure 5ib.i-5.

The test level shall be according

as specified for part 2 of Procedure V as shown in table 51h,1-V,

4,11 Procedure VI. -

L.11,1 Par: 1.

- Tcau 1 uCil> uu.l.uwu.;.y pJ.UV.Lu

-1
(73

vibrated with the isolators in place as in 4.5.1.3.

one specified curve P through U from figure 51k,1-5,

L.11.2 Part 2. - Test items normally prQVide

vibrated in accordance with L.5.1.3
any other reguired holding device

as shown in table 51L.1-V.

[#1
1€

Test time schedules shall be

T
vels shall be according to

Test time schedules shall be as
specified for part 1 of Procedure VI as shown in table 51L.1-V,

removed but 1ncluding

5. Test levels shall be according to curve N from
figure 514.1-5. Test time schedules shall be as specified for part 2 of Procedare VI

b.11.3 Part 3. - With vibration isolators in place, proceed the same as in 4.5.2.
Test levels shall be according to one specified curve AE through AP from figure 51k.1-5.
Test time schedules shall be as specified for part 3 of Procedure VI as shown in table

51k.1-v,

4.12 Procedure VII. -

4.12.1 Part 1. - Proceed the same as in 4.5.1.3.

to curve N from figure 51ik.1-5.

‘Test levels shall be according

Test time schedules shall be as specified for part 1
of Procedure VII as shown in table 51L.1-V.

514.1-9

METHOD 51h.1
20 October 1969



, _.'._MIL-S‘I‘D-BlOB - L
1715 Jige 1967 7 ST B

L.12.1 Pa.rt 2. - Proceed the same as in L4.5.2. Test 1evels shall“be according
to curve.AE from figure 514.1-5., Test time schedules shall be as specified for part 2
of Procedure VII as shown in table 51b 1-V. _—

S , 13 Procedure VIII. - Proceed the sape as in h.5.1.1, 4.5.1.2,-and . 5 1.3.

’ Test levels shall be according to one spec1f1ed curve V, W, or Y f‘rom figure S1h,1- 6.

Test time schedules shall be as specified in Procedure VIII as shown in.table 514,1-VI,

Time schedule A shall be used for general tests when ‘the vehicle (in which the equipment

is to be mounted) or its mileage schedule is not known. Time schedule B is to be used

for more realistiec testing when the vehicle is known. When test item resonances below

5 cps are measured or expected the test curves shall be extended to 2 cps and the sweep

time shall be 18 minutes {2-500-2 cps}. - .

L.1% Procedure IX. - ,

!

4,14,1 Part 1. - Proceed the same as in 4.5.1.1. The test level shall be applied
over a frequency range of 10 to 35 cps and at a vibratory displacement of not less than
0.030 inches, double amplitude. The vibratory frequency shall be changed in discrete
steps of 1 cps and maintained at least 10 seconds at each frequency. Where possible,
fixturing shall be such that resonances within the test item can be observed and
measured. Subassemblies may be tested separately, provided they are secured to the
vibration exciter in a manner similar to that used to mount them in the test item,
Vibration isolators, if any, of the test item shall be blocked during the test. The
test item shall have no resonances in the frequency range of 10 to 55 eps that exceed
twice the amplitude of applied vibration. This criteria applies for equipment designed
to operate with or without vibration isolators.

h.lh.a Part 2, bou.nce, vehicular, -

h.1b,2.1 Apparatus. - A-package tester capable of 1 inch (duuble amplitude) (\
displacement and ¢f suitable capacity for testing military equipment.

L, 114 22 Test ccmditlons. - - -

(a) Cover the test bed of the package tester with a panel of 1/2—inch
plywood, with the grain parallel to the drive chain. Secure the
plywocd with sixpenny nails; with top of heads flush with, or

slightly below the surfa.ce. Space nails at é-inch intervals
< around all four edges. 1If the distance between either pair of

; To - «* “fences is’ greater than 2k inches, the Plywood shall‘also be na.iled
i - at 3-inch intervals in a 6-inch square et the center of the ‘test”

H
{ . area.

- a}:;‘ ':’uu....ﬁ_.g' AP
(b) Using suitable wooden fences, constrain the vehicular, or simulated, ™
A~ .- "+ ° -~ adapter-plate to-a horizontal motion of not more-than 2 inches in

S ‘any lateral directionm. LS s TR

. . ‘b iT'-uSg&- PR : L - e
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4.1k.2.3 Performance of test. -

Step 1 - Secure the test item to the vehiculer, or simnlated adapter
plate in accordance with section 3, General Requirements,
paragraph 3.2.2, and plece on the package tester with the
constraints outlined in 4.14.2.2{(b). If the test item weighs
over 200 pounds, an approved simulated adapter plate shall be
used.

Step 2 - Attach an accelerometer as close as possible to the point of
test item attachment to record the shock tranSmltted to the
test item.

Step 3 - AdjJust the package tester, shafts in phase and table operating
in a vertical linear mode, to a speed such that the average
value of the random acceleration peaks shall be 7.5 +/-2.5 g's,
Measure this input with an accurate measuring or recording
system at the ocutput of a band pass filter. The filter band
pass shall be 0.2 to 100 cps and the attenuation slope shall be
12 to 18 4B per octave at the 3-dB down point. Due to the
random nature of the input, pulses greater ‘than 10 g's can be
expected to occur, however, if they are infrequent, they need

not be used in calculsting the average. Perform the test for a

total of 3 hours. At the end of each 3/k-hour period, rotate -
the adapter plate and test item 90 degrees each time in the
same direction.

Step 4 - At the end of the 3-hour period, operate the test item and
compare the results with the data obtained in sccordance with
section 3, General Reguirements, paragraph 3.2.1. Then inspect
the test item as specified in section 3, General Requirements,
paragraph 3.2.54.

4.15 Procedure X. - Proceed the same as in 4.5.1.1, 4.5.1.2, and 4.5.1.3. The
test level shall be according to specified curve(s) AV, AW, AX, AY, AA and AQ from
figure 514.1-T7 as applicable. Test time schedules shall be as specified for Procedure

x as shown in tn'hle ‘;'Ih.l_.VTT u'hcn +ne+ 'i+nm waamnannas halmwr & Awme ara measured A
S SH0OWIN 1n 1ab PRE_PE L 18T ivem resonances oellwW  Cphs aré measSured Oor

expected the test curves shall be extended to 2 cps.
L,16 Procedure XI. -

%,16.1 Part 1. - Proceed the same as in part 1 of Procedure IX.

4.16.2 Part 2, bounce, loose cargo. -

L.16.2.1 Purpose.- To determine that the equipment, as prepared for field use,
shall be' capable of withstanding the vibrations normally inducéd during transportatiom
aslo0se cargo. Equipment in this class is normally transported in a shipping case,
transit case, or combination case.

. 514.1-11 METHOD. 514.1
T _ : 20 October 1969
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displacement and of suitable ca.pa.city for testing mil:lte.ry equipmnt. S . -

1 A o PR

o 4.16. 2 3 'I‘est conditmne., 'I'he test ‘oed ot the pa.ckage tester shall be covered --o--
e vith a panel of 1/2-inch plyvood; with“the’ grain pa.rallel to“the “drive chain. The

h plywood shall be secured with sixpenny nails, with top of “heads flush with or slightly
below the surface. Nails shall be spaced at 6-inch’ intervals ‘around all four edges.

If the distance between either pair of fences is greater than 24"sinches, the plywood

shall also be neiled at 3-inch intervals in a_ 6-inch square at the center of the test

area. Using suitable wooden fences, constrain the test item t0° & horizontal motion of

note more than 2 inches in & direction parallel to the axes of the shafts, e distance

more than sufficient to,insure the test item will not rebound from fence to fence.

4,16.2.4 Performance of test. - The test item, as secured 'in its shipping case,

transit case, or combination case, or as otherwise prepared’ for field transportation,
shall be nlaced on the packaze tester within the constraints outlined above. The pack-

Sidil L€ PlLalllu U 1uT pavhdph »Wovtes Fabiidl Gt WRefBe S 2iius WRwlmsssy sEe el

age tester shall be operated in the synchronous mode with the shafts in phase. {In this
mode any point on the bed of the package tester will move in a circular path in a verti-
. cal plane perpendicular to the axes of the shafts). The package tester shall be oper-~
BT ated at l-inch double amplitude’ and 284 rpm +/-2 rpm for a total of 3 hours. At the
- end of each 1/2-hour period, turn the test 'item to rest on & di*‘!erent face, s0 that
at the end of the 3-hour period the test item will have rested ‘on éach of its six faces
(top, bottom, sides, and ends). - At the end of the 3-hour period, the test item shall be
operated and the results compared with the “data’ obta.ined in’ accordance with section 3,
General Reguirements, paragreph 3.2.1, ~ The test item shallthen be inspected as speci-
fied in section 3, General Reguirements., paragraph 3.2. 4. - The package tester shall be

operated in the vertical linear mode \stra1ght up and down in the vertical plane)

instesd of in “the synchronous mode when one o:l' the’ following ‘Gonditions occurs: o
<L LT eTAgEEr /
(a) Bouncing of the test item is very’ severe a.nd presents a hazard (

" to personnel. ; - .

.- - .4&"’;.:4.‘.:.“_

(b) Forward end rear oscillations cannot be reduced. When operated
in the vertical linear’ mode wooden fences shall ube—placed on &ll
four sides of the test item to constra.in g motion to not more = 7T
than 2 mches in either_*dlrection. GiE aEFEeoo 0 2 T - VR R

. e i el

- o et e vl - - d s DAy oP'- I - i

L.1T Procedure XII. - For shipbcard and “amphibious equipment ‘or vhen ‘s ship is
the common carrier, the vibration test shall be in accordance with Type 1 .of

- e A e bl Lo

_MIL-STD-167. T T,
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o "7 4,18,1 Part 1. - Proceed the same as in part SIS PRoFeawe X L . 34T Lo #
; h 18 2 Part’ 2 bOunce system ‘sheifer “assenblage: = i ‘m——:-f:-"c Soneeld
el - T — g g i .'___# —— ,,_u__.__gacag =ibaw antw o sidszas oa umra
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4,16.2,2 Apparatus. - A package tester capable ot l?—inchv—(double amplitude)";.‘"“ f Lo
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4.18,2.1 Purpose. ~ To insure that the system shelter assemblage shall be capable
of withstanding the vibrations normally induced during transportation. The system
shelter assemblage may consist of equipment mounted in e truck or trailer, or equip-
ment mounted in a shelter which is then mounted on a truck or traller. .

4.18.2.2 Performance of test. - The system shelter assemblage shall be driven
five timés over the sections of the Munson Test Course at the Aberdeen Proving Ground,
Aberdeen, Maryland, or spproved equal, in the following order and at the specified
speeds. (See 4.1.)

Coarse washboard (6-inch waves spaced T2 inches apart) 5 mph

Belgian block 20 mph
Radial washboard {2-inch to L-inch waves) 15 mph
Single corrugations (L-inch to 6-inch waves) ‘ 20 mph
Any short sections between the above sections 20 mph

5. Summary.~ The following details shall be specified in the equipment specif17
cation or test plan:

{a) Procedure number (see 3). X

{b) Pretest dats reguired {section 3, General Requirements, paragraph 3.2.1}.

{c) Curve selection {see 3.3).

(d) Acceleration or frequency derating of selected curve, if required
{see b.5.1).

{e) Nonoperation of equipment during test, if desired (see 4.1),
(f) Limitastion of transverse motion (see U4).
(g) Temperature extremes and test time durstions (see 4,3).

{h) Procedure for combining sinusoidal and rendom vibration, if applicable
(see L.k). '

(1) Totsl vehicle mileage (see table 514.1-VI),

(§) Totel land transportation mileage {see time schedule in table 51k4,2-VII).

S1h,1-13 METHOD 51b.1
20 October 1969
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- A, Test proccdure and time schedule chm ‘for equipment insta]ied in airplanes and helicopters — equipment category {a)

. - - —- L TaemprenToo Gt

Applicable tests Test time schedule (per axis) .
e - . -(see 4 for test procedures)
. E - . - . [Dwell time | Sinusoidal| Sweep time’
Equipment _ |Procedure|Procedure|ResonancelResonance(Sinusoidal]  at each cycling -Curve.
mounting rnumber part search dwetl cycling | resonance time 5-500-5/5-2006-5 (note 1) .
configuration number | (4.5.1.1) { (4.5.1.2) [(4.5.1.3) | (4.5.1,.2) | (4.5.1.3) cps eps T
vibration - . 3-hrs-less
solators I 1 X X X 30 min | dwell time| 15 min| 20 min {M,Z,AS AT
3-hrs-less
With vibration i 1 X X X 30 min | dwell time| 15 min| 20 min (M, Z,AS.AT
isolators (note 2) X
- - 2 X X 10 min 30min { 15min}20min| B.AR
Normally with
vibration 1solators : . . . .
but tested without 1 2 X X X 10 min 30 min | 15 min| 20 min B.AR
isolatots
Note 1: For sinusoidal vibration resonance tests and cycling tests of items
mounted in airplanes snd helicopters and weighing more than 80
pounds, the vibratory accelerations shati be reduced by +/— 1 g for each
20-pound increment of weight over 80 pounds. However, the vibratory
acceleration shall in no case be less than 50 percent of the specifed
curve level.
- Note 2: Test items of equipment normally provided with vibration isolators first
shall be tested with the isolators in place. (Part 1). The isolaiors then
shalt be removed, and the test item rigidly mounted and subjected to
the test level indicated. (Part 2).
(R B. Curve selection chart for category (a) equipment - E
ot Curve {for {req.

Selection criteria

Curve {for freq.
to 500 cps)

to 2000 cps such
1 jet aircraft}

Equipment designed for both helicopter and airplane
1pplmtlom when the location in the airplane is in the forwud half of fuselage or

AS

- e mngma.ofauplaneswhengmcsn reuoffulcl.lge.

Terai

Equipment designed for both helicopter and airplane applications when the
Jocation in the airplane is in the rear half of the fusclage or in wing areas of A "AT
airplanes with wing or front mounted engines or other equipment or engine
locations not specifically mentioned for other curves

Equipment installed on vibration isolated panels or racks when the panel or rack is
not availabie for test or ‘'when the equipment is tested with isolators removed as B AR
necifiad hv the annlicable mnceflurg_ .

iAe appicalie
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ACCELERATION LEVELS: + g (PEAK)

- _036 e B B . Ak Wb B, . A,

Icll.lllll'.lllllllmj

(30NLIWY 3T8N0G — SAHINI) LNIWIDVILSIO

FREQUENCY (CPS}

Vibration test curves for equipment installed
equipment category (8}

1

in airplanes and helicopters —

FIGURE 514.1

METHOD 514.]
20 October 1969

514.1— 15

i



TABLE 514.1-1]

A. Test procedure mnd time schedule chart for equipment installed in srplanes — cqulpment category (b)

Applicable tests
(see 4 for test procedures)

Test time schedule {per xit)

Dwell time | Sinusoidal

.Sweep time

Equipment Procedure|Procedure|R esonanceResonance Sinusoidal]  at each cycling Cunre
mounting numbeg part | search .| dwell ] eycling | resomance time 5-500-55-2000-9 (note 1)
configuration number | (4.5.1.1) |{4.5.1.2) {(4.5.1.3) | (#.51.2) cps cps
Without vibration 3 hrsless C.D.EF,
isolators 1 1 X X "X 30min | dwell time | 15 min |20 min }G.H.J,0rL
. 3 hryless C.D.E.F,
With vibration 1 X X X 30min | dwell time { 15 min | 20min [G.J.H,orL
isolators (note 2) I -
2 X X }.X 10 min 30min |15 min |20 min B.AR
Normally with =, .
vibration isolators I 2 X X X 10 min 30 min |15 min{20 min BAR
but tested without,
isolators
Note 1: ‘For stnusoidal vibration rcson.ancc tests aod cycling tests of items
mounted in airplanes and weighing more thes 80 pounds, the vibratory
accelerations shall be reduced by +/- | g for each 20-pound increment ;
of weight over BO pounds. However, the vibmtory acceleration shall in
no case be less than 50 percent of the specified curve level +
Note 2: Test items of equipment normally provided with vibration isolators first
shall be tested with the isolators in place. {Part 1). The isolators theo -
shall be removed, mnd test item rigidly moented md subjected to the
test level indicated. (Part 2). .
- . : B. Curve selection chart for category (b) equipment .
N - ) Cugve (for freq.
. - Curve (for freq.
Selection criteria to 2000 cps such
. ta 500 cps) as jet aircraft)
Equipment installed on vibration isolated panels or racks when the panel o rack is
not available for test or when the equipment is tested with isolators remaved as B AR
speciﬁed by the applicable procedure. .
Equlpmem in forward half of fuselage or equipment in ving arcas of mrplanes c ]
with engines at rear of fuselage. 3 i - 3
Eqmpment in rear half of I’uuhgc or equipmeminmn;umofmplm wi!h " i 1_
wing or front mounted engines or other equipment or engme locations not” D ) H "
specifically mentioned for other cusves N G dabeiade it it
Equipment located in the engine compartments O pylons of zirplancs T G
L

Equipment mounted directly on airplane engines
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ACCELERATION LEVELS: t g (PEAK)

{IUNLITWY 3T78N0A — STHINI} LNIWIDVI4SIA

FREQUENCY {(CPS)

FIGURE 514.1-2. Vibration test curves for equipment installed

in airplanes, excluding helicopters — equipment category (b}
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: TABLE 514.1-111
e A. Test procedure and time schedule chart for equipment installedin helicopters — equipment category (¢}

" . Applicable Tests . s -
o o ap T0 el T ] TI(s0e 4 for test procedures) Test time schedule (per axis)
: - 1 © [Dwell time | Sinusoidal | ~Sweep time] -~
e Equipment  |Procedure|Procedure|ResonanceR esonance|Sinusoi at each, cycling Curve
mounting oumber part search dwell cycling | resonance time 5-500-5 {note 1)
configuration number | (4.5.1.1) [(4.5.1.2) [(4.5.1.3) | (4.5.1.2) | (4.5.1.3) cps .
Without vibration LT, I D | 3hesless | -
isolators ] r-1, Xx=f, X ]+ X 30 min | dwell time 15 min M B
.- ’ . 3 hre-less
With vibration I i | X I 4 X -} 30min | dwell time 15 min M-
isolators (note 2) — T = Rl SEEEEE D .
y X X - X 10 min 30min- | - 15 min B .. ’
Normaliy with - . .
vibration isolators 1 <2 X X . X 10 min 30 min 15 min B
but tested without ’ . R 5 L
isolators e Ol - R
- 7 % D \ R . o
s ',«" - sp R ' : . " . .

Note 1:  For - sinusoidal vibration resonance tests and cycling tests of items
- . mounted in helicopters and weighing more than 80 pounds, the

A vibratory " accelerations shall be reduced by +/- 1 g for each’ 20-pound
- . sincrement. of we:ght over 80 pomnds. However, -the vibntory R
- 7 scceleration shafl in no case be less than 50 pewenl of the spectf”cd .
e [ . Seurve level ;7 o )
. ) . Note 2:  Test items_ of equipment normatly prcﬂded with vibration Isolltnrs first -
) -l = - " shall be tested with the isolators in place. (Part 1). The isolators‘then . . T
: ¢ . shall be removed, and the test item wgidly mounted and sub;ecled to (-
. RS the test level indicated. (Part 2) ) . . ' .
'A. I" ’- .ltv N " ;, ‘ '
PR - o -
E H ” B . ’
K . B, Curve selection chart for category (c) equipment
' : - - - ] PR ,
- ' Selection criteria o, . s : Curve i
- T ;? R s
K Eqmpmml desgned fot hel:coptex applications only  ° : ; - . M ;
Equipment installed on wbrauon isolated pmels or racks when the pmd or rack is [Es ‘j \
not avaliable for test or_when, the_gquiprnent_is tested, with_ the ischtors removed | oo B oo e e v : .
as specified by the spplicable pmcedure e Lo

5 g "",ﬁ‘.‘s’m“.éﬁi? T 5-—..@’;"-*%\.!:}‘6
B Srcguoilal gﬁ&ﬂgm ,a‘;at\rﬁ SR

A
ﬁ

METHOD 14 1.
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FIGURE 514.1-=3. Vibration test curves for equipment installed

in helicopters — equipment category (c)
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L - - TABLE §14.1-Iv
A, Tedd procedure and time schedule chart for ¢quipment installed in air baunched missies equipment category (d)
Applicable tests .
(Sec 4 for test procedures) Test time schedule (per'axis)
‘ Dwell time | Sinusoidal |~ Sweep time
Equip Procedure| Procedu relk zLﬂ:nlncJS ialRandory ateach | cycling Randoml  Curve
mounting mmber part search | dwell | cycling Fexnance timg <= 5.500-31-5-2000-5 |, time (vote 1}
configuration oumber | (4.5.1.1) [{45.1.2) 14.5.1.3) | 4.5.2)] 4.5.1.2) (4.5.1.3) cpr s |
1 . Zhrrless | 15min ) 20min C.DH.0t)
Without vibration {captive) X X 30 min; | dwelt time :
Usolators
n 2flight) X 30 min tSmin] X0 mkn P.Q.RorS
\ (Right) X 30 min | One of AF
. thru AK
1 * 30 min 2 hrelexs . .
(captive) .4 X X dwell time | WS min] 20 min C.D.Hor)
to With vibration P2 J ; :
s isolators 111 I. (captive) X X X .. 10 min 30 i 15 min 20 min B ot AR
(note 2) ! - :
| acnighy x 0wmin | 1Smin| 20min P.Q.Rors
f
. #{Might . 30 min | One of AF
: 4Might) ! X mn thru AK
L Normally with ' :
vibration isolators 1 - 2 hrs-less Bor AR
but 1ested without {captive X X Wmin | dweli time | 15 min [ 20 min
vibration isolators) -
v Ziflight) X s 30 min 15mn| 20mn N .
e 3(Might) X 30 min AE
. i i 4 -
I3 . - " ¥ -
- s I B Curve selection chart for flight phase category (d) equipment
Approximate thrust | Vibration test cumves
Note 1:  For tinusoidal vibration resonance tests and cycling tests of items mounted Equipment location | to weight nitio or -
in missiles and wrighing more than 80 pomads, the vibratory acceleration by vehick section | thrustin pounds | Sinusoidal | Random
shall be redoced by +/—1 g for each 20-pound increment of weight over 80 -
pounds. However, the vibratory accelerstion thall in no case be less than 50 20/1 or grester s AK
" parcent of the specified curve level, . Booster 1 R M
- Note 2:  Test items ef equipment provided with vitation olators first shall be 5 orlens Q AR
tested with the bolators in place. (Part 1) The isolatars then shall be -
removed, sné the test item rigidly mounsd and subjoctsd to the test All except 15/1 or grestee Q _AD
lovel indicated. (Pant 2). Isobstors shall be replaced and the test item Booster Len than 15/1 r AF
subjectsd to the test lewed indicated. (Parts 3 & 4).
e | ' ;
e €. Curve selection chart for captive phas categoey (d) equipment ' ‘
; R Curve {for freq.
- *Sesection criterie : Cuve (for frog. to 2000 cps mich a5 |
~ 3 N to 300 cpw) * jet aircraft) 1;
. Equipment in mistles attached 16 wing of aurplanes with engints o rear of Fuselage 1€ . .J ]
Equipment in mindes curied on airplane fusclage or ched 1o wing in airphnes 2.3
. with wing ot front wountad engimes. | HRRLIATD H
—n Equipment in misdles carried on airplanes or helicopiers and installed oo vitestion . :
{solated panels or 3¢k when the pane] or rack I oot evellable for test or when the . ] AR
. ’ equipment b tested with bohton removed as speclfied by the applcable procedurs - N
4
-1 .
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FAEQUENCY ICPR)
RANDOM VIBRATION CURVES
RANDOM VIBRATION ENVELOPE ‘ RANDOM VIBRATION TEST LEVELS
et |ACCELERATION mnbm'ri
: REQUIRED CURVE SHAPE CURVE SPECTRAL DENSITY G-RMS
z CURVE AE THROUGH AK W, {G2/CPs) MINIMUM
E AE 0.02 5.4
: AF -1 1.8
g AG o.08 2.3
E AN 010 120
EE AJd £.20 ALK
?‘ﬂ AK 0.3 207
z
=4
- j 12
% NOTE: COMPOSITE G—ema « [ _’f" winer]'
§ WHERE fh'| AND 12 ARE THE LOWER AND
< UPPER TEST FREQUENCY LIMITS, RESPECTIVELY.
- e - . WIS THE ACCELERATION POWER SPECTRAL
FREQUENCY {CPS) ) DENSITY IN G2/CPS UNITE.
FIGURE 514.1—4. Vibration test curves for squipment instalied
in air launched missiles — equipment category (d)
/" S 514.1- 21 METHOD 514.1
K - . - 20 October 1969
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A. Test procedure

- L DN

" TABLE 514.1

-V
and time schedule chart for equipment installed in

U -

ManSTDE-SlOB :
© 15 June 1967

ground launched missiles — equipment category (¢}

Applicable tests - .
see 4 Test time schedule {per axis)
for test procedures)
‘ -+ 4" Sinusoidal
Equipment Procedure| Procedure | Sinusoidal | Random | cycling | Sweep time | Random Curve
mounting number part cycling . time 5-2000-5 time (note 1)
configuration numbet | (4.5.1.3) { (4.5.2 )] (4.5.1.3) cps O
Without vibeation 1|7 x 30min | 20mn Oneof Pthm U
isolatogs v .
2 ‘X 30 min |One of AE thru AP
With vibration isolators. B
{note ) vl ] X 30 min 20 min QOne of P thru U
2 30min | 20mn N
3 X 30 min | One of AE thru AP
Normally with vib.
isolators bui tested
without isolators. Vi s X ! * 30 min 20 min N
2 X 30 min AE
Note 1: For sinuscidal vibration resonance tests and cycling tests of items mounted

Note 2:

in missiles and weighing more than 80 pounds, the vibratory zccelerations
shall be reduced by +/-1 g for each 20-pound increment of weight over 80
pounds. However, the vibratory acceeration shall in no case be less than 50

" percent of the specified curve level ™

Test items of equipment normally provided with vibration bolators first

shall be tested with the isolators in place. €Part 1) The isolators then
shall be removed, and the test Hem rigidly mounted and subjected 0

the test level

indicated. (Part 2).

piaced and the test item subjected to the
test.level indicated.(Part 3).

IS4 avam

3

B. Carve selection chart for category (¢) equipment

i

[

1

Appromimate thrust to

Vibration test cuves

LA “}'Equipment location weight ratio or
e TTTTT T T 17 by vehicle section thrust in pounds Sinu soidal Random
A |.Al except bodstm AL’ PorQ | AE. AF,a1AG
250,000 Ibs. orless - | QorR AH, A), o1 AK
Dt By individual | 250,000 Ibs to RorS | AK,ALorAK
“booster stage 500,000 Ibs N
SRz o RE oY omay IR = - -
» CRIFILASEY Teaa | eessndet 1EsT YT Over 590;000‘[5,?*: “TorU "] AM, AN, or AP
fArrnn AyHoe g Lrra sy jerere Sy O T '

B

A e g A1 YRR

v

Isolators shall be re-

METHOD 514.1
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ACCELERATION LEVELS: 1 ¢ (PEAK)

FREQUENCY (CPS)

RANDOM VIBRATION CURVES

RANDOM VIBRATION ENVELOPE

AEQUIRED CURVE SHAPE
CURVE AE THROUGH AP

FREQUENCY (P} T

B LT

1000 _ . 2000

RANDOM VIBRATION TEST LEVELS

TesT | ACCELERATION POWER MPOSITE
CURVE SPECTRAL DENSITY { G-RMS
w, (G2/CPE) MINTMUM
AE H.02 6.4
AF 0.04 1.8
A c.o8 2.3
AH 0.10 12.0
Ad 0.20 14.9
AK 0.30 20.7
AL 0.40 3 139
AW 0.80 w3
AN 1.00 are
AF 1.50 48.4

NOTE:COMPOSITEG—rms = [3‘, ,Wine ] b

WHERE fy AND 1; ARE THE LOWER AND
UPPER TEST FREQUENCY LIMITS, RESPECTIVELY.
Wi (S THE ACCELERATION POWER SFECTRAL
DENSITY IN G2/CPS UNITS.

FIGURE 514.1-5. Vibration test curves for equipment installed
in ground lsunched missiles — equipment category fe}

METHOD 514.1
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L MIL- . STD-810B
e 15 June 1967:

TABLE 514.1-V1

A. Test procedure and time schedule chart for equipment installed in ground vehicles — equipment category (i) )

Ty Applicable tests o )
(see 4 for test procedures) ) T?st time sc_h_edule (per uu)‘
I . Dwell time Sinusoidat ch:p
Procedure| Procedure{ResonancaResonance{Sinusoidall Bounce ateach |  cycling
Equipment number part search dwell | cycling [vehicular | resonance time 5-500»5 Curve
conditions number | {4.5.1.1) [ (4.5,1.2) |(4.5.1.3) | (4.14.2) | (4.5.L.D) (4.5.1.3) cps
Schedule A
Vehicle and 3 hre-less 15 min
mileage Vi X ! X 30 min dwell time _|tnote |V W,orY
uaknown ' i
Schedule B
) Dwell 1/6 of | 20 min/1000
cycling time at[vehicie miles orf -
Vehicle known Vil X X ¢ach resonance]as determined | 15 V. WorY
{30 min max.}} from vehicle fNote
i mileage chart
To be used onty 1 X 1 X Sec 4.14.1
when specified IX +
2 X X See 4.14.2
XTI o 78,2

B, Curve stlection chart for category () equipment

Note 1: Sweep time shall be 18 minutes if test frequencies go to 2 cpe

€. Vehicle mileage selection chart

Selection criteria Curve

Wheeled vehicles except
two-wheeled trailers

Tracked vehicles™ © TOwT

Twowheeled traflers

e Y g ;“,_.uw'u“—"ﬁ'r WL o G
-

CHd EINTS TRT ARE ¢ Dkl -2 Pyt
SNSRI S Y “’m:ws TR, RABMS
ST Herin BRRRL, sm AT & H

L e f e i S

— e e W e e P S Totat
Group . Clmnfncatlon Mileage
Trailers, semitrailers, and dollies:
A Trailers, semitrailers anddollies . . . . . . ... ... ... 6,000
B Trailer bodiesand equipment . . . . . . ... ... ..., 3,000
C  Electronic and missile systems trailers and semitrailers . . . 4,000
Wheeled vehicles:

D  Tactical trucks {See Not®) . . . .. ... .. .. .....
E  Truck bodies, squipment (See Nonb ........ e
F  Light weight, low mileage trucks
1T—SprungtyP® . . . .. . . v i e e
2 — Unsprung types ~..>.. i .

G High flotstionwehicles . . . ., . .., ... ...,

H O AMPhiBIOUS . . - . o oo o e e

| Firetrucks . , @ oy oL L 0T, L ..

J Commnaltrucnbumpmngarm

Tracked Vehiches:

K Terks and self-propelied {SP} weapons

I . Armored personnel carriers (APC). cargo carriers. missis ke
RIpport vehicles. wrackers. recovery vuhn:la =2
and cargo tractors (with towed foad) . . .= .. . . 46,000

M " Engineer corntm vehicls (ECF) and engineer ‘-,c
assauit vehicle, ote

N Enginoer crawler roctors —militery type . . . . . .

O  Amphibious vehicle (LVT type) . ... ...... Lo
P Turrst-mounted accessories aich a3 ln!sgnlly moun
flamathrowsers and search lights

Note:
—reude Unless otherwise: specifisd, when mipnmt mmn'é:rh ‘proup D or
SOEE wehicles is not part of the basic vehicls structurs, the total test
mileage for group‘B or, C.vehicles, as applicable, shail b! uudm
danrmmc the tett tlme & of the tnmn sdm:luli B . )
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ACCELERATION LEVELS: ¢ g (PEAK)

49

o NOTE: ALL CURVES SHALL BE
EXTENDED TO 2 CPS WHEN TEST
ITEM RESONANCES BELOW 5 CPS
ARE £XPECTED

® 25

o 159
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FREQUENCY {CPS)

FIGURE 514.1~6. Vibration tast curves for equipment installed
- in ground voﬁg'cbs — equipment category (f) .
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" TABLE 514.1-V1I S T
A. Test procedure and time schedule chart for equipment tansported by common carrier, and or alr - equlpmem'élnm @ (-\ o
Applicatle tests N
(s8¢ 4 for test procedures) Time schedule {per axit) Curve
R Béunce | Dwell nme | Sinusoidal Sweep
Procedure] R muwidal| locse al each cyvling S5 tes 1
Equipment nubetj Pt search dwell | cycling | cargo | reonance time %;’}
conditions tamber } (4.5.1.1) ] (4.5.1.7) |(43.LY) [ 1A16.2) | (43.1.7) | (451 (oote 3)
Land | Airf Land| Air[ Land | Alr
Tod downl X X * oo oot B3 Lisminf1s minfay, aw,
AXAY,
{note j {noe fnowm! [note 2
(ng'::"n N E) G AAorAQ
' X See 4.16.1
‘.'!*i'l:ﬂ:s'-"'.)‘.1 X 1 B X See 4.16.2

Note 1:

Note 2:

Note 3:
Note 4:

Note 5:

Note 6:

Note 7:

$2F QERCTAN i
Qo wemnreD 08 L Lo L 51412 ... . METHOD 514.1

For sinusoidal vibration resonance tests and cycling tests of items transported in
airplanes and kelicopters and weighing more than 100 pounds, the vibratory acceler-
ations shall be reduced by +/-1 g for each 25-pound increment of weight over 100
pounds. Derating shall apply only to the highest test level of curve AY, However,
the vibratory acceleration shall in no case be less than 1.5g.

For equipment transported in aircraft and weighing more than 100 pounds, the upper
frequency limit of curve AY of figure 514.1-7 may be reduced aceording to the cut-
off frequency vs. welght requirement of figure 514.1-9. When & transit case or
crate is provided for the itam, the case or crate shall be included in the test
set-up for anceleration and frequency derating.

Sweep time may be as long as 18 mimutes if test frequencies £o to 2 cps. L.
When testing vibration isolated items, the resonant dwell time shall be broken
into 5-minute test periods with 2-minute shut down intervals.

Total test time per axis (resonant dwells plus cycling) is 15 mimutes per 1000
miles for land transportation or cne hour for aircraft transportatioen, For
equipment shipped by both land and air, both tests shall be performed. (The
. load vehicle cyeling time of 15 minutes per 1000 miles per axits is reduced 2.5 ° T
minutes per 1000 miles for resonance in that axis, and the aircraft eyeling time

of 1 hour per axls is reduced 10 minutes for each resonance in that axis. Land
transportation times are per 1000 vehicle milea, which may be determined from

table 514.1-VIC). . :
Land and air curves for Procedure X shall be cycled separately in accordance with
the applicable time schedules. The dwell times for each resonance of mon-isalated
items shall be determined from the total test time of the applicable curves. For
example, if the rescnance occurs where the applicable land vehicle curve repre-
sents a higher G level, the item shall be tested at each resonance (maximum of four)
to the G level of the applicable land“vehicle curve With & test time for each
resonance squal to 1/6 of the total test time per axls for the lanmd vehicle. Con-
versely, if the alrcraft curve is equal to, or higher than, the land vehicle curve,
the item shall be tested for each resonance (maximmm of four) to the G level of .
‘the aircraft curve with a test time for each resonance equal to 1/6 of the cycling
time per axis for aircraft.

When a transit case or crafe is provided for the test item, the case or crate shall
be included in the test setup. ;

B. Curve mlection chart for category () equipment

Selnction cyiteds Curvs
Equipment shipped by tracked vehicles AV |, -
Equipment thipped by truck, sesitradler, or rafiroad | AW ] . - o -

g v EEipEIent shipped by twoybesied tnileey o AX L} cn
- . YroabrersfY,_ s x. b2 AY - -

Crefg . . | AM
Resonancs dwell AQ - I
For vibration isclated itéms, curves AA and AQ are‘to be used in the lower frequency .. . -

range {below 13 and 20 eps, rebpectively) and a curve appropriate to the mode of
t.‘rans%oﬁt.atioz;_;{ﬂ, AW, AX, or A{). for higher frequencies, ...

" 20 October 1969
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NOTE: ALL CURVES SHALL BE

ACCELERATION LEVELS:

METHOQD 514.1
20 October 1969
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1TEM RESONANCES BELOW 5 CPS

EXTENDED TO 2 CPS WHEN TEST
ARE EXPECTED.

——— - RJ

land or air — equipment category (g)

s14.1-27

|
|
|
|
f
|
|
|
I
©
©
FREQUENCY (CPS}

by comrmon carrier,

FIGURE 514.1.7. Vibration test curves for aquipment transported
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TABLE 514.1-

X

Linear cycling rates

MIL-STD-810B
15 June 1967

Total frequency Frequency band s“:&:::: in Linear cycling
range (cps) (min-max-min) rate {cps/min)
2-500 cps or 2twos 3 2
5-500 cps 510225 6 ,- . 58
as applicable 22.5t0.110 5 33
110 to 500 4 195
5to 225 - 6 ; 5.8 .
22.5 to 110 5 3s !
5-2000 ¢ps 110 to0 500 4 195 :
500 to 900 3 267
900 to 2,000 2 1,100
- i
: ; :
b 1
3 N TN ARLTAR
GRS LR AL LR L WE
. Hid !
514.1- 28 {

METHOD 514.1 ‘...
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£ . METHOD 515.1
l ACOUSTICAL NOISE

1. Purpose. - The acoustical noise test is performed to determine the effects
on equipment of acoustic sound fields that are characteristic of asircraft, missile
. and other high performance vehicles. In genersl, equipments located in areas where
noise levels are 130 dB overall or less will not require testing to noise environ-
ments, This method is primarily for use with equipment mounted internal to the vehicle
structure, but may also be applicable for use with externally mounted equipment. The
acoustical noise test is not a substitute for the conventional sinusoidal or random

. vibration test.

2. Apparatus. - A reverberation type test chamber, suitable formed and propor-
tioned to produce a diffuse sound field and a uniform sound energy density throughout
the enclosure. A noise generator to produce or simmlate abroad band noise spectrum.
Measuring equipment suitable to accomplish these tests, including an octave band
analyzer.

3. Procedure. -

’ 3.1 Definitions and terms. - A comprehensive list of standard terminology is
contained in United States of America Standards Institute document S 1.1-1960, titled
"Acoustical Terminology (Including Mechanical Shock and Vibration).”

3.2 Criteria for application. - Some equipment is insensitive to acoustic stimu-
lation even at very high levels. Other equipment may respond in a manner that will

— modify .or disrupt the equipment function and in extreme cases mechanical failure may

( result. Equipment that is sensitive to vibration is usually sensitive to sound field
exposure. For this reason a suitable vibration test is often a good indicator of
acoustic sensitivity. However, it is possible that high frequency resonances of some
responalng equipment elements may be overlooked during the vibration test ~due to the
hzgh frequency limitations of the sheker and vibration attenuation of the fixture and
the equipment under test. Of importance is the fact that some equipment may possess
both sensitive and insensitive characteristics, and it may be difficult to ascertain,
before a test is performed, whether the equipment is sensitive to acoustic stimilation.
"The following criteria are presented as a guide to initially determine whether equip-
ment is sensitive to acoustic stimulation. Such criteria cannot be considered as the
only determining factors. The finel decision, whether to perform an acoustical noise

’ test, must be supplemented by such additional factors as a description of the charac-
terlstlcs and durstion of the end use acoustic environment, the location of the equip-

P o n e Prog e

ment within the vehicle structure, and a consideration of special mounting means or

ACAL W WA WALALL waT

protective enclosures employed for the equipment. I
LA - .
e 215511 ey » METHCD 515.1
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3.2.1 Equipment insensitive to acoustic stimulation. - This equipment is likely
to have small surface areas, high mass to area retios, and high internal damping. '
Examples.are as follows:

*  {a) High density modules, particularly the solid or encapsulated type.
fa WO A e s —malem—mm meddl =V 2 A kot a Tl mammmiad s smanread o e meenTY
\os MOQULES O paCAmges Wil BOLIU DLHALE CUICHCNLS OUwived OO siuads

constrained or damped printed circuit boards or matrices.
{¢) Valves, hydresulic servo controls, or auxiliary power unit pumps.
{d) Equipment surrownded by heavy metallic castings, particularly

3.2.2 Equipment sensitive to acoustic stimulation. - This equipment is normally
classified as microphonic or usually having large compliant areas of exposure, low
mass to area ratios or low internal damping. Examples are as follows:

{a} Equipment containing microphonic elements with high frequency
rescnances such as electron tubes, waveguides, klystrons,
wagnetrons, piezoelectric components, or relays attached to
thin plate surfaces.

(b) Equipment contaeining or consisting of exposed diaphragmatic
elements such as pressure sensitive transducers, valves, switches,
relays, or flal spiral antenna units.

3.3 Selection of teat intemsity. - The ncise levels are divided into four
intensity categories as listed in table 515.1-L The categories are in order of
increasing severity {overall sound pressure level) from A through D. The category
should be selected as appropriate for the expected ncise level of the end use environ-
mept.

TABLE 515.1-I Acoustical noise test category

Test overall : E
Category | Sound pressurs Typicel applications ng::re
level (aBl/) [Vehicle Fquipment location (minutes)
A 140 Aircraft | Majority of locations 30
Near the noise source or in the
B 150 Aircraft nolse cone,if separated by thin 30
partitions
External stores or open exterior
e 160 PO compartments~gea? FheApoise_ 30
id meltiniV ) source or subject to the noise
cone environment of any aireraft
Majority of locations, exclusive
Rocket of booster or engine compartments 8
Booster or engine compartments,
on site launch equipment or
D 165 Rocket externally mounted pods near the 8
noise source

1
—/Reference 2x10~4 dynes/cm?,
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) 3.4.1 Test item mounting_ The test it should be soﬁ.ly auepended in the

test chamber by means of springs or elastic cord. If a mounting structure is
required between the soft suspension and the test item or to hold the soft suspen-
sion care must be exercised to assure that no spurious acoustic or-vibratory inputs
are introduced. The natural frequency of suspension shall be less than 25 cps.
The test item shall be exposed on every surface to the sound field by centrally
‘locating it in the test chamber. The test item volume should be nc more than 10
percent of the test chamber volume: -When the test chamber is rectangular, n¢ major

P surface of the test item shall be installed parallel to a chamber wall.

3.4.2 Performance of test. -

Step 1 - The oversll sound pressure level for the specified test
category of table 515.1-T shall be introduced into the
test chamber to conform with the octave btand spectrum
specified on figure 515.1-1 or 515.1-2 1 __/ The average
sound pressure distribution (overall level) should be
unifqrm within -2 to +li dB of the desired value. The

- sound pressure field shall be measured without the test
item mounted in the test chamber. Measurements shall
be made by using a microphone (more than one if desired)
to define the sound field within the test volume {central
10 percent of the chamber volume).

1/ Choice of figure 515.1-)1 or 515.,2-2 is dependent on
(”“.- test equipment availability.

v Step 2 - The test item shall be placed in the chamber as specified
in 3.4.1., At least three microphones shall be monitored.
They shall be located in proximity to each majJor dissimilar
test item surface, at least 18 inches from the test item
surface or cne-half the distance to the nearest chamber
wall, whichever is less. The average overall sound pressure
distribution around the test item shall be meassured and be
uniferm within -2 to +i 4B of the desired value. However,
for large or irregularly shaped items where this tolerance
cannot be schieved, the tolerance shall be +6 dB. Test times
shal} be as specified in table 515.1-I. The operation of the
test item during the test shall be monitored when and as
apecified. Following the test and vhen measurements are
made during or following the test, they shall be compared
with the data obtained in accordance with section 3, General
Requivments, parsgraph 3.2.1. At the conelusion of the test,
the test item shall be inspected in accordence with section 3.
Gener&l Requirements’,’ paragraph 3.2.4. ORI, €Tl

.

L : . 5_15.1:3 | i ;"METHOD 515.1
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X, Sumnary. - The following details shall be gpecified in the aquipment
specification or test plan. ...

(a) Pretest data required (section 3, General Requirements,
Paragraph 3.2.1).

. {b) Test category {see 3.3)."

‘{e¢) Whether operation during the test is required, and if and how
the operation is to be monitored.

METHOD 515.1 . ) : ) .
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FIGURE 515.1-2. Octave band spectrum for the acoustical hoise test.
' ri-. .»'Octdve bands conform to ASA Standard S 1.6 (1960).
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METHOD 516.1
SHOCK

1. Purpcse. - The shock test is performed to determine if ‘equipment is con-
structed to withstand expected dynamic shock stresses and that performance degrada-
tions or malfunctions will not be produced by the service shock environment expected
in handling, transportation, and service use. '

2. Apparatus. -

2.1 Shock machine. - The shock machine utilized for Procedures I, III, and IV
shall be capable of producing the specified input shock pulse shown on figure 516,:-1
or 516.1-2. The shock machine may be of the free fall, resilient rebound, nonresilient,
hydraulic, compressed gas or other activating types. Apparatus for other procedures are
included in the individual procedure.

2.1.1 Shock machine calibration. - The actual test item, a rejected item, or a
rigid dummy mass shall be used to calibrate the shock machine for conformance with the
specified wave shape. When a rigid dummy masa is used, it shall have the same center
of gravity and the same mass as that intended for the test ltem and shall be installed
in a manner similar to that of the test item. (When a rigid dummy mass or rejected
ivem is used for calibration, the waveform during the actual test may be somewhat
different from that observed during calibration. The shock machine shall then be cali-
brated for conformance with the specified waveform. Two consecutive shock aprplications
to the calibration load shall produce waveforms which are all within the tolerance
envelope given on figures 516.1-1 and 516.1-2. The calibrating load shall then be re-
moved and the shock test performed tn the actual test item. Provided all conditions re-
main the same,other than the substitution of the test item for the calibrating load, the
waveform shall be considered to meet the specified test requirement. The actual test
waveform shall be recorded for later use in a fallure analysis if the test item fails.

2.2 Instrumentation. - The instrumentation used to measure the input shock pulse,
in order to meet the tolerance requirements of the test procedure, shall have the
characteristics specified in the following paragraphs.

2.2.1 Freguency regnonse, = The frequency response of the complete meagur

[~ X PN 4 UGSl LS UULIOT - &320 gL S L Spnls

i
system, from the accelerometer through the readout instrument, shall be as specif
by figure 516.1-3. Particular care shall be exercised in the selection of each indi-
vidual  instrument of the shock measuring instrumentation system in order to assure
compatibility with the prescribed freqnency response tolerance.

2.2.2 Accelerometer. piezoelectric. - Hhen & piezoelectric accelerometer is
employed as the shock sensor, the fundamental rescnant frequency of the accelerometer
shall be greater than 14,000 cps (resonant frequencies of 30 kc or higher are- recommend-
ed). For suitsble low frequency response the accelerometer and loed (cathode follower,
amplifier. or other load) shall have :the following characteristics° :
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- el T L e mme sy “‘S?b ﬂ""'516“‘1—1"""' "'T?"""?/—i‘l? T o "METHOD 516”1““’
- 20 October 1969
A

n, L . ’ L e
- - v,

) - * - - T 5 T N o E
R S L TmLLeey T

P




MIL-STD-810B ..

15 June 1967
RC > 0.2 ;
Where R = load resistance {ohms)
C = accelerometer, capacitance plus shunt cepacitance

of cable and load (farads)

2.2.3 Accelercmeter, strain gage. - A strain gage accelerometer may be used, .
provided the undamped natural frequency is equal to 6r greater than 1,500 cps with
damping spproxipately 0.6h to 0.70 of critical.

2.2.4 Accelerometer calibration. - The accelercmeter shall be dynamically cali-
brated to the specified accuracy.

€.2.5 Accelerometier mounting. - The monitoring sccelerometer shall be rigidiy
attached to the test item support fixture at or near the sttachment point(s} of the
test item.

3. Frocedures. -

3.1 Bheck pulse. - The shock pulses for Procedures I, IIT, and IV shall be as
shown on figare 516.1-1 or 516.1-2 {whichever is specified). All points of the acceler-
ation waveform obtained shall lie within the area enclosed by the tolerance limit lines. '
It is recommended that the saw tooth shock pulse be used, since its broad frequency :
spectrum tends to excite all resonant freguencies.

3.2 Mounting of test item. - The test item shall be rigidly attached to the
shock machine table for Procedures I, III, and IV, in sccordance with section 3,
General Requirements, paragraph 3.2.2. Wherever poss.ble, the test load shall be
distributed uniformly on the test platform in order to minimize the effects of
unbalanced loads.

———

3.3 Procedure I. Basic design test. - This procedure shall be used for shock
testing of equipment assemblies {mechanical, electrical, hydraulic, electronic, etc.)
of medium size, including items which mount on vibration isolators and equipment racks.
Three shocks in each direction shall be applied along three mutually perpendicular axes
of the test item (total of 18 shocks). If the test item is normally mounted on vibra-
tion isolators, the isclators shall be functiomel during the test. The shock pulse
shape shall be in accordance with either figure 516.1-1 or 516.1-2, of amplitude a or
b and time duration ¢ or 4, as specified. The test item shall be operating during the
test if required by the equipment specification. At the conclusion of the test, the -
test item shall be cperated and the resultes compared with the data cbtained in accord-
ence with section 3, General Requirements, paragraph 3.2.1. The test item shall then
be inspected as specified in section 3, General Requirements, paragraph 3.2.l4.

3.4 Procedure II. Transit drop test. -

3.4.1 Purpose. - This procedure shall be used for equipment, in its transit or
combination case as prepared for field use, to determine if the equipment is capable
of withstanding the shocks normally induced by loading and unloading of equipment,
(This 1s not the logistics ehipping environment experienced by shipping containers.)

METHOD 516.1 516.1-2
20 October 1969
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( N 3.4,2 Test conditions. — The test item shall be in its transit or combinaticn

b case. For equipment 1,000 pounds or less, the floor or darrier recelving the impact
shall be of solid, 2 inches thick, plywood backed by elther concrete or a rigid steel
frame. Far equipment over 1,000 pounds, the floor or barrier shall be concrete or its

equivalent.

3.4.3 Performance of test. — Subject the test item to the number and heights of
drop &s required in table 516.1-I. Upon completion of the test, the test item shall
be operated and the resultes compared with the data obtaiped in accordance with section
3, General Requirements, peragraph 3.2.1. The test item shall then be inspected aa

:
specified in section 3, Gemeral Requirements, paragraph 3.2.k.

TABLE 516.1-I. Transit drop test {Procedure IT)

Weight of test item | Largest dimensions Height -of -
and case {inches) Notes | drop (in.) No. of drops
Under 100 pounds Under 36 A 48 Drop on each face,
man-packed and edge, and corner
man-portable .
36 and over A 30 Total of 26 drops-
100 to 200 pounds, Under 36 A 30
inclusive
36 and over A 24 Drop on each corner
Over 200 to 1,000 Under 36 A 2y ; .
pounds,inclusive ‘
36 to 60 B 36 Total of 8 drops
. ) Over 60 B 24 < :
r Over 1,000 pounds Fo limit c 18 4 edgewise drops
) . 2 cornerwise drops

opS 11 be made from a guick-release hook; or drop test

L.A.B. Corporation, Skaneateles, New York, or equal. The test item shall b
oriented so that upon impact a iline from the struck corner or edge to the
center of gravity of the case and contents is perpendicular te the :I.mpact

surface. . . . . . ..

ey oam maAds e W
€I 45 Naue vy Wil

ﬂD

Note B, With the longest dimension perallel to the floor, the transit or combination
case, with the test item within, shall be supported at the corner -of one end
by a block 5 inches in height, and at the other corner or edge of the same

- - end by & block 12 inches in height. The opposite end of the case 'shall then
be raised to the specified height at the lowest unsunnorted corner :and ::

. - allowed to fall freely. - T e ;"-.1‘ LLT EnBFELT A
b o T —pee Tl Bpwe, cwnln

? Note C. Hhile :I.n the nomal tra.nsit position, the case a.nd contents -ghall :be sub- -

' Jjected to the edgewise and cornerwise drop test as follows (if normal transit

position is unknown, the case shall be oriented such that the two longest

? dimensions ‘are parallel to the "floor"):
! ——a LId I3
| ' B ot -1“*/3“**-:' ?’}"
; . 516.1-3 : MEFHOD 516.1
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1. Edgewise drop test. One edge of the base of the case shall be supported |
on a s8ill 5 to 6 inches in height. The opposite edge shall be raised to
the specified height and allowed to fall freely. The test shall be
applied once to each edge of the base of the case (total of four drops).

2. Cornerwise drop test. One corner of the base of the case shall be
supported on a block approximately 5 inches in height. A block nomi-
nally 12 inches in height shall 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 unsupported corner and allowed to fall freely,
This test shall be applied once to each of two diagonally opposite
corners of the base (total of two cornerwise drops). When the propor-
tions of width and height of the case ars such as to sause instalbility
in the.cornervwise drop test, edgewiss drops shall be substituted. 1In
such instan:es two mcre edgevise drors on each end shall be performed
(four additenal sdgswise drops for a total of eight edgewise drops).

3.5 Procedure ITI. Crash gafety tegt. - This procedure shall be used 1o deter-
mine the struztural integrity of equipment mounting meens, The test item or dummy
lcad shall be attached by its normal points of attachment, The test item or dwmmy
lcad shall be subjected to two shocks in each direction along three mutually perpendic-
ular axes of the equipment (total of 12 shseks). The shock pulse shape shall be in
accordance with either figure 516.1-1 or 516.1-2, of amplitude a or v and time duraticn
¢ or 4, as specified. There shall be no failure cf the mounting attachment and the test
item or dummy load shall remain in place and not create a hazard. However, bending and
distortion sball be permitted.

high acselerasticn, short time duration shock excitaticn results from handling, stage
{ignition, separastion, re-entry, and/or high velocity serodynamic buffeting experienczed
by missiles and/or high performance weapon systems. Two shocks shall be applied to the
test item in each diresction along each of three mutually perpendieunlar axes (total of
12 shocks}. The shock pulse shape shall be in accordance with either figure 516.1-1
or 516.1-2, of amplitude & or b and time duration ¢ or 4, as specified. The test item
shall be operating during the test if required by the equipment specification. At the
conclusion of the test, the test item shall be operated and the results compared with
the data obtained in accordsnce with sectiom 3, General Requirements, paragraph 3.2.1.
The test item shall then be inspected as specifled in section 3, General Regquirements,
paragraph 3.2.%.

3.6 Procedure IV. High intensity test. -~ This procedure shall be used where (

3.7 Procedure V. Bench handling test. = This procedure ghall be used to deter-
mine the ability of equipment to withstand the shock encountered during servicing.
The chassis and front panel assembly shall be removed Pfrom its enclosure, as for serv-
icing, and placed in a suitable position for servicing on a horizontal, selid wooden
bench top at least 1-5/8 inches thick. The test shall be performed, as follows, in a
manper simuiating shocks liable to occur during servicing:

METHOD 516.1 516.1-4
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Step 1 - Using one edge as a pivot, 1lift the opposite edge of
the chessis until ome of the following conditions occurs

(whichever cccurs first):

(a) The cha.ssis forms an angle of U5 degreea with the
horizontal bench top. ..

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

(¢) The lifted edge of the chassis is Just below the
: point of perfect balance.

Let the chassis drop batk freely to the horizontal benck top. Repeat, using other
practical edges of the same horizontal fa.ce as pivot points, for a total of four

drops.

Step 2 - Repeat step 1, with the test item resting on other faces until
it bas been dropped for a total of four times on each face on
which the test item could be placed practicably during servicing.
The test item shall mot be operating during the test. At the -
conclusion of the test, the test item shall be operated and the
results compared with the data obtained in accordance with
section 3, General Requirements, parsgraph 3.2.1. The test
item shall then be inspected as specified in section 3, General
Requirements, paragraph 3.2.4,

. 3.8 Procedure VI, Rail impact test. - This procedure shall be used to deter-
mine the effect that impact, due to shipping and other types of transportastion, will
have on equipment. If an item can be ghipped in two orientations, it shall be
impacted once in each direction of each orientation at speeds of 8, 9, and 10 miles
per hour +5 percent {total of 12 impactsj. If an item can be shipped only in one
orientation, it shall be impacted twice in each direction of that orientation at
speeds of 8, 9, and 10 miles per hour {a total of 12 impacts).

3.8.1 Apparatus. - The following equipment will be necessary to perform this
test: - -, _— : : ; ST . -

(a) Three ordinary railrocad cars, with standard draft gear couplings.

{b) A prime mover ror moving the cars.

L e PR - K] -

_-...-_..

{c) A calibra.ted means to determine -that the speed at the t:l.me or -
impact is 8, 9, or 10 mph, within +5 percent.

(d) Accelercmeters and associated circuitry to measure the impact
shock, and equipment response, if these measurements are
Bneciﬁed. L=

516.1-5 METHOD $16.1 - -
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3.8.2 Performance of test. - o -7 i

{a) Two cars will act as buffer cars and be located on a level section
of track, The mir brakes shall be set in the emergency application
position on both cars. The total buffer load extluding car weights
shall be 140,000 pounds minimum.

(b} The test item shall be mounted on the end of the test car in direct
contact with the flcor and adquately blocked and secured to prevent
any longitudinal, vertical, or lateral movement. Metal banding, or
wire, of sufficient size or strength shall be used to provide £ddi-
tional tiedown strength. Positions of the eguipment with reaspect
to the test car and whether or not packaging is necessary shall be
specified. If loading and tie-downs are not specified, all lecading
and tie-downs shail be in accordance with recommended practices af
the Association of American Railrgads.

e
1Y)
~—

Impact the test car into the two loaded cars.

(d) Impact shall be made in progressive steps with impacts 8, 9, and

10 miles per hour. The speed Just prior to impasct shall be measured
by electroniz cr electrical means.

3.9 Related shock tests. -

3.9.1 Missile launch or missile impact, - A test for simulaeting missile launch,
missile impact, hard landings, etec,, may be performed by employing a rccket sied test
facility, compressed gas ram,or other high acceleratxon apparatus suitable for per- -
. forming the required test. . (’

3.9.2 Hardsites. - Equipment located in or at missile hardsites usually demands
special tests, however, for some zones, special adaptations of conventional shock
machines may be used, For the ecritical zones, shock tubes, explosion chambers,
hydraulic actuators, ete., can be used.

shock tests and

3.9.4 Shipboard equipment. - Shock tests for shipboard equipment shall be
performed in accordance with MIL-S-901.

3.9.5 PRough handling for packaged items. - Tests for shipping and handling
shall be performed in accordance with MIL-P-116 or FEDERAL STD. NO. 101.

METHOD 516 1 : 516, 1-6 13 s
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1/‘{ 3,9.6 .Puzes and amunition. ~ Shock tests for safety and operation of fazes
L and ammuniticn shall be performed in eccordance with MIL-BTD-331.
} i 3.10 Combined temperature and shock test. - Tests shall be performed at room
i = ambient conditions unless a high or low temperature shock test 1s required, in which
case the tempersture extremes shall be as speclfied,
h. Sm!! . -
The following details shall be specified in the equipment specificatlion or
test plan. :

(a) Pretest data required (section 3, General Requirements, paragrsph 3.2.1).
(b} Procedure number. |
(¢) Shock pulse selection, specify shape, pesk value, and duration (see 3.1),

(d) Whether the rail imgact shock pulse input and test item response are to
be measured (see 3.8.1(a)).

(2) Test item positioning with regpect to the teat car and whethar packsging
is necessary for the rall impact test ‘see 3.8.2{b}}.

{r) ‘I'empera:l';ﬂfé extremes (sze 3,10).
(g) Filter(s) used shail be identified.

) {n)} Whether operaticn during the test is required, mode of such operation,
and if and how the operation ie to be monitored.

(J) Lloading and tie downe (see 3.8.2(b)).

516.1-T R “METHOD 516.1"
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*. IDEAL SAWTOOTH

PULSE
: 1.15P .
./’_"! . e
TOLERANCE LIMITS : -
/I b -
H P
0.15 P ]!
) -] ' 0.07 D
|
0.05 P 1 4 _*_
- I 0.2 P
REF LINE | - ’T/ 4 N *
ZERO % L 4 |
0.05 P I -
~—=={ 0.3 D D .0.2P
PEAK VALUE (P) gz's NOMINAL DURATION (D) ms
FLIGHT VEHICLE | GROUND FLIGHT VEHICLE - | GROUND
PROCEDURE TEST EQUIPMENT (a) { EQUIPMENT (b) [EQUIPMENT (c) {EQUIPMENT (d)
I BASIC DESIGN 20 ... ko 2% ..on s .18
111 CRASH SAFETY L0 75 1 11
v HIGH INTENSITY 100 - 100 6 11
NOTES: 1/ SHOCK PARAMETERS (a) AND (c): RECOMMENDED FOR EQUIPMENT NOT SHOCK MOUNTED AND

WEIGHING LESS THAN 300 POUNDS.

EQUIPMENT MOUNTED ONLY IN TRUCKS AND SEMITRAILERS MAY USE A 20g PEAK VALUE.
THE OSCILLOGRAM SHALL INCLUDE A TIME ABOUT 3D LNG WITH A PULSE LOCATED
APPROXTMATELY IN THE CENTER. THE PEAK ACCELERATION MAGIITUDE OF THE SAWTOOTH
PULSE IS P:AND ITS DURATION IS D. THE MEASURED ACCELERATION PULSE SHALL EE
CONTAINED BETWEEN THE BROKEN LINE BOUNDARIES AND THE MEASURED VELOCITY CHANGE
(WHICH MAY EE OBTAINED BY INTEGRATION OF THE ACCELERATION PULSE)} SHALL BE

WITHIN THE LIMITS OF V; +0.1 V V4 IS THE VELOCITY-CHANGE AS3QCIATED
WITH THE IDEAL PULSE WﬁICH EQUilS 0.5 DP THE INTEGRATION TO DETERMINE

VELOCITY CHANGE SHALL EXTEND FROM O.4D BEFORE THE PULSE TO O.1D AFTER THE
PULSE.

R

Terminal-peak sawtooth shock pulse configuration and its
. tolerance limits

FIGURE 516.1-1.

o METHOD 516.1 516.1-8
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TOLERANCE LIMITs--~w§\\\\\ = = 1.154
\ K
o 3 A
i 20085 A

v——--—-— SINE WAVE TRANSLATED
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ﬁ,,._] 0.3 DiMrrm—reem D ey 0.2 A
PEAK VALUE (A) g's NOMINAT DURATION(D) ms
FLIGHT VEHICLE |GROUND FLIGHT VEHICLE | GROUND
PROCEDURE TEST EQUIPMENT (a) |EQUIPMENT (b) [EQUIPMENT (c) | EQUIPMENT (d)
I BASIC DESIGN 15 ko 2/ 11 18
11z CRASH SAFETY 30 75 11 11
v HIGH INTENSITY 100 100 6 6

NOTES: 1/ SHOCK PARAMETERS (a) AND (c): RECOMMENDFD FOR EQUIPMENT SHOCK MOUNTED OR
WEIGHING 300 POUNDS OR MORE. »

2/ EQUIPMENT MOUNTED ONLY IN TRUCKS AND SEMITRAILERS MAY USE A 20g PEAK VALUE,

3/ THE OSCILLOGRAM SHALL INCLUDE A TIME ABOUT 3D LONG WITH A PULSE LOCATED APPROX-
IMATELY IN THE CENTER. THE ACCELERATION AMPLITUDE OF THE IDEAL HALF SINE PULSE
IS A AND ITS DURATION IS D. THE MEASURED ACCELERATION PULSE SHALL BE CONTAINED
BETWEEN THE BROXEN LINE BOUNDARIES AND THE MEASURED VELOCITY CHANGE (WHICH MAY
BE OBTAINED BY INTEGRATION OF THE ACCELERATION PULSE) SHALL BE WITHIN THE
LIMITS ¥y #0.1 V; WHERE Vi IS THE VELOCITY-CHANGE ASSOCIATED WITH THE IDEAL
PULSE WHICH EQUALS 2 AD/T . THE INTEGRATION TO DETERMINE VELOCITY CHANGE

SHALL EXTEND FROM 0,4D BEFORE THE PULSE TO 0.1D AFTER THE PULSE

3
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FIGURE 516.1-2.
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Half sine shock pulse configuration and its f._olera.nce limits
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RESPONSE (Eo/E4)

1.10

i

SYSTEM —®

UPPER LIMIT

. E; = VOLTAGE IN

E, = VOLTAGE OUT

1.00

p/A

0.90 1
0.80 |-
0.70 p=
0.60 |—
0.50 p—
0.40 ju
0.30 p—
0,20 p=

C.10 1}

LOWER LIMIT

FREQUENCY (CPS)

FIGURE 516.1~3 System frequency response
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SPACE SIMULATION
(UNMANNED TEST) -
1. Purpose.- The tests dsscribed herein are intended for the : svaluation of

space vehicle components, space vehicle subsystems and complete space vehicles in-
cluding inst&lled equipment,

narformed to determ

Ve MR VW L Wi sae

ina whether ace vehinolaa,

Maa awama w1 aded o b an
Waetil 8P

4AUT PP i kb b ol G W ion a8

L ' —
such ae satellites, external instrumentation packages, spacecraft, and space stations
with associated equipment can withstand the deleterlous effects of very low pressures,

' low temperatures, and polar radiation. Ordinarily, this test will require establish-
ing realistic temperature distribution across and through the test item. Aerodynamic
heating is not usuelly considered a part of this test but may be partially simulated,
it 8o specified by the application of heat.

...
(5
(1]

The details of a space simulation test depend entirely on the particular
environme,nta.l condition to be simulated and on the purpose and type of test to be

.... gty | - P
Blmu.l.uw:u and performed. Ons o&F the most significant environments of cutsr space

which must be sitmilated is that of extremely low pressure. Effects of this environ-
ment are the change in convective and conductive heat transfer characteristica.

b | While outer space pressures have been measured as lov as 10-16 Torr it is generally
accepted that an operating pressure of 10-5 Torr is sufficient to avoid convective
and gaseocus conductive heat transfer and electrical discharge, even though it does

. not duplicate space conditions in terms of gas material interaction at the surface
(- of the teat vehicle. No accurate means exista for calibrating instrumentation to
pressures lover than 1 X 10-10 forr, however, it appears that the outer space pres-
sures could be as low as 10-1° Torr., Pressure levels for various effects simulation

are given in table 517.1-1.

Different procedures can be used to simulate the radiant heat transfer
effects of the space environment.
B P

1.1 Procedure I utilizes the confining surfaces of the chamber to simlate the
cold absorbing nature of space and the radiant heat is provided from a simulated solar
spectrum input. Energy collimated within & fev degrees of the true solar condition
irradiates the test object held in position by a fixed or movable fixture. By & com-
bination of motion or respositioning of the test vehicle and progrs.mmgd control of
the solar source, simulated .orbital .or. space conditioneare achieved. .

TR " gimnation of refleéctéd solar (albedo) rediation and plenctary emitted infra-’
red radiation is-generally accomplished by utilising Judic.iously loca.ted inrra.red heat

sources to prevent undesirable blockage or "shadowe". - e -

1 2 Procedure II utilizes “thé conﬁning surfaces of ‘the chamberfto simla.te the
cold absorb:lng ‘natire of “ space and t.he ra.diant beat 1s provided from an :lnfrared source.

e T [iT= O S . “,h.s-,.__.-
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TABLE 517.1-II.

-

Avoraga re.dintion ehsractoristica of pla.netu -
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Incident 1/ Pianet |Planetary

radlation Planet - thermal {eguivalent
Planet 1nteigitv reflectivity rg.diagicn black body

(v/m®) (w/m2) rature

2/ Ex
Barth 1koo 0.34 213 250
Mare 626 0.148 -13k - 226
Venus 27hk0 0.67 226 249
Earth o ) -
oo 1400 0.072 336 284

1/ the albedo )
2/ an emissivity function

‘Performance roquiroments for a
space simulator classification

speoific test should reference the
shown in tadle 517.1-II1.

TABLE 517.1-III. Solar simulator clsssification
Cilass I "Closs 11 Cisap 111
Uniformity +3% max. 45.0% max Grester than +5%
Solar subtense +4° max. +8° max. Greater than +4°
angle
(vhole angle)
Spactrum In accordance 1/ 2/ -
t4able IV

1/ Calculated effective absorptence within 5% of caleulated Johnson solar’

absorptance. Tl
2/ Calculated effective a‘baorptance \r:lthin 105 of ca.lnula.ted ‘J’ohnsom sola.r':;“' T
_absorptance, + S e it g e ia .v..-uw-- g

Teuworal variation of intensity- in the tast volume shall not deviate. frém the

dadoald do anla E17

.average as listed im tabls 51T.1-I11 for that class "h"‘;i.fca"'"mit}'._

Intensity and

unifomity measurements shall .be md.e with a sensor “which. does not ex.ceed._ -,, o

TS

Y

a.-.l.. -

: _4.—]‘._

ps—y
taln wvavelength regions from the gpectrum of the

listed in table 51T.1~-IV,

ab b [r -
“It. 18" likely 'that the" Bpectrum of the simnlated Fadiatich will dlffer in cor-

ha n-.nn&-—n— AF Eha amsumad i-unn -1
GLOOULSU v wo

Total effective absorptance of the surface of the

test item should not differ significantly from the '(.otall._s
value it teat 1tem temperature errora are.to, be . avoide

e o -

517 1-3

COE I R TP prt N

mwmima'

r"'wm'e Sutree T

‘—v‘u»\&a

c‘l ﬂ-bﬂﬂﬂ‘ n+1nﬂ

g et -

sola.r absoryp tance?; . ’
e I Yl
METHOD 51T.1 e

AN fAatahar 1049 ~

LA s T A

ot

in’ area. and a.ppro:.imates a squa.re or circle :I.n sha.pe'...s iwe 30 a:ﬂ soef e M&

‘-. PN
.t ;!.'.M:'f"’.

F e

\’1_'

%?i 'm:%c:oﬁ OS




*

COMETHOD S17.1. . .. ‘51?‘1-2
20 OCtOber 1969 . o o R

¥ -

MIL-STD-8108
15 June 1967

1.3 Procedure III utilizes the confining fgmpera.ture controlled surfaces of
the chamber to force a given calculated temperature on the test object.

1.4 Procedurs IV utilizes an inrra.red scurce to program heat a.round the object
in zones to simulate orbital skin temperaturs.

1,5 Procedure V uﬂlizes a confuctive temperature controlled surface for mounte

ing internal components to simulate their heat transfer conditicm.
1.6 Procedure VI utilizes chamber to simulate the preasure effect of space.
1.7 Procedure VII utiliges a cryogenic heat sink plus vehicle heaters.

2. Apparatus. - This section deals with general performance requirements of some
apparatus used in space simulation testing. Performance requirements for a specific
test should be called out in the equipment specification.

2.1 Thermal vacuum chamber. - The test chamber shall be capa'ble'of providing a
vacuum of at least 1072 Torr with the test item installed. Vacuum gauges shall de
calibrated in accordance with ASTM Standard E~295.

Pressure levels recommended for various effects simmulation a.re given in
table 517.1-I, , . . . ‘

TABLE 517.1=1., Pressure levels for effects simuletion

Btructural . ) l atm to 10 Torr
Rediant heat transfer - Below 10-5 Torr
Dielectric stremgth Below 105 Torr
Material evaporatiom To 10~T Torr
Surface effects Below 10~92 Torr

1o-Torr (particular
tests are shown in

. tables 517.1~-I1I and

o - - - 1-VI)

2.2 Heat source (radiant). - Heat source systems ahall be capable of producing
the heating effects of solar energy, planet radiation, and slbedo on test specimens

within the space similator.: Coe . e PN

2.2.1 Solar simlater. - The slmulator. Bhall be capable of provid.ing radiant

_ .energy correeponding to_that of the sun in apace.- 'I'he total sola.r energy shall be

equal to the applicable value of table 517.1-1T,; colum 2. The degree to’ vhich the
solar environment must be simulated for particular tests is shown in table 517.1-IV,

-
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TABLE 51T.1-IV.

ot L S

- -

"

Solar electromagnetic energy distribution

Allowable variation

Percent of total Wavelength band
Band No. golar irradiance (angstroms) of bend energy, percent |
1 2.6 2,500-3,300 50
2 20.8 3,300-5,000 +25
3 25.5 5,000=T7,000 . +10 .
4 17.3 T,000-9,000 +10
5 10.8 9,000-11,000 15
6 11.2 11,000-15,000 +20
T 8.3 15,000-25,000 30
2.2,2 Eeat flux eimulator.- The thermal effects of the space environment upon

a spacecraft may be simulated using radient energy sources entirely in the infrared
(reet) portion of the spectrum under either of the following conditions:

(a)

(v)

2.2.,2.1 QOpen structure line source.

I o plece of equipment is shielded from direect view of sun

and plenete in fli

ght mode

~ ar

Ir a spacecraft or a plece of equipment which 18 directly viewed
by the sun and planets 1s configured such that a ‘thermal source
will supply the same heating effect as a source slmulating the
apectrun and collimation of the sun would, This would be appli-
ment: (1) with a uniform external finish

2) vith no sensitive parts mounted in.deep .. _
.erevices, where the collimation of the radiation would be important,
or (3) where the rotational motion in space would be such as to
result in effectively uniform solar/planet illumination sufficient
to cancel the effects of crevices and non-uniform Qk? surface

cable for an egui
(Alpha/Epsilon

finishes.

- Quartz lamps, carbon cloth, tungsten wire,

strip and tubular hesters, and other similar means may be utilized to simulate the
beating effects of solar energy, planet radiation,and albedo on test specimens within

eryogenically cooled space simulation chambers.

Radistion units and supporting struc-

‘tures shall be -designed for minimum dlockage ares, .ease of mounting, low out-gaseing, -

and controllability of radietion intensity._

L

2.3 Heat sink (radiant). - Both the temperature and emissivity, or blackne

of the cryogenic shrouds are important parameters in simulating the blackness of space.;

The low temperature reduces the radiation emitted by the walls in accordance with'the

Stefan-Boltzmenn Law, and the high emissivity causes the walls to absorb any radiation
impinging upon them rather than reflecting the energy back to the test vehicle,’
Kelvin wall with a°0.95 emissivity will simylate the space environment to within® ldper-

cent for a 300°-Kelvin vehicle,

"A*100°

‘Radiation-¢an lesve the surfece of the chember by

either reflection or emission and control of both is necessary to maintaln ‘good siimila-

tion of the space emvironment.

Total reflected and emitted radiation, ezclusive of the

solar simnlation arriving at the ‘test vehicle Bhall be less than’ 50 watts per equare

PR VRPN E RS )

meter. et 13 s

TR sad SWHe I

3@‘1&1 ent fo &0h

i fL .-l-\-a#‘?-!qz. Bin o
norgondsn eviioette (edeh

LD In Bl ELRET LTLN LOVLL

nli &

NIl TIT elday of badall

Warm"™ lurrecea, such as windevs', “feed’ through ports, chamber ialle;‘etc.

should be_kept to a minimum and”should’ be covered with cooled plates When'they aré‘not
* A

mh [T A T )

in use, I
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2.4 Contamination controls. - Canua.minatlon levels shall be controlled and )
measured to insure that emissivity ‘and absorbtive values are not altered by more
than 55 of the initial wvalues of the flight or test hardware from time of acceptance
of test article to completion of the test,

| -

3. Preparation.ror‘teat. - . . S .

l.l InfCrmation required. - In preparing the specimen for a test, typicel
information required is: .

{a) Need for similating planei/moon radlation end albede. .
{(b) Rotational modes and atiitude orientation, as applicable.
(¢) Progremming solar radiation in accordance with the mission
_ (considering the day and night orbiting pericds plus elslunar
" end translunar missions).
Equipment operetion Guty e¢ycles,
Duration of test.
Method for moaitoring test item during test.
Operating parameters to be monitored.
Allowable devistion from specified tolerances.
Coupling of radio frequency ocutputs to dummy loads.
Substitution of power source having volt-ampere characteristics
similar to.the vehicle's primary power supply.
Emission of fuels and oxidizers.
Statement of reliability and failure criteria.
Peripheral heating and cooling devices to maintain proper
_conditions of equipment under test until flight conditions
are established. . - -
Aerodynamic heating eimuletion requirement.

Vehicle surface emissivity and ebsorptivity.
Vehicle thermal balance computations.

TOLIUAT LT iinns Vol oeiuir

Minimum heating conditions (i e., the coldest condition

which is often the most difficult to achieve).

{r) Auxiliary power to supplement power equipment for chamber
and equipment under test.

(s) Other applicable regquirements.

B K om0

T —
NS S L)

i~ ——
e st St

[l B~

3,2 Simmlstor performance parameter validation. - The instrument performance
chart, table 517.1-V, indicates the level of performance required of instruments for
1ndicated parameters: absolute accuracy, reproducibility, response time, view angle,
discrimination or sensitivity, and miscellaneous items for the evaluation of solar

simulation. . .. -

3.3 Test duration. - When the intended mission time of the test Item ie such
that the test item will be exposed to low pressure conditions for periods in excess
of 24 hours, the test chamber shall be maintained at a pressure of at least 1 X 10-2
Torr for mot less than 24 hours to properly validate the performance of the test item.
Test item with intended flight times of less than 2L hours shell be exposed to low

pressure for a time equal to or longer than the actual intended flight time to proper-

ly validate the performance of the test item.

-__-_._ Py, )
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TABLE 517.1-V. Bolar simulator - instrumentation performance requiremsnts \/
Abaclute : Reaponse . :
Parameter accuracy | Repeatabilit time Miscellaneous .
Total 3 1% 1l min. | Epectral sensitivity |
irradiance max. +2% for 2500-25,000
_ Angstrom
Irradiance N/A +1% 1 min. | Scan time must be
uniformity mAX. compatible with
response time
Solar subtense 1/L° 1748 N/A Reference to 8xis
angle diver- . of chamber
|___gence
Temporal 5% 5% 1 sec. | Bee note 3
stability
Spectral . See -note 3
distribution :

Note 1 View angle shoull be 5 degrees or greater than the solar subtense angle.

Rote 2 Temporal ctability as used in this standard means the intensity fluctu-
ation of the source where the scurce is defined in its broadest sense to
include the cpities., No quantitative value can be given that will serve
as & universal stability standard to which all sources must comply. It
is self evident that the time constant of the test object or perhaps a
local aree of interest would have a direct bearing on the resulting
eriterion. Further, by the broadest 1nte??‘féiitlun of temporal stability,
inteneity variations during periodes of lamp or electrode replacement must ‘
be considered., For the present, it appears appropriate to merely state (
that the periods of fluctuation must be considerably less than the time |

constant of the test area of interest.

Note 3 Spectral distribution shall be measured at a carefully defined point in
the beam., The bandwidth shall be no longer than that indicated in table
517.1-IV. Bandwidths of 500 Angstrom are preferable. The total area
under the spectral curve shall be normalized to 1400 w/me for comparison
with the Johnaon Spectral Curve having equivalent units. The accuracy
shall be 1/2 the smallesat number in the applicable level of tsble 517.1-V.
Calibration of spectral measuring equipment shall conform to current NBS
recommended practices. If some other means of measuring spectral distri-
bution shall be used as a multiple filter radiometer, then proof of its
calibration against the same source through use of accurate measurements

with a menochromator must be furnished.
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h. Procedures. -

- - | A

b.1 Procedure I - Solar simulstion. - The test item shall be aubjected to a
pressure of 10~5 Torr or lower in order to virtually eliminete heat transfer by con- -
vection, The test item shall initially "see" black coated chamber walle maintained
at & 100°K in order to simulate the heat sink of space. Simulated solar radiation
shall be spplied to the test item from the direction corresponding to tha.t or the sun
in space. :

The test object shall be mounted in the test chamber (apparatus-2.1) having
a cryogenic beat sink (apparatus 2.3) and a solar simulator (apparatus 2.2.1). The
specimen shall be installed in the test volume om & fixture supported by low heat
conduction means. If orbital simulation is required, the fixture shall provide means
of motion. Albedo and planetary radiation may be simulated by the use of heat flux
sourcee’ (apparatus 2.2, 2)

Recommended parameters for specifie aolar test requirements are shown in
table 517.1-VI. .

TABLE 517.1-VI.

Significant pare;meters for solar simulation

Actual space Thermal } Selar cell Collector type Syetenm
Parameter condition tests testL_,/ pover systems tests
Intensity lhOOW/M2 1200-1600 1200-1&00 1200-1400 lEdD-lhOO
Uniformity V| --- Class II| Class I Class ITI #10% | +2 to 5%
Solar subtémse] 32' 1 cClass I | Class III ~ B A Class II
angle :
Spectral Assumed T‘ TABLE 517.1-IV N
RRL curve
Cold, black 10‘6 Less than 50 W/M™ 2'received at test article
space watts /M2 - ’

_ Bection 3, paragraph 3.2.1.

1/ In test plane i -
2/ Kear earth orbit : -

4.1.1 Performance of test. - For the following, refer to Section 3 on General
Requirements, paragraph 3.2 of MIL-STD-810. ' ) e

T The test item sha.ll be placed in the test chamber in accordance with
General Requirements, Section 3, paragraph 3.2.2. The temperature control surfaces
of the test item shall not directly face any abnormal heat source. Any gperational
performance check shall be accomplished in accordance with General Requirements,

All equipment -shall be operated {excluding any propulsiom
system) and peasurements made as specified in the vehicle or equipment .specification.
The -test chamber shall then be reduced to -that pressure determined through compliance
with 2.1 of this test method and the chamber walls cooled. to:below-100°K., ‘Thermal
energy correspondins to the applicable value and manney .of exposure determined through
L EYHR et
MODBS]-T l_f :,..ﬂ. £ d
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compliance with 2.2.1 of ihisz method shall then be epplied to the test item. -The
normal rotational mode or the test item along with other requiremente and conditions
shall then be established and maintained throughout the test.- Measurements made
during the test shall be compared with the data obtained in eccordance with General
Requirements, Section 2, paragraph 3.2.1. At the conclusion of the test, the -test
chamber shall be returned to standerd amblent conditions and stabllized and the test
iter inspected in accordance with General Requirements, Section 3, paragraph 3.2.4,

4.2 Procedure II - Heat flux simulation, - The test cbject shall be located
within the test chember (apparatus 2.1) having a cryogenic heat sink (apparatus 2.3).
A heat flux simulation source {apparatus 2.2.2) shall be provided surrcunding the test
cbject and thermally isolated from it. The test object shall be supported by low heat
conduction means. The test shall be performed as described in b.1.1.

4.3 Procedure II1 - Heat-flux simulation with thermal cenister. - The test object
shall be located within the test chamber (apparatus 2.1) having & cryogenic heat sink
(apparatus 2.3) vwith e thermel canister (apparatus 2.4.1), The test object shall be
mounted within the canister ty low heat conduction means. The test shall be performed

as described in L.1.1.

4.4 Procedure IV - Heat flux siruiation veriable temperature shroud. - The test
object shall be located within the test chamber (apparatus 2.1) having a variable
temperature shroud {apparatus 2.4.2)., The test object shall be mounted within the
:hroud by low heat conduction means. The test shall be performed as described in

1.1,

4.5 Procedure V ~ Heat flux with conductive source and cryogenic shroud. - The
test object ghall be located within the test chamber (apperatus 2.1} having a cryo-
genic heat sink (apparatus 2.3). The test obJect shall have a conductive source
{apparatus 2.5) attached to it and shall be supported by low heat conduction means.

.

4,6 Procedure VI - Vacuum simulation. - The test object shall be located within
the test chamber, (apperatus 2.1). Its volume should be preferably much smaller than
chamber volume., All test fixtures should be vacuum compatible. ’

4.7 Procedure VII - Heat flux similation with vehicle heaters. - The test object
shall be located within the test chamber (apparatus 2.1) having a cryogenic heat sink
{apparatus 2.3). The test object shall have vehicle heaters (heater blankets or fluid
system) attached to its surface.

. Definitions.- Terms frequently used in solar simulation in conjunction with

thermal vacuum testing are as follows: =

(a) Absorptance,- Absorptance is the ratio of the absorbed radiant flux
to the incident radianmt fiux, Total absorptance refers to absorptance
measured over all wavelengths. Spectral absorptance refers to absorp-,

tance measured at a specified wavelength,
(p) Albedo. - Albedo is the ratio of the amount of electromagnetic.radiation

reflected by a body to the amount incident upon -it. This fraction is
often expressed as a percentage, such as 3b percent for earth albedo.

- The spectrum of reflected ‘energy- is generally different from that of the
L ineident radiation, .~ Tic.. mrim. 0 Dme & L Tee L T T
ST e e hmmer BoL oelbcn LY S T L T S et
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(A The definition of albedo, while identical with reflectance,.is commenly
' uped in astronomy and meteorology to’describe the reﬂectivlty or
planetary bodies and their atmmpheres to. sola.r radia.tion. .

P

{¢) Black body. - A black body is defined’ to be a body vhich absorbs all
incident energy. Therefore its absorptance @ , is equal to 1 for all

wavelengths. According to'Kirchorf's law, such an ob.ject will be &
perfect emitter of radiation at all wa.velengths.

(4) Collimation angle. - See "Solar beam subtense a.ng:e.“

(e) Emissivity. - Emissivity is the emittance of & layer of material having
an optically smooth surface and of such thickness that there is no change
in emissivity with increase in thickmess; generally refers to an ideal
case, flat surface,

(£) Emiesivity (e} . ="Emissivity is the ratio of the radiant flux emitted by
8 specimen to that emitted Dy a black body radiator at the same temperature
and wavelength, GCenerally refers to & specific sample or measurement of &
specific sample. Total hemisphericel emissivity is the energy emitted over
the hemisphere above the emittiing elsment for all wavelengths. Normal
emissivity refers to the amiaaivity normal to the surface to the emitting

body.

{h) Radiance, ~ Radimnce is radiant flux emitted in a spacified direction per
unit projected erea of surface, per unit solid angle. The preferred symbol
for this quantity is L, and is usually expressed in units of

( Watts cm=? sr =%

The irradiance (radmnt flux density) produced by. ra.diation from the
source upon a unit surface area oriented normal to the line between
gource and receiver, divided by the s0lid angle subtended by the source
at the receiving surface, is equal to source radiance if the receiver to

source distance is darge relative to the source size. ;
“If the radiant source is a perfectly diffuse radiator (that is, emits
exactly according to Lamber law}, then 'its radiance is equal to its

emittance per unit solid angle.

(1) Rediant energy (Q-) .= Radiant energy ia energy emitted transferred or
received as rediation. el e

(J) Radiant flux, alao, radiant .power. ( ?) - Radia.nt flux. aisg radiant
power, is the average radiant energy emitted transferred or received as
ra.diation per unit time per unit area.. . ) -

{x) "Rediation = ini‘ra.red. - Inrra.red rﬁd:l.a.tion is. radiation for. which the
wavelengths are greater than those for visible radiation and less than
about 0.1 millimetez.
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(1) Solar bser {ncident engle, = The solar beam incident angle is the
angle measured at am arbitrary point in the test volume (ses figure
) below) between the inoident rays striking that point and s 1line

parsllel to the axis of the solar beam. The angle shall be measured

80 that 95 percent or more of the solar energy incident at the afore=

mantioned point is included,

The maximum incident angle, usually

found at the extrems edge of the test volume (or plans), is sometimes

referred to as the solar beam divergence angle.

Geometricgl relationship of solar subtense and incident angle

-
2]
——

Arbitrary peoint

Test specimen

pparent source

Boclar beam axis
Inoident angle

| — Subtense angle

Bolar beam aubtense angie, - The solar beam subtense angle is that
engle subtended by the maximum dimension of the apparent source at
an arbitrary point co the test specimen. -
The terms "decollimation angle”
for "subtepase angle."

(See figure above). Note:

and "field angle" are sometimes used
The term "subtense angle" is preferred.
angls shall be measured 50 that 90% or more of the similated solar

enorgy incldent at any point in the test volume 1s received from the
apparent source as herein defined.

{n} Soclar congtant. - "Solar constant™ is the rate at vhich solar radias-
: ticn is received outside the earth's atmosphere onm a surface normal

to the incident radiat:ion'and at the Earth's mean distance from the

Bun.

(o) Solar absorptmace. - This relates the absorptance of{®g 7a test item

irradiated with a solar simulator % the absorptance the test item

‘ would experience frcm the sum.
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gm. e The folloving details shall be spscified in the equipment
ation. '

() Pratest data requirod (8ecticn 3 on Genersl Requirements, paragraph

3.2.1),
(v) All information necassary for the completion of 3.1 (a) through 3 1 (o).

(o) ‘Length of time required for measurements.

U.S. GOVERNMENT PRINTI' ' JE-1972-714-166/14089

51T.1-11 - SESTI0D 511.1%
. ao Octaber 1389 -






