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This military standamf is approved for use by all Departments and Agencies of the
Departmnt of Wfense. ”

Beneficial cozummts (recommmdations, additions, deletions) and any pertinent da-
which may be of use in inqmcwing this docum nt should be addressed to: AsD/w,
IA Fight-Patterson MB OH 45433-6503 by using the se 1 f-addressed Standardization
Domxmnt Iuprov-nt Propotial (DD Form 1426) appearing at the end of this docuumt
by letter.

IuUL-STD-81OE has been revised to require careful attention to environnmnts
throughout the deve 1opeumt process. A course of action for determining and
assessing the enviro~ts to &i& an item WI 11 be exposed during its service
1ife has been added to section 4, General Requirements. The additional General
w==mts aid in preparation for design and preparation for teBt.
Doaxmmtation requirements for the design M testing process have alsa been
added to section 4.

The bulk of the standard remains devoted to te$t nmthods. Individual -thods have
been rev ised to encourage accurate determination of the env iromntal Stresses that
an equipmmt wi 11 enmxmter during Its service 1ife. Guidance for accelerated or
aggravated testing during the design process is incluled in SO- cases. Each test
mthod has ?xwn divided into tm sections: S&tion I provides guidance for choosing
and tailoring a particular test procedure. Section II inclties step-by-step test
procedur-fw. In somw -thods, not only the test values, but also the seqwnce of
steps is hi lorable.

The re-lt of this revision wil 1 be that this standard cannot be called out or
applied as a fixed, relatively siqle mutme. Instead, an environmnkl engineering
specialist wil 1 have b choose and l lter the -t ~ures to suit a particular
combination or seqmnce of envimmxumtal conditions fop a specific equipa9nt
application.

The mthods of this standard are not intended to aatiafy al 1 safety cowl iance
testing mquirermnts.

Technical ~stions may be addressed to the fol lowing off Iceg:

Aeronautical Syste= Division
All’N: EMFSL
Wight-Patterson MB OH 45433-6503
Telephone: Conrmrcial (513) 255-2242

Autovon 785-2242
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US Arw Test and Evalmtion Comnand
A-: ~-’J t -M

Aberxieen Proving Ground M) 21005-5055
Telephone: Commrcial” (301) 278-3677/2170

Autovon 298-3677/2170

Naval Air Engineering Center
AIT’ttI: Code 5313
Lakehurst NJ 08733-5000
Telephone: Comrcial (201) 323-2200

Autovon 624-2200
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K)W’IY) USE THIS DOCUWNT

10 ThiS d ~nt con~in$ 6 sections. Sections 1 through 3 con-in general information.
Section 4 con-ins troth tailoring guides and general teat infor!mtion that relate to
the teat umthods of section 5. Section 5 contains climatic and dynamic test =thods,
and section 6 has references to contractual requirements.

2. The Procuring Activity/Developer nust determine the magnituie of the tailoring
effort appropriate for the program in question. Tailoring can provide long range ‘
coat savings in that materiel will be designed and developed to survive its
anticipated deploy=nt scenario.

3. Paragraph 4.2 explains the tailoring process and the steps involved (see figure 1,
H!OWTO Use MIL-=81OE). Paragraph 4.3 explains the use of msasured data, and
paragraph 6.2 details the contractual requirements in the form of Data Item
Descriptions (DID’s).

4. Each test -thod of Section 5 is divided into 2 parta: Section I containa
backgroundo~ the enclosed procedures and rationale (where possible) for the test
parameters. Section II containg the step-by-step test procedures which require
paramter levels that are to be developed by the environ!m!ntal analyses.

5. Secti~ 5 of this domm= nt also contains ‘fallback= paramter levels ~ich can be
applied in @action II of each nmthod if better information is not available.

I
6. The test nwthods of section 5 address various cli-tic and dynamic
envirorumntdsituations. The user of MIL-Si’D-810E must determine Xicli wthods are
appropriate for the specified program and *ich test procedures within the test
method are appropriate.

7. Regardless of *ich approach is chosen, at the end of Section I of each test
nmthod, a list of infor!mtion iS specified that is required in order to condwt the
test procedures of Section II of that method. This information wt be assenbled by
the envimnmmtil specialist end provided to the equipment supplier.

xi
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“>.
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FIGURE 1. HOW TO USE Ml L-STD-81 OE
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) 1. Sxw’E

1.1 This standard pmvldeti:

& Guidelines for conducting environmental engineering tasks to tailor
envimnumsntal test8 to end-item equipmmt applications.

r

b. Test =thods for determining the effects of natural and induced enviro~nts
on equipmnt used in military applications.

1.2 &wl ication. This standard shal 1 not be invoked on a blanket basis but each
- remmnt wi 11 be assessed in ternw of the need. Application of this standard early in
the develo~nt phase of the acquisition process is encouraged. Se 1ected application
at other points in the acquisition process my be appropriate. The mthocls of this
8tanckxl are not al I-inclwive. Mdit&onal environnm nts or cotiinations of
envirOnlm#n tS should b6 inclwied in the envi ~tal teat Specifkoation den
WS=I=ia-” The tit =Um& of thi.a standard am intended to be applied in support
of the fol lowi~ objectives:

a To disclose deficiencies and defects and verify corrective actions.

~ ~ess equipmmnt suitabi 1 ity zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAfor the environmental conditions anticipated
A its life qrcle.

c. m -If y amm- qliance J
i ,9

/ .1.3 Limitation. ~a S~ purposely does not addreSS the fol lowi~:

a.

b.

c.

d.

e.

f.

J!l-

El-t=@f— tic interference (=) .

Li~tiihg arxi -tic effects.

blaaF ~ d nuclear -apons’ effectw. ..
\ 1

-.

PI- parts, - M bits, wires, trandutors, and integrated circuits.

T&ta of bic mteria19. ‘ ‘

Certain a8pect8 of the safety testing of xmmitionn.

Test criteria uti 1 Imd for determining packaging per formnee or desi~. (See
KIL-P-116. F’ED-SIWIO1, ti ASTM stan&u@@.

— —

2. ~~

2.1 C30vemumnt docuwmts

2.1.1 if icationa d 9 tmdamis. Unless otherwise specified, the fol lowing
-if ications and 8tWdard9 of the issue 1isted in that issue of the Departmmt of
Defense Index of Specifications and Stmdamis (DOI)ISS)8pecif ied in the solicitation
fomn a part of this standard to the extent specified herein.

1
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SPECIFICATIONS

Militay

MXL-S-901

STANDAWIS

Military

MXL-STD- 187
MIL-ST’D-21O

MIL-ST9-781

MIL-ST’W882
MIL-STD- 1165
MIL-STD-1540
MIL-m-1670
MIL-Sl?D-45662

Shock Tests, H.I. (High Inpact) , Ship Michinery, Equi~nt
and Systesm

Wchanical Vibratkms of Sh~pboad w-t
Cliumtic Information To Determine Design and Test Requi ~t,
For Mili~ Syatenm & Equipmnt
%1 iabil Ity Teuting For ~innring lkvel~t,
@al if ication and Production
System Safety l+ogram I&qui~nt9
(310ssary of Environnwntal Te~
Test Requiraxents for Space Vehicles
Ewironnmntial Criteria and Wdeline8 for Air—Lauxihd --
Cal ibrat ion Systi Requiremmts

2.1.2 Other Governmnt docum nts. The fol lowing othar Qove~nt dcxnmwnta and
publications form a part of thi8 stamiard to the extent speclfid herein.

PUBLICATIONS

AR 70-38
J

Research, Developmmt, Teat and Evaluation of bteriel For
Extre.m Clilmtic conditions

sTANnG 2895 Extre= Cli~tic Conditions and Derived Conditions for Use In Defining
Design/Tegt Climatic Conditions for NA30 Forma Mheriol

WANAG 3518AE hvironwmtal Tegt hYethod8 For Aimraft Equipmnt And
A880ciatad (3rou@ Equl~t

(Copies of specifications, Stamkrds and publications required by
connection with 8pt2CifiC acquisition fmtlons should be obtained
activity or as directed by the contracting of fioer.)

2.2 Order of precedence. In the event of a aonf 1ict betmmsen the

mntractoxw in
from the -ntractlng

text of thlll
Standard and the references cited herein, the text of this 8tanda3d 8hall take
precedence .

3. DEFINITIO=

3.1 l% followlng definitions ghall apply:

. Acce 1erated test. A test designed to shorten the test tinm by increaa ing the
fre&ncy or duration of environmental stresses that wmuld be expected to ~ during
field We.

2 .-



)
b. JJg?4Epavated teat.

Stressful level than the
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A test in uhich one or umre conditions are set at a mre
test item will encounter in the field in order to redue test

tium, or assure a mwgin of safety.

c. 4&@Qk9nv~==nt” “The conditions (e. g., temperature and hunidity)
chara.ctePlzing the air OP other -iun that surrounds xmteriel.

d. Environlm? ntal conditions. (see Forcing function.)

e. -Vi rommntal engineering smcialist. One whose principal tmrk assigxuumt
Iiee in the technical areaof natural and induced environments and their relation to
military equipmmt. A person * has expertise in mmsuring and analyzing field
environnumtal comiitions, formulating environmmtal test criteria, specifying
lalxmatory aimlation of anvi ronnumts, and evaluating the effects of environmmts on
equlpnmnt.

f* Forcin# flnlction. A climatic or mchanical environmental input to an itamof
equipmnt that affecta its design, service life, or ability to function. (Al 80

refemwi

g.

h.
xmn-rmde
fmln the

to as an envimxunmtal comiition or an environmntil stress.)

khced envilwmnx?nt. A 1-1 environmental condition that is predominantly
or equ.i~nt-generated. Also refers to any internal condition that results
combination of natural forcing f~ctions and the physical/chemical

} cMwacteriz3tic8 of the equipment.

i. Life CYC 1e histxmv. A tiam hintory of events and conditions associated-with
an item of equipmnt from its Mlea9e from nnnufacturlng to its renmwal from service.
The life cycle should inclule the variow phases that an item till eneom t4w In its
life, such as: Ml W, shipping, and s-e prior to we; mission profiles while
in use; phase8 betw3en missions, such as stand-by or storage, transfer to and from
repair sites and altemmte locations; and geog~aphical 1ocat ions of expected
deplo~nt.

J. Mi9aioJl Vro file. That portion of the life cycle associated with a specific
operational mis9ion.

k. Platforsm Any veh~cle, surfaae, or &iue that carries the equipmwnt. For
exanple, ark aircraft is the carrying platform for internal ly instal led avionics

~mnt and e%ternal ly Enwlted stores. The land is the platform for a ground radar
set, and a man for a hmd-~ied radio.

..

1. P1 atform environmm t. ‘l’he environmental conditions an equipnmmt experiences
a8 a reuult’ of being attached to or ltied onto a platform The platform envi ranmmt
is a result of forelng fmctions Induced OF umdif ied by the plat!orm and any on-board
enviro~ntal control syste=.

/) 3
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a Tailorinfi. The p~ s of choosing or altering test procedures, conditions,

value$, tolerance, ~ures of failure, etc., to simlate or exaggerate the effects
of one or mme forcing functions to tiich an item wi 11 be subjected during its life
cycle. The tailoring process, broadly speaking, also includes the engineering tasks
and preparation of planning docum nts to asaww proper consideration of envi mrnmnts
throughout the life cycle.

n. Test level. The valu at dich a test condition is set.

o. Test xuAhod. The criteria and procedures used to formdate an envi~ tal
test. Test nMthods are Mentif ied by envimnmnt (or conbinatkns of env~ti)
in section 5 of this d~ t.

P* -* ~ -. A #eqwnce of actions, the correct perf oxwmnce of *ich till
result in a valid test of an item’sresponse to a particular forcing fumtlon or

combination of fmctions. Within each test ~thod there are one or mre test
proced~ .

4. CmwRAL REQuIRmQrrs

4.1 General. This standard describes a series of engineering tasks ami saqqmrting
doammntation to assure the tailoring of envimnmntal test conditions to individ-1
@Zt applications. An envi rornmntal engineering specialist should be utilized to
effectively apply this s~

4.2 Tailori~

4.2.1 Oblective of 1OriM. the obj=tive of tailoring. as wli@KJ in u
standard, i8 b assww tkt ti 1i- ~~t ifidesigned ti ti8~ f- FUiS~M
to the envi~ tal stresse8 it will enoomter dwing it8 life qcle. Pigwe 2
i 1 lustrate8 the envi mmmntal t4ki loring promss. Figure 3 ~ @JnOrdized
env i ronmntal life cycle histxxieas that ~ be used in dewsloping l lifa cycle
profile. r A

4.2.2 Tailoring tasks. It is necesgary to give proper consideration to envi ronmmnts
throughout the develo~nt process in order to obtain a quel ity prod-t. To assure
such consideration, environmmtal managemmt plans shal 1 be fornmlatxxl that &K@re
the fol lowing engineering tash: determination of 1ife cycle environmmtil
conditions: establ ishmmt of envimnmn tal denign and test requi remmts, incl~ng a

test plan: d ml lection and enalyais of field data for verification of envimmumtal
design ti test crlterl& Rwpw attention to each of these ta8ks inmmeathattbe
correet enviro~tg are identified for tests, that @engineering development u ml 1 M

qualification tests are phased properly into the item’s acx@sition progr~ that
envi ~ntal test condition8 are traceable to 1ife cycle conditions real iatioal ly
encolmtered, and that testing ia appropriate for the test item application. The fol 10wil’@
plans, tasks, and d~ ntation are established to faci 1itate the tailoring procwm.

———————————.-———-—- . _._._=__—-__ __ _

4
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4.2.2.1 Envlronlmntal lmm@mEmt_Dl an. me overall ~ Of this plan is to
develop a viable d cost effective program to aassure that military equlpmnt wil 1 be
designed and tested for al 1 pertinent envi ronlmlmtal conditions to *ich it wil 1 be
#ubjected during it8 life qcle. “ The overal 1 ~enmnt of the envimnnmtal program
shal 1 incluie consideration of manpowm ~remmts, echedul ing, life-cycle
enviromntal conditions, test tailoring, test per fornnnce, analysis of rel?nllte ,
corrective actions, and CO1 lection of data about, @ analysig of, actual field
environnmn *. Plan9 for nmnitoring, as9essing. ~ting and i~lesmnting the entire
environmdal program shal 1 be addressed. - environmmtal nmnagemwmt plan shal 1 M
documnted accordl~ to DID DI-RJV’Ii-80859. ....-..

4.2.2.2 Life CY Cle envi ronmnt fil l . A life cycle history of l vents and
associated envi ~tal conditionl!l fom an item from iti release f- Imnufactiing to
its retirenmnt from use shal 1 be determine& The life cycle shal Z include the various
pha8es an item will enaxmter in iti life, 8wh 4x8: handling, 8hipping or storage
prior to uee; pha8e8 betmn mis8im8, mmh a8 8tand+7 or s-age or tramfe~ to
and from repair sites; geographical locm.tions of expec~ deploymnt; and platform
environnwmts. The environnmt and -bation of envi rommmti the equi~nt wl 11
encounter at each phase sha 11 be determlti. Al 1 potential depl~nt ecenarlos
should be deacrlbed as a baseline to identify the environmmts mat likely to be
associated with - life cycle plume. The inforantlon pnesentui In the tigme
doeB not necessarl ly Incltie al 1 envi ~txs Om einatton8 of envl mnmmnti to
tiich materiel uill be exposed The fol Iting factors should also be taken into
accowtt :

a.

b.

c.

d.

e.

f.

$=

h.

i.

Confi~atian of the haminre.

mv~t tht IS eIuxa~.

Platf~ with hich the hamlu9re

Interfaces with other equi~.

.A

‘- .-- J ... .
,-, .

. .

?

in~facee.

Absolute and relative &matiom of •~ phase.

Mm&r of ti~s phase will occm: inte!rmit~ of W.
,.

?hwbabillty of ~ of emvironm!tntal COlxlititi l

Geographical locations .

Any other information uhich wl 11 help Identify any envlro-ntal

–\

conditions -ich nny act upon the itea - .

The life cycle environmmt profile shall b docummted acccmding to DID DI-EIUVR-80860.

8
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) 4.2.2.3 Environmmtal design -#t D1iSI1. This plan 8hal 1 def he the specific
enviro~ntal design and test requiremmts and include an envl ro?mmntal te8t plan.
Data obtained under provisions of 4.2.2.above shal 1 be utilized, along with the
individual environmental test ~thods 1 isted in section 5 of thi# d ocumnt.
Consideration should be given to the fol lowing:

a.

b.

c.

d.

e.
phase.

f.

Probabi 1ity of environmental occnrren~, alone or in ~inatlon.

*M effects and failure ties.
. . .-

Ef feet on hardwwe performance and mi88ion ~ss. “ -

Likelihood of problem’s disclosure ~ the teat -thods.

Occurrence of similar envimnmmtal streaa in nmre than one life profile

Expmiewe gained from other equlpexmt similarly deployed.
,., ,,

Thi8 plan shall be documnted under DID DI-ENVR-80861. .. ..

4.2.2.4 @erational enviro~ntal verification Dlan. l’hia d ~nt #hal 1 inclu3e
plans for obtaining data on actual operating or field environmmts to &i& the
test item wi11 be exposed, for conpa.risen with design and test critari~ It uill
provide the basis for the analysis of the adequacy of the environnm ntal program

) The
DID

4.3
the

Operational Environnmntal Verification Plan shal 1 be d ocummted accohi$ to
DI -ENVR-80862.

.
Use of field/fleet data Field data wed in these nmthodas #tild amet al 1 of
following:

a. Euuimm3 nt aimi larity. Wlenever practical, ~ts Shal 1 be nnde
on (a copy of) the test item or on the saam platform type as that ~ioh wil 1
carry the equiprmnt to be testi. This ideal situation is often ~ttainable
early in the developmt of new equipummt. ‘rherefolw , it is Somwkllms neoemlary
to derive data from appropriate y similar equipnimt or carrying platforumr.
Under such cir~tances, exact equivalence shal 1 not be expected or required.
It is inportant to note that equ.i~nt any be fmctional Iy diwimllae and #ti 11
be considered as shnl lar for evaluating enviro~ntal stress conditions.

b. Data uuality. The fol lowing mlninun stamkrds should be satiafied before
field data 18 considered suitable for substitution into the tw!rt pmcedurea.

-w~ting lnfo~=tion SIMAll include:

(1) A description of the equlpmmt or the carrying platf o=.

(2) The location on the hardumre or carrying platform at which the
=a8uremnts ~re xmde.

9
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(3) a anvi ~tal and operating conditions under *ich the
mwmrenmnts ~ -.

(4) llae type axd calibration stat- of data recording and analysis

=@mt ad i.n8~ tatiom .

In addition, the ~ da- should be analyzed and forxmtted to be caqatible ulth
the specific test procd- for tiich they are being considered.

c. hta ~ tity. Sufficient data are needed to adequately de~crib the
conditions being evaluated. but the mquhwmmts for sufficiency will vary with the
envimnnmntal coxxlitions, physical and per for-ce characteristics of the Mu&are
type, and ~ needs. (%nsideration shall be given to:

(1) Tln rN&er and nature of W data ~t points.

(2) The mmber and #cope of triala conducted to record data.

~ engineerhg juigmnt nmy be required to asaess the appl icabi 1ity of data hen
constraints 1imit the ntmber and location of lmaslme =nt points.

5.1 t cudi t%oms Unlass otbrwiSe Specifid herein or in the equi~t
specifiaa$ion. Wurernnta and te8t8 ahal 1 be made hat the fo 1 lowing
-Conditiom : -

a. stand4ud* ient. Anbient xwwwwmmts and checks (e.g., pre- and post-test)
are co~ at room ambient conditims au followe:

Temperatm: 25% ~10% (77? 518%
rnlative Innldity: Uncontrolled room &lent

A~~@ ~: site pres8ure

b. Co&ollati d ient?. Mbn the ~ient condition8 -t be closely control laci,
the following shall be nmintained:

Tenqxmatwe 23% zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA~20C (73- 23.6%

-lative hunidity: 50 percent 25 pe~nt

A~Pic zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBApesswe : 96.45 +6.6 ~a
. -10.0

—

(725 ’50-,0 lullfig)

(28.5 +2.0 ~
-3.0 “

I -n

10

mm u



5.1.1 Tolerance for test conditions.
test conditions shall %e as follm: .
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Unlegs otherwise specified, tolerances for

a Tewe rature. The test item shall be totally surramded by an envelope of air
(except at necessary sqport points). The temperature of the test section -asure nmmt
system ami the teqerature gradient throughout this envelope, ~ich is =asured close

shall be within +2%
v“%% ‘f ‘he ‘es’ ‘-””-P“1 ‘otW - ~~t~$%ter or a mxilnxn c5f 2.2exceed 1 tal (equi~nt nonoperating .

b.

c.
percent

d.

Pressure . ~5Z (~200 Pa).

Ikanidi t.Y. E/e lative hunidity at the chamber contro 1 sensor shal 1 be ~!5
I& of the -asured valtm.

Vibration aQ 1ituie

Sinusoidal: ~lo pe~nt
Random: see !m?thod 514.4

. Vibration frequencv. Vibration frequency shal 1 be =asured with an ~w
of ~2 ~nt, or ~1/2 Hz below 25 Ez.

f. Acceleration%. Acceleration (g’s) shall be nxaasured to within ~10 pe~t.

f $* Tim. Elapsed time shal 1 be nwwured with an accuracy of 21 percent.

h. Air vel-itv. Air velocity shal 1 be within 10 percent of the specified
value.

5.1.2 of test instrun9ntation accuracy of instruments and
test equi~t umd to control or nmnitor the test paranmters shal 1 be verified
prior to and fol lowing each teat and then calibrated in predetermined intervals and
ahal 1 -t the requi~nts of KIL-SII)-45662 to the satisfaction of the procur hg
activity. Al 1 instruments and test equipmmt used in conducting the tests specified
herein shal 1:

aL Be CM ibrated to laboratory stwdards tioae calibration is traceable to the
National StandaNs via prixmmy standamk.

b. Have an accuracy of at least one-third the tolerance
mmsumd. In the event of conf 1ict bet-n this accuracy and
accur~ in any one of the tegt mthods of this stamdard, the
govern.

5. 1.3 Stabilization of test te~ rature

for the variable to be
a require~nt for
latter shal 1

5.1.3.1 Test item o=rat ing. Unless otherwise specified, temperature atabi 1 Ization
is attained when the temperature of the operating part of the test iternconsidered to
have the longest thermal lag is changing no nmre than 2.0% (3. 6%) per hour.

11
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5.1.3.2 Teat ibm nonorm ratinA. Wnlesa otherwise Specifid, temperature
stabilization is attained den the ~rature of the operating part of the test item
considered to have the longest thermal 1ag reaches a teuperatme within test
to 1erances of the nominal test texqerature, except that any critical coxqmnent (e.g.,
battery electrolyte for engine s-ting test) wi11 be within 1% (1.8%. Strwtural
or passive mm&ra are not normal ly conside& for stabi 1 ization purposes. Uhen
zing teaperatums, for many test item9, the tinpe~ature of the chamber ai~ ~ be
adjwted tmymd the tdt condition 1imits to reduce stabi 1ization ti~, provided the
extendd texqnmature doe8 not induce reqxmse tenpratum in a critical component or
area of the teSt item beyond the test temperature 1 hits for the test item

5. I.d Te8t 8euw rice.. Experience has sham definite advantage to performing
certain tests itiiately before, in combination with, or inumdiately fol lowing other
@stO. Uhere these advantages have been identified, guidance hau been put in I-3c of
the test mthoda and shall be follosmi. Other sequmces and cotiination consistent
with 1.2 and 4.2.1 of Qeneral Requireumnti may be used with the permission of the
~aition agency.

5.1.s ~etit . Quldance for choosing anmng the procedures of a smthod is

fomd in section I of each Iwthod.

5.1.6 Te8t conditions. Whenever practical , specific test levels, ranges, rates, and
durations shal 1 be derived from ~as~ nts Me on actual or appropriately simi lar
w-t (800 4.3). men specific mmsured data are not available, the test
characteristics shal 1 be tailored wing the guidance fob in section 5.

5.2 Gener@l te8t De Pforumnce Xuidana!l.

5.2.1 test w rfornmnce record. Before testing, the test iternshould be oprated
at standami ambient conditions (see 4.4) to obtain and ~rd data determining
-l i~ with the requl~nti d ocunent (s) and for ~ison with data obtained
before, during, and af tar the environnm?ntal test(s). The Identi f icat%on and
environmental teat history of the specific test item(s) should be docuwmted for
failure analysis purposes. ‘i%e~-test record shal 1 include (as applicable):

& The fmctional par~tera to be xmnitored during and after the test %f not
~ifid in the ~~nt specification or requirenmntg d ~nt. This t3hal1
incltie acceptable fmctional 1imited (with permissible degradation) -
operation of the teat item is required.

b. Mditional evaluation criteria (in addition to 4.5.7) .

5.2.2 ~tal lation o f test item in &at faci 1 ity. Unless otherwise qmcified,
the -t itam shall be in8tal led in the test facility in a manner that till
Siwlate service uage, with connections made and instrumn~tion attached as
neces8axy.

–)

& Pl~, covers, and inspection plate24 not wed in operation, but wed in
servicing, ahal 1 remiin in place.

12
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) b. Electrical connections normally used in service but not in test shal 1 be,
provided with electrical connectors having d- cables with protected terminations.
Such mechanical connections shal 1 also be protected.

. For tests tin temperatm valms are control led. the test chamber shal 1 be
at s&dard ambient conditions-ti” the test item is instal led or w specified in
the individual xmthods. ~ . i,>

— .

d. The teat item shal 1 *’ operated acoording to the applicable technical order
or technical manual, ~en available, to determine that no mal ftnction or damge has
resulted fmm faulty instal lation or handling. The requirenmnt to operate the teat
item after its instal lation in the test facility applies only -n the item is
required to operate during the teat.

e. Test itm shal 1 b’ p&itloned at 1east 15 em (6 inches) from each other
or fmm =1 1s, floors, ce$ ~S~-sf”etci “to al low for adequate circulation.. .- 1 -p””-

f. If the item tO be “~s~--~–~ists of several separate units, these units nny
be tested separate 1y provided the functional aspects are tintained as defined in the
~re=nti d ocuumt.

..

5.2.3 Performance check durin@ tes%. men operation of the test item is required
during the teat exposure, suitable tests shal 1 be per fornmd to determine tither the
test exposure is prod~ing ahanges in per fommnce -en conpared with pretest data

.
\ 5.2.4 Interrug ted tests. Unle8S Othe&ae specified in the individml umthods, the

fol lowing ~ures shal 1 be fol 1- men a tegt is interrupted. Any deviation from
this guidance shal 1 be explained in the test report.

5.2.4.1 In-tolerance inte rruptions. Interruptions dining &i& the prescribed test

tolerances are not exceeded shal 1 be considered as part of the total test duration.
(no al lomnce is necessary if exposure to the proper teat levels R8 maintained. )zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

5.2.4.2 Methods 505.3. 506.3. 510.3. 511.3. 514.4. 516.4 and 519.4 (See figure 4)

a Undertist. If test tolerances have been exceeded resulting in an wxiertest
condition, the test xmy be resumd from the point at hich tolerances ~~
exceeded f01 lowing reestabl ishmnt of prescribed conditions (except as noted in
the indivihl -thods), and extended to insure that the prescribed test cycle is
achieved.

b. overtest. If an overtest condition occurs, the preferable cotrae of action
is to stop the test and start over with a ~ teat itela ~ver, if any dannge ia a
direct result of the overtest conditions and wi 11 not affect other test i tern

13
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SEE1* mo

ITe3

IYes

S&&llea

2b

Kms :

1. Conttnw test (see Individual methods); l xtend test time If necessary.

2. Alternatives:

a. Restart l t tbe beginning.

b. Complete the test with undamaged or repaired test ltern.
( MOTE: Iest results will be invalid if l n $tern failure occurs.)

FIGURE 4. Interrwted test cvcle lofilc - Nkthods 503.3, 506.3+
%iii.3, 511.3s 514.4. 516.4, and 519.4

14
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) characteristics, or if the item can be ~epaired, the test may be reswed and extended
as in the undertest condition. If an item failure occurs during the rexminder of the
test, the test results shall & considered invalid.

5.2.4.3 Methods 500.3,4501.3. 502.3, 505.3, 500.4, 509.3, 512.S. 513.4. 520.1 and
521.1. Each of these -thods dontains guidance for handling out-of-tolerance-test
interrupt ens. Any such interruption wst be carefully analyzed. If the decision is
tie to continue testing from the point interruption, to restart the last
successfully couple- test cycle, or to restart the entire test with the ~ te8t
item, and a failure ~. it is essential to consider the possible effect of the
interruption or of the extended length of the test.

5.2.5 Conbined tests. Combinations of tests may produce a mre realistic
representation of the effects of the environmmt than a series of single tests can.
Coni3ined testing is ~--

5.2.6 Po8t-test data. At the completion of each environmental test, the test item
shall be inspected in accordance with the equipmmt specifications, and the results
shall be conpared with the pretest data obtained in accordance with 5.21. Post-test
data shall incluie:

a. Couplete identification of all test equi~t and accessories.

b. The actual test ~nce (program) used.

//
c. Deviation f3wn the planned test program.

d. The roomanbient test wnditions recorded periodically during the
test period.

f. A signature and data block for certification of the teat data by the test
engineer.

g. Other
do~nt(s).

data as specified in the individual umthoda

5.2.7 Failure ite ri- Fail- of the test item to reset
following corxlitions till mnstiitute a test item failure.

or equipamnt requirenmnts

any one of the

a. Deviationof nmnitored fmctional paraamter levelabeyond acceptable limits
established in 5.2.1 and specified in the requimnwnta d ocuwmt.

NUX’E: Certain types of ~prmmt (e.g., ~pell-- and electrically driven devices)
are often expected to dewnstrate legser performance at an environnmntal extre~,
particularly low temperature. A failure wuld occur only if degradation is nrme than
permissible.

b. Nonfulfill=nt of safety requirenmnts or the development of eafety hazards.

15
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c. Xaafulfiu-nst of SpWific test item requi ralusnts .

d- (%sq@s to the test i- *kh could prevent tha equipomt fmm nmeting its
intended Sarviae life or hntenance requirenumts. (For l xaapl e: Corroded 011 drain
pl* ~t h ~ with qlac.ifiad tools. )

..
e. Ikviatlm fm klMWd anvi ronsmntal XWqUlrelmnts .

7

s.2a t fai Iuw Cri teria Any additianl or different fail-
Crituria shall b m spmcified in the equi~t Speafioathn.

5.2.9 plwi ~tal task lwuor t. An environlm?ntal tast report Shal 1 be coqleted
aem~ to DID 1)1—~.

--- \

hotl~ , hot/hunid (OF

land area8 *re the Varlm

5.3.2 J)el id~tia of c1 ~ ~ t- a. The c1 inte typu are distinguished
primrlly W ~tlNl , ami 8ecmdarily by hwnidity .

* B* -cl tmllt~ *i -. Thi# region incluies nnst of the l-latittie
daaerts of the mla During ~ In theso areas, f=q=~atws above 43°C (1100F)
~ fmqmNily. tnrt except for a few specific places, tenperaturw wi 11 se 1ciom tn3
above 40% (12U%. In winter, ~rature8 are likely to be in the ~ range a8
for W “be9i8- cl irntic region. If nmteriel is designed only for the hot clinmti,
a specially tail- low tanperature design value should be so-t. Snml 1 portions
of this ama m ~tim subject to very high abgolute ~dity, although the
higha8t temperatarw ami highest dewpoints do not ~ at the sam tinm.

b. l%c80 regions inclula the -t dem$ely populated
and h-avily inckstrimlized par{s of the world as wel 1 as the humid tropics. The
entire ~ of tmsic clestgn conditions does not necessarily occur in any one place.
- Single ~ition (high temperature, low tenprature, high hunidity) occurs in a
wide area ~ taken together, the design V&~W8 should PEY3Vi& for satisfactory
equiprnnt throughout the area. Tropical areas are included in this c1 imate type
~ -ir ~~ is quite mde~ate. and their humidity levels ~ -led in
the tid- Iatitdes. mm faatuw of tb tmpios s ~t for equl~nt design Is
the pi~ Of hl~ huidity OV@F 1- wpiodsl of ti~. This condition not only
~- ~m m * an ~llent envirOmlmn t fcm insect d micawbio 1ogical

-- (
,. r,... . . . . ,. ,, . . . .

16
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c. Cold and severe-cold cliumtic kions. These areas incluie northern North

-ica. Greenlad, northern Asia, and Tibet. In the cold area, tenqeratm during

the coldest nmnth in a normal year my tm colder than the basic cold utrexm of -32%
(-2!PF). In the sevems-co Id areas, temperature during the ooldest wnth in a no-l

year my be colder than the cwld ext~ of -46% (-50% , but colder than -51% (-
60°F) no mxme than 20 percent of the hours in the coldest ~nth of the coldast part
of the ~ (northern Siberia) where absolute minim temperatures as low as +8% (-
90°Fl have been recorded). Because the ext=me 1ow teupepatuFea m not oontrol led
~ a dai lY solar cycle, they persist for a long enough period of ti= for nmteriel to
reach equi 1 ibriun at a teqerature near the mini~

5.4 Individual t luathods. Individual -thods for environnmntal testing follow
Appendix A. -

6. ~

6.1 Intended We. The purpose of this standard is to s tandardize the design and
condwt of testi for assessing the abi 1ity of military equipment to withstand
envirorumntal stresses it wi 11 encounter during its 1ife cycle, and to in8ure
that plans and test results are adequately d~ nted.

6.2 Dab requl “rements. Un 1ess the DOD FAR suppl enmnt 27.475.1 ex~ts the

-~n~ for a ~ Form 14= (~ntr==t Data ~==nts List), the f 011 owing Data
Item Descriptions (DIDs) mt be 1 isted, as applicable, on the contract.

Reference Paragraph DID Fhmimr

4.2.2.1 DI-ENVR-80859

4.2.2.2 DI -=-80860

4.2.2.3 DI-ENVR-80861

4.2.2.4 DI-ENVR-80862

5.2.9 DI-ENVR-80863

The above DID’s wme those c 1eared

DID Title——

Enviromntal Mnage=nt Plan

Life Cycle Envlrommnt Profile

Environxmntal Design Test Plan

Operational Envinnnumt
Verification Plan

bvironwntal Test Report

as of the date of this standaxi. The current issm
of XX)D 5010.12-L, Acquisition Managenm?nt System and Data Ibquirem?mts Control List
(AKDL), nust be researched to ensure that only current, cleared DID’s are cited on
the DD Form 1423.

The DIDs are in Appendix A.
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6.3 Into rnat*onal stand &$zation agree rent. Certain provisions of this a~
are the tijm of international a tandardizat ion agreenumt STAMA(3 2WJ5 and STABIAC3
3518 AK When amednt, revision. OF cancel lation zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof thla 8tandard is proposed
which afzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAf * c ts or w io I-tes the international agreernnt concerned. the preparing
act~v ity WI 11 take l pprop~iate reoanci 1 iation action thmmgh international
~tion CbTlnelx incluMmg Ckparbmal standard i=tion of ficeg, if required.

cw Btodian8:
--’m

. ~ing activity:
lur Force - al

Mavy -As
Air F~ - 11

Wject ENVR-0021
review activitiu:

ArBW-U?a-,AV,m,=,=, CE,-,=
Mwy -Sl, m, YD, E
Alr Force - 10, 18, 19, 69

International in~ (see 6.3)

20
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DI-ENVR-80859 hvironmntal Wnagenmnt Plan

DI-ENVR-808eo Life Cycle Environment Profile

D1-ENVR-80861 Environmental Design Test Plan

DI-ENVR-80882 Operational bvironmnt Verification Plan

DI-EIUVR-80863 Environmental Test Report

21
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FOR INFORMATION ONLY

‘)

\
)

?

DATA ITEM DESCRIPTION Form Approw d
OM8No. 0704-0766

2. TrrLE 1. IDENTIFICATION NUMBER

ENvIRoNMENTALMANAGEMENT PLAN DI-ENVR-80859
n

3. DESCRIPllON/WRPOSE

3.1 The Environmental Management Plan @NW) describes how each environmental engineering task
or test specified by the contract will be accomplished.

3.2 IMP is used to assure that necessary planning is properly developed, that qualification is
adequate to assure that performance requirements are met in service, and that qualified hardware
can be available when required.

4. APPROVAL DATE 6. OFFICE OF PRIMARY RESPONSIBILITY (OPR) 6a. DTIC REQUIRED 6b. GIDEP REQUIRED
(WMMDD)

890621 AF-11

7. APPUCATION/lNTERRELATIONSt llP

7.1 This DID contains the format and content preparation from the work task descrbed by

paragraph 4.2.2.1 of MIL-STD-810E.

7.2 This plan may be applkd to each phase of a total weapon system acquisition. This plan may
also be used for subsystems and individual equipment developments with suitable tailoring.

(Continued on Page 2)

B.APPROVAL UMITATION 9* . APPUCABLE FORMS 9b. AMSC NUMBER

F4761
10. PREPARATION INSTRUCTIONS

10.1 ntent reauirements. me Environmental Management Plan (EMP) shall include and define the
following:

a. The rationale which established the need for each environmental engineering task and test.

b. The work to be accomplished for each environmental engineering task and test.

c. T%etime phasing and man loading involved.

d. Iines of cornmunkation between the contractor and acqukkion activity organkational elements
responsible for environmental engineering and other contractor interface organizational elements.

e. Appropriate customer-contractor milestone review points.

f. Method of control over subcontractor and vendor environmental testing.

g. The purpose and expected result of each task or test and the planned methods for monhoring,
assesskg, reporting and taking appropriate action regarding the status accomplishment and problems.

11. INSTRBUT)ON STATEMENT

DISIRIBUTXON STATEMENT A. Approvedforpublicrelease; distribution is unlimited.

DO Fomn 1664 JUN 86 Prdous edMons are ohsdete PAGE 1 OF 2 PA-

FOR INFORMATION ONLY



Block 7. AP@~
l
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7.3 Defense Technical Information Cm&r (M’IC), Cameron Stati~ Alexandria VA 22314-6145.

7.4 ‘I lis DID mrpawxb DI-R-7123.

.

b ,
.

w.(

Page 2 of 2 Pages.
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FOR INFORMATION ONLY

‘)

)

)

DATA ITEM DESCRPTKMI

2. TITLE 1. IDENTIFICATION NUMBER

LIFE ~CLE ENVIRONMENT PROFILE DI-ENVR-80860

3. DESCRIPllON/PU-SE

3.1 The fife Cycle Environment Profile (LCEP) documents the results of environmental engineering
analysis to identify and characterize all probable environments or combinations of environments that
could affect the functioning, reliability, safety, or operational capability of the equipment.

(Continued on Page 2)

t. APPROVAL DATE S. OFFICE OF PRIMARY RESPONSBILJTV (OPR) 68. DTIC REQUIRED 6b. GIDEP REWIREC

li?iiw io) AF-11

7. APPUCATION/lNTER31E3AT10NSHlP

7.1 This DID contains the format and mntent preparation instructions for data resulting from the
work task descni by paragraph 4.2.2.2 of MLSTD-81OE.

7.2 This analysis can be used to support environmental engineering tasks throughout equipment
development and production.

7.3 This DID supersedes DI-R-7124.

B. APPROVAL UMITAllON

I

9a. APPU~LE FORMS

I

9b. AMSC NUMBER

F4762

10. PREPARATION INSTRUCTIONS

10.1 C2m= ~
.

The Life Cycle Environment Profile ~) shall include the foIlowing:

10.1.1 A thorough description of anticipated events associated with the item of equipment from the
time of final factory acceptance until its terminal expenditure or removal from inventory.

10.1.2 A list of signKmant natural and induced environments or combinations of environment for
each anticipated shipmenthranspotistoragcflogistic event such as transportation, dormant storage,
stand-by, bench handliig and ready modes, etc.

10.1.3 List the necessaq data, in narrative and statistical form, outlining the environmental and
stress conditions to which the equipment will be subjected during its various life phases. The data
may be from calculation, laboratory tests and operational measurements. When such information is
based on estimates, it shall be replaced by actual values as they are determined. The profile shall
show the number of measurements from which the-average value of these stresses and design
achievements are determined as well as their characteristics variability which shall be expressed in
terms of standard deviation.

11. DISTRtBUTION STATEMENT

DISTRIBUTION STATEMENT A. Approved for ~blic release: distribution is unlimited.

J
DD Fotm 1664, JUN 86 PriWot is ed#ofu n ubm18te PAC3E 1 OF 2 PAGES

~ MW3RMM30N ONLY



Block 3. WSUi@odhpOSc (Gntinued)

3.2 These analyses arc used to:

a, Develop envi ronmental design and test criteria consistent with anticipated operational senicc

conditions.

b. Evaluate posaibk effects of change in opcratimd UIvhmmmtd Conditions.

c. Provide traceabtli!y for the rationale appkd in criteria selection for Jater use in * same program

of future use on other programs.

‘Page 2 of 2 Pages.
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FOR INFORMATION ONLY

DATA ITEM DESCRIPTION Form Approved
OMB MO. 07(M-0188

2. nTLE 1. IDENTIFICATION NUMBER

ENVIRONMENTAL DESIGN TEST PLAN DI-ENVR-80861

S.DESC#?l~ON/PURPOSE

3.1 l’he Environmental Design Test Plan (EDTP) defines the specific environmental design parameters
for the equipmenh and an environmental testing plan.

3.2 This plan serves as the principal means of planning for validation of equipment using determined
design criteria.

4. APPROVAL DATE 5. OFFICE OF PRIMARY RESPONSIBllJ IV (OPR) 6a. DTIC REQUIRED 6b. GIDEP REQUIRED
(WMMDO)

890621 AF-11 x
7. APPLICATION/lNTERREMTIONSt ilP

7.1 ‘Ihk DID contains the format and content preparation instructions for data resulting from the
work task described by paragraph 4.2.2.3 of MIL-STD-81 OE.

7.2 The Environmental Design Test Plan is applicable to all equipment specifications, where each
environmental specification has to be specifically tailored to the environmental requirements for each
requirement.

7.3 This DID supersedes D1-R-7125. (Continued on Page 2)

6. APPROVAL UMITATION Sa. APPLICABLE FORMS Sb. AMSC NUMBER

F4763

10. PREPARATlON INSTRUCTIONS

10.1 ntent rem irements. The Environmental Design Test Plan (EDTP) shall include the following:

a, Environmental design parameters and corresponding test criteria.

b. Configuration identification and quantity of items to be tested.

c. Description of testing to be performed. Include specific environmental test conditions, pretest
data, human factors, and failure criteria.

d, Test procedure and iimits.

e. Test sequence and schedule.

f. Test instmmentation, including:

(1) Measurements to be taken and accuracies to be achieved.

(2) Instrumentation calibration criteria and procedures.

g. Description of test installation, indicating facilities and equipment cumently available to the
contractor or available for procurement for the specific test program.

11.DI~lMON STATEMENT

DISIRTBUTION STATEMENT A. Approved for public release; distriition is unlimited.

. . n.nw 4 n= ~ @SAfi=05

OD Form 1664, JUN 88 Prevfous eamons we oosmere rAusc 1 vr 4 TMUGQ

FOR INFORMATION ONLY
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B&k 7. Applicationllnterrelationship (tithed)

7.4 Defense Technical Information Center (DTIC), Cameron Station, Alexandria VA 22314-6145. -

Block 10. Preparation Instructions (Continued)

h. Facilities or equipment required fkom the Government and dates required.

i. Data reduction techniques, analysis criteria and procedures.

Page 2 of 2 Pages.
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FOR INFORMATION ONLY

DATA ITEM DESCRIPTION Form Approved
OMB No. 0704-0188

2.zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATITLE 1. IDENTIFICATION NUMBER

OPEWITIONAL ENVIRONMENT VERIFICATION PLAN DI-ENVR-80862

3. DESCRIPTION/WRPOSE

3.1 The Operational Environment Verification Plan (OEVP) documents the field operational
environments obtained from measurements on hardware during the development program.

3.2 The OEVP is used to:
(Continued on Page 2)

4. APPROVAL DATE S. OFFICE OF PRIMARY RESPONSIBILIW (OPR) t i. DTIC REQUIRED 6b. GIDEP REQUIREI

fiiii!!iw i”) AF- 11 x
E I I

7. APPLICATION/iNTERRELATIONSHIP

7.1 This DID contains the format and content preparation instructions for data resulting from the
work task described by paragraph 4.2.2.4 of MLSTD-81OE.zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

7.2 This DID supersedes DI-R-7126.,

7.3 Defense Technical Information Center (DTIC), Cameron Station, Alexandria VA
22314-6145.

B. APPROVAL LIMITATION 9a. APPLICABLE FORMS Sb. AMSC NUMBER

F4764

10. PREPARATION INSTRUCTIONS

10.1 Content and format. The Operational Environmental Verification Plan (OEVP) shall include
the following:

a. Thorough description of the equipment locations at which measurements are to be made and
the instrumentation to be used for making these measurements.

b. Mission profile time histories, durations, and number of trials for which environmental
measurements are to be made.

c. A description of assets to be provided by the procuring activity to accomplish the required
measurements including vehicles, facilities, and information collection and processing equipment.

d. Schedule milestones, sites at which measurements are to be made, and lines of
communication between procuring activity and contractor environmental engineering organizations.

e,
design

Contractor format is acceptable. Format of measured data
requirements in order to facilitate comparison of measured

should correspond to
data and requirement

format of
criteria.

11. DISTRIBUTION STATEMENT

DISTRIBUTION STATEMENT A. Approvedforpublicrelease;distribution k unlimited.

I

DD Form 1864, JUN 88 PAGE 1 OF_
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Block 3. Description/Purpose (Continue

a. Define how measured environme ~~ ‘,\ ifi ~omined and compare actual field operations —
envhnments with the environmental dc ~: :“ :a .’ .4 iest results.

Page 2 of 2 Pages.
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W(3R llUFnRMATI~N ONT. V. . . . . . . . . . . . .. . . . . -. . . . . . .

DATA ITEM DESCRIPTION Form Approved
OMB No. 0704-0188

2. TITLE . 1. IDENTIFICATION NUMBER

ENVIRONMENTAL TEST REPORT DI-ENVR-80863

3. DESCRIPTION/PURPOSE

3.1 The Environmental Test Report (ETR) documents the resuks of environmental development
equipment testing.

3.2 The IWR is used to provide the. acquisition activity with visibility of unscheduled symptoms, of
failure analyses and corrective actions which are related to equipment environments requirements.

4. APPROVAL DATE 5. OFFICE OF PRIMARY RESPONSIBILIW (OPR) 6a. DTIC REQUIRED 6b. t31DEP REQUIREC
(YYMk4DD)

890621
xAF- 11

7. APPLICATION/iNTERRELATIONSHIP

7.1 This DID contains the format and content preparation instructions for data resulting from the
work task described by paragraph 5.2.9 of MIL-STD-81 OE.

7.2 This report is applicable to equipment environmental tests which include design evaluation tests,
operational worthiness tests, and qualification tests.

7.3 This DID supersedes X)1-R-7127. (Continued on Page 2)

8. APPROVAL LIMITATION 9a. APPLICABLE FORMS 9b. AMSC NUMBER

F4765

10. PREPARATION INSTRUCTIONS

10.1 General information.

10.1.1 win bow The main body of the report shall contain the following:

a. Hardware identification (equipment unit to component level of assembly).

b. Functional description of the affected pa~ of the equipment unit.

c. Predicted causes of the failure.

d. Reposed mrrective action.

10.1.2 &@chmen& The attachments shall contain the following:

a. Incremental test log (from the time of last failure).

b. Laboratory failure analysis reports (which identify the physics-of-failure).

c. A list of all other development and production activities where the same part failed, for
example:

(1) Environmental tests. (Continued on Page 2)

110DISTRIBUTION STATEMENT

DISTRIBUTION STATEMENT A. Approvedfor public release; distribution is unlimited.

-, ... . ,. -.--4- -a”. --.
DO Form 1664, JUN 86
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B1ockzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7. AppiieasionMuTc lationship (Continued)

7.4 Defeasc Tcchnkal Information Center (DTIC), Cameron Station, Afexantia VA 22314-6145.

Block 10.

(2)

(3)

(4)

. (5)

Reparation ImnMims (Continued)

Reliability tests

~-

Bmchehecks

Acceptance test

10.2

10.2.1 ~ The EI”R shall include the following interim status” repotting. Unless
speeifmd, this repting shall be accomplished by letter.

10.2.1.1 ~ A quick look letter shall report the accomplishment of an environmental

otherwise

test. This
letter shall identify the specific test accomplished, salient test parameters and conditions, fakes that

occumxi, proposed corrective action, and important test resuks.

10.2.1.2 A test anomaly letter shall represent a written notification to the

P-@**em anomaly has occurred. The letter shall briefly summarize the test anomaly and

include the following information:

a. -* serial number.

b. Symptoms of failure.

c. Envimmmental conditions surrounding the Sympmms of failure.

d. Failed part identifkation, if known at the time this letter is written.

10.2.1.3
l ctivc e The reporting shall include an ana}ysis of the

causes of a test momaly and the mrrectivc action taken to prevent its reoccurrence. One or more test
anomalies that are simple in nature with a simple correction action shall be covered by a letter. A test
anomaly that was caused by an equipment failure (this includes a failure caused by external sources) shall
be aMressed by more cxmpiicated reporting (see 10.1).

10.2.2 ~ ‘W fii) test report shall document engineering development or qualification
testing for eaeh singk environme nt for which testing was accomplished. The final repofi shall include for
each such tesm

Page20f3~es.
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Block 10. Preparation Instructions (Continued)

)

a. The purpose of the test (i.e., engineering development, qualification, environmental worthiness).

b. Description of test a~icle, including configuration identification of test hardware and photographs a:
appropriate.

c. Test method and procedure.

d. Description of test parameter, test duration and condition utilized for the test.

e. Description of test facility and test procedure. Include a detailed description of how the test item.
was operated during each test and any controlled conditions.

f. Test set-up diagrarrdphotos. Show arrangements of test item relative to test equipment used.
.

g. A list of all test equipment used in the test. Identify manufacturer, model, calibration status and
serial number for each item of test equipment listed.

h. Lacation of environmental transducers such as accelerometers, microphones, thermocouples, etc.,
relative to test item. Use diagram and photographs as appropriate.

i. Description of test instrumentation system with particular emphasis given to any traducer averaging

j. Data reduction techniques and procedures.

)

) Page 3 of 3 pages.
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SKX!ION I

I-1 Lou-preJ$8ure (altittie) chaaber teats are perforrmd to detirmine
if -term “m withstand. -@ op-a~ h a l-wea~ env~r-t”

l . L@akage of gums or fluids from ga8ket-sea18d incloswes.

b. Rupture or explosion of sealed containara.

c. Chango in phy8ical and chemical properties of low-density mmte;ialg.

d. W*tic operation or nnlf-ctlon of ecfuipamnt rasulting from archg or
corona .

l . overheating of

f. -ration zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof

=@Pnt d- to reduced heat trwfer.

lubricant@ l

g= Errat ic atartdng and cmbw t ion of engines. .

I-3 Il%S FOR ~ NIm’rmT PIUCEDtIF=AmT=T mIT IONS

Wx’E: The ta iloring process M described in section 4 of thitidocum nt should be
to detemmine the appropriate tests and test variables.

Ucled
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a Awl icatlon. This =thod is intended to be wed for the follouing
applications:

(1) Air shi~nt of nmtiriel in oargo aircraft.

(2) E@Pnt designed for installation or operation =t hi@ ~
elevations.

(3) Explosive (rapid) d emnpression d- to aircraft ~.

b. Raatrictiom. This umthod is not Intended to be - to te8t aquigmmnt to be
instal led in and ope~atd in aircraft, missiles that fly at high l ltltuSe8 (i.e..
above 4,570m (15,000 ft)), external stores, or apace vehiulos, l lna * equi~t
muld be subject to nmthod 520. This l ltitude test mld be a ~liatlm of effort
and a less effective test for such equlpcnmt.

-.,&“:-
.A .

c. Se9uence. (See General R3quixwummts, 5. 1.4.) This -Uwd iS considered to
be the least damging of those incluied in this doammn t for lxmst types of equipamt
and therefore ~ be one of the first to be conducted. Other testing ~ contribute
significantly to the effects of low pressure (see I-2) on the test item aml ~ have
to be condmted before thiB -mod. For example:

(1) Lowtexqsereture &d hi@-~tmw te8tix@ ~ af~ect &ala.

(2) ~c tests may affect the strmtxmwl tntigrlty “of‘i’ M -i&am.

d. Teat variations. Before conducting the tests, determine q requlmd
variations of the test procedwws(s). The Choicell for varying the teat pmceduw(s)
are extremmly 1 imited. The pri~ variations involve the test altitule, l ltitule
change rate, and test duration, as outl Ined In I-3.2. Other envi~ tal
combinations, such as Iqw- temperature and 10U presswe, are not ~ in this
nmthod but my be considti

1-3.1 choice of teat Xmocedwe (8 )

a Omrat ions 1 e of teut 1-. hthemcfui~ t d~ tb) ,
detxmmine the fmctions to b perfo~ ~ the equl~t h l lowpmuwQ mViIUMIWII t
and any limiting conditions.

b. Test object~es ‘1’tBe pri~ objectives of the 1~ (altiw
test are to detedne if;

(1) The test item Oan be 8tored d
8ite8.

operatd l t Mgh grouM l levathn

500.32
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(2) The teat item can be transported by air in its NOMEL1 ahippinglatorage
configuration.

(3) The test item can survive l rapid dacoqmeasion and, if not, to determine if
it wi 11 dam@a the aircraft or present a hazard to personne 1.

C* le e+ion of the tes% Dmcedure (s). Three test procedures are incltied
wlth~n this nthod: s tomge, operation, and rapid deconpreg~ion. Based on the tegt
data requimmmnts, determine which of the test procedures or cotiination of
pmcedurea ia applicable. Consideration should be given to temperature-al t i tuie
effects a8 appropriate.

(1) ~ure I - Storae. Procedure I ia appropriate if the teat Item 18
to be stored at high ground elevations or transported in its 8hipping/Btorage
configuration.

(2) Procedure 11-OM rat ion. Procedure II ie used b determine the
performnce of the test item mder 1owpressme conditions and can be preceded by
_UM I, e= III, or ~th, If there are no 1ovqmesaure storage or
explosive deconpreanion requirements, this procedure can stand alone.

(3) id deco~asi on. Prooedure 111 is used to
determine $ f a rapid decrease in preaawe of the surrounding env ironwnt d 11 caue a
test item reaction that muld l ndanger nearby personnel or the aircraft in &ich it
is being transported. After the rapid deconprewsion test, a potential safety problem
could exiut that 18 not obvious. Caution nhould be exercised during the post-test
operational check. T’hIs procedure can be preceded by l ither the storage or other
ope~at Ional te8t.

I-3.2 ice of lated teat iti Ons. After the test procedure(a) in cho8an,
the teat l l tltaxle(g) , al tituie change (cl i&/descent) rate, dmation of l xpos~,
test item conf igwatlon, and any additional appropriate guidelines -t be
determined.

& -St altitude. Ba8e determination of the specific tigt al tittiea on the
anticipated deploynmnt or f 1 ight prof i 10 of the test ite= If this Infor=tion Ig
not available, w. the fol lowing guidance to determine the test l ltitude:

(1) Wbrld Km- areaa The highest alevati= mmmently con~lated for
ground ud 1 i- ope~ation8 (equi~nt ope~atlng and nonopwatlng) ia 4,S70m (15,000
ft) , 57 kPa (8.3 pnia) (reference a) .

(2) rxmt aircraft cargo conmar txtmnt IYremnme conditions. Tabl l

S00.3- 1 provides the minim.sn cargo co~tnmt presawes for various aircraft used to
transport cargo. These preammeti can occur a8 a result of fai lure of the auto-tic
XXW$amrizat ion ayatem ReWndant systew prevent rapid 108s of presmre un 1•ss
axplosive decoqnwwion occmw. Testing to the 4,5’70m (15,000 ft) equivalent
altittie WI 11 MSUM that the equipmnt shipped by air wi 11 guccemsful ly withstand
the 1o-presmme env irommnt.

~D 500.3
500.3-3
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TAEM 500.3-1. MLnin,m carAo comar~ tmwuuwS .

I

I
1

8 (p?ia) (kPa) @
D (ft) (m) 8D t

a oI #
: C-130 : 8.= 57.2 Q9 15.000 4,570 #t
6 t9 D D* t8
: C-141 ## 8.63 5Q.5 so 14.000 4.270 :
Io : a9 90
: c-5A tt 8.81 60.7 It 13,500 4,110 90

e: n : !
I DC-8/70711X2-9-80 : 8.29 57.2 90 15,000 4,570 to
t tD 8 Bo $t

: DC-10 f747ACC-tO : 8.29 -.2 t 15.000 4.570 #B b
m #I 6 b# 8m

: L-1021I767 : 8.29 57.2 : 15.000 4.570 0#
1 04 t @8 ct
: C-160 maxuall 8B 8.63 59.5 1I 14.000 4,270 :
1t ao 99 :
t A-300/C *I I 1o.71 73.8 b9 8,000 2,400 @I

(3) ~~ 1 M!i t altituie for lcwive ion testilw : 12,200m .
(40.000 ft) (18.84 id%). Btkan it ia knom that other altituies will be ~WNared,
test the equipwnt for the ~ l levati=

b. Altittie change rate. If a 9pecific rate of altitule change (elinWde80ent
rate) is not knom or specified in the requiremmts d ocuumt, the fol lowing guidance
is offered: In general, and with the exception of the explosive deconpmssion te8t,
the rate of al titti change should wt exceed 10 m!s (2,000 ft/min) ~lesa juatif ied
by the anticipated deploysmnt platform In a full military poum takeoff, mil~tary
transport aircraft no-l 1y have an average al tittie change rate of 7.6 m/s (1.-
fthnin). To conserve fuel , the present procedure is to have a 3.8 to 4.1 &8 (?50 to
800 ft/rein)al titde change rate. no-l practice for conmmrcial aircraft operation.
The value of 10 M/s wil 1 also be wed for grouxi deploynmmt tests (for
standardization propoaea) ml ass otherwise specif hd.

c. Did Cieconmxw 88 ion rate. There are eeveral conditions for Mich the mpid
rate of de~ aion ny vary. These incluie:

(1)
deconqression

(2)
deconqmess ion

IWX’HOD 500.3

Massive dannge to the aircraft, but the aircraft suw ives md

is .vir@tlml ly in@PailtaJMMMm... .

Relatively sxml 1 holes ~ed by foreign objects
could ~ at a slo-r rate than in (1) abovo.

through which

500.3-4
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(3) Illatively gradual 10SS of pressure due to loosening of aircraft
#trW?tlme.

~loaive decaqme asion (c(l))should be accoapllshed within 0.1 second. Rapid
decoqmesaion (c(2)) and (c(3)) should not take =M than 60 seconds.

d. For procedwe I, the te8t duration should be ~presentative of
the anticipated service envirnnmnt, but a test duration of l t loaat one hour is
considered adequate for wst equipumnt. Procedures 11 and XXX do not require
extended periods at the test pressure once it has been reached and any required
fuactiona are perf Ornmd l

e. Test itern~nf -a tion. Configure the te8t item in a nmnner that i8

characti~istic of its nornd configuration, i.e.,operational for high ground
elevation ainmlation; In its shipphg/#toraga container for air tranaport, etc.

f. Additional Xul “delines. Review the equipnmnt a~cifications and req-uiremmts
docunenta. Apply any additional guidelines necessary.

I-4 -ML CQZSI~T (INSI

1-4.1 W 1- =~wia . Failure criteria for procedure8 I and II are as described
in General Requlresmm ta, !5.2.7. For proceduN III, the te8t item fails only if rapid
decoxqmeasion causes a hazard to the aircraft or to the personnel; the test item

)
need not 8houaati8factory post-test perforwmce unless otherwise specified.

I-4.2 ~ . The following infommtion is required
In the test plan for adequate conduct of the test of section II:

a.

b.

c.

d.

l .

f.

Teat procedure.

Test altltuie(a).

Altittie change ratea.

‘hgt duration.

Teat item configuration.

Mditional guidelines wed.

)

WI’KID 500.3
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~ SOO.3

W ~ (ALTITUDE)

SMXIOM II

11-1 AEwl&ms

11-1.1 Tos t facilltv . ‘IIWrequired
a-i 1iary instlnmmn tatlon capable of
Specific conditions of low pressure.

apparattm consists of a chanber or cabinet and
nmintaining and continwus 1y nmitoring the

For procedure III, the facility shall be
-le

11-1.2

a.

of providing deconprnsslon in the prescribed ti= pmiod.

WO1*

Unleu otherwi8e specified, the altituie change rate ahal 1 not exceed 10 mis
(2,000 ftAiti l

b. Continwus remrdingu of cbauber preamre dud 1 be taken if required.

c. Readout charts should h capable of being “readWith a resolution within trn
percent of ful1 male.

11-1.3 Test in terrw tion. (See General Requirements, .5.2.4). To achieve the
deairai ef f l eta, the teat item must be subjected to thi 1owpresgwe’ (alti t~e)
envimnxmnt uithout inter~tion.

& Underteat interrw tions. occurrence that ca-es the test section
m~ to d*viate == than 10 ~mnt of the mmwred value tomrd aubient
atnmspheric conditions shal 1 be fol lowmd by a repeat of the entire test.

b= ~ Any occurrence that results in l pressure decrease
of nmre than 10 peroent of the nwsured valw below that cited by the requl~mmnts
docum nt should be fol lowmd by a coxxpletephysical examination and operational check
(where possible). Any qvidence of deterioration should result in a retest.
Reinitiation of the entire teat with l new
deterioration Is detncted,

II-2 ~

11-2.1
plan:

the entire test shal 1

Before initiating any

test item is al lowed. If no
be repeated.

testing, determine from the test

l . With test p’rocedums are mquirei.
b. W l-pretisure operation and storage requirenmnts.

IuET’HDD500.3
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II-2.2 Pretest 8tandaPd altlblentchaekout . All item require l pretit ~ at
standard ambient conditions to provide baseline data Conduct tha CMdKoUt as foil-:

step 1. Insert the test item in the test dauber.

step 2. Prepare the test item in its operational configuraticm in aomrdma
with General Ikquiremn ts, 5.2.2.

step 3. McoFdthestUKiard hient conditiolu.

step 4. Col%luct u Comp18ti of l vi-l examination of the - %-u
Ocuwnt the results.~ible, and d

step 5. Condti an operational checkout in accordance with tho tult plan.

step 6. -rd the results for co@iance with Gmeral ~t8, 6.2.1.

II-3 . The follting teat prooadum8, alone or in ~inatia. ~vide
the basis for col letting the necessary Infornmtion co-rning the tut 1- in a
low pressure envirormwnt. Spcific #teps m incltied in the tut ~ to
COXdMle tha teat proced-a to get the necessuy test data Unlcu Other=ise
mifiti, the Chall&r ~ratm 9hal 1 b -intaimd at standad tiient
Conditions.

step 1. AdjWt the test item’s confi~ation to that ~md for ~ or
transit.

step 3. Maintain the conditions for a mlmim of on. hour -1.8s
otheruise specified in tho -t plan.

step 4. Adjwt the chaa$mr l ir pxwsure to standard anbient l tms@8Ac
conditions at a rate not to exceed that qecified in the test plan.

step 5. Cond=t a ~lete visual examination and an operational checkmt of
the test item in accordance with test plan, - ciocUIWlt * ~ts.

S-p 6. Co8pare these data with the -test data.

step ?. If an operational te-t is required, proceed to step 1 of procedure 11;
if a rapid deccmprem?ion test ig required, proceed to #tep 1 of pmceduw III.

5Q0.3-8
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II-3.2 Procedure II - ~ ration

step 1. Mjuut tho test item W its operational config-ation.

step 2. AdjWt the c~r air presmme to the required equivalent operational
altittie at a rate not to exceed the specified in the teat plan.

step 3. Coti=t an operational checkout af the teat item in amordance * th tha
test plan , and docum nt tho results.

step 4. Mjust the chadmr
conditions at the rate specified

step 5. Cond&t a coql ete
the teat iternin accordance with

step 6. ~ these data

air press- to standard anbient atnmspheric
in the test plan.

visual examination and an operational checkout of
the approved test plan, and docmnt the resul%s.

with the pretest data.

step 7. If a rapid deconqmession test is required, proceed to Utep 1 of
procedure III.

II-3.3 ~~111 - Ra~id deconmregsi on

MJu9t the test item configuration
) ~ tans:? 1“..

step 2. With the test item in the chanber,

to that required for storage or

reduce the chanber air pressure at
the rate qxcified in the test plan to the maximsn equivalent l ltituie of the
ant icipated aircraft.

step 3. Reduoe the preaumre to an equivalent altitude of 12,200m (40,000 ft)
(18.8kPa), or a8 otherwise specified in the test plan, as quickly as possiblo but in
not nmre than 15 8econd8. Maintain this stabi1ized reduced pressure for at 1east 10
minutes.

step 4. MjWt the chamber air pressure to standard aabient
averic conditions l t the rate speci fid in the test plan.

the

step 5. Conduct a conplete visual examination of the teat item, and doourmnt
XWsults. IUl!E: Be alert for potential safety problem.

step 6. Cond~t an operational checkout of the test Item in accordance with
test plan.

step 7, Documnt the results.

Step 8. Coupare these data WIth the pretegt data.

500.3-9
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step 9. Ru?eedto 8teplofpmcedum 11 if an operational -t is required
fol lowing this procedw.

.

II-4 IHFORMATIOWm B@ IWOm. Te8t data aball be recurdod w qmcified in
~ -~ *, 5.2, and Mlall incluie the following:

a. Test i- Mentif ication (umnufactwer, serial mmbar, l tc.)

. IWnmlts of each operational chedc and vimal examination (aml phot0@wph8,
if &icmble).

(2) DWing teet.

(3) M-tast.

l . BDa9 hhnt Conditioau.

f. Initial failm analy8ig.

500.3-10
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I-1
I-2
1-3

I-4
I-5

11-1
11-2
II-3
11-4

EML
SEC’FTOMI

Pumw6E . . . . ...=.*”” ““*” ”””” ~1*3-1
mwnuNbErrrAL EFFECTS.......*.--”” ~~”-1
mID5m= ImR Dm’ERMINxm TEST

PBDCED-AMD--ITI-= .......~~’=z
~IALCU!=I~TIO~. . . . . . . . . . . . . 501.3-12
~...****~*~. “’”””””~l”=ls

Sm’rmli 11
Al?PARAms . .. ***~=*=* -“~~””””~~”-~a
~ARATION~R ~..-.... . . . . . . .. W1.3-15
FIUEEDUI=. . . . ...*”* l *”*” ”””*1”3-16
IIUWWATIOll~~~~ . . . . . . . . .. W1.3-18

,
SECTION I

I-1 Eigh-txwperatm chexsbertests am perfornmd to determine if materiel
oan be #tox& @ ope~ated tier liotc1 irmtia conditions without experiencing physical
daamge or deterioration in perfommnoe.

I-2 110~ ~ . X@ tenpezwtures my ~ari ly or pernnnently inqair
the pemfo~ of the teat item by changing the physical propertim or diumnsiona of
the mmterial (s) couposing it. Bcanples of SO- other -problem that could occur as the
result of high-tenperat- axpcmre are:

a. Parts binding from differential expansion of dissimilar anterials.

b Lubricanti8 becoming less vimoul; jointi lo8ing lubrication by out- f 1- of
lub@i&tss .

a. ~tmials changing-in dti~~-. l itheP ~*l~Y ~ sel~tively l ,
d. heking, gaskets, seals, bearings and ahaft8 becoming digtorted, binding, and”

failing aautin$ mchanical or integrity failure8.

l . (lasketwdi8pWi% p rumnent 8et.

f. C1O- &d sealing at~ips deteriorati~.
. ..

$* Fixed-reaistanoe resistors changing in values.

h. Electronic circuit stabi1ity varying with
gradients and differential expansion of tiissimila

501.3-1

diff l rencea in teuperatum
mheriala.

bthod 501.3
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J- A ‘Jeringof operating/relea8e nmrgin8 of rel~ * 9gnetic or thernl ly
activated +vice8.

k. S.lortenedOpemting 1ifetim .

n. ~lera- tmming of expl-ive8 or ~llants.

0. ~ia of oMt explo@lve8 within their saw.

P“ MOlting x e)nxiing of exphla llma . .

a9 1maticm. This umthod is -- the teet itam itiIik*ly -%ebe deployed
areas @MJTW clitiic condition# -11 i- high ~m~ witMn the te8t i-

a~ Will betaedltlen itisjuiged thatthe te8titamp8rfCmmnce CSanbe
verified by chantmm expamnw to controlled air ~azulthatthehi$h
temperature effecta have not been identified dwing other ta8t@ (..$.,~tuw-
altituie, 8olar rad%atiom). ,

detelml.neIf:

(1) The test
a c1hmte hich i~

(2) The test
integrity.

(3) The te8t

c. *tPlctioM .

will opemte without dagradat%m in, or after 8torage in,
tampe~aturms ulthin the “te8t 1S.

can be operated atd MTMJled without affecting it8

*r

item is saf l during and following high-tenperatwe enpomwa.

This umNhd i8 not applicable for:
. . .-.

(1) Evaluation of equipmnt in a high-mature enviro~t
radiation contrlbtes to differential heating or actlnlc (photocheadcal)
such an environmmt, we rnthod 505.3.

~ 501.3
501.3-2

tire 8olar
l ffects. For
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(2) Identification of ti=-dependent perfo~= degradation tiich ocam
during long-term storage in or exposure to high temperatures. (Such te8tin$ muld
~- extended test exposures.) Selection of test durations and conditions for such
extended exposure vmuld have to be based upon a specific test program requirenmnt and
consideration given to na-al environnmntal testing.

(3)Equip=nt to be insbl Id *e= t~ infl=n~ of altit~e or c~l i~
air tmy be significant.

d. ~nce. (See General Raquireamnt8, 5.1.4) The high-tenperatm teat IS
usual ly scheduled early in the test seqmnce before initial dynamic transportatia
tests. This test nmy contribute significantly to the results of low ~ssure testing
of seals.

l . Teat variation. This =thod providetia choice of t- mbteats: *ocedurea
I (Storage) and II (Operation).

(1) !lIwtest procedure selection is based upon:

(d

(b)

(c)
~e of the teatI

The operational purpose of the test

The natural exposure ci ~tances .

The test dab required to determine
item has been nmt.

item.

*ether the operational

(2) The related test conditions that w be used during the test are
determined by:

(d The anticipated temperature and humidity ranges of the
geo$raphkal “doployumnt ~ .

(b) Tut item response temperature(s) (critical ccmponent
~t-1 . ~1

(c) The anticipated duration of e~ at the deplo~nt area.

~ critical muponents of the test item directly affect the fmctioning of equipamt.
The teaperaturea that these mxqxment8 experience are ot prim Con=rn, rem 1 l as of
the aabient conditions or skin temgmrature of the test itcnn The response
temperature iU the ~1 t of the expmnme which is achieved from the te~rature
cycle, duration, and ther-llphysical properties of the equipumt.

NETB2D 501.3
501.3-3
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(d) l’kutitem Oomfi*tioua (OperationalOJxi8torage)-

1-3.1.1 0Reratioxnl&lruOlle of te8titela ?komtherequi~ts
d~t, determine the f-ion to be perfornmd ~ the -at item in, or foil-~
expouww W, a high-~atanw envl~ t.

I-3.1.2 Fhom the requir4mmt8 ~t, -~=
ulmt high-t~raturo al imt ic exposure the test item IS 1Ike 1y to l xperiemce
during W titorageand operational phans of 1- life CYC1O. Also cmnsidu tithar
the I*Will be:

b. Directly expoead to smli@t.

d. stacked. . .

l . wild ventilated.

f. Above, cm, or U@ar the earth’s strfaca.

1-3.1.3.1 I-StorUe Ihwoedure I is ued to determine how storage l t high
w-t~ affect8 the te8t i-g nfety and perf~. This test ~
incluieu exposure to high temperatures (and low h~dity ~ applkable) that w be
encamtered in the teat itam’s gtorage sit-t ion. The test conditions and -tion
can be established from field =~ t8 or can be deplved f- informmtlon provided
within thiti ~. ‘l%ereare t= climtic region8 (figure 4a, -action 4) ~
high storage tenperatu=es are typically encwmtered: Xot Dry and WIC Hot- In ~
of theso cl i-tic ~gions, the XIauxn ~nse te8peratuw of the te8t item ~ be
higher than the EUCi- ambient air temperature because the heating from solar
radiation ia greater on nnterial than it is on the free atuwphem. The 8torage
situation xmmt be considered with renpect to:

-~ to 801= radiation: Is this exposwe directly on the test i-
shipping oontalner, ~t8CtiVe pac?ka@ Wm 1ter, l tc.?

!501.3-4
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b. c1ilmtic area of concern l.

c. Analysis of the path of heat transfer from the anMent air and solar
radiation to a teat item. .

1-3.1.3.2 11 - @eratio~ Procedure II is used to determine the perfornmnce
of tho teat item d-ing expoaum to high-tiqerature conditions. In anat -es, this
prooedure shall be peceded by prooedure I, unless the test item is not intended to be
stored in a high-temperature env i ronumnt. The operational test differs from the
storage teat in that the test item is conditioned to temperatures determined to be
appl icabla to or resulting from exposure in its operational configuration. Once
brought to thin temperature, the test i-m is o~rated to determine perfornmnoe
Cwacteristica . The operational phase can be acooxqlished by:

a Exposure to cyclic chanber conditions with the teat~ item operating either
continuously or dwing the period of nnxixmxnresponse.

b. Bcpomme to constant temperature where the teat item wi11 be operated
fol lowing test i- teqeratum #tabi1ization. The temperature level for thiti
exposure wil 1 either be given by the requiremmts docmmnts, derived from the field
data, or derived from the response to the eyclic chamber conditions.

I-3.2 nf lated tu t Cond *iOwi Having dotemined the operational ~,
tbe natwal ~ cl ZWl!mU#tancaa,and “the test prcmdure(s), it is lwx?l!sawyto

) select the type of e~, teat tenperatwe(ld , test dmation, teat item
conf Iguration, ami any additional appw pria te guidelines.

In order to determine the teat tenpratums, the ~ in
tikh&ihe teat item is exposed to heat nmt be determined first. The •xpo~
UXWtions that nlmt be aonaideti inolude:

(1) AuMent l ir conditions. Of interwt are the nmat severe conditions
that umteriel. -Ioh oould be deployed in any c1 i=tic area of the =rld, -Id
experience -n uxler cover in ful ly ventilated loeatlona such m open cabins, sm-
ahaded areas, and mdersic ie regions of airaraft tire the teat item la shaded from
direot solar heating. Aabient air temperature and hunidity oonditions are those
~ in atendard ~teorologlcal aheltera at a height of 1.2 to 1.8 xmters (4 to 6
feet) above the gramd. If field data are not available, the conditions for thig -
l xposure w be approximmtd from tables 501.3-1 and 501.3-11. Table 501.3-111 gives
l ~ of high-teqeratww diurnal cycle rangea for different areas of the mrld.

MrI’HOI)501.3

501.3-!3
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[2) Ind@ condit>cw ‘,.. +0 conditions aaw from the ~ Fa@0at8 U W
aabient air conditions but with .~-~ t~~ mule for tb l ffec t of 8olm bating.
These m typical conditionalst< u’-: atariol is ~ MI. UKter aover ~ ~
1s little or m ventilation anclw= . the eff- of Mlar Mating m tM ooveF ~
a ritiein the air Muperature adjae+ ,t tm the nnteriel. ==@- of ~ ~
Conditdo’lm ~ are:

(a) Inside

(b) Within

(c) Within

(d) In8ide

uwenti 1+M encl~.

enclosed vehicle bodloa.

aircraft Seotiona having

of t,nts.

-f~ @xpond to 901U bating.

(e) Ihxlmralo8ed tarpaulins.

‘Ibesa conditiom are not the texqeratws attained ~ qul~t, tnatrather tln air
texqeratw obsorved in vario~ 1ocations ~ ~terial is apematad or ~ lbe
cycling aonditiarw for this expomnw - given in tablm S01.3-1d !501.3-11and are
to be wed oll~yif ~priate fIald EmamJmd data do not e3c18t.

(3) Extrenm hciwsd conditions. These corxlltionsam imlwad Wt Involve
-m-at-- u W@ - 7~” b eC (16@ to 18S%7), mdcbM ~- all~ for trb
effecti of Sol= radiation or other external heat l xxwo#. Alp@kable ditiam for
such testing include equipt that is enployed in the open (for Mch mttmxl S0S.3 )
should be used) and in enclosut ooaprtumnta having glazed ~ t ramparmt panels
(aircraft cockpits, vehicle conpartamnts, etc.). Another consideration $8 the looatlon
of equipamnt near hebat-pmdwing dev ice# tiiah InfIumao or inta’uify tan &r
teqaerat~ mrrauxling the test itoxm The,e ext~ i~ aoxxiitiona -d b,
applied tW extending the levels of tha te~tea given in tables S01.3-1 awl 501.3-
11.

b. ~eet teuuma ture (s). Detarmine the te8t taxqm+mm(d . If field
ma8uremmti of act-l e~ and respon8e are available, the ~r auxlitlom
ghal 1 be derived fmm thaae da- Without avai labi1ity of field ~t,, the
chaniMw conditions will be derived from the following infonmtion d eval~tians.

5Q1.3-6
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Tablo 501.3-I. CYcles. clinmtic catefiow - Hot 1/

0100
0200

0700

1000
1100
1200
1300
1400
1500
1600
1?00
1800
1900
2000
2100
2200

2400

—— .-—.
35
34
M
33
33
32
33
35
38
41
43
44
47
48
48
49
48
48
46
42
41
39
38
37

(95)
(94)
(93)
(92)
(91)
(90)

“ (91)
(95)

(101)
(106)
(110)
(112)
(116)
(l18)
(119)
(120)
(119)
(118)
(114)
(lCW
(105)
( 102)
( 100)

(w)

6
7
7
8
8
8
8
6
6
5
4
4
3
3
3
3
3
3
3
4
5
6
6
6

:
0
0

0
0

0
0

0
0

:

0
9

b
b

0
0

0
0

0
0

0
0

35
34
34
33
33
33
36
40
44
51
56
63
69
70
71
70
67
63
55
48
41
39
37
35

(95)
(94)
(04)
(92)
(92)
(91)
(97)

(104)
(111)
(124)
(133)
(145)
(156)
(158)
(160)
(158)
(153)
(14s)
(131)
(118)
(105)
(103)
(99)
(95)

o
9

:

0
s

o
0

0
0

0
0

o
I

o
0

I
o

:

0
0

6
7
7
7
7
7
5
4
4
3
2
2
1
1
1
1
1
2
2
3
5
6
6
6

0
0

I
o

I
I

0
0

0
0

0

p AR 70-38, 1 AlqgwSt1V79.

WI’HOD 501.3
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T’A1O 5o1.3-11. cycles. c1 MmBtic cateKOry - pMic M t l}
.

: 0100
:0200
:0300
:0400
s
@

:OOoo
: 0700
:0800
:0900
a
* 1(XM
o0 1100
0Q 1200
b9 1300
: 1400
tt 1500
8* MOO
c* 1700
80 1800
1@ 1900
:2000
: 2100
:2200
:2300
: 2400
l

33 (91)
32 (90)
32 (90)
31 (88)
30 (06)
30 (06)
31 (08)
34 (931
37 (99)
39 (102)
41 (106)
42 (107)
43 (109)
43 (110)
43 (110)
43 (110)
43 (109)
42 (183’7)
40 (lo4)
38 (100)
36 (v?)
35 (9?$)
34 (m)
33 (91)

38
38
41
44
44
44
41
34
29
24
21
18
16
15
14
14
14
15
17
20
22
25
28
33

9
8

*
o

8
9

:
9
0

:
:

:

33
32
32
31
30
31
34
38
42
45
51
57
61
63
63
62
60
57
50
u
38
35
34
33

(91)
(90)
(90)
(88)
(86)
(88)
(93)

(101)
(107)
(113)
(124)
(134)
(i42)
(149)
( 14!$)
flw
( MO)
( 134)
( 122)
(Ill)
(lox)
(=)
(93)
(911

39
38
41
u
44
43 ‘
32
30
23
17
14
0
6
e
5
e’
e
e

10
14
19
25
28
33

&/ AR 70-38, 1 Aqpnt 1979
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M1o 501.3-111. ~rature diurnal_gy le P- 8c e II

~/ ‘I’beexust die qclea for tenperatuw and hunidity are given in tables 501.3-1
and 501.3-11. . ..s

*
~ zba—-~” mfa to.taqmrdx.wea reml thg h 1+ pmk fmm
=Piet- envi

lmnmmde or
renwmatal factors l

(1) storage te8t: The *t taqm=tureu for sta-ge ixmt expm-s
sbuld i.nol- qclic ooaxUtion8 that are derived from the natural diurnal
qde8. ~ ~laa ~vided In tablea 501.3-1 and 501.3-11 and infommtion in I-
3Aac3) - tln ea@uD _teorologtcal and ind~ di~l -CIU for m@or -r ld
~ ‘fhle~tUW~ givaa are ba8ed on-a- fmqw’=Y Qf au pewent of
tbeboms dwingtbmt8.ver. nmnthinthe-t-vm~t ofthe-area
encapnd hy the cltitia megion of inte-at. l%e nW in @nemal llequlre=nt=.
figtme 4, ~ - ~iu of tba areaa of Conoern. me ChaShr tir.
~~ ~ mdity =tiitiom un h depiv~ OF =1-la= from MM
analys%a of the w t iorage situstion (I-3.1.3.1)and the cycles pmnrided in tablea
501.3-S end 501>11 and in I-3.2aC3). TIM val- given in tha tablu represent
the -ti- of air within the storage plaoo or adJ~t - the test item
Derivation of t& ~ test ~at~s mmt consider the therml path to the
w is type of tit tlwlsfer, m of the teat itealin relation to.the Clmaa
of the 8urromding air. and other emp~rical and thernml properties of the te8t
Item. I l

(2) Op@rmtbnal test: ‘The chaaber air temperature for the opwational
test can be derived from an analysis simllar to that perfoxmmd for the stimge test.
Consideration of l l1 of the probable exposure situations -t be based on the

mllar

NEX’H)D501.3

501.3-9
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cpratiomal ~ of the teet i- Aga18a, tbe -* oaatributing factor to be
OoMidered ti the l ffoot of 801- hmating on - l - -kiol and L* -petted
re#pon8e of tb te8t 1- to the COmiitlons. The heating ~imn or ther-1 path
tifacting - te8t 1- u l tile or it8 critical aoqonent (s) mt be doterminect
If the ~1 path 18 a form of Oonveotivo heat t~for fm of the l ffee- of
Mhr radiation, then - ambient conditions of tablea S01.3-1 d S01.3-11 and of
1-3.2a(3)could & G to derivo the ~ l ir ~ratuN ad hunidity teat
Oondltionaslqmlea. Operational tisting ~ ~ with W teat item experiencing
* -i- ~ to tha e8tabliuhad ~- ~$ti ~ - b ~liti~
W WFatl- ~ ~st i- d~i~ - ~tw CYO1ing parted. Such operation
-Id also provide inforntion on the operati-1 ab~llty of the te8t item
~i~~ l 1i~- int==l then=ml gradient. w-t for *i* the
~atial t.9tl~ cannot be ~td With Cyclhg -Itilxm 8hall be l xpo%ed
to CZxMtant ~tu?o. ‘Ille~ratm 18V*1 Ueed fOF thi8 l xpMwe umld be the
l xtre89 Valw ~ or obta ined f - ?fald ~ti or obtainod from the
response of the tout item tin exponed to the ~t= cycles derived from tablu
S01.3-1 and S01.3-11 d from I-3.2a(3). - the te8t itaQ or its critical
~~n~ ~ =f ig~ so tit ~lr ~tm cannot h wnttored, the
l atirnateof the value -% ba based upon thelaml pRth, nmss, and other px=opertiea of
the -t iti Fi@w 501.3-1w be - u l guide.

c. Dtratlon of ewDOaWW Detenuine the test dntion. The duration of
hi@-tenperatuw expomnw amw”be as aignifioant - the taqmratwe it8elf. ‘
Because prooedtmu I d II l xpoue the te8t Itenw to qclic ~ratw, the
nuber of ay’c3u i8 critical. Z@cles ~ ‘%4-- perio& mle88 0~8e
8p0cifiod.) *-

m storage. The nuilbr of ~lw Xwquired ia that -** Uil 1 Sati8fy the
design requi~ W. since little i* knoul about how to tiD—coOpNU this te8t, the
nwber of qcles for the 8torage tist la sat l t l minlnun of seveh to cohcide tith
the One:pel%mnt fmqwncyof ~oftbehmwof ~ ‘~- -
tb nwt wore mnth tn+n avmage * qt’’thoum#t kve3w louatSOm w 11%9 89X*T’
~ratk ~ for ~mtely md hour h each “cycle.] W3en oon8idering
extended 8tma#8, critical taut itellm,or te8t itamm dewmd to ba very nn81tivm
to him tempemt~, the nwber of cyc les #lmuld be i~ tounwQ that the

(2) Operation. ‘Xbemini- maber of cyclu for the operational expoSwe
teat is three. ‘l!bisnud)er should M sufficient for the test item to ~ its
-i== ~ ~t-. A EmXilmm of 8even Uyelea -18 ~ -
repeated ~ture ~o is difficult to obtah -

.
.

d. ti~co nfl~tion Determine the test itmn configuraticm. The “
anticipated confi~ation(s) of & teat item tiing g~ and ope~ti+ #hould b.
-ad duri~ the teat. & a mini- the following conflgwations dmdd b.
-nsidered:

501.3-10
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10
8
6
s
4

3

2

8

.8

.6

.s
.4

.s

.2

.1

CENTER ~
TEST ITEM

1

/

v

.
I 1

Tf-Iwttt’1

4

OIAM~m OR MINOR THICKNE=,lWIIES

.. ~ -.

FIGUW 501.3-1
l

)

MHTOD !501.3
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:. In a shippinglstorage container or transit cas@.

(2) Protected ur,mpro~ [Uxlcr ~. enclond. l -.).
. .

(3) In lt8 nornl operating conf~tia (reali8tic or with restraints,
suchaswith open.in$sthat~ normllyomared).

(4) Ibdfifled Wdth k it9 for 8pat?ialapplimtim..

1-4.1 Fail- ~ia. TbefailWOef ate8tita9tolmet therequl ~ts of the
~~nt ~if$mtiw -t be an81ynd-a=eful 1Y6 and related inf0r9ati0n mt b.
considered, such w ,

a.
storage

b.
extmom

c.

Re9@ ta of nondaB-tive ~rnti~ Uf any) of rnteriel fol lowing the
test SMy b conducted l t the ~ ~ture8.

Degradation or changes in operating characterintictial loux3 at the U@
temperatures.

~asity for special kits OF q)gcial ~ati~ ~ foe h%~
temperature ~.

d. Evidence of i ~r l~iation awl assurance that the lubri-ta ~ified
for the environmental condition ~ ~ed.

1-4.2 StorW d es. The stulies oond~ted on stored =teriel indicate that
mi1itary equi~nt 1s stored in a variety of ties. These males range fxmm those
that prov iciethe greatest protectIon, s-h as contro11ed tenpmatwe-hunidity
warehouses, to those that are the most severe in terxw of high-tenperattme streu,
~ as in open d- storage.
~D 501.3

501.3-12
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) 1-4.3 sumlBrY of test infor~tion r equired. The following information is required
in the test plan for the adequate conduct of the tests of section II:

a. Test procedure.

b. Critical corqxment~, if applicable.

c. Location of temperature sensors.

d. Teat temperature or temperature cycle and how the temperatures =re
derived.

e. Teat duration.

f. Test item configuration.8!

g. Relative hunidity control requirements (if necessary).

h. Additional guidelines.

I-5. ~

a. AR70-38, Research, Develom nt, Test and Eval-tion of Materiel for Ex tram
Climatic Conditions. 1 Au$ust 1979.

) b. MIL-SI’D-21O,Climtic Information to Determine Desifinand Test
~~ys texm and Ecruium nts. 9 January 1987.

.
c. sYnowi8 of Backmound Material for MIL-STD -210B. Climatic Extrems for

Military Euuimmnt. Bedford, MA: Air Force Cambridge Research Laboratories, 24
January 19’?4. WHC nunbe~ AD-780-S08.

d. UK Ordnance Board Proceeding 4189, 13 Septetir 1977 (Draft STANAG 2895).

e. NA3W STANAG 2831, C~ virommntal Conditions Affecting the Design of
Material for Use by NATO Forces Operatinfiin a Ground Role.

IvETHOD501.3
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11-1 APPARA’IIS

11-1.1 ‘1’eet facility

a. The required apparatu conslats of a chaaber or oablnet togother with
auxi1Iary instmmmtation capable of xmintaining and continwwl y mm~toring the
~~ COMitiOM of high -rat= (and h~dity, tire rquired)
throughout an enve 1ope of air surrounding the teat item(u). (9n --1
Requirements, 5.1.1)

b. Air velocity in the vicinity of the test item ghal1 not exoeed 1.7W@ (325
ftimin) unless justified by the test item platform envi ~nt to -vent mreal Iatic
heat transfer in the test item

Centinuous recordings of chanber and teat item tenperatwe umamme Imnti
-lc&e wan if required.

11-1.2

a. Tenperatum. Ihllen otherwise specified in the tut plan, if any Wtion
other than teat item operation (#mh aa opening the chanber door) results in
a significant change of the test item temparatuw kme than PC B*) or
clwdmr air teqmratwe, the test item will ba rwtabllked l t the requiti
temperature before the teat centinuea. If the operational cbck is not
-let~ ~thin 15 tintis. =~wl Igh test item temperature/lUiconditiom
be fore continuing.

b. Unless otherwise spwified, the rate of &nperatww changm nhal 1 not exceed
3°C (6%) per minute.

II-1.3 Test interrwtion. (See General Requirenwhs, 5.2.4)

a. ~ertegt interrwt ion

when
fal1
te9t

(1) Cycling. If a cyclic high-te~rature teat ia being oond=ted
an mnchedul ad intermuption oocurs that causea the test conditions to
out of al lotile tolerance tomrd standard aubient te~raturea, the
uwt be reinstated at the end of the last successfully

(2) Steady-state. If a steady-state (noncyclic)
and an urwcheduled interruption occurs that causes the test
of al l~ble tolerance toward standard &ient conditions,

NE’ITDD501.3
501.3-14

coupleted cycle.

test is being conducted
condition8 to fal1 out
the test item llhal1 be



)

restabilized at the required test
*era teat conditions vmre left.
recorded.

MIL-STD-81OE
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temperature and the test continued from the point
Duration of initial and final test ~rio& shall be

b. overtwt interrw tion. Any interr~tion In acyclic or steady-state teat
that results in mre extrem exposure of the teat Item than required by the equipnmnt
specifications should be followed by a complete physical inspection end en
operational check (tire pomible) before continuation of ta8thg. This $s
especially tr- mere a safety problem could exlat, mch m with mition8. If a
problemis discovered, the preferable course of action is to terminate the te=t and
reinitiate testing With a new teat item If thitiie not done and a test item fail=
occurB during the reminder of the test, the test results aeuld be considered invalid
because of the overteat conditions. If no problemha8 been encotmtired, reestablish
pre-interrqMon coalitions and continue from the point where the test tolerances
were exceede&

II-2 PREPARATION ~R -P

II-2.1 preliminary?0 tew . Before z!tart ing the test, determine from the test plan:

a. W’lich teat procedures are XwqUired.

b. The high-temperature operation and storage requi rallmntsand accoqanying
~=tw qcles ad dwations.

c. If -lative hunidlty la to be controlled.

d. ‘Me boation of te~rature 8en80r8.
.

l . The teat item’s test configuration.

11-2.2 at l??~ ambient aheok out. All ite- require a prete8t Btandard
ambient checkout to provide baseline data. Conduct the checkout aS foil-:

step 1. Install temperature sensors in, on, or aromd the test item as required
~ the test plan.

step 2. In8ert the test item into
controlled tiient cundition8 K3eneral

Step 3. Conduct a couplete vi8ual
8pecial l ttention to utrwm areas, ad

step 4. Ibxsm3nt the results.

Step 5. fiepare the teat item in
required test item configuration.

the clwdx!m and 8tabilize the test itemat
-~ ts, 5.lb).

examination of the test item tith
a8 corners of =lded ca8es.

aoeordanoe with General Requirements, 4.5.2,and

WTHOD 501.3

)
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Step 6. Conduct an operational checkout in accordance with th approved test
plan.

not ,

11-3

Step 7. Record the results for compliance with ~neral Requlreumts. 5.2.1.

step 8. If the test item operates satisfactoryly, proceed to II-3. If
resolve the problenw and reetart at Step 1 above.

P~ . The following test procedwes alone, or in combination,provide the
basitifop 001 letting the neceasmry infornmtion concerning the teat
high-tenperatum envirorumnt. Proceed to the first test procedu!w
by the test plan.

11-3.1 ~UM36 ~ - Stora@

Step 1. Instal1 the required temperature sensors on, in, and
item and chanber.

step 2. Place the test item in its storage configuration.

item in l

UJ determined

aroti the te8t

step 3. Mjust the chamber environnmnt to the initial test conditions as
specified In the test plan.

Step 4. ~n the twt item to the teuperatw (and Innidity, if applicable)
conditions of the storage cycle for at least seven CYC1*S (a total of 168 IWWS) or
as spcified in the test plan. If applicable, umnitor the temperature of the
critica1 iterncoxponenta and doccmmnt.

step 5. At the completion of the lwt cycle, adjuut the ~r ai~ ~ratw
to control led e.abientconditions and maintain unti1 temperature atabi1ization of the
test item has been achieved.

step 6. Conduct a coupleti vi-l and opmational oheckout of the te8t Item
d record the resul tam

,,

step 1 l Place the test item in the chanber in its operational configuration.

Step 2. From the test plan, determine the operational ~ratwe
extrexm(s),~ether con8tant or cyclic, and whether the temperature(s) vma:

a. Spcifled ~ the requlrexmnts docummtu: Frooeed to Stip 7 for
constant teqeratme expomre or

b. Derived from field
CONt4LTIt te~rature e)qxxure or

luEITDD501.3

Step 12 for cycling expoeure.

masure=nts: Proceed to step 7 for
Step 12 for cyaling expomme.

501.3-16
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through 6.

step 3.
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Cyclic and derived from I-3.2: Proceed to Step 12.

Constant and not provided or determin- else-re: Perform Steps 3

With the test item placed in the chanber in its operational
configwatlon, install the teqerature sensors necernsaryto nmasure the tenperatwe
thrO@WW the test item, Im$uring that the critical components or area8 of concern
ara induledm -

step 4. Mjuet the.
hunidity, if applicable)

Stip 5. Eqmse the
levels specified for the

.1&

c~r air conditions to the initial temperature (and
levels of the prescribed operational cycle.

test item to the te~rature (and hwddity, if applicable)
operational -19 fop at least three cycles, or as—

necessary to obtain repeated teat item response ($2°C). A XEUCimm of #even
cycles is auggeated if repeated response is difficult to obtain.

step e. From the exposure data, determine the mximxncritioal-mnent
temperature or respnae texqxmature of the test itea This will tm the operational
vatw for Step ‘7.

step 7. ~t “With the -t item in the chamber
in the operational configurat ion, adJu8t the ~ ai~ temperature to the

)

operational temperature and, if required, adjust the hunidity to the appropriate
level of the cycle. Maintain the chauber in a steady-state condition ~til
~-t= stabili=tion of the teBt item has been achieved ((kmeral
Requirements, 5.1.3).

step e. Conduct as co~lete a visual examination of the teat itemas
possible considering chaa&r access limitations.

,
S* 9. Docummt the resultg.

Step 10. Operate the teat item ~til temperature stabilization of the test
Itemlms been achieved. Conduct an operational checkout of the test item in .

I acco~ with the approved test plan and d~ nt the results.

step 11. Proceed to step 15.

step 12. CYclinlltelmm ature exmxmr . With the test item in the chanber in
its opomational oonfigwation, adjwt tie Lr air temperature (and hunldity, if
applhdble) to the initial oonditio~a of the operational cycle appropriate for the
test item deplo~nt.

Step 13. Expose the test item to at least three cycles or the n-r of
cycles necwaary to assure repeated teat item response. Conduct as conplete
a visual examination of the test item as possible considering chanber access
limitations. Docunant the results.

lWX’HOD501.3
501.3-17)
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Step 14. Operato the teat item during the xiruan re~e period of the
expo8ure cycle. ~i Repeat ~ti 1 l ccmplete operational cheokout of the tent itim
ha8 been acco~li8hed in accordance with the l pproved tiat plan and the remits
have been dOcmmnW.

step 15. With the test item not operating, adjwt the ahudmr air teqmrat-
to contro1 led anbient conditions and rmintain unti1 tenperatwe l tabi1izat$~ of the
teat item has been achieved.

step 16. Conduct l Wa@ote
aCCOIYhJWO with the ap~Vd teat

step 17. Coupare the#e dak

II-4. WWWZex -mI

a. Test item Mentif iaation

Vim#al a)caaninatt(m d an operational Chedcout In
plan and docum nt the xwndti.

With the pretotitdata,

(-ufwWr, aerial ntaimr, l to.).

b. Previou6 tests to ~ich the test item

b. maul t19 of - gmrfOnmnce Check and
If applidle) and ~iaon with the failure

(1) Pretest.

(2) During test.

(3) Po8t-te8t.

c. record
Conditions.

d. Record
test.

of

of

haa been subdoctul.

vimxil examination
Crltoria:

c~r te~raturea [and hunldlty if

the teat iternteqmratum-vermm- tinm

e. Initial failure analysis.

(and photogmpb ,

mpplIcable) verm.m tinm

data for the duration of the

~i The ~i~ response period nmy not cmincide with the amxiuun te~at-
cycle conditions bcoawe of t~l lag of the test Itira

-D S01.3
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WT’HOD 502.3

Ulw TEwERATuRE

w=
SECTION I

1-1 502.3-1
I-2 ENVIRCX&&T~”E&&S -::::: :::: :::: :: 502.3-1
1-3 GUIDELINES FOR DEXEIWINING TEsT

PROCEDURES AND= CONDITIONS .- . . . . . . .. =2.3-2
1-4 SPEXXAL COIEIDERATIONS . . . . . . . ...-....502.3-7
I-5 ~ . . . . . . . . . . . . . . . . . . ..* W2.3-8

SEKXION 11
II-1 APPARA~ . . . . . . . . . . . . . . . . . . ...502.3-9
II-2 WABATION IX)RTEST..... . . . . . . . . . . .502.3-10
II-3 PROCEDURES . .
II-4 IIWORklATION‘IOBE

I-1 Lowtenperature

l . . . . . . . . . . . . . . . . .502.3-11
“RECORDED . . ..*...... . . 502.3-13

SDCI’IONI

chaaber tests are performd to determine if
umteriel can be stored, ennipulated, and operated under pertinent low
-rat= =~itio~ ~~o~ exg=riencing physi=l danmge or deterlo~ation in
perfornmlx?e. -

I-2 . Lw tenperaturea have adver8e effects on alwat all basic
nmteriel. As l result, exposme of te#t item to 1ow tenperaturaa ~ either
temporarily or permmently inpair the operation of the test Item by changing
the physical properties of the nmterial (s)conposing it. Therefoxw, low-
teuperature tats -t be considered *enevor the test item wi11 be exposed to
tenperatums below standard ambient. Exaqlos of soum probleuw that could
occur M the result of l xposuw ’to cold are:

a. Hardening and enbrittlennnt of ~teriala.

b. Binding of parts from differential contraction of disshnllar unterlals and
the different rates of eqmnsion of different PQWtS in rnsponse to te~ature
tran8ient8.

c. + of l~iaathn and l-ican~ flow due to Increased vlacoslty.. ..

d. Changes in electronic components (resistors, capacitors, etc.).

W’I’HOD502.3
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e. Changes in

f. Stiffening

perforlmnce of transforumrs and l lect~ ical conponent9.

of shock mxmts.
.

g= Cracking of explosive solid pellets or grains,

h. Cracking and crazing, entmittlemnt, change in
strength.

f. Static fatig- of restrained glass.

J. Condensation and freezing of =ter.

such as ammniun nitrate.

iqact strength, and reduced

k. Decrease in dexterity, hearing, and vision of personnel ~aring
protective clothing.

1. Change of burning rates.

I-3 GUI IDEL NESXIR DETERMINIlW3TEsr~ AND - CONDITI~

m: The tailoring process as deacritxd in section 4 of this d ocumnt should be used
to determine the appropriate tests and test variables.

a. This ~thod is used tien the teat itemis likely to be deployed
a loveteuperature environment dtming its life cycle and the l ffects of low texgmrature
have not been determined during other tests (such es the temperature-altit@e test).

b. Stricti(ms . This mithod ig not intended for teathg equlpmnt to be
installed in and operated in aircraft, since such equipunnt-uld~lly be tested
aCCOdi~ to unthod 520.

c. nce. (See QenePal RaqUlreumnta, 5.1.4) Beoawe this test (except for
thephyslcal umnipulation prooedure) is less likely to permnen tly daamge the
test item, it ia nomlly atcheduledearly in the test aeqwnce. Thig test my
significantly alter the perforannca of seals duri~ tha lowpessura testing of
SOO.2

d. T*gt varlation8. TMl, Erthod is coll@Osed of three lolrtenperature 8ubte8t8:
Procedures I (Stor@e), 11 (Operation),m III (hipulation). Bafore the ~tg ~
condwtai, a choice of one or wre test procedws -t be mmde.

(1) The choice of test procedme(s) depends on the 1IkelIhti of the
test item being:

(a) Operated II at low temperatures.

~/ Operation is the exci kt ion
per80nnel. It doeg not incluie

IWX’H3DS02.3

of the teat item with a mini- of contact ~
handling (manipulation).

502.3-2
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(b)

(c)

<2) The teat

(a) The

[b) The

(c) The

Stored at low temperature.

Mmlpulated at low tenperattmfs.

dithna that zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAm wed dtri~ the test are detitined by:

expected temperature at the deplo~nt location.

#qwXd dwation at the ciop~~t Iomtion.

test item Configuration.

I-3.1 ice of t9 at (8)

. a. of the test Itew From the requiremmti d~ nts,
determine the functicnW to be perfornmd by the equipumnt in a lmrtemperature
envirommnt and any lhiting conditions, such am ,torage.,

b. ~st obdectives. The prinmry objectives of the low~~atum teat are to
detemmine if:

(1) The teat item can =et the performance specification after
storage or dwing operation in a co1d environnmnt.

? teltperatum

oprat ional

(2) ~ teat item can be opratd safely during or fol lowing low-
•~ “

(3) The handlhg (manipulation)roquixwd to amke the tat item
oan be cond-ted without affecting its fmctional perforxmnce.

BMed on thiasinformation and the pwposo of the at ~~ *W*- -t tist a-.
are necea8ary to a8cePtain to -t extent the test I- will uatlafy iti low
tenqxmature requirenmnt8. \

.

c. pelectiWWf the to8t_S=o=ium8bl) . ~ “’*8t ~-~ - i~l~~ ‘‘

within nmthod 502.3: stomage, operation, and manipulation.* -d m me hat -~
requireunnts, determine which test pro=dwe, combination, Or sequence of
pPOCdWW# is appl ioable. In mst cases, l l1 three pPocedme8 should be appl led.

(1) I-sto rue. RWOedWW I i8 ~priate if the test item is
1ikely to’be 8tored l t IOU ~raturea dwing its service 1 ife . PrdUWI I 1s .w.d
~en It is nece~ to determine how
safety or perfornmnw.

1owteqeratme storage affects the test item’s
...+

NEI’IDD502.3
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(2) ~ocedure II - On aratiQn Proeedura II IS wed to dotarmine the
peFformmnce of the test item at low ~“ratures and can be preceded ~ procedure
I, procedure III, or both. If the test itom is to b stored l t 1ow touqmratureg
before use, prooedure I id cmxhcted before procedure II. If l -Ipulation test
is required, procedure 111 can ~ the operational task If the tast item 18
not intended to be 9tored at low teqmrature or xmnipulated before w e, procedw ’e
11 h conducted direc t ly.

(3) 111 et hQ PmOedWe IIIis G to determine tho
ease with mhlch the test item oan be set tp=and disass~led ~ pe~ 1 ~ing
heavy, cold--ather clothing. Storage testhg, operatimal -t ing, o= both oan
we the manipulation test if required.

I-3.2 ~Oi_ of rel ated twt Wnd itions After Choaing the test procedw’e(s),
choose the test tenperaturea, te8t dmat;on, te#t item COnf*atimm ~ W
additional appropmiati conditions.

Tw tte llrm rata Uw The specific -at te~~atures are preferably selected from
the X& irements docum!nt i. If this inforxmtion is not available, determination of
test ta~rature (a) should be based on the
used, plue any additional conside~atioxu.
chocwing the teat teuperat~s for:

- selected regions.

- Rbrldwide we without sxtmded

-rid areas in tiich the te8t Item will be
The infomtion below providen guidanoe for

l t tmaga . ZJ/

- W&rlduide M dth e%tamid ~ S-PLO-.

(1) lected re~ons Table S02.3-1 and the ~ in G@neral Roqui~ t8,
figuN4, an beuedtodetemim Uaate,t tellpemtwetitbwt itemis tobe
used at speciflo regions only. The l ir ~Patm extweaw 8houi in table 502.3-1
are basal on a one percent frequency of occurrence of the houm dining the BB38t nvm
nmnth at the nut severe 1ocation within the $eogr&phical area enaXpasaed by the
Cli=tic region, exoapt fOIQ mVeF9 mldo uhhh h band on l 20 ~FOent Pxbability Of
occurrence. Th val~ abm represent tba ~ of the diwnal eyage. For thi8
mthod, the l-t valw in Q range is ~ly conaidemd. .

(2) Ubrldwide we. Wenthete#t ltemlstobe8tored Oroperati
throughout the mrld, tesperatwe seleution -t include not only consideration of
the absolute cold, but alao of the frequenay of a given oold aondition Wnlass
freqwncy iticonsidered, it is possible to create ~ overtast oondition. In te!mM Of
freqwncy, the probabi1ity-of -occurrence val-s shorn below re fer to the pement of
total hours, in the wat l xtrenm nxmth and area in the umld,

~ Extended storage 18 defined as storage for 2 years or lWW.

UEIIEIDS02.3
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TABLE 502.3-1. of low temeratwe ditmnal cycle tame rature Panl!es. al
)

@ a
t

o
0 Tenprature o

t

: Clirmtic Region ; Location ; Operational I Indued aI I
! 80

-lo”c to -21°
(149 to -PF)

Mild Cold (W) coastal areaa of
~stem Ewope tier
PIins -itimm
inflwnce, 8oUthea8t
&tralia, lowlal’ds
of Mew Zealand

.MDat of Europe

(21°F -2%)to

to
to

to

:
9
0

:
-2 10C

(-6%

-31°c
-24-)

-25°C to -
(-13% to

*C
-27%)

cold

(C2)

(cl)Basic

Cold

Dbrthern contig~ WS
SoWhern canada

Iiigh-mmaxsa ooast8
(e.g., wmtbrn eoa8t
of Ala8ka

High elevation8 in
lar latitdes

-4*C -3PC to - WCnorthern Canada
Alaska (excluiing the
&nterior
~land (excllding

the ‘oold polo=)
Northern Scandinavia
~ Asia (~

~)
IIighElavationa

(Mortbam & Southarn
Hami8pbere8)

Alpm
Eida$?a8

-37%I

\ :
,/ 8 (-35% to -51%) (-35% to -519)

-51%

I
1

88

I
9

:

-51%Severe Intarior of Alaska
(-60%) (-60%)Iumn (Cmada)

Interior of the
Northern hlanda

Qreenland-xa cap
northern JkBh

502.3-51’

— —v— =Y-Ts------TG-&-z-_-zc--_..--...----A______________ ___ --------------------------.--F_m-_m------------------------- ———.



MIL-STD-81m
14 JULY 1989

during which the given to~ratur~ is l qua led or surpassed. For exampl l , tbo 20
percent p~obabllity of occurrence of a temperature of -51*C means that -51°C or
1ower texqmratwes nny be expected ti ocew 20 percent of tho hours during tho mat
extre- cold area of the ~rld (excluling Antarctica).

Low Tewer t- babilitY of OccuFrenca
-51OC &/ (a**) 20%
+40c (-) 10%
-S* :-;g 5%
-Ul”c - 1%

.
I

The 20 percent probabi1ity of ~renoe ia wed for Xmt applications Udth ~1
developumnt cost considerations; howwer, other values w be chosen to uatisfy
qecif ic applications or test requlreummts.

. I

(3) Wbrldwide w dth extended OtortMe mrioda If nteriel ia to be stored for
extended periods (years) without she 1ter or protecti~ in areas that l xperienoe vary
1ow temperatures, such as the ‘cold pole” of northeast Siberia or oentral Qreenlami,
there is an increasad chance that the test 1tam v experienw ~ l-r temperatures
(appr-hi~ -(350C(-85°~ or less). Such pmlon@d l xpomme to extrem low
temperatures can affect the aafety of item such - mmithn8, 1 i fe s~w rt =@p=nt ,
e tc .

.

b. -at ion of exw w ure to low te meraturea. The period of tlnm that the 1-
tenprature expom=e exist8 ~ be a factor.

(1) Monhazardow or no n-safety-related (non-1ife-~ rt WRe) zmmnt.
Moat mnteriol in this oategory (in l ~nowating ~~ l ~~ ~ ~ible ~~Ption
of organic plas?ti- (1-2h and I-3.2b(2)), wi11 not l xper$e- deterioration following
temperature atabi1ization of the test item at low teqmratures. Fol lcxhg tenperat -
stabi1ization of the test item, a storage period of fow how UU 1 be ued for this
mmteriel if no other valw is available. ,.,

(2) ~lo9ive8. nam ns. o fianic=1* .>tocitio P tics Tha80 itexm Xlmy
contlnw to deteriorate fol lowing ti~rature atabi1izatikn; oonaeqwntly, it is
necessary to teat them at 10U tenperatmea for long periods of ti-. A minim
storage period of 72 hours fol lowing terqerature atabi1 izatlon of the teat item is
reconmmnded, since extrexw tenporaturea have l xisted for at 1 l a8t that 1 l ngth of

tilm .

I

!

, I
I

&/ Corresponds to Severe Cold condition.

MBthod 502.3
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~atrained Klass. (31-s , Oeranlics, and glass-type products (s=h as
optical Syatenml, lasolQsystem, and electronic systenmd that require

rmmnting or restraining in specific positions my experience gtatic fatigue. A nrme
extended period of 1ow terqerature may be required to ind- this phenonwmn. A 24-
how l xposure usual ly gives an 87 percent probabi1ity of t.mcoverhg this type of
degign defect.

c. Te8t itam coQ&Jmxration. The configwation of the teat item id an
Iqmrtant factor in how teuperatwe affects it. Therefore, the anticipated
config-ation of the te-t item during #torage or use Bhould be used during the test.
As l mini~, the following configurations should be considered:

(1) In a shipping/storage container or transit -e.
.

(2) mot?ec!tedor Uqmotected .

(3) Deployed (realistioally or with restraints, swh as with openings that
aFe ncmrmlly oovered).

(4) -if ied with kits for 8peoial applications.

ditlonal Xuidel inea Revieu the equipment specifications and
dOcwmW#. Apply & additional guidelines necensary.

) I-4 SPECIAL m~~ mom

1-4.1 F~l- -1- ia. The failure of
~Pt Speoifiation mst be analyzed
considered, _ as:

a Momiestmti ve testlexamination
condwted at tbe low teat tengmratwe.

a test item to mt the requirenmmts of the
carefully, and related information nust be

fol lowing expo8we to low te~rature ~ be

b. Degradation alloti in operating characteristics *en at low teqeratures.

c. Mecasslty for special kits or special cold--ther procedures.

d. Rvldence of inprope~ Idmication and asswmce that lubricants specified fop -
the envi rommntal condition -M wed.

e. For utarting failure on internal-couimstion engineg, assurance of the
presence of proper fuelg and deicers!,if appropriate.

f. Condition and adeqncy of the PO-P source.

I-4.2 ~ of test J nfor~t ion Peuuired. The fol lowing information is required in
the teat plan for adequate condwt of the te-ts of section II.

~D 502.3
502.3-’7
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a. Test procedure(s).

b. Tent duration.

c. Teat item configuration.

d. Location of tenperatwe sensors (if required).

e. Test temperature and tinm—~- ~t- data.

f. lHditiona2 guidelines.

I-5

a. AR 70-30, Research. Develouxmnt, Test Evaluation of
Materiel for Extre m Cliuutic ~tiong . 1 Au$wt 1979.

b. MIL-SI’D-21O,Cl I!mtic Infornmti~ to Determine De aim ~8t ReuuiFelmnt8
for Military Sv8telW and ~~nt l 9 January 1087.

Oe of or -~1 Imtic gktmeme for
Millc& Euul umnt. Mdford, MA: Air Force Canbridge

Reaaarch Laboratories, Jam.nry 1974. M’IC nwtmr AD-780-S08.

d. NA” STANAG 2885, ~treum cl&gl!l tic-conditions and Da?QlVod Iti Ons for l in
fin ~ Dei ailtn/TestCriteria for MATV-F mso mteriel l

)

502.3-8
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a9 The NquixWd appmatu con8ist8 of a chamber or Oabinet and wxiliw
instrumentation capabla of maintaining and continuxmly -nltoring the required
condition8 of 1ou texqnmatwe throughout an l nve 1ope of air mmrolmding the test
item(a) (see General Requiremmt i, 5 .1 . la).

b. Nr velocity”in the vicinity of the test item shal 1 not exceed 1.7m/s (32!5
f thin) ~less Jwtif ted by the test item platform environnmt, to prevent tnreal istic
oooling (heat transfer) to the teat item.

11-1.2 ~ntrola

l . Te~ rature. Unless otherwise specified in the test plan, if any action
other than teat item operation (au& as opening the dumber door) resulta in a
#ignifioant change of the test i- temperature (wre than PC (3.6%). ‘he hat
item wil 1 be reatabi1ized at the requtred tenpemature before oonthtmtion. If the
operational check 18 not conpleted within 15 minutes, reestablifihthe test item

, temperature conditiozuIbefore continuing.

b. *t@ of tellulratuw Chanlle l Unlegg otherwise specifid, the Pate of
teqerature clang. shal1 not l xcaed 3°C (6%) per mSnute.

c. ‘J ’ew e rature mmsureumnt. Te~rature sensor instruumtat ion is required on
or in the teat item to establi8h ~rature stabilization data.

.
d. T- raturo ~rdiw. Continuou8 recordings of the chaaber h tast itam

hxperatd shall be tie if required.

11-1.3 ~st interrmti~ (See Gemral Requireumnta, 8.2.4)

Thdertiat inter ruDtion@. An interrqtion tiich al lovm test tenperaturea to
flucta&te out8ide al l~le toler~s tamxrd aubient conditions should h fol1- W
a eoapleti physical inspection and operational check (wdmre poaaible). If no problem
are l noo-tered, reatabi 1ize the teat Item at the test temperature and continw from
the point of the interruption. .Any pmblenm should constitute tast item failure.
gince no l xtrenm oonditionO wme enoomtered.

hEI ’H3D 502.3
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b. Overtest intermm tion8. Any inte~tion that resulG in nmre extrenm
exposure of the test item than required by the equipaxmt specification should be
folla by l ccxqlete physkal examination and operational check Wnre
possible) before any continuation of testing. ‘lWs is especially t= -era a safety
problem could exist, _ an with -itions. If l problem is discovered, tho
preferable aourso of action iti* terminate the -at and reinitiate ~ting with a new
test itam If this is not done and test item failure occurs dwing t& remsimkr of
the test, the test results couid be considered invalid beta- of the overtest
condition. If no probl l m has been l naamtered, ree8tabli8h preinte~tion
condi tiona and continue from the point tiere the test tolerances ~~e
exceeded.

11-2.1 Frelimi narY gtems. Before initlat$ng any testing, detemnine fmm the test
plan:

a. UMch test procedures are required.

b. The l-temperature operation and storage requlrn~nts.

II-2.2 tPFQtea n~ &ient*eckout. All i- ~rea~teet s~
tiient cheakout to provide baseline dak Ccmdwt the aheckout as follou (- of
step 8equlmae ~berequiredfOF large tast t-):

Step 1. Instal1 tenperat~ aensora in or on the test I* as mquirul to
determine the test item te~rature (s).

step 2. Insert the test i- into the cha8ber W’Ulstabilize the test item l t
standard tiient conditions (General Requirenmnts, 5. la).

step 3. Condti l ao#910ti vimd mmminatkn of the te8t i- with qmcial
attention to stress areas such as corn-rs of mlded casea.

step 4. Docummt the results.

Step S. Prepare the test 1tom In accordance with General
and required test item configuration.

~ 6. Condmt an operational choakout in
plan l

step 7. IbcOrd

StOP e. If the
resolve the problem

MWxd 502.3

lwsults for con@hnae With

Requirement, , 5.2.2,

aaxmhme ulththe approved te8t

.,

Qa9eral Raqui~nt8, S.2.1.

test item operatea satisfactoryly, ~ to II-3. If not,
and restart at step 1.

502.3-10
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11-3 The follouhg teat pmcedurea, alone or in -ination, provide the
We# for colle&ing the necessary information concerning the test item In a cold
environnmnt. -rational checkouts should be conducted aftar storage and after
Unnipulation to verify mxxxws”ful oonpletion of both procedures. Proceed to the first
test procedure as determined fzw n the test plan.

II-3.1 I store l

step 1. RdJust the text item to its storage configuration, and instal1 it in the
test Cha!l&r.

step 2. Adjwt the chamber air tenpe~ature to that specified in the teat plan
for storage.

step 3. Fol lowing temperature atabi1ization of the test item (General
Re@remmnts, 5.1.3.1),nnintain the etorage teqxt ra ture for a pericxias specified in
the test plan.

step 4. Conduct l visual examination of the test item and conpaxw the -aul ta
WLth th9 prete8t data. Record any pertinent physical changes or the fact that there
mm no obvious changeg.

step 5. If 1ou-temperature operation is required, proceed to II-3.2:

) 0thOXWi80e ~ to l tip 6 bel=

Step 6. Mjwt the ~r air temperature to standard anbient and =intain
mtil tenpemature a-ilization of the test item has been achiwed.

step 7. Conduct a conplete visual examination of the test item, and documn t
ramdtw.

Step 8. If appropriate, conduct
docummt the results.

SW 9. ~ thea8edata with

II-3.2 11 - (keratiq

an operational checkout of the test iternard

the pretist data.

step 1. ~th the test item in the test cluuber, adjut the ckd2ar air
-rat~ ~ ~ 1- o~pating tq=ratm of -e test item as specified in the teut
plan. Mlntain mti 1 tenpe~ature 8tabi1ization of the teat item has been achievad.

step 2. Conduct aa conplete a viBual examination of the teat item as ~r acoess
limitations will allow.

step 3. ~nt the results.

)
M?’I’H2D502.3
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step 4. Conduct an operational checkout of the test item a8 in II-2.2, step 6.

step 5. Doclamnt the remllts.

Step 6. If manipulation of the teat item %8 roqui2wdat 1- temparati. ~
to St8p 4 of II-3.3. If not, proceed to step 7 of this ~.

step 7. Mjust the chamber air temperature to 8~ hient A nintain
mtil temperature stabilization of the test Item has been achievd.

Step 8. Cond~t l conplete vimal examination of the -St item.

step 9. ~nt the reuult8.

step 10. If appropriate, aonduct

step 11. Doaurmlt the result8.

step 12. Coupare these data with

II-3.3 111 - ~iuul l ti~

an operatimal checkout as in II-2.2, slap 6.

the pretist data.

stop 1. With the test itom in the tatit ch~r, l ddwt the ahamber l ir
-pat= tO ~ 10U o~ratiw ~rature of - te=t Mm, u d.tined f- tk
test plan. I&intain for twm howw fol lowing ~ratwe stabl 1izaticm of tho tUt
itom.

step 2. MM le tintiinlng the low operating ~a~m Pl~ ~ -t 1- in
its noznml operating ~nf Iguration by wing the option8 of step 4.

step 3. Reewtabliah the ~ratw to that mod in step 1, above.

Step 4. Based on the type of tetitchamber avai Iablo, -Iect Om of th.
t- fol lowing options:

a. Option 1 - To lx uad - l ‘=dk-in” type chenber Is l vailable: W*
personnel clothed and equipped as they wmld be in a low~ratww taatiaal
situation, di~se~le the test itim u wuld be done in the field, ~ vepaak It in
its no-l shippinglstomge contairn~(a), transit me, OF oW~ t ie ~

-.aonfigwatl~. .

b. Option 2 -To bowed -mmll~
the option 1 pFOOOdUM , exaept that the di~enbly
pergonne 1 reaching through chamber access ho 1•s
rearing heavy gloves l ch aa wmld be required in

~ 502.3

and packing
or tho open
the natura 1

will be perforid by
door uhi 1• they “&ro
env ironlwn t. m-

.

I
I.

I

I
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Omniti of the chamber door w caum frost to form on the test Item In addition to.
a gradual mrmlng of the test- ite= Manipulation neceOsary to perform the ~red
setup or teardown should be 1imi ted to 1~-minute interval a, between tiich the
tenperatum of step 1 above uhould be reestabl iahed.

Step 5. If operation of the test item is required at low temperatures,
repeat step 2, l bove, and then proceed to #tep 1 of 11-3.2. If not, proceed to
8tUP 8 Of thiS -tSM.

step 6. Cond~t a conplete visual examination of the -St item.

step 7. Docwmnt the results for comparison with the pretest data.

Step 8. Mjust the chamber air temperature to
-til tenperatn stabilization of tho bat item has

step 9. Conduct a oonplete vimal examination

step 10. Docummt the remits.

standard client and maintain
been achieved.

of the test item.

step 11. If appropriate, Cond-t an operational checkout of the teat item as in
IX-2.2, Step 6.

step 12. Documnt the reWt8.
)

step 13. Conpare these data with the pretest data.

II-4 IWOIMATION~ BW ~~

a. Test item identlfIcation (mmufactwr, ae~ial nudxr, l tc.).

b. Pravious teat umthods to ~ich the test item has been subjected.

c. Renult8 of each performume check, visual l xamination (and
photograplw, if applicable)

(1) Pretest.

(2) During test.

(3) PMt-te8t l

s and coqxrlgon with the failure criteria.

d. Length of tinm requlr&d fop each perforamnce check.

e. Statue of the twt item for each visual examination.

f. Defectti noted during visual exaudnation8.

WTHOll 502.3

502.3-13
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g.

h.

i.

J*
test8 .

k.

1.

mm

Clothing and special equipmnt ~ed to set up or disassemble the test item.

Test teqeratures.

Dwation of each e%po8uFe.

~wiate antti~tric ~ a8urenmnt8 of permnnel performing -Ipulathn

Temperature-tinm-versw data (test iternand chanber).

Initial anal-is of any failwe.

.

502.3-14
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lEPHOD 503.3

TEMPERATURE SmcK

Pm
SECTION I

I-1 PURPOSE Q= l . l l l l l ““ “ “ “ - “ “ “ = “ “ “W3”-1
I-2 mRo-AL EFFHXS . . l l l * l l l l _ l “ “ “~s”s-1
1-3 ~DEL1= FORDEXElWINXlK3TE3T

PROCED~ANDTEST~ITI@= . . . . . . . . .. W3.3-2
I-4 SPECIAL WNSIDERATIO= . .
I-5 ~. ..=.=.=

SECI’IONII
II-1 APPARATUS
11-2 PREPAR4TION”ti=T= : : :
II-3 ~. l * l l l l *
II-4 INFORMATIoNm BE mm

. . . . l .=- l ==* l 503.3-9

..99* l =*=* l == 503.3-9

. . . . . .. === l ** 503.3-1o

. . . . . v. .-. **- 503.3-11
l **=** •a=~a= . 503.3-12
. ..** l *=-* l =* S03.3-12

I-1 J?umOSE- Temperature shock tests are conducted to determine if nmterie1 can
tith8tand mrlden changes in the temperature of the surrouadi~ atnm?spherewithout
e~rienci~ phytiic81daxmge or deterioratim in per fornnnce.

) I-2 E=VI~ ~~ A8 a result of exp8ure to sudden temperature changeti,
opmation of the test item nmy be af fecw l i thor tew=i ly or p~ tly.
Examplu of Proble- that oould occur w a reml t of l xposme to uuidon changma in
t-s=-tw are:

l . Shattering of gla8s vials, and optical

b. Binding OP alaekeni~ Of UEWing Ft8 .

c. Separation of con8titwnt8.

d. ChaX@S in electronic conponenti.

equlpamnt.

e. Electronic or ~iaal failures dm to rapid witer or f rcwt fommtion.

f. ~ing of solid ~llots or grain8 in explosives.

U* Differential contraction or expansion of dissimilar mterials.

MH’B3D 503.3

503.3-1
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I-3

h. Deformation or fracture of components

i. Cracking of surface coatings.

j. Leaking of sealed conpartmenta.

WIDELINES F()RMH’ERKININGTEST~~ AND= CONDITIONS

Ncn’li: The tailoring procegti as described in Sect ion * of this d~ nt uhould be u$ed
to determine the appropriate test and test variables.

a. This methti is applicable to equipmnt tiich nmy experience
extrem rapid temperature changes in its anticipated area or tie of deplo~nt,
These incltie:

(1) A8cent from a desert airfield (high tengnmature) to high altituie (low
temperature) in unheated aircraft conpartrmmts oP stored externally. Thin inclwes
equipmnt such as aircraft external stores (electrical equipn=nt pdzI. guidti bo&#,
etc.) , stores installed in boti bays, and optical equipmnt.

(2) Air delivery/airdrop from high altituie (low te~rature) to a desert
environment (high temperature).

(3) Transfer of (groti) equipmmt to and from heated areas within a low
te~rature environment (incltiesair delivery to a cold envirnmmnt).

This xwthod =y also be Wedaa a screening te8t to reveal potential flaU in
equipmnt exposed b less extmnm conditions.

b. Restrictions. This =thod is not intended for equipm?nt that will not
expe~’ience suiden extren teqerature change8 because of its packaging, installed
location, etc. This is not to be used to assess perfornnnce characteristic
afber lengthy expo8ure to extreme teqeraturea. w are nsNbcU 501.3 d 502.3.
Additionally, this =thod does not addrestithe temperature shock experienced by
equipmnt which is exposed to vwmm air and solar-radiation heati~ d is then
i~rsed in cold -ter, or the therml shock caused by rapid transient ~ W
engine mmqre@J30r bleed air.

c. Seauence. (See General Requireumnts, 5.1.4) Thi8 test -thod should follow
the high- and lowtenperature tests Were test item response characteristics
and performance determinations have been obtained. Such information should be
used for better defining the test conditions to be used for this procedure.

,-
3 -

d. Teat variations. This mth~ has one procedure for which there are several
variations in application (temperature range). Before conducting the teat, a
determination mst be made as to which test conditions are appropriate. The test
conditions that are used during the test are determined by:

mrHoD 503.3

503.3-2
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(l) The expected exposure temperatures.

(2) The teat item’s logistic conf ig-ation.

(3) The test i-m’s deplo~nt configuration.

(4) The teat item’s extre= storage tenperaturea.

(5) Mditional guidelines as appropriate.

x-3.1 choice of test variations

& ODerat Ions 1 @e of the test item Fmm the requiremmts docum nts,
determine the fmction to be per forxmd by the equipmnt and the deployment OF
deplo~nt location &ich could result in exposure to stiden changes in

aabient teqnmature.

b. Test objective. The primary objectives of the temperature shock teat are
to determine if:

(1) The test item can satisfy its perfornmnce requireamnts after exposure
to m..xidenchanges in teqerature of the surromding atnnsphere.

(2) The test item can be safely operated following exposure to the sudden
changes in temperature of the surroumiing atmxphere.

c. Selection of the test variation. Several exposure situations are addressed
within this nmthod: aimraft flight expomme, air delivery - duert, and gromd
transfer or air delivery - arotic. Based on the anticipated deploynmnt, determiw
*ich test variation la applicable. The -t extre= e~ range dwxdd determine
the test conditions, but test levels my be l xtended to deteot de8ign flaw .

(1) /Lircraft flifit pxmsure This is appropriate if the test item is to
be exposed to desert or tropical groti” heat and, a few minutes later, exposed to
the extrenm low temperatures associated with high altituie.

(2) r deli verv - desert. This is appropriate for equipnmnt ahich is
delivered over de=ert terrain from reheated, high-altituie aircraft.

(3) md tranafer OF air deli This i= intended to test
equipumnt for the effect9 of nmvemnt to unintenance, OP
othw enclosure= or a heated cargo coqartmnt in cold regions.

(4) Thi8 i= used to detect mrginal design or
wrkxmnship practice8.

I-3.2 ice of r elated te8t cond itions. After choosing the test exposure
variation, =elect the test tenperaturea, test durations, test item configuration, and
any additional appropriate variables. Values other than those mggeated may be Wed
if realistic.

mI’HOD 503.3
/ 503.3-3
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a. Test tenveratures. The test temperatures are preferably selected from field
data or from the require-nts docunents. If this information is not available, the
test temperatures can be determined from the anticipated deploymmt application or
wrld areas in *ich the test item will be deployed, or from the zmst extre~
nonoperating temperature requirenxmts.

(1) De 10~ sure). The thermal
stresses that equipmnt will experience dwimg exposure - this ope~ational
environment are depndent upon the ambient conditions, flight conditions,
and performance of the onboard environmental control system.

(a) The temperature and hunidity at various altituies can be found
in MIL-STD-21O.

(b) Table 503.3-1 shous temperatures typical at grouod level in hot
climates. The te~ratures show are based on frequency of occurrence and
correspond to a l-percent frequency of oe currence at or close to the .
geographical boundary betwen the category of interest and the next-nmre-
severe category. The probability of occurrence increases as the distance
from this line into the category area increases. Table 503.3-11 and
figure 4 (General Requirements) can k used to determine test t4mpematures
for the anticipated deploynxmt locations.

(2) Air delivery/aimirop. The twt conditions fur thig axpos- are Wed
upon the conditions that will probably exist in the cargo conpartrmmt of the aircraft
and on the ground at the point of i-t. The lo-r te~ratwe extra= should
ass- an unheated, unpressurized aircraft cargo conpartant with the aircraft at an
altltuie of 8 kilonmters (26,200 ft). This is the limiting altitde for uargo
aircraft because of oxygen-pressure -r~nts vhn the aimraft cargo cmqxwtummt
is unpressurized iwnxiiately before airdrop opemkions. The teqerature at thig
altitude over a desert can be found in MIL-STD-21O. The high teqerature surface
extremes should be determined according to I-3.2a, from tables 503.3-1 and 503.3-11,
or from mthod 501.3.

(3) Qround transfer/air deliverv - arctic. The conditions developed for
heated enclosures located in cold regions are 21°C (70°F) and 25 pe~nt
relative hunidity. These conditions rnre selected to roughly correspond
to normal heating practices in the Arctic and on aircraft. Selection of
the outside ambient conditions should be based qwn the cli8ntic
categories or areas listed in tibl. 503.3-111.

.

NE’rHm 503.3

503 l 3-4

.— ——.—.--——-—.—... —



MIL-STD-81OE
14 JULY 1989

TABLE 503.3-1. Diurnal cvc le of teme rature for
hi~h-te merature climatic catellories.

I
I

I
I

I
I

9
I

1
I

I
I

:

:

:
I
8

I
I

I
*

0100
0200
0300
0400
0500
0600
0700

1000
1100
1200”
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200

2400

#
s

: 35
:34
:34
:33
:33
69 32
c8 33
:35
:38
: 41
mB 43
:U
: 47
:48
:48
t# 49
:48
:48
:46
@o 42
be 41
:39
:38
: 3’7

95
94
93
92
91
90
91
95

101
106
110
112
116
118
119
120
119
118
114
108
105
102
100
98

I
I

35
35
34
33
33
33
36
40
44
51
56
63
89
’70
?1
70
67
63
55
48
41
39
37
35

95
94
94
92
92
91
97

104
111
124
133
145
156
158
150
158
153
145
131
118
105
103
99
95

b
B

8
9 33

D
s 32

8* 32
: 31 “
#* ‘“””30 -
8* “’ 30
aI 31
: 34
I@ 37
: 39
0D 41
: 42
8I 43
I# 43
00 43
18 43
bo 43
b9 42
t$ 40
99 38
*9 35
I* 34
: 34
II 33

91
90

90
88
86
86
88
93
99

102
106
107
109
110
110
110
109
107
104
100
97
95
93
91

:
:33

0
8 32
: 32
: 31
0 30a

: 31
: 34
: 38
#* 42
I* 45
@I 51
: 57
b
l 61
: 63
: 63
: 62
8a 60
bo 57
I@ 50
II 44
t 381
I# 35
88 34
: 33

91
91
90
88
86
88
93

101
107
113
124
134
142
145
145
144
140
134
122
111
101
95
93
91

:

:

I
b

9
I

:
I
1
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Table
—,

I

503.3-11. ma tame aDh cat8mrlra ture fieoflr ical Climtic l s .

: ‘Hot Dry (Al) I NoFthern AfFkea. :
Middle East, Paki8tan, \
India , Sou-stern united o@
states and northern Mo)cico. :

I

Extending out- from the hot-~
dry catagory of the Mited :
States, hxim, Africa, Asia. t
and incluiing Awtral la, ;
southern Africa, south AUmrica,:
isouthern Spain and aout~at ;
A8ia. :

32-49 1
(90 - 120) :
8t03%RX I

o0
:

30-43 I

(66 - 110) i
44 to 14% mu

:
;
:
@m

33 - 71 89
(91 - 160) o

0t
7 tolz IEI :: :

Ba8ic Hot (M) :
(08 - 145) o*

:
tI

o

l

table 503.3-1 for the ciiwnal te~rature/huaidity cycles of -so
climtic categories.

General Requiremmt8, figure 4, for locationa.

NIH’H3D503.3
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.
TABLE 503.3-111. ~w_ti= rature ~eographical climte cate~ories.

t 8 I ClillmticconditioM t
@ o t e

I :
@ t Location 21

a
category * operational: Induced I

I

: Mild Cold (CO) 1 Coadml areas of : -@ W -lb% : -lo” to -21OC
6 : -tern mmope lmder : (21° to -*):t (14° to -&F)

:

o
9

I
8

: Cold (C2)
9
8

titralia, lowlands of
H8u Zealand.

Most of BJMpe ,
prthern Wntigwlm m
8oUUwrn ~.
Eigh-latituie ~-,

e.g.’,Muthorn coast
of Ala8ka

High elevati- in
10U latitlxiu

DIorthern Canada,
Ala8ka (excluding the

Inkiorl .
@welllti (axcltiing the

“sold polo-) s
northern Scandinavia,
Y90rtlwrn&ia (SoIln~) ,
Tibet l

High Elawtion8
~ and southern
HlOispherea):

Alp@

Interior of Al-
~ (Canada),
intipior of the

Morthorn Ialti ,
&eunland ice cap,
nmthern A8ia

a
I

Io -3?0 to -46%; -37° to -46%
:(-39 to -Sloe) (-3+ to -519)

:

-Sloe : -Sloe
(-609) : (-60-)

~/ See (3eneralMquireKmnts, fIgure 4, for locatiow.

MZ’I’K)D503.3
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(4) EnAineerin& ciesifin..The test conditions should reflect the extre=
anticipated storage conditions.

b. Test item ~ratures. The information in I-3.2a is intended
to describe the air temperatures to ~ich equi~nt will be exposed during various
types of operations. Determination of the actual quipaamt teuperaturw will be
based on tb of expected expos~ and type of exposure. Actual onlmami aircraft
equipmnt temperatures can h calCU1ated during a thermdynanu “c analysis as in
nmthod 520, estimated based upon expected f1ight dwations. or a8sf_ to be in
equilibriun with the surrounding air conditions. Actua 1 reqonse teuperaturea
achieved when equi~nt is exposed to the cl i~tic conditions of the various grow d
cl imtic categories could be obtained from the test results of high- and 1-
temperature exposure (methods 501.3, 502.3, and 50!5.3)for either the operational
or Btorage configurat1on. The latter ass~tion nmst take into account the induced
effects of solar radiation during storage and transit in vario~ cl i!mteg.

c. Extrem hijfh te nverature exw sure. An item is likely to experience the
highest heating during storage in the sun in the Hot Dry and Basic Hot cl inmtes.
Therefore, transitions from hot to cold wi 11 be conducted with the test item
stabi 1 ized at itg high-storage terqerature. Transitions from cold to hot wil 1 be
conducted with the high- te~ratun faci 1ity air te~rature at the nwcimsn storage
temperature of the appropriate cyc 1e. Iramdiately fol lowing this transfer, the high-
teqerature faci 1ity ui 11 be cycled through the appropriate diurnal cycle (table
503.3-1) from the beginning of the hour at &iich the ~irmxn air temperature is
experienced unt i1 the test 1ternresponse temperature is reached. Other tests, such
as e 1ectron screening, my require even mre extre= teqxmatures.

d. Duration of exvosure. The objective of this test is to determine the effect
of rapid terqerature changes on the test item Therefore, the test item -t be
expmed to the temperature extre~s for a duration equal to l ither the actua 1
operation (i.e., actual f1ight ti-) or to that required to achieve temperature
stabilization.

e. Test Item conf ixurat ion. The configuration of the test item
strongly affects teat results. Therefore, the anticipated configuration of the
i ternduring stomge, shipumnt, or use should k used during the test. As a
minirmsn, the fol lowing configurations ghould be considered:

(1) In a shippinglstorage container or transit ca8e.

(2) Protected or unprotected.

(3) Deployed (realistically or with re8traint8) .

(4) Mxiified w ith kits for special application.

(5) Packaged for aimirop.

MmHOD 503.3
503.3-8
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) f. la tive hunidi tY. The relative hunidity (IUDduring portions of this test
could be a factir in the registan= of the test item to temperature shock. Equipmnt
with a high nmiature content -uld be affeoted by freezing of the winture. In nmst
ca8es, & RH~ be mcontrolled, but 8pecific RH valuea may be required *en

-t be taken into consideration.

I-4 -ML =II=RXI’= I

1-4.1 Failure ana lYais. !lhefailure criteria of Qeneral Requirenxants,5.2.7,

m

apply.

I-4.2 ~ithn& The -t wndition8 e8 presented in this procedure are
intended to be in general agreenmnt with other l xtrenmtidescribed In this docum nt.
The prinmry purpose in l atabliahing these levels is to provide realistic conditions
for the traverse bt~ the M ~atum ex-ms. T’hw, w ~Vrat=a at
which the Item Is stahl1Ized before transfer nxmh be the nmst real iutic, or
poaaibly the wt extra=, that amuld be encountered during the apecific operation.

I-4.3 of teat inf omt ion The fol lowing inforvmtion ig required
In the teat plan for adequate oonduct of &e tests of section II:

l . Teat Item configuration.

b. Test temperature extreuns.

c. mratlon of expowm at each temperature.

d. Tent itea response temperature (from Nlathod501.3).

l . Tbe high-tmqmrature cyc10. the test item response temperature, and the
initial t9qmratwe foe the ~ratm ~ling.

f. Jkkiitlonalguidelinea.

1-5 ~

a. AR 70-38, Research, Davelowmn t. Tut and Evaluation of-h teriel
for ~ relm Climtic Condi tionsa dated 1 Au@st 1979.

b. MXL-SIW21O, Cl i-tic Information to De termlne De gifin and Test
8tellm~ nt. dated 9 January 1987.

c. pill of BackXroti m rial f mte or L-STD-21O B. Clinn tic-mtlwm?$l
for Mi 1itazw ~=nt Bedford. m. Air Fom Canbridge Research Laboratories, 24
January 1W4 . ~IC nu&er AD-780-508.

),

d. MMW STANM 2831, Cllumtlc Environmmtal Condititms Affecting the
De8im of mterie l for we by NA!M Forces OIPOratinft in a Qround Role.

MHTK)D 503.3
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11-1.1 -t f militiu

& The required apparatxm mi8t8 of M ~ oFoabinet8tia&tbe
test conditiom can be l 8tabliasbedand tmintihed. UJ’lleaOtbruin 8pecified, tho
chmlbmwmbequi~no that, aftartmn8foPofthete8t item,thm~
conditicnw within the ~ can be l -l 1id within flva mlnuteti.
Material-handlIng equipwnt Ymy be M@esmwy for transfer of tho test Atem
betmn challbers.

b. The &aa&rs shal 1 be equipped with auciliasy ins~tation apablo of
-intaining and continwwly mrniitoring the teat ~itioym ~out an onvolope of
air surrounding the teat item(8). (&neral ReqArenmnti, 5.1.la.)

11-1.2 Contro18

a. ‘J’emera tureL Wnlosa otherwitiespecified %n the test plan, if any action
other than test 1tem operation (8wh ea opening of the chan&r door, except at
tran8fer ti~) result8 in a significant change (wre than PC (3.&F)) of the
test item temperature or chedmr air tenperatum, the test item *11 be
stabi1ized at the required ~rature before contin-tion.

b. & velocity Air velocity in the v$cinity of the te8t item Shal1 not
l xceed 1.’7M/m (325 f&in) b provide dandard testing oonditkm, tmleas jwtifhd
by the test item platform envi~ t.

c. ‘Jkmsfer ti~. Tramefer the test item bet-n the t= envi rommlati chigb
and low tenperaturea) as rapidly u possible but in no more than five minute8 (mlesa
the test item i8 l-e axd ~res handling equipnmnt) .

11-1.3 ~egt interrw tion (General Requirenwha, 5.2.4) .

l . erte8t in-t ton. If, bafora the ~tanw ahange, an umobaduled
teat interruption ~ that caue, the teat conditions to l xoeed al l~ble
tolerances ~ starAard ~ient teuperatwe8, the te*t umt be reinitiated l t the
point of interrqtion ad the test item ‘reentabliahodat the W oonditiom If tb
interruption occurs dwing the transfer, the test itam - tm reestablished l t tbe
previous te~rature and thm tranatferred.

MTIxxl 503.3 I
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Overte*t Intermmti Onu. Any inte~tion that results in uOre extrenm
of the teat item than required ~ the equipumnt specification should

be fol1- by a ~lote physical examination and operational check of the
test Item (~ possible) befm any continuation of testing. ‘lM8 i#
sspecially truo tire a safety problem could exist, such as with nitions. If
a problem ia di-vered, the pwfemble oamwe of action ia to stop the test
and #tart over with a new test ite= If this is not done and test item fail-
occurg during the raminder ef the test, the test results could be invalid d-
to the Overtast oo@ulltim. If no problem is discovered, reestablish
prein~tion conditions and continue from the point *re the test
toleranoas ~ oxweded.

II-2 ~-IC)lU FOR ~.

II-2.1 limi~ s- . Refore initiating any testing, from the tfmt plan:

l . mte’rmlne the test temperature levels

b. Detatine the te8t item configuration.

c. Determine the operational requirements.

& Esti-te the tinm required at each temperature. (hstal 1 temperature

)
8mnsor9 if Tbeceasuy.)

II-2.2 test standard aalb ient checkout. Al 1 test itew require a pretest checkout
at standard ambient conditions go that baselIne data can be established. mitions
and other i~, where l ppl icable, shal 1 also be examined by nondoatructive
examination =thods. Conduct the checkout as follow:

step 1. Stabi1ize the test item at standard anbiant conditions
(General Ilequiremantg,5.la).

step 2. Conduct a coqlete vim.ml examination of the test item with Bpecial
attention to stress areas #uch as camera of = lded areas and interface# betmen
dl f f l rent =teriala.

step 3• ~nt the retits.

step 4. Prepare the test iternin accordance with General Requirenmnts,
and required test item configuration.

step 5. Conduct an operational checkout In accordance WIth the approved
plan.

Step 6. -M re8ult8 for coqliance with Wneral Requirenmnts, 5.2.1.

5.2.2,

tef3t

.)

hEz’HDD503.3
503.3-11
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step 7.
-~ I. If

11-3 ~

If the test item operatea
not , M80~lP0 the problem

satisfactorily, proceed to step 1 of
W FOg*t l t S- 1. -.

The following pmaedl.llwp.mv$du the ba8i8 for 001 lect.mg the
necessary info-thin oonemnlng the te8t item in a 8evere teoqmrat- 8&0ck
env iromm2nt: me pmcedw9 in Urittan h Utart Uith the 10U ~twom - hvero
it is permisalble to mtart with high Wperature, arxialtmmate ba~ tlm t=
teuperattme •xt~a in s~. )

.
step 1. With the test i- in the

tenperatwe to the lou-~ture extxwm
_ratw for one hour OF mti 1 th ti8t
longer .

step 2. Wan#for the test item to

.

chamber, adjut the ~ air
~ifiti in the te8t plan. Wntaln this
item - been stabilizad, ~chever is

the high-tmperature l nvirOn&t (aa
8pecified in the te8t plan) In no wre than five minutes. Chamber oon*l shall b
8* that after insertion of the test item the ~r ~ratuw shal 1 be wlthin
the specified test tolerance after a period of not ~ thm 5% of the ~ tixm.
Cycle the chau&r through the appropriate diurnal cycle unti1 the text i- response
temperature (from the test plan) ti been reachd. Maintain thie temperature mti 1
the test item has stabilized. (See Qeneral Requlrennmta, 5.1.3)

step 3. ‘1 ’huw f er the test item to the 1mtenperature envirorumnt a8 above,
and s-i 1ize at that temperature.

WTE: If the test procedure is interrupted dm to mrk schedules, etc., the tast item
can be left l t the test teaperat~ or retwned to #tandard aabiont condittona for the
tinm required. Before continuing the tent. tho teat item -t be re8tabillaed at the
temperature of the last s~uful ly cxmploted period before the inte~tion (me IX-
1.3).

step 4. mt~~2ti3.

step 5• Repeat step 4.

step 6. I&turn the W* item to control led ambient Oondition,
((kmeral Requirenmnta, 5.lb) and stabi1 izo.

S-p 7. OpePate and inspect the *#t item and obtain me8ult9
accordance with General Requimnmnts, 5.2.6. COnpare these data with
data.

II-4

l . Tent itirnidentification

b. Previou te8t mthoda to

~ 503.3

hmnufactwer,

&iah tlln test

serial nuber, etc.)

In
the pretwt

item hu been Nbjocted.

503.3-12
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c. IM98ult8of eaah perfornmnce check and vi8ual examination, and
~imxn with the faiIUM critaria

d.

l .

f.

g=

h.

1.

j.

(1) metes%.

(2) Dining iest .

(3) k8t-t488t .

I-u@ of tim I-@red for each perforxmnce check.

Stat- of the te8t item for each vim-l examination.

Defects notad duri~

Clothing and special

Teat ~ratw.

visual examinatiolu l

w~nt w~ to set up or disassemble the test item.

Ihmation of each expomre =

4P-P’ia* an-F-=tric nmw uremmts of personne1 performing
nni~atlon tedm.

k. Temprature-tim-verm data (test item and chamber).

1. Initial analysia8of aW failure.

-D S03.3

503.3-13
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MZTHOD505.3

SOLAR RADIATION (SUNSHINE)

)

PAGE
SECTION I

I-1 PURPOSE . . . . .- . . . = . l . l . . . . . . .- 505.3-1
I-2 ENVIRONMENTAL EFFECTS . . . l . . . . l l * l l W5-3-1
I-3 GUIDELI= KMiDEI’ERMIN&=

PROCWURES ANDTESTCONDITIONS . . . . . . . . ..~5.3-2
1-4 SPECIAL CONSIDERATIONS . . . . . . . . . . . . . . . 505.3-8
I-5 ~. . . . l . . l .* . l . . l . l *. l .505-3-9

SECI’ION II
II-1 APPARATUS . . . . . . . . . . . . - - . . . . . l .50593-10
II-2 PREPARATIONFORTEST . . . . . . . . . . . . . . . . 505.3-13
II-3 PROCEDURES. . . . . . . . . . . . . - . . . .= . -N5-3-14
11-4 INFORMATION’K)BE RECORDED . . . . . . . . . . . . . 505.3-17

SECTION I

I-1 PURPOSE. This test is conducted to determine the effects of solar radiation
equipnwt that may be exposed to sunshine during operation or msheltered storage
the Earth’s surface or in the lowr atnmsphere.

1-2 ENVTRQNM?NTAL~ k

1-2.1 Heating effects. The heating effects of solar radiation differ from those

on
on

of
high air temperature alone in that the anmmt of heat absorbed or reflected depends on
the roughness and color of the surface on which the radiation is incident. In
addition to the differential expansion betwen dissimilar xmterials, changes in the
intensity of solar radiation may cause components to expand or contract at different
rates, which can lead to severe stresses and loss of structural integrity. In
addition to those specified in method 501.3, some other exanples of heating effects
include:

a. Jamming or loosening of nmving parts.

b. Weakening of solder joints and glued parts.

c. Change in strength and elasticity.

d. Leas of calibration or.malfunction of linkage devices.

e. Loss of seal integrity.

f. Changes in electrical or electronic coqxments.

If* Premature actuation of electrical contacts.

505.3-1
NE3’HOD 505.3
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h. Fading of colors of color-coded oomponenti.

i. -es in charmbristia of elantoumra and polyM9r8.

Jo Blistering and p&ling of paints and other finidwg.

k. Softenhg of potting conpoukds.

I-2.2 Actinic affecti. In addition to the heating l ffect8 of

—f

energy &W be attributable to other Portiom of the ~~t- Pti~~lY ~
ultraviolet. Since the rate at WIch these reactions wi11 occur general1y increaue8
as the teqxmature rises, the ful 1 npectrun -t be used to adeqmtely aiuulate the
actinic
actinic

a.

b.

c.

effects of solar radiation. SO= ~les of dete~ioration oa-ed by
effects are:

Fading of fabric -lor. .

Checking and fading of paints.

Deterioration of natural and synthetic elastoImr- and pol~ra through
photochemical reactions initiated ~ nhorter =velength radiation.

I-3 D&I= IWR DETEIW NI~ - ~ = mIT~~

m: TM tailoring Process as de8cribed in sectton 4 of this ~t #bould lm _
to determine the appropriate tegts and test variabl*g.

a. @Dl katlon. Thla ~thod is used - the tegt item is likely to b. exposd
to solar radiation in the open, in hot clirntea during iti lifo cycle, and the l ffeats
=ntioned in I-2.1 and I-22 are of oonoexm In am8t ~, this rnthod l hou.ld
replace amthod 501.3 (hi@ ~tame) .

b. ~str~tiow. ThiR#Dthod is not to h ued to siwlate - heati@ l ff-
that reml t from l ncl o-cd or ~vered storage conditions. The 801- qlectrun aml emrgy
lev~ls are those that are received l t aea level. The U1traviolet portion is l inulated
only in a general ~, but is considered adequately representative of leve18 in -t
geographic areas.

c. Seuuenca. (See General Requirements, 5.1.4)
be applied l t any stbge in the teat pwgraa

d. Test var%a tionu. mu wtlxxi 18 ~ of t-
~ureg I (@’CliC) and II ~ #tate).

The solar radiation -t -y

solar ruiiation te8*:

505.3-2
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(1) Tho ohoice of teat procedure ia baaed on the following:

(a) The

(b) The

(c) The

antleipNed e%posuM ci~~ =

expeotid problem areas within the teat item.

dwation of exposure to solar radlat%on.

(2) Tho re 1•ted tout aondi tions that are used during the test are
determined by:

(*) The anticipated areas of deploymnt.

(b) The test item configuration.

I-3.1 ~

& ODerations1 tieof the teet item From the requirenmnts documm ts,
determine the function(s)to be performd by the test item during or after exposure
to direct solar radiation.

b. ~e8t OM ectivea. The primxry objectives of tho test are to determine if:

(1) The teat item can satisfy i- operational mquhmmmts during and

) after exposure to solar radiation.

(2) The physical degradation which occurs during exposure produce8
advwae effects on the teat item Based on this infor~tion and the purpose of the
test item, determine -t test data are necessary to evaluate the required perfornnnoe
of the test item during and l fter exposucw to solar radiation.

c. Selection of th e te8t . ‘lb test procedwwJ are incluied with
this lmhhod. Eased on the te8t data requira=mt8, determine tiich of the test
~- itiapplicable.

(1) I Iinl for b eat l ffect8. ‘his test procedure is
wed if the test item is l xpected to withstand the heat from exposure in the open in
hot climstea and #ti11 be ablo to panform without de@wdation both during and after
expwwre. The solar radiation teat (as opposed to the high teqeratuzw test, -thod
!301.3)should be used -en the test item could be affected (see I-2) ~ differential
heating or -en the heating caumd by solar radiation is unknom. AfteP the Ind-
t=w~at~ ~ ~P@- effeet= have been debrmind to be ooaperable to the
tangmrat- and tmqxratwe l ffeoti that oould be produced by =thod S01.3 (high
~ratm) , the latter could (for economic remons) be substituted for this
8olar radiation test.

ME’I’K)D505.3
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I

!

I

I
(2) Procedure II - SteadY sate for D~lOIUled actinic effects. l“hia

procedure is used ~en the principal concern is the possibility that long pri- of
exposure to sunshine till re8ult in detrimental actinic effects. Becauge actinic
effects do not usually occw unless the exposure ia prolonged, it is inefficient to
use the cycling test of procedure I, Q6ich could conceivably take rmnthg to cond~t.
The approach, therefore, is to use an accelerated test which is designed to redwe
the tixm to reproduce integrated effects of long ~rlds of expuure. The key to
using this procedure successfully ia maintaining enough cooling l ir to prevent the
test item from exceeding tenperaturea that rnuld be attained tier natural conditions
(suchas the cycling test simlates), so that there till not be an exaggerated test
&ich unfairly penalizes the test item Howver, there should not be enough cooling
air to produce unrealistic cooling. Since the actinlc effects am highly dependent
upon the @olar radiation spectrm (as -11 as intensity and duration), the spectrw
mst be as close as possible to that of natural smlight.

The 4-hour “lights-off” period of each 24 hour cycle all- for test item-nditiong
(physical and chemical) to return to- ‘normal- and provide soxm degree of thermal
stress exercising.

I-3.2 Choice of related test conditions. Having chosen the test proced~, it ia
necessary to choose the diurnal cycle, test dmation, test item configuration,
relative hunidity, and any additional appropriate conditions.

a. Diurnal cwle. For Procedure 1, tw high tanperature diurnal cyclog are
provided in table 505.3-1 with the sam solar radiation conditions for both. The
first cycle (Hot Dry) has a peak temperature of 49°C (120%) and 1120 W/m2 (355
Btu!ft2/hr) and represents the hottest condition exceeded not ~ than cme
percent of the how in the mat extre= wnth l t the nmst severe locations in tho8e
portions of the earth tier consideration. This cycle is wed -n there ia l

-ire~nt for the test item b Perform satisfactorily vm~lduide. The KOnd cycle
(Basic Hot) is less severe and peaks at an air temperature of 43°C (110%)
and a solar radiation intensity of 1120 Wtm2. Tlllacycle ia used den thera is a
-rement for the test item to Perform uithout degradation in WY geographical
areas of the wrld that extend outwami from the ‘Hot Dryg regiom of the United
State9, Mexico, Africa, Asia and Australia, southern Africa, South Amrica,
southern Spain and South-at Asia (See Method 501.3.for area ckscriptionw)
This Cycle is also wed - special precaution are taken to provide protection
again8t the SUI in hot. dry areas (sU2h as with Mit%oru).

b. Teat duration

(1) Procedure I. The test item shall be expomd to continww 24-how
cycles of controlled si~la~ solar radiation and dry bulb temperature u lndlea~
in table 505.3-1 O?Qas specified in the requhamnts docummts. The nwbr of cycles
perfommd shall be either the mlnixmsn necessary to prodwe the peak response
temperature of the test item’s critical component (within 2°C (3.6% of
the peak response te~rature achieved during the previous 24-hour cycle) or three

I

‘ I

I

I

I

MITHOD 505.3
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continwus cycles, tiichever is longer. It ia suggested that, for unat
applications, the umxinun test duration should be seven cycles.

(2) (See figure 505.3-2.) Procedure II wI1l give an
acceleration factor of approxi~tely 2.5 as far as the total l nergy received by the

2 (355 BWft%) , utest item ig concerned. Eight hours of exposure to 1120 W/m
in tho steady-state test, is equal to 24 hours or the cycling teat (20 hours of light
and 4 ho-a of no light per cycle). A duration of ten 24-hour cycles is suggested for
mpt Which is occasional ly used outdoors, such as portable test itew, etc. For
equipnmnt continuous 1y exposed to outdoor conditions, a test duration of 58 cycles or
longer i8 8ugge8ted. Increasing the Irradiance above the specified level ig not
recaxmnded, because of the danger of overheating, and there is present 1y no
indication that attempting to accelerate the test in this my gives results that
correlate with equipnmnt response under natural solar radiation conditions.

TABLE 505.3-1. Tewe raturdaolar radiation diurnal cvcles 1/

I o
@ @

t
I

b
4

d
b

o B
t c :

9
I S01- Radiation :

Io 00 Hot-Dry : Basic Hot II (See Figure !305.3-1) :

v

) : Oooo : 37 98 Io 33 91 I# o 0 :
bI 0300 : 34 93 *9 32 90 : 0 0 :
: 0600 : 32 90 @o 3080 II 55 10 l

l

:0900:38 101 : 37 99 : ?30 231 @
l

Q8 1200 : -44 112 88 42 107 : 1120 355 :
9t MO0148 129 : 43 110 09 915 291 8a
I8 1600 ! 49 120 ! 43 110 : 730 231 ;
sI 1800148 118 8# 42 107 : 270 05 I#
6 2100 : 41 105 0B 3697 tI o 0 9Q
; 2400 : 37 98 Bo 33 91 II o 0 @I

~1 Selection of temperate .conditions depends on the requirenmnts documnt (a) and
the rendition to &ich the particular item wi11 be sulxlected during norrml usage.

/

MI’ITK)D 505.3
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FIGURE 505. 3-1 Simulated solar radiation cycle (Procedure I).

I

METHOD 505.3
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TEST CYCLE TIMES (HWRS)

FIGURE 505.3-2 TEST CYCLE DURATION (PROCEDURE II)
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c. Conf itiur ation. The test item configuration should be the saam u its
configuration during exposure to solar radiation. The orientation of the test item
relative to the direction of radiation WI11 have a aignificant inpact on the heating
effects, as WI11 its wunting (on supports or on a substrate of specified properties,
e.g.,a layer of concrete of apecified thickness or a uand bed of certain
reflectivity).

d. Jkldltional Ibvieu the requireumta docmm nt(8). Apply any
additional guideline8

I-4.1 Failum.~1 YSiS (See Qeneral Requi~ntw, 5.2.7.)

a. Procdum I Both at peak teqmrature and •fte~ return to #tandard
*ient conditions, “* performance characteristics of the test item WI11 not b
altered to the extent that the test item does not wt its requirenmta. Actinic
effects that do not affect perfor!mnce, durabi1ity, Or required characteristiua
wi11 be recorded as ob8ervation8 only.

b. Procedwe II. The perfornmnce and characteristics (swh u color or other
surface conditions) of the test item WI 11 not be altered to the extent that the te8t
item does not fmet requirenmnts. Actinic effects that do not affect pe~fornmmce,
durabi 1ity, or required characteristics WI 11 be recoded w obeervation8 only. The
fading of colors could result in higher heating levels within the test itemL

I-4.2 SUmEWY O tes Jf t nfornntion ~red . The fol lowing infommtion is ~red
in the test plan for adequate conduct of the twts of #ection II.

a. Teat item wnf Iguration ad orientation.

c. Location of teqxmature nenncnw.

e. Appq=iati diurnal cycle (for procedure I).

f. Spectral radiation of the source.

g* Test item preparation (see II-1.2B).

h. Test item operational require$mmta (see II-3.1, step 2).

\,

i. Mditional guidelines.

NE’I’mD505.3
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~D 505.3

SOLAR RADIATION (SUMSHX=)

SIXTION II

11-1 APPARATUS

a. The rquired fad 1ity con9iatg of a chamber or cabinet, auxi 1 Iary
in9trukwkation, and a solar lamp bank. This apparatw nwt be capable of nmintainlng
and wnitoring required condition# of tenperatwe, airflow, and irradiation.

b. For procedure 1, the possible cooling effacts of airflow over the test
9pecinmn9 m9t be considered. An airflow of U little as 1 m/s can cau8e a reduction
in temperature rise of over 20 percent. It is essential, therefore, to control and
mwsure the rate of airflow, ~ich should b as low aa possible coruiatent with
achieving satisfactory control of temperature. Mjwtamnti of the temperature within
the enc1osure and contro1 of chamber gradients by suitable heating end cooling of the
-1 1s of the enclosure eliminate the need for high air velocities. The air velocity
ahal 1 be umintained bet-n 0.25 d 1.5 nVs (50 to 300 ft/min).

, c. The volum of the -st chanber shall be a minim of 10 tinms that of the
envelope volm of the test item.

d. Tha 8olar radiation souwe area shall be such that the Ien$thandwidti of
the teat item shal 1 be no mre than one-half the saam dinnn#ion# of the laup bank and
nmy be conpotiedof either radiant heat-producing lanp$ (for procedtmw I) or 1-
that sinulate the solar spectrum (for procedure 11 or both I and II).

e. The irradiance #hal 1 have a nnxinun inten9ity of 1120 W/n? (~10%),d
the radiation on the test item shal 1 be uniform to within QO% of the desired valw,
with the spectral distribution given in table 505.3-11. @here themml l ffects only
are to be assessed, deviation from this gpectral distribution is permitted, but the
Irradiance -t be adjus- to give an equivalent beating effect. In order to
calculate this adjwtnmnt, it 18 ~ssary to ~

(1) The spectral reflectance or tranmdttanoe of the irradiated mm faaa,

(2) The spectral energy distribution of the particular leaps being wed
(and alao the effeet of any awoclated ref lec@r8 or glussd. T’b mdiatim -11
b directed onto the test item and shal 1 irradiate the l ntire stmfaee of the te#t
item facing the solar radiation source. The valw of 1120 W$ shall incltie any

~D 505.3
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radiation xwtfIected from the test chaaber =1 1s and received by the test item, but it
should not include long-=ve infrared radiation emitted by the chanber =1 1s. The
radiation—nmasur ing device shal 1 be oal ibrated in the =velength range of the teat
sourca radiatioml.

TAEM 505.3-11 enerlv diatributbn tted tolerance.

9 9
*

.
I

;
D
a Spectral Regian , *a

o s
o

: cRAwmmusTIc i uLi’mAvIOLm bt VISIBLE : 1~ :
#

*-: * aammt of radiation rnvelength shorter than 0.30 P m reaching the Earth’s
-faca 18 h8@nl ficant.

f. The Fuiiation 8otrce shal 1 be located at loa8t 76 cm (30 inches) a~ from
any other mrfaoe of the -t item.

(1) To#t$ conducted for degradation and deterioration of -terials due to
actinic effects, u wml 1 u heat hi ldup within th- teat i-, -t satiafy the ful1
~- Of -10 505.3-11 - ~ we Om of the fol lowing ~tabl. radiation
~:

(a) &non m or nmrcury xenon aro (wed singularly) uith suitable
roflector.

(b) Cod2ination of
-r with suitabl. reflectcnu.

(c) Iiigh-intemity
reflect?ors), ad i~ cent 8pot

high premnnw sodiun vapor and improved mmcury
..

ml tivapor, ~ vapor (with Nitable
lau#m.

(d) Carbon arc laaqM with suitable mfhctors.

-: Othm -inathn8 of tho laaps listed above and in 11-1.lg(2) below nmy be used
if it ia provon that the oonbination produoea the spectrw of tablo 505.3-11.

(2) Tut8 in tiic.h
the ~priate laaqe fxwu

it M not sought to reprodwe the

505.3-11

sun’s 8peotrun my use

IuETHOD505.3
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(a) Mmcury vapor lanps (in*-l rnfl=tir type only).

\

(b) Combination of incandescent upot 1v and ttil=-t~ mmrmmy
vapor 1- with external reflector8.

(c) Combination of Incandement 8pot 1- and =rcury ~vapor 1-
with intirnal reflectors.

(d) W&al halide.

(Q) Mrcury xanon src lanqw tith mltable reflectors.

(f) ?&dtiv~r (clear Or coa= mb) with titablo reflector.

(g) Tm@ten filanmnt lampa.

This 1ist ia not intended to excluie new lenpa nnde available by advanced technolo~.

11-1.2 Q?nkcd4

& Teumerature. The ~r air taq=rat= 8hal 1 be nmln-ned in amoukme
with General Require~nt8, 5.1.la, and ~ (with adequate shioldi~ from
radiated heat) at a point or point8 in a horizontal plane O to 60 mm below W
preacrlbed irradiation plane, at half the dis~ be-n the test itam and the
-11 of the chanber or at lm from the te8t ite~ tiiohever i* X1 19r. mia 18
one~toi~ reasonable control of the envelope of air 8ur~ * test
item.

b. ~faoe Contamlnation. mmt and Other -face Oontnmatlcm ~
#ignif ioant ly change the abcorpt$on ~Fi#tio8 of Irrdidbed mm faou.
Unless otherwise requirad, 8peci~n8 should be clean an they are tested.
Howmver, if effects of surface contamination are to be usessed, the relevant
specifiaat~on should inclti the necessary Infornmtion on ~~tion of nurfaeea.

c. IIut rumntat ion

m—=—ter OF pyrbeliommter Total imadiation (d&- d acattarod)
to ~47 W/~ (%14 Btu/f t2Ad

Spectroradioldier or flltmwd &% of r--mg.
Pv-=--

WrE: Val~ my h a8~ to ~8ent P1- or xtnu t- standaFd deviatiom; thww
the stated tolorancea -hould not ba l xceeded in W- than 1 ~t out of
20. Solar radiation inten81ty 8hal1 be nwsured with a pyranmter cm
~hel iomwtm. Spectral diat~ibutlon of I-hnoe u a fmction of =velan$th
shal 1 h nmamnwd with l #pectral radiomter or filtered pyranomm *.

t@’rHm 505.3
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d. ml ibr ation of chatabeP. Became of the variety of
end chmber cleaigsu, it ia particularly inportit that the
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pmmiawiblo laapa
chamber be

calibrated to asaure that the proper 1eve 1s of radiant infrared energy are
inpacting the test area when heat alone is of concern and that the proper
intensity and spectral diatribut~on of solar radiation are Upacting tha teat
araa tin actlnic effeds are of conoern. Over the area covered ~ the te8t

is the radiatim intin8ity mt be titiin ~1~. m W 1- ~, ai~
~tral output changes. To imnzw that solar radiation chambers Ht
eatablished upedf icatiom, a check on spectral diatrlbution, intinalty, and
uniformity shal 1 be ~Ffommd at intervals not exceeding 5(X)hour8 of operation
to inllnmre that the facilities continue to mt edablished upecifkatio~.
This value is based on the muwfacturer’s guarantee for mlni8un bulb life.

11-1.3 Test ~te .rrwt ions (See (3enoralRequi~nt8, 5.2.4)

(1) 8 1 and II. The test rationale Is Wed on the total
asmlative effect of the solar environnmnt. Any underteat interruption should be
fol 14 by restabi 1ization at the qecif ied conditioning and continuation of the
teat from the point of the interruption.

(2) ~ure Ic If an interruption ~ti after 18 hews X) minutes of
the laut WC1O of procedme I, the test shall - considered conplete. (litleast 92
percent of the -t wuld have been coxpleted, and the probability of a failure is
low during the re~ining reduced levels of temperature d solar radiation. )

b. 0ve~te8t interrwtion Any ove~test cwxiitiona mt be fol1- by a
thorough examination and check&t of the test Item to verl f y the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAef fact of the
overteat. Shoe any failure fol lowing continuation of testing wi11 be
difficult to defend aa wrelated to the overte8t, a new teat item zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAshould be
w ed .

11-2= ~

11-2.1 Before initiating any testing, determine from the
te8t plan:

l . which tedi procedures are required..,

c. OtbeF variablea, mkh M ntmber of cycl@@, l tc.

505.3-13
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step 1. Instal1 the test item in the dumber
anbient conditions ((kmeral Ibquiqnti, 5.la) and
service usage, tmlwa the #toPag* configuration is
item in accordance with the followhg:

and stabilize It at standard
&n a mmne~ that till aitiate
etpecified. Poaitlon the te8t

a. As near the ~nter of the teat chaatmr an practi~l aml so that the
surface of the item is not closer than 0.3m (1 ft) to any wal 1 or 0.76m (30 in.) to
the radiation uource when the source is adjuuted to the closest po8ition it u?I1g
an9?mB chsrir~ the test.

b. Oriented,
to the solar radiation,

c.
that there is

step 2,
stress areas,

step 3.

step 4.
and required
to deta%llne

step 5.
plan.

step 6.

Step 7.

.

within realistic limits, to expose its nn8t vulnerable parts
fmle9# a pxwscribed orientation sequence ia to be follz. (

fmtm other itenm that are being tested #inultaneowly, to insure
I

shading or block~ng of airflow. ,. I

visual e-nation of the test item with ~ial l t*tim to
such as corners of nmlded cases.

DXumnlt the result8.

Prepare the test itim in accordance ulth General Require-ta, !5.2.2,
tegt item confirmation {1-3.2c), with the temperature sensors ~-
teat item re8pon8e.

Conduct an operational checkout in ~ with the approved te8t

I ta !cord

If the

remdts for compliance ~th General Requl~ t8, 5.2.6.

test item operates satisfactorily, place it in iti test
configuration (if other than operational ). If not, resolve the problem and ~start
at step 1. Position the test item in accordance with the follo&g and proceed to
the fir#t teat as upecif led In the test plan.

a. & near the oenter of the taut ahamber e9 practlaal. C&e 11-1.lcand
d.)

b. Oriented,
to the #olar radiation,

c. Separated
is no nutual shading or

within realistic limlts, to expose iti -t vulnemablo parts
unless a prescribed orientation aeqwnce is to be fol louul.

from other item that are being tested to inmlre that there
blocking of airflow.

Ii-3 ~. The fol Iowlng test procedures, alone or In ~inatlon, ~vldo
the basis for evaluating the perfommnce of the test item in l 9olar radiation
environment.

~ 505.3
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11-3.1 Wocedure I - C!Y Clim or heat effects.

step 1. Raise the chantxm air texrperatureto the 0000-hour teqxmature of
table 505.3-1.

Step 2. Expo8e the teat
ainulated solar radiation and
as specified in the equigmmt
eichever of the felkuhg i8

.

item to continuous 24-hour cycles of controlled
dry-bulb temperature as indicated in table 505.3-11 or
mifiatim. The nwber of cycles perforti shal 1 be
longer: ‘ .

a. The mlnhxm necessary to insure that the peak response temperature of the
wst critical area of the test item achieved during a cycle is within Z2°C (~3.6%) of
the peak response te~rature achieved dwing the preview 24-how wc le, OF

, .

b. Three continuow cycl&.
‘6
<K

Increa80 and decrease the solar radiation intensity-in a minim of four stem up ad
four 8tQPS dovm to approxlunte the curve ~f f~gure 505.3-3 (table 505.3-1).- me testy
i ternmy or my not be operated throughout the test, at the option of the equlp~nt
specification. men an evaluation of the heating effects is ixportant, operation at
1east at peak temperature should be specified. For certain one-shot iterns (e.g.,
rockets) , theruvco~les affixed to critical portions of the test item should be used
to dstermine the” tlnm aa@ valw of peak tenperat-. The ti= of ,operatkn *11 v :.
coincidq with peak te~rature. :.:

step 3. Continue cycling unti 1 the peak respon9e tinperature (masureci at c

represen-titivelocations) achieved during ‘acyc1e
response t+eqerature achieved during the PV IOUS
whichever coxm firat.

step 4.

step 5.
maintain unti1

Step 6.

step 7.

Step 8.

step 9•

step 10.

Conduct an operational checkout of

Mj wt the chanber air texqnmature

‘is within ~2% (~3.6%) of Lhe peak
24-hour cycle, or during 7 cycles,

the test item as in II-2.2, step 5.

to dandard anbient conditions and
tenqxwature stabi 1ization of the test item has been achievui.

Conduct a coqlete visual examination of the test item.

Docwmnt the results.

Conduct an operational checkout of the test item as in II-2.2, step 5.

Docuumt the results.
.

~ tiese data with the-pretest data. .

)

WI’HOD 505.3
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II-3.2 II - SteadY skate for Prolommd actinic effects

Stip 1. MjuOt the #olar radiation source to a radiant energy rate of 1120 %47
w# (355 f14 Bttift2Ad, Or = specified in W =@-nt -~fl~tion, ~ a
teqeratm– of 49°C (120-) .

Sbp 2. ~intain these -nditions for 20

step 3• ~ and record the test item teuperatura!.

step 4. Turn off the a301arradiation

step 5. &peat atips 1 through 4 for
plan.

8ol.mce for

the nudmr

step 6. Conduct a perfornnmce check and visual—
2and5andd ocumnt the results.

a.

b.

c.

d.

e.

f.

g=

h.

i.

Teat item identification

Previoue test =thods to

Test procedure.

IWnllts of *

IMMn.llt8of each

(Imanufacturem ,

which the test

check.perfornmnce

visual examination (and

fotm howa .

or cycles specified in the test

examination as in II-2.2, #tops

serial ntir, etc.).

item has been subjected.

photographs, if applicable).

Location of temperature sensors on the test item.

Test item tamperaturas and exposure periods .

solar lamp -

Miditional data

identifioation.

M required.

U If required, operational ohecks Should be conducted during the la8t
four hours of each 20-hour exposure when test teqeratures are mximi zed.

~D 505.3
505.3-17
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~DIU~ FOR DEI’KwImm T=T
~AMD=(X)NDITI_ . . . . . ..-. .W.3-2

I -4 SPECMLC ONSIDERATIONS. . . . . . . . ..= . . ..~53-5
I-5 ~. -- .- - l * l l l l : * . l = l “ l “-”3-7

SXXION II
II-1 APmRATm . l = l . . l l l = l l * .~=” l l “ “-”a-e
II-2 WARATIONR)RW. . c . . . . . . l . . . . l .~.3-~0
II-3 PmCmuRm-. l . . . . .= l l l l . l = l . l l l .~.3-lo
II-4 IBIFOIWiTION’IVBE R=O_ . . . . . . . . . . ...-.3-12

1-1 ~. Tbe rain test is conducted to dataaine the folloulhg:

& ‘lhe l ffectiveneaa of protective covers or cases in preventing the penetration
of rain.

b. Tho capability of the test item to satisfy its performance requirements
during and after expouure to rain.

I -2 1~ EFFECTS Rain (G falling, tpn impact, and as deposited (=ter)
haa a variety of effecti o; umterlel.

a. In tbe atmwphere, it:

(1)

(2)

(3)

(4)

(5)

(6)

Interferes with or degrades radio commmication (referenoe d).

Llmita radar l ffectivewss (reference d).

Limits aircraft operations by =Bt~icting vlaibility (refere= d).

~ea ai=raft in flight.

Affech utillory and mi8si10 lamching.

Degrades or negatea optical surveillance.

506.3-1
WX’H3D 506.3
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(7) Decxwmes effectiveness of personnel in eqnxed activities.

(8) Cawes so= fuzos to fmction prwmtumly.

(9) Inhibits visibility through optical devices.

b. On inpact, it erodes smfaces.

c. After

(1)

(2)

(3)

(4)

d. After

(1)

(2)
malfmction ~

(3)
growth.

(4)

deposition, it:

IM@ules the strength of mem mtariah.

Promtez4 corrosion of Rmtala.

Deteriorates surface coatings.

Can render electrical or electronic apparatw hoperativo or dangamn.m.

penetration into containers, it:

Cawes nulf~ction of electrical equi~nt.

W freeze inside equi~nt, ~ich IUW oawe delayed doterioratian and
#!mlling or cracking of part8.

Causes high hunldity, ~ich can, in tire, l ncourage oorrosion and futgal

catsn8 sl~ burning of plwpellantu.

a Amlica tion. TMa ~thod is appl Icable to equi~nt tiieh ny & l xposed to
rain uxier service conditions.

b. -re a requiro-nt exists fop determining the effects of ~aln
erosion on radoma, nose cones, f~, l te., a roaket sled tast facility or other 8mh
faei1ity should be considered. Since any teat proeedum invo 1 ved umld be oontingont
on reguixwmmnts peculiar b the test item and the facility eqloyed, a standardized
test procedure for rain erosion is not incluied in this test mthod. Becaue of the
finite size of the tat facilities, atmospheric rain l ffects such u l 1ectmangnotic
propagation may not be determined with this ~thod. ~is test nmthod is not intended
for u80 in eval~ting the adequacy of aircraft uindshiold rain reswval provisions.
Mditional ly, this nmthod my not be adequate for determining the l ffects of extemied
periods of exposure to rain.

hETK)D S06.3
506.3-2
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c. ~nce. (See Wneral Requirenmts, 5.1.4.) This mthod ia applicable at
any stage in the test program, but its effestiveness as a test -th- is maximized if
it is performmd after the dynamic tests.

The leakage test (xmthmi 512.3) is normal ly considered to be mre severe than the
rain test for determining the penetrability of the test item ~~nt tbt p988e8
the leakage teat q not ~re exposwe to the ~ain test if its configuration 18
unchanged and the effects of penet~ation are the main concern.

d. Test variation.. This xmthod is conprised of three rain-related test
procedww)s. Before the test is condwted, a determination mst be made of tiich test
procedureti and te8t conditions are appropriate. Determination of related test
conditions that are &d during the test are based on:

(1) The test item configuration.

(2) The operational purpose of the test item.

I-3.1 (!hoioeof test Drocedure(8)

a. Teat objectives. The primary objectives of the rain teat are to determine
if:

(1) Rain can penetrate the enclosure of the teat item -Ile it is in
/’ its operational or storage configuration.

(2) .’Xhetest item oan nwt ita perfornmnce specifications during and after
l xposure to rain.

(3) Rain oauses phyakal deterio~ation of the tast item.

(4) The rain and collected rainwater rewval system are effective.

b. Selection of the teat wocedure. Three tegt procedures are included within
rmthod 506.3: blowing rain, drip, and watertighknesa. Select the procedure that
presents the mst ssvere exposure anticipated for the test item

(1) I B1owing Fain. Procedure I is applicable for equipmmt
~ich will be deployed out-of-doors and tiiah will be tmprotected fmm blowing rain.
The accompanying wind velocity can vary from alnmst calrnto extremly high. Test
item8 which cannot be adequately tested with this procedure because of their large
size should be considered for testing unde~ procedure III.

(2) ~ocdure 11 - DriD. Procedure II is appropriate hen equi~nt
ia nornmlly protected from rain but my be expcwed to falling winterfrom
condensation or leakage from upper surfaoes.

MZTHOD 506.3
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(3) Procedure III - ktertifitneas.. Procedure III should be considered
hen large (shelter-size) equipnmnt ia to be tested and a blowing-rain facility ia not
available or practical. This procedure is not intended to sinulate natural rainfal 1
but will provide a high degree of confidence in the imtertightmeu of a place of
equipwmt.

I-3.2 Choice of -la ted test conditions. Variable# tier each test procedure
include the test item configuration, rainfal 1 rate, ulnd velocity, teat item •~
surfaces, -ter pressure, and any additional appropriate guidel Ines in accordance “
with the require~ts docwm nt.

a. zest item conf@ar ation. The test item should be tested In al 1 the
configurations in ~ich it can tm placed during its life cycle. & a mini- the
f01 lowing configwationa should be con81dered;

(1) In l shipping/storage container or transit case.

(2) Pro*ted or not protectad.

(3) In its operational configuration.

{4) MmMf ied with kits fOP special applloatlons .

b. $ainfal 1 rate. The rainfal 1 rate used in procedure I may be tailored to the
anticipated deploymmt locale and duration. hn instantaneous rainfal 1 Fate

equivalent to 0.80 mdmin (1.89 in./h) occurs connmn 1y In areas of heavy ~ainfal1,
but a minimsn rate of 10 cm/hr (4 in/h) is re coxwmded, since it is not an uxwammn
ocmmrenoe and ~ld provide a reasonable degree of oonfidenca in the test ih
Asia, for e~leo is kno- to have high rainfal 1 intensities. The highaat recoded
intensity for one minu~ occumed in Maryland and w 31.2 nmhin (1.23 i~hin.).
For testing pmpaea, the fol lowing table of rainfal 1 Fate* (from MIL-STD-21O) for
-r ldwide l xpacted durations of l xposure (EDE) from 2 - 2!3years is nmre realistic.

TABLE 506.3-1. rainfal 1 rate s for ff•ren~

I
I

#
I 2 9I 4.0 ; 10 I
II 5 : 4.7 : 12 #8
tI 10 t8 5.2 ; 13 #I
tI 25 Dt 5.8 *8 15 0t

c. Drmlet 8ize. Nominal drop-size spectra exist for Instantaneow rainfal 1
rates, but, according to MIL-SK)-21O, for the long-term rainfal 1 rates they ara
meaning less, since ratea are tie up of ninny different instantaneous rateti Posse#aing

WTmD 506.3
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different spectra. For these tests, droplet sizes should not be smaller than
approxi~tely 0.5 m in diamter, ~. which is considered to be mist or drizzle rather
than rain (reference e.), or larger than 4.5-

d. Wind velocity. High .rainfall intensities accompanied by winds of 18 mls (40
n@J are mt -commmn during storms. Unless otherwise specified, this velocity is
~ed for procedure I tests. Winds of 33 &s (75 mph) are the threshold for
hurricane-force winds.

e. Test item* XPOsure surface. Wind-driven rain will usually have nmre of an
effect on vertical s-faces than on horizontal surfaceg, and vice versa for vertical
or near-vertical rain. All mrfaces onto which the rain could fall or be driven nwst
be exposed U the test conditions.

f. m~ e. Procedww? III relies on pressurized =ter. The pressure
nmy be varied according b the requirements doamm nts, but a minim value of 377 Wa
(40 psig) nozzle pressure is given as a guideline based on past experience. This
val- will prod- water droplets traveling at approximately 64 km/h (40 nph) when a
nozzle an 8pecified in in 11-1.le is wed.

& Additional fiuidelines. Review the requirerrents docunents for any
additional guidelines.

1-4.1 Failure analvsis

1-4.1.1 (lmrationa 1 Pa iremnts. The failure of the test item to satisfy the
rq@==ntiof the equipm@nt specification mt be analyzed carefully, and related
infomtion -t be considered, such as:

a Degradation allowd in the performance characteristics because of rainfall
e~ -

b. Bkmessity for special kits for special operating procedures.

c. Safety of operation.

1-4.1.2 Wkter xx netration. Based on the individual test item and the
e~ * for its nonexposure to wter, determine if one of the following is
applicable:

a Unconditional failure. Any evidence of wter penetration into the test item
enclosure following the rain test shall be considered a failure.

J/ Observations show that there are no drops of less than roughly 0,5 nmdiamter
during intense rains (reference c).

~D 506.3
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b. ~table =ter menetratsa inter penetration of not ~ than 4 em? per
28,000 (1 ft% of test item enclosure & shall be acceptable, provlciedW@
following conditions am nmt:

(1) There .is no inmdiati effect of the =ter on the opsration of the te8t
item.

(2) The test item in it8 ~ational mnfiguwtim (tramitlatomage oan
open or renmved) ahal 1 ~sful ly ooaplote the i~ temperatme/hwmidity
p~ure of mthod 507.3 for the geographi=l eruk in tiich it la dwigned to b.
deployed.

I-4.2 werat ure. Experience has achom that l temperate diffarential bet-n
the test item and the main~ter can affeot the outcomm (leakage) d a rain teat. It
is recoxmnded that tienever possible, t.M test item teuperatww b. l t 1-
10°C (18~ higher than the rain teaperatuw at the baghnlng of each 30-
minute exposure period to produce a negative preauum dl ffezwmtial inside tha teat
1tern.

I-4.3 of teat inforua tion reuuired l ‘Ihefolloting infonmtion is requirad
in the test plan for adequate condwt of the tests of #e@ion II:

a. l’e8t procedure(8).

b. Test item configuration.

c. Rainfall rati.

d. Test itam preheat temperature.

e. -sure aurfacesldurations.

f. wind Veltity .

g. Uhter pressure.

i. Additional guidelines.

~ Thi8 quantity of u- (4 CJl?)W appmximtely the ~ity r9qulXWd to mine
the relative hunidlty of 1 cubic foot of air at standard anbient conditions (50% El
at 21°C (70°F) to saturation at 49°C (120%)). The 49°C value is -al Iatic for
equiptmnt exposed to higher temperatures and solar radiation effects.

NETHDD506.3
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~D 506.3

RAIN

SECl?IONII

11-1 APPARATUS

Test-facilitv

a. For procedure I, the rain facility shall have the capability of producing
falling rain accompanied by wind blowing at the rate specified herein. The
facility temperature shall be mcontrolledv except as regulated by =ter introduced
as rain. The rain shall be produced by a water distribution device of such design
that the -ter is emitted in the form of droplets having a dienmter range
predorninantllybet-n 0.5 and 4.5 millimeters (1-3.2c). The rain shall be
dispersed completely over the test item~en accompanied by the prescribed wind.

b. The wind source shall be positioned with respect to the test itemso that
it will cause the rain to beat directly, with variations up to 45° from the
horizontal, and uniformly against one side of the test itetn The wind source shall
k capable of producing horizontal wind velocities -l to and exceeding 18 tis
(40mi/h). The wind velocity shall be masured at the position of the test item
before placenmnt of the test item in the facility. No rust or corrosive
contaminants shall be inposed on the test item by the test facility.

c. A water-soluble dye such as fluorescein rmy be added to the rainwter to aid
in locating and analyzing inter leaks.

d. For procedure II, the test setup should provide a volum of =ter greater
than 280 (+30, -O) L/m2ih (7 gal/ft2/h) dripping from a dispenser with drip holes on a
25.4 rrxnpattern, as shown in figure 506.3-1.

e. For procedure III, the nozzles used should produce a square spray pattern or
other overlapping pattern (for maxinmm surface coverage) and droplet size
predominantly in the 2 to 4.5 mn range at approxi-tely 375 kPa (40

2 of surface -apsig). At least one nozzle should be used for each 6 ft
and should be positioned 19 L1 in. from the test surface. ~/

11-1.2 Controls

a. For procedures I and II, the rainfall rate shall be verified iumdiakly
before each test.

b. For procedure I, the air velocity shall be verified innmdiately before each
test.

~/ From MIL-S-55286 and MIL-S-55541.

MTHOD 506.3
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WATER INLET

RFLOW * *
WATER
LEVEL

---- D .0--

*

I.S mm (DIMPLES)

HEIGHT WATER DROPLETS
ADJUSTABLE

1.5 DEEP DIMPLES PRESSED
INTO 0.8mm BRASS PLA=
WITH 4,8 mm MI LDSTEEL
ROD WITH A 5 mm END RADIUS

.23.4.

MOLES (0.33mm OIA)

DRILLED THROMH

DIMPLES IN Q8nwn

BRASS PLATE
VIEW A-A

~mlrw 506 .3-1. Datal.1, of Dlsmrwer fOF DriD Tl 8t

#

(TYP)
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c. For p~= III, the nozzle spray pattern and preamure shall be verified
before each test.

d. Unless otherwise spmified, =ter used for rain tests can be from 100al
-ter supply aourcea.

11-1.3 Test interrmtion. (GaneralRequirwmnti, 5.2.4)

& Undertea% interrw tion. Interruption of l rain test is mlikely to generate
any adverae effects, and ~lly the test shall be oontinb from the point
of interruption.

II-2 ARA!I’ION~ IWI’

11-2.1 -l iminary ateue . Bef- initiating any testing, dotermin8 from the
test plan:

a. Mhich teat proced~s are required.

b. The rainfall rate and wind velocity for procedure I.

c. The other variables applicable to the dosimd procedure.

II-2.2 Pretwst gltanckrd aubient checkout. Al 1 test itenm require a pretest standard
ambient checkout to provide baseline data. Condmt the dockout u foIlow:

step 1. Stabilize the test item at standard tiient coMitions per
General llequi~nts, 5.la, in the teat chamber, if applicable.

step 2. Condwt a complete vimnl examination of the tist item.

WrE: No sealing, taping, caulking, etc., shal1 be used except as rquired in the
teat i terndrawinga.

step 3. DocmMllt the result9.

step 4. Prepare the test item in accordance with ~1 Requirenwnts,
and required test item confIgwation.

step 5. Conduct m operational oheokout in accordance with the approved
plan.

5.2.2,

te8t

step 6 l Record the results for ~liance with General lloqui~ ts, 5.2.0.

step ?. If the test item operates satisfactorily, proceed to II-3. If not,
resolve the problenm and restart at step 1.

II-3. . The fol lowing test procedures provide the basia for
co 11 ect ing the neceasuy infornmt ion concerning the test item’samtertightness.
Proceed to the first procedure as specified in the teat plan.
EI’M)D 506.3
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11-3.1 I - BlowiM xwiq

step 1. With the test item in the facility and in its noml operating position,
adjust tho rainfall rate as specified in the test plan. (The sealed test item shal 1
be l ithe~ haated to a higher te~rature than the rain =ter (see I-4.2), or the waiter
E#y be cooled. The test item Shal 1 be restored
innmdiately before testin&)

step 2. Initiate the wind at the velocity
maintain for l t least 30 minutes.

to its nor51 operating configuration

mifid in the bat plan and

step 3. If an operational check ig required, the test item shal 1 be operated for
the l-t 10 minutes of the 30-minute rain.

.

step 4. Rotate the test item to expose to the rain source any other side of the
teat item that could be exposed to blom rain in its cioploynmnt cycle.

,

step 5. Repeat steps 1 @rough-4 mti 1 l l 1 possible variations have been
acccmpliahed.

step 8. ~ne the test item in the tegt chaaimr, if pwsible; otherwise,
rewve the test item from the test faci1ity and conduct a visual inspection. If
a noticeable ammmt of free =ter ha8 penetrated the test item, Jtignwmt mst be
used before operation of the tea3titexk It v be neces~ to enpty inter from
the test item to prevent a safety hazard. Measure the volm of -ter.

step 7. MeMIJreandd oclmwlt any
the teat item.

step 8. If mquimd, operate the
documnt.

step 9. Docunent the reml ts.

II-3.2 II - &iD

step 1. In8tal1 the test item in
~~n-, 5.2.2,in its operational
engaged. (The sealed test item shal 1

free -tar fouxi tiide the pwtected areas of

test item for compliance with the requireimnts

the faci 1ity in accomiance with General
configuration With al 1 connectow d fittings

be heated to a higher temperature than the rain
-tam (t8eeI-4.2)and matored to Its no-l operatIng --nfiguration hmediate 1y
before testing .)

step 2. With the test ihm opemating, subject it to -tar falling f- a height
of approxinntely 1 -ter (3 feet) at a uniform rate (aa produced by a 75--high ~ter
level in the dispenser) for 15 mlnutea (see figwe 506.3-1). ‘ItM teat uet~ shal 1 be
arranged so that l l 1 of the uppeP surface gets droplets on it at so= ti= during the
test. Teat item with glws-covered instrwmmts shal 1 be tl lted at a 4!3° angle, dial
W*

NEr?IOx)506.3
506.3-11
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Step 3. At the conclwlon of the 15-minute e~, renmva the teat item from
the test faci 1ity and re=ve sufficient panels or covers to l l10u the interior to be
8een.

l

step 4. VisnJSlly inspect the test item for evidence of ~ter penetxwtlon.

step 5. basure and docuumt any free water inside the test itma.

Step 6. Condmt m operational check of the test Item an spatslfid in the teat
plan, and d ocuumt the result8.

II-3.3 lhwcedwe 111 - =tertl~~

step 1. In8hl 1
l *. , Clond.

step 2. Position
11-1. le.

S-P 3. spray al
40 minutes per tace.

the test item in the test facility with all doors, louvers,

the nozzles as required by the test plan or as indicated in

1 exposed surfaces of the

step 4. Afw each 40-minute spray period,
for evidence of free wter. Estinmte its volwm
docuxmnt.

stOp 5. Vi-ly in8pect the test Item for

tist item with -ter for not leu than

inspect the interior of the tist item
and the probable point of antry and

evidence of -ter ponetratim.

Step 6. Conduct an o~rational ~ of the test item as specified in the te8t
plan , am! docwmn t the resulti.

II-4 I~

a. Teat item identification (xmnufacturer, serial n-r, e~. ] .

b. Previous teat ~thod.s to ~ich the teat item has been subjwted

c. lbnlt8 of each perfornmn Ce Chad ad Viuukl examination (and @mtograph8, if
applicable).

(1) Pretest.

(2) During test.

(3) Post-te#t.

506.3-12
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d.

e.

f.

g.

h.

1.

J.

k.

MXL-S3W81OE
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Length of ti= required for each perfornwme check.

Status of the te8t item for each visual examination.

Expomme d=ations.

Rainfall rate.

Witi velocity.

inter and test Item tellpePature8.

Water preaswe (if applicable).

Surfaces of the test item subjected to rainfall.

MZ’I’K)D506.3
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NETM)D 507.3

HUMIDITY

I-1
I-2
I-3

1-4
I -5

II-1
II-2
11-3
II-4

Pme
SECTION I

PURPOSE . . . . . . . . . . . l l Q* l * l .* .. 507.3-~
ENvIm~AL EFFMXS S0703-I
SIDELINES FORDEI’ERMINikti” ““”””””””

l

PIUICEDURESAND TEST CONDITIONS . . . . . . . . . . 507.3-2
SPECIAL CONSIDERATIONS . . . . . . . . . . . . . . . 507.3-10
~ . . . . . . . . . . . ..-. .*. .*.5O7*3-11

=IOIU 11
APPARATUS . . . . . 507.3-12
PREPARATION”&R-Ti =:::: : : ::::..... 507.3-14
PROCEDURES.. . . . - . . . l - - l - . . Q - . . .507.3-14
INKXWATION’IY)BERECORDED . . . . . . . . . . . . .507.3-16

I-1 PURPOSE. The humidity teata are performed to determine the resistance of
mteriel to the effects of a ~m, hunid atrmsphere.

)-
1-2 EWIIWNMENT AL EFFECT$. Moisture can cause physioal and chemical deterioration of
materiel. Temperature changeg and humidity may cause condensation inside of
equipment. Typical problems that can regult from exposure to a mrm, humid
l nvironu9nt are:

a.

b.

c.

d.

l .

t.

g.

h.

i.

Svmlling of mmterials due to unisture absorption.

Loss of physical strength.

weg in wchani-1 properties.

Degradation of electrical and therxml properties in insulating xmterials.

Electrical shorts due to condensation.

Binding of wving parts dw to corrogion or fouling of lubricants.

Oxidation andlor galvanic corrosion of mtals.

Leas of plasticity.

Accelerated chemical reactions.

tuET’HOD507.3
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j. Chemical or electrochemical breakdom of organic surface coatings.

k. Deterioration of Olectrical conponent8.

~. Degradation of image transmission through glass or plastic optical clenmnts.

m. Absorption of nmiaturw & explosives and propellants.

n. Accelerated biological activity.

o. Deterioration of hydroscopic -teriala.

I-3 DEL = K)R DEI’EIWI NxM3TESr PROCED- AND- - IT1~

Ncn’E: The tailoring process as described in section 4 of thig docum nt
to determine the appro~late teats and test variables.

“.

am ADDliatio~ This !msthcxiis used ~en the teat item ia likely
in a warm, htid environment. Such conditions can occur year-rod in
and tieasonally in midlatituie areas.

b. Restrictions. None.

should be wed ‘

to be deployed
tropi@al areaa

c. Seuumce. [See General Requirements. 5.1.4.) ma test proceduws of this
mmthod are potentially damaging. The position of this nmthod in the l M of l

test item’s life cycle is illustrated in General Requirenmnt8, figure 2. The hwddity )
test should follow the initial logistic dynamic eXpOSUN of the tist &tam W*
arrival at its initial point of disembarkation). It is generally inapprop riate to
conduct this test on the sam teat saqle used for salt fog or fmgw tests.

d. Teat variation. The watt iuportant -a the teat can vary are in dwation,
temperature-hwddity cycles, and ventilation.

I-3.1 Choice of test vroced Ure(s) l This nmthod consists of three P’-=--=

a. Procedure I - Natura 1. Procedwe X sinulatea natural l nvironnmntal cycles
and is conducted on test items which are open to the environnnnt or frequently
ventilated.

b. II Ind- . F’rocedun II uimlates aventilated conditi- that
my occur during storage or transit and is appropriate for sealed items or ite-
enclosed in sealed items. For the propose of thig teat, as-sled Itemta orm that
could have l relatively high internal level of humidity and lacka continwus or
frequmt ventilation. It does not incltie hectically sealed item. The internal
hmldity xmy be caused by these or other nmchanim:

(1) Entrapped, highly hunid air.

(2) Presence of free =ter.

hE’m)D 507.3
50’7.3-2
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(3) Penetration of miBture through teat item seals.

)

(4) Release of water or wter vapor from hydroscopic material within the
test i-

.
c. ~m 111 - W ravated. Procedure III exposes the test item to mre

extrenm ~rature and hunidity levels than those found in nature but for shorter
durations. It ig used to reduce the tin and.cost of testing. This procedure is used
to identify potential problem areas, and the test levels are, for all practical
purposes, fixed.

I-3.2 Choice of related test conditions. Related test condition$ depend on the
cli-te, duration, and test item configuration during shipping, storage, and
deployumt. The variables connmn to all three procedures are the
tenperat~-hunidity cycles, duration, and wnfiguratian. These are
discussed below Require~nts docune nts may inpse or iuply additional test
conditions. The -rat-case conditions should form the basis for selecting
the test h test conditions to use.

& T@St tenmeratum-humiditv. The specific test te~rature-hunidity values are
selected, preferably, from the require-nts documnts. If this information is not
available, determination of the test temperature-hunidity values for procedures I and
II can be basedon theumrld geographical areas in which the test item will be
used plw ~ additional considerations. Table 507.3-1 and 507.3-2 are approxixmtions
of cycles and are to be used if chanber conbrol of table 507.3-1 cycles is difficult
to achieve. The curves are constructed with consideration of chamber limitations.
A description of each’category follows.

(1) Hot-hunid. Severe (high) dewpoint conditions occur 10 to 15 timss a
year along a very narrow cozdal strip, probably less than 5 miles wide, bordering
bodies of -ter with high surface te~ratures, specifically the Persian Gulf and the
Red sea. Most of the year these sam areas experience hot-dry conditions. Due to the
relatively -11 area in With these conditions occur, mst types of equipnmmt need
not be designed to withstand this environment.

(2) Constant hiti hunidity. Constant high humidity is found nmst often in
tropical areas, although it occurs briefly or seasonally in the midlatituies. The
constant-high-huxddity cycle occum in heavily forested areas tiere nearly constant
tenprature and hunidity may prevail during rainy seasons with little (if any) solar
radiatia ~. Tropical exposure in a tactical configuration or &e is likely
to occur tier a jlmgle canopy. Exposed =teriel is likely to be constantly$ wet or
daup for !mmy days at a tin. Wrld areas where these conditions occur are the
Congo and Atmzon Basins, the jungles of Central Amrica, Southeast Asia (incluiing
the Ea8t Indies), the north and east coasts of Australia, the east coast of
Madagascar, and the Caribbean Islands. The conditions can exist for 25 to 30 days
each mnth in the nmst humid areas of the tropics. The nmst significant variation
of this cycle is its frequency of occurrence. In equatorial areas, it occurs

507.3-3

II I
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TABLE 507.3-1. High hunid ity diurnal categories. 1/

8: @ : I
b

I
* Natural Induced
8I : Hot- 1I High Hunidity : Hot 1 cyclic 8I t
I8 ; Hun.id : Conlkant : ~cliC : M.anid : Him Hunidity :
: Tim : (Cycle 1) : (cycle 2) : {Cycle 3) : (Cycle 4) : (cycle 5) :
I 8I b

I
I

I
I

I
I

;

t
I

I
1

I

I

*

I

:

I
1

I
I

#

I

:

I
B

:

I

I

a

I

:

1

#

:

I
I

I

t

*

I

I
*

: 0000 :
i

88 31 88 100L/: 80 27 100 : 95
: 0100 : 883188
: 0200 : 08 31 88
: 0300 : 88 31 88
: 0400 : 883188
:0500: 883188
:0600: 90 32 85
: 0700 : 93 34 80
:0800: 963676
:0900: 98 37 73
: 1000 : 100 38 69
: 1100 ; 102 39 65
I 1200 : 104 40 62
:1300:1054150
: 1400 : 105 41 59
: 1500 : 105 41 59
: 1600 ! 105 41 59
: 1700 ; 102 39 65
; 1800 ; 99 37 69
: 1900 : 97 36 73
: 2000 : 94 34 79
: 2100 ; 91 33 85
: 2200 : 90 32 85
; 2300 ; 89 32 88

100! 8027
loo :7926
100:7926
100 i 79, 26
100 : 70 26
100:7826
98i 0127
97:8429
95 ; 87 31
95 : 89 32
95:8233
95:9434
95:9434
95 : 95 35
95 : 95 35
95 : 93 34
95:9233
95; 9032
97:8831
98; 8529

100 :83.28
100! 8228
100 ! 81 27

100 : 95
100 : 94
100 : 94
100 : 93
100 : 92
100 : 91
94 : 97
88:104
82 : 111
79 I 124
77 : 135
?5 “: 144
74 : 151
74 : 156
74 : 160
76 : 156
79 : 151
82 : 145
81 : 136
91 : 122
95 : 105
96 : 103

100 : 99

3563:
3567:
34?2:
3475:
3477;
3379:
3380:
3670:
40!M;
44 42 :
51 31 :
57 24 ;
62 17 :
6616;
6015:
71 14 :
69 16 I
6618;
6321:
5829:
5041:
4153:
3958:
37 62 I

91 33
91 33
9032
00 32
88 31
8630
88 31
93 34

101 38
107 42
113 4!3
124 51
MMS7
14S N61
145 63
14s 63
144 62
140 60
134 !37
122 50
111 44
10A 38
85 35
93 34

661
60:
70 :
71:
72 :
74 !
75:
64:
!54:
43:
36:
29;
22
21 I
20 :
19 :
20 :
21 :
22 :
32 1
43:
54:
59:
63 !

~ Temperature and hunidity values are for ambient air.

& For c~r control purpose, 100% RH i~liea as close to 100% as ~ible but not
less than 95%.
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nmnth 1y, year round. The frequency decreases as the distance
increases. The mid 1at itties can e~rience these condi tions
for twm to three nmnths a year.

from the equator
severs 1 days a nmnth

(3) CYC1 ic high humiditw. Cycl ic-high-hunidity conditions are fomd in
the open in tropical areas where solar radiation is a factor. In these areas,
exposed iternsare subject to al tirnate wtt ing and drying, but the frequency and
duration of occurrence are essential 1y the S- as in the constant-high-hunidi ty
areas.

In addition to these three categories of natural high-hwnidity conditions, there are
tw cycles for induced conditions:

(4) Induced hot-humid. This condition exists when equipment in the
hot-hunid category receives heat from solar radiation with little or no cooling
ai~.

(5) Induced variable-high hunidity.. This condition exists Wen equi~nt
in the variable-high-humidity category receives heat from solar radiation with
little or no cooling air.

b. Test duration. The nunber of temperature-humidity cycles (total test tire)
is critical in achieving the purpose of the test. It is preferable to use the mmber
of cycles given in the requirenmnts documnts for the materiel. If this infornntion
is not available, use the following guidance (see table 507.3-11):

NOTE: Any degradation that could contribute to failure of the test item during umre
extensive exposure periods or during exposure to other deplo~nt environments, swh
as shock and vibration, shall be do~nted. Further, testing shall be extended for
a sufficient period of tim to evaluate the long-term effect of its realistic
deplo~nt duration (deteriorationrate becorrmsas~totic).

(1) Tests enmloyin~ Procedure I -.IUatural

(a) Hazardous test item. Hazardous test item are those in &ich
any unknown physical deterioration sustained during testing could ultimately regult
in damage to materiel or injury or death to personnel when the test item is wed.
Hazardous test itexrswill generally require longer test durations than nonhazardo~
test item to establish confidence in the test results. ‘Mice the norml test
duration is reconmmded (see table 507.3-11, cycles 1 through 3). Each test can be
terminated prematurely after the quick-look level has been reached if the nmteriel
has failed the visual or functional checkout.

(b) Nonhazardous test iten8. Nonhazardous test item ghould be
exposed from 10 to 60 cycles of conditioning, depending upon the geographical area to
which the nateriel will be exposed (see table 507.3-11,
test can be terminated prexmturely after the quick-look
it is determined that the test item has already fai
testing is futile.

NEN?OD 507.3

cycles 1 thro~h 3). Each
level has been reached if
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TABLE 507.3-11. Test w cles (days).

tt 4
# NATURAL : INDUCED :

: Hazardous ItewM I Cycle 11 Cycle 2 ! Cycle 3 I Cycle 4 t Cycle 5 II

: Noruml : 20 : 120 : 90 : 30 b 30 6I a
: Test Duration ~/ ; 1 *I s4 *I I w#

: Quick Look ~/ tI 7 : 15 ‘: 12 ! 7 $I ‘7 It

~/ Operational checks are required at least once every five days. but mre
frequency checks are reconmmxkd for early detection of potential proble=.

(2) Tests exmloving mwced m II - Induced

/ (a) Hazardous test itexml. Hazardous test item will generally
require longer tests than nonhazard ous items to establish confidence in test results.
Since induced conditions are much more severe than natural conditions, potential
problz associated with high temperature/high relative hunidity will be revealed
sooner, and the results can be analyzed with a high degree of confidence.
Consequently, “hazardous test items should be exposed to extended periods (double the
norrml periods) of conditioning, depending qmn the geographical oatego~y to &ich
the nmteriel will be exposed (see table 507.3-11, cycles 4 and 5). Each test can be
terminated after the quick-link level has been reached if the ~teriel has failed the
visual or fmctional checkout or if deterioration is obvious.

(b) Nonhazardous test items. Induced conditions are much
mme seve~ than natural conditions and potential problem associated with
high texqxmature/high hunidity will thus be revealed sooner, and the results
can be analyzed, in most cases, with a high degree of confidence.
NmMzardow test itenM should be exposed to test durations as specified in
tile 507.3-11, cycles 4 and 5, depending upon the geographical category to
which the ~terial will be exposed. Each test canbe terminated after the
quick-look level has been reached if it has been determined that the test
item has already failed the teet and additional testing is futile, or if
deterioration is obvio~.

WTHOD 507.3
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(3) Tests enmloyin~ procedure 111 - firavated. Based on past experience,
a minim of 10 cycles is reco!mmmded to reveal potential test item problem. For
the test items incorporatifig seals to protect misture-sensitive mterials, e.g.,
pyrotechnics, longer test durations w be required.

(4) Quick-look. After a relatively short period of testing has elap8ed,
the test item rmiybe given a visual inspection and operational checkout, and a
dee~~ien my & made to continue or !Stop the test.. The tin= after &ich a quick look
can be mde is different for each test cycle and is specified in table 507.3-11.
Termination at this ti- (or at any tirm before completion of the specified test
durations) should be considered if a failwe OF ‘no-test” is =cept~e A couplete
test cycle is still required but is not recommended on the sanE test item

c. Test item configurations. During perforrmnce of the temperature-htidity
procedures of this mthod. the test item will be configured as specified belowor as
specifically outlined in the requirerwmts ciocunmts. Test item configuration nust be
selected to reproduce, as closely as technically possible, the configuration that the
test item would ass= &en wrst-case situations are usually used.

(1) In its assigned shipping/storage container.

(2) Out of its shippinglstorage container but not set up in its deploynmmt
&e.

(3) In its operational @e (realistically or with restraints, such aS
with openings that are normally covered).

d. Mditional fiuidelines. Review the requiremnti do~nta, APPIY w
additional guidelines necessary.

I-4 SPECIAL CONSIDERATIONS

1-4.1 Failure an alWis. The failure of a test item to ux?et the requlre!mmti of
the equipmnt specifications wst be analyzed carefully, and related Inforrmtion met
be considered, such as:

a. Degradation allomd in operating characteristics when the test item is
exposed to the test levels of temperature and hunidity.

b. Necessity for the we of special operating procedures or special kits during
exposure to the test levels of temperature and huxddity.

~D 507.3
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c. Deterioration of any kind in any area of the test item nmst be completely
described and l valuated as a potential failure or failure nvde.

lWl!E: The failure mmhani8mof this teat conbinea the effects of both high
~t-ti high relative hunidity.

1-4.2 wry of teat information . The following information ia required
in the test plan for adequate conduct of the tests of section II.

a. Te8t Item configuration and orientation. “

b. Test procedure and category.

c. Teat cycle parallmter#.

d. Te8t Item tenperaturea

8. Tent dwation.

f. Any sealed area8 toln!

& Additional guldelinos.

1-5 Im!EmK=
I

and relative humidities.

~~d=iti testing.

a. AR’m-30, * SOarch . Develomwn t. Teat and Evaluation of ~teriel
for wreum Clima tic Condi tiona, 1 m-t 1979.

b. M?L-STD-210, ~linm%ic Inforumt ion to DelmmMe De8iKn and Teut
Milituw Eg@u!mm t. 9 January 1987.

c.
&tmmBs for Mi liw EuuiKxm!m t. Bedford, MA: Air Fo- Cambridge Renearch
Laborator%u, 24 January 1974. DTIC nudmr AFT80-S(X=

d. STAEM2895, Cli Imtlc hvir’unnm ntal Conditiorus Affecting
thebm i of hterlel for Uue of Force8.
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~D 507.3

EnXXDITY

SECTION II

II-1

11-1.1 T~

. The required apparatus consists of a chaainw or cabinet, and awcilhry
inst>ntation capable of rmintaining and cent Inwusly wnitoring the required
condition8 of temperature, and relative hunidity throughout an envelope of air
surrounding the test itern(s). (See C3eneral Wquirenmnts, S.1.1)

b. Unless otherwise s~ified, the test vol~ of tho chamber or cabirnt and
the accessories contained therein shall be constructed and arranged in such l

manner as to prevent condensate from dripping on the test Item(d. The teSk Vol-
shal 1 be vented to the atmosphere to prevent the bui ldup of total pressure and
prevent contamination from entering. Relative humidity shal 1 be determined by
enploying either sol id-skte sensors whose cal ibration is not affected by inter
condensation or by an equi va 1ent nmthod, such as fast-reacting wet-bulb/dry-bulb
sensors or deupo int indicators. Sensors that are sensitive to condensation, swh
as the 1 ithium chloride type, are not recommended for tests with high relative
hwnidity levels. A data co 11 ection system separate from the chanber c6ntro 1lers
shal 1 be employed to measure teat ~,~ lume condgt$ons. A recording deviqe sh=l 1
W mndatory for the data co 1 lection *ystern If Charts aree, - -* -11
be readable to within ~0.&C. If the -t-wick control msthod is approved for u8e,
the wt bulb and tank shal 1 be cleaned and a new wiok hstal led befme each te8t
and at least every 30 days. Water used in -t-wick l ystams #hal 1 be of the san
quality as that used to produce the humidity. Water bottle, wick, sensor, and
other components making up relative humtdi ty ~asuring =ysteme shal 1, when
physical ly possible, be visually examined at least once every 24 hours,dining the
test. The velocity of air f1owing ~cross tba -t-bulb uanuor shal 1 be not less
than 4.5 -terg per second (900 feet Wr minute), and the =t ~~ s~l 1 ~ on the
suction side of the fan to eliminate the effec$ of fan heat. The flow of air
an~ere within the envelope of air &turrouxMng the test item shal 1 be imintalned
betwn 0.5 and 1.7 -ters per second (98 to 338 fhdn).

c. Relative hunidity within the envelope of air surrounding the test item ahal 1
be created by steam or water injection. Wter used in either -th~ s~l 1 ~
distil led, demineralized, or deionized and have a resistivity of not less than 250,000
ohmlcm at 25°C. Its quality shal 1 be determined at periodic intervals (not to exceed
15 days) to assure its acceptance. If -tier injection is used to hunidify the
envelope of air, the -ter shal 1 be teqerature conditioned before ittiinjection to
prevent upset of the test conditions and shal 1 not be injected directly into the test
section. Condensation developed within the chamber test volm during the test, shal 1
be drained from the test volum and di~carded.

MZTHOD 507.3
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d. No nmterial other than inter shall be brought into physical contact with the
test item(s) that will cause the test item(s) to deteriorate or that will affect the
test results. No rut or corrosive contaminants or any mterial other than uater
shal1 be introd~ into the chanher test vol-.

l . Dehtidificatlon, humidification, heating, and cooling of the air envelope
surrntilng the test item shall be achieved by =thod$ that do not change the
Chemical composition of the air, rnter, or -ter vapor within that vol- of
allQ.

11-1.2 Controls

& T-t ~ r. Unleaa otherwise specified in the requirement d~nts,
toqmrature and nlakiva hunidity umaasurexmnt8made during the test shal 1 be
contin-u if ~nti are in analog form, or at intervals of 15 minutes or less
if m asurammts are in digital form

b. Al 1 instru!mntation used with the selected test ~r shal 1 be capable
of meeting the accuracies, tolerances, etc., of General Requirements, 5.1.1 and
5.1.2.

II-1.3 Test interrmtion. (See General Requirewnt$, 5.2.4.)

am Undsrtist inte ~tion$. An undertest interrqXion may be best handled by
keeping the chaubr closed in an effort to =intain tolerances. As long aS the
tolerances am nmintained, testing my be remmmd by reestabl iahing the prescribed
conditi- and continuing from the point of the interruption. If an mcheduled
interrupt ion occurs that causes the test condi t ions to exceed the a 11 ouabl e
tolerances - stardard aabient tenperatums, the teat mst be reinitiated at
the l nd of tha last successful ly co~leted cycle. Any toa?titem fai lure that
occma 8hal 1 be treated as a failure.

b. OVQF test in terrw tiona. An interruption that results in expos&e of the
test itam to condi t ions nmre extrenn than ~equired by the requi~ementa documents
should be fol 1- by a ~lete physical examinations and operational check of the
tent item (dere possible) before an continuation of testing. Thim is eBpecial ly
t~ue where a safety problem could exist, such as with munitions. If a problem is
diawvemed, the preferable comae of action 18 to temnlnate the te8t and reinitiate
testing with a new teat item If this 18 not done and test item fal lure occurs
during the ~inder of the tent, the test results mmy be considered invalid. If no
prob 1•m has been l ncountered, reestablish preinterruption conditions and continue
fmm the point -- the bat to 1erances w- exceeded.

)
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II-2 PREPARATION 10Ii-

11-2.1 Preliminam 8 tew. “ Befo- initiating any testing:

a. Determine from the test plan tiich test procedures are required.

b. Determine from the test plan tho teqmrature-huuidity operation8 d storage
requirenmnts and corresponding temperature-hwddity cycle(s) from table 507.3-1.

c. The test chamber should be operated and its proper operation verified before
the actual test is begun.

II-2.2 Pretest 8tandard anb ient checkout. All ite!m require a pretest checkout at
controlled ambient conditions (General Requirements, 5.lb) to provlda baseline
data. For prooedure I, this checkout nhould be conducted before 8-P 1. Cond&
the pretest checkout as foil-:

Step 1. Insert the test item into the test chanber.

Step 2. Prepare the test item in its required operational configuration in
accordance with General Requiremmts, 5.2.2

Step 3. Adjust the chamber to controlled ambient conditions
(General Requireumnts, 5.lb)and umaintain for 24 hours.

Step 4. Condmt a couplete visual mcamlnation of the tent item

step 5. Documant the result8.

step 6. Conduct an operational checkout in
plan .

Step 7. Ibcord ra$ults for mplimce With

XI-3 ~. Tile following test procedures

ammhnce uiththeapprovod -

General

provide——
concerni-~ the test item in l ~hmid l nviromm!mt.
procedure as specified in the test plan.

11-3.1 ~~ltur~

Requirenmnt8, 5.2.1.

the necesa~ inforomticm
Proceed to the first te,tr

step 1. With the test item in the chamber in its operational oonfigurati~,
adjust the chamber conditions to those given in table 507.3-1 for the ti~ 0000 of
the specified cycle.

Step 2. Performs 24-hour cycle with the tiam-temperature-hunidityvalua
specified in he appropriate cycle or the approxi~ted curves of figure 507.3-1.

WI’TX)D507.3
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s-p 3. Perform an operational checkout of the teat item at any convenient ti=

in the 24-hour cycle during whiuh test conditions are constant and at
xI- temperature and M levels. operational checks should be conducted
at least once every five cycles.

Step 4. Repeat steps 2 and 3 fop the n-r of cycles indicated in table S07.3-
11 mless otherwise di~ by the requi~nti ~ts.

step s. Mju8t the chanimr to controlled &ient conditions and tintain fro
at lea8t 24 ho-.

Step 6.

step 7.

step &
~vd te8t

step 9*

step 10.

Cond=t a conplete visual examination of +-hetest item.

Docum9nt the resulti.

Conduct an operational checkout of the test item in accordance with the
plan .

~t the XQa8ulti.

Conpare these data with the pretest data.

II-3.2 II - Induxxl

) Stip 1 l In8@rt the test i- into the chauber.
/

step 2. If specified, open my sealed araaS )Othar than hernmtical ly xled)
of the teat iterm

step 3. Mj-t the chanber temperature and relative hunidlty to those showm
in the appropriate indwad category of table 507.3-1 for tlnm 0000.

step 4. Cyc 1e the ehambor air temperature and IIHwith tiiw a8 8hown in the
appropriate cycle of table 507.3-1 (or in the approxi!mted curves of figure 507.3-2)
~ ti 24-how ~C&~. .A

step 5. Repeat step 4 for the ntmber of itinM Indicated in table S07.3-11 for
the appropriate cycle mlo- other guidance is provided by the test plan.

Stqp 6. Mjust the c~r to control led anbient renditions and tintain for
24 hours fol lowing titabilization of the test itexn

Step 7. Condwt a conplete viswl checkout of the test item

Step 8. ~nt the result8.

step 9• Put the test item in its nornml operating configuration.

Step 10. Conduct a couplete operational checkout of the tegt item.

M5’X’H3D507.3
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step 11. ~t the reault8.

s-p 12. Coupare tbe8e data with the ~teat dat8.

II-3.3 111 - -a vated (see fi~ 507.3-3).
. .

step 1. Prepamtbe Mitemin ~ dth ~al
and perform the prete,t #ta%iard ambient c-out l

. .

step 2. Ciradu811y raiae tbe’”&ernal ehmber te&eratw to C&c (MO%’)
& the relative hunidlty to %5% @% over a period of t= bows.

step 3. ~intain the cwulitions of titep 2 for not 1.s8 than six hours.

step 4. Mainbin 85% or greater relative htidity and
chamber temperature *R eight hours to 30°c (86~ and
huidity.

step 5. Maintain the
tiditional eight hours.

step 6. Repeat steps
boura) l

Stap 7. Near the end
and 95% relative bunidity,

WC (06%’)and 95% ~5% relative

SJL2,

redwe the internal
9S% 25% Fe Lativa

$. l -

humidity for an “

2,3,4, and 5 for a to-l of 10 cycles (not lass than 240

of the fifth - tith cycles, uhila 8till at 30% X86%
opera- the test 1tem and obtain and recomi renults in

~ with Qeneral Requiwenmnt8.

II-4 INF’O~TI oN’mBE~

l . Test item identification (nnnufacttn#r, serial mmber, 9-.).

b. Previolm teat =tbod8 to tich th8 te8t item hu boa NbJeeted*

c* Iksul%s of each perforfmnce check (pre-, duri~ , and peat-~t) d v-l
examination (and photo$rapba, if applicable) .

d. Ian&h of tllm requirad fOF each pe’rfo?7mnce check.

e. Pmcedwe - te8t lewls -.

f. Expomre durations.

8“ Tirm vemnm temperature and hunidity.

mnm S07.3
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SECTION I

I-1 . The purpose of the fungus ~r test is to assess
the test item will support fungal growth or how the ftmgal

-performmce or use of the teat item.

the extent to which
growth may affect

I-2 ENVIKWMENT ~AL . Fungal growth iqairg the functioning or use of equipn=nt
W wing ix phYSi-1 properties.

1-2.1 Jhstpimmntal effects. The detri-nbl effects of fungal growth are SUUIEkrized
a foil-:

a. m- t attack on ~teriala. Nonreaistit ~teriala are susceptible to direct
attack a8 the fungi break the material down and uae it aa food. This results in
deterioration affecting the physical properties of the material. Examples of
nonresistant miterials are:

(1) Natural materials. (Products of natural origin are mst susceptible to
this attack.)

(a) Cellulosic miterials (e.g.,-, paper, natural fiber textiles,
and cordage).

(b) Animl- and vegetable-based adhesives.

(c) Grease, oils, and mny hydrocarbons.

(d) Leather.

WX’HOD 508.4
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(2) Synthetic m terials:

(a) PVC formulations (e.g., those plasticized with fatty acid esters).

(b) Certain polyurethane (e.g., polyester and soxm polyethers).

(c) Plastics vhich contain organic fillers of laminatingmmsterials.

(d) Paints and varnishes &ich contain susceptible constituents.

b. Indirect attack on materials. Damage - fw@x-re8i9titma tarials results
from indirect attack &en:

(1) Fungal growth on surface deposits of dust, grease, perspiration,
and other contaminants (which find their way onto equipment during manufacture or
acmmwlate during service) causes damage to the underlying wte~ial, even though that
material WY be resistant to direct attick.

(2) Metabolic wte pralucts (i.e.,organic acids) excw~ ~ fungi cause
corrosion of mtals, etching of glass, or staining or degrading of plastics and other
rmterials.

(3) The products of fungal growth or adjacent wterials wtaiah are
susceptible to direct attack COUE in contact with the resistant materials.

I-2.2 Physical interference. Physical interference can occur as follow;

a. Electrical or electronic svste=. Damage to electrical or electronic system
my result from either direct or indirect attack. Fungal growth can form undesirable
electrical conducting paths across insulation materials or ~ adversely affect the
electrical characteristics of critically adjusted electronic circuits.

b. CWical ws~w= D=nage to opti-1 Systexm results prirmrily from indirect
attack. The fmgal growth can adversely affect light transm.tasionthrough the optical
system, block delicate moving parts, and change nonwetting surfaces to wetting
srfaces with resulting loss in perfonmnce.

I-2.3 Iiea1th and aeathetic facto a. Fungal growth on equipment can cause
physiological problems (e.g., alle~gies) or be so aesthetically unpleasant that the
users will be relwta.nt to uue the equipmmt.

I-3 GUIDELI= FOR DEI’ERMINIM3TES1’PROCEDURES AND TE3TCONDITIONS

NOTE: The tailoring prmss as described in section 4 of this docwm nt should be used
to determine the appropriate test and test variables.

NETHOD 508.4
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a. 1Ication. Since microbial deterioration is a ftmction of temperature
htidity and itian inseparable condition of hot-hunid tropios and midlatituies,
it -t be considered in the design of all standard, general-purpose materiel
(reference a). l!’hiannthod is-used **n an item is to be tested to determine If
fmgal growth wil 1 occw and, if so, how it will affect the use of the test iten

b. Utrictiow. ~is test is designed to economi-1 ly obtain data on the
susceptibility of materiel. It should not be used for tegting of baaic
materials since various other test procedures, including soil burial, pure
cultwe, mixed cult-, and plate testing, are l vailable.

(See Qeneral Requirenmnt8, 5.1.4.) Thi# mthod should mt be
oondu%d after a salt fog test (nmthod 509.3) 02’ l sand ad d-t te8t (nmthod
510.3). A hnvy con=ntration of salt nny affeet the germinating fungal growth, and
samd d dust can provide nutriehts, tlnM leadlng to a false indk.ation of the
biommceptiblity of the test item.

,.

d. ~st variations In addition to an optional operational test at the end of
the fungus test, tea; variables include duration of test and test item
-nf iguratton.

I-3.1 t obl ectivea. The prinmuy objectives of the fq tent are to determine:
.

a. If fmgi will grow on the test item (see 11-3.l.2a for”the tm8 of fwgi)s

b.’ How mapidly f~l till #row on the test item. .,
.

c. How any fmgal growth affects the test item.

d. To tit extent the frog- will affect the mi8sion of the teat item.

l . If the test item can be stored effectively in a field envivommm t.

f. If the test item is safe for use following fungal growth. “-

8* If there am siqle reversal processe8, l .g., Wlplng off ftnlgalgrowth.

I-3.2 ioe o f rela ted te#t conditions. Once a determination has been nade as to
tither or not an operational requi~nt oxi8ts, the Mxt deoialon !wst concern test
duration and teat item oonfiguratlon.

& ?’e8t-ati- . *ty-eight ~ is the mlninua test ~iod to al low for
fmgal germination, breakdom of carbon =1 ecules, and degradation of nnterial.
Since indirect effects and physioal interference are not 1Ikely to occur in the
relatively 8hort t$- fraa i of the f-gtm
84 -S should be oowidered if a greater
in determining the existence or effect of

test, extension of the exposure period to
degree of certainty (less risk) is required
f ungal growth.

METHOD 508.4
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b. Test iteln confMuration. The -t Item configuratlon 18 an iqxmtant
factor. Even though equipawnt is to be protected by a containor, the container
could leak and entrap nwisture. AJ a minimum, tho fol lowi~ tostim
configuration8

(1)

(2)

(3)

should be considered:

In its normal shippingiatorage container or transit case.

Under realistic storage or use conditions.

With restraints (such as with openings that are norndly coverd).

c. Mditional eli ea Review the equipamnt apecifioation8 and
requirermnts docum nta. A&nly”any additional guidelines necessary.

I-3.3 Choice of test fuw i: Five apecietiof teat fmgi are listed in II-3.1.-
These orgenimm =re selected becawe of their ability to degrade umteriala, their
vmrldwide distribution, and their stability. They -t be used in all nnMhod 500.4
teats.

a. Because the test iternis not sterile before testing, other microorganimtm
WI 11 be present on the surfaces. men the test item is inoculated with the five test
fungi, both these and the other organisms WI11 carpete for available nutrients. It
is not surprising to see organigms other than the test fungi growing on tho test
iternat the end of the test.

b. Mditional species of fmgi w be added to those required in this test
nmthod. Ho-ver, if additional fmgi are used, their gelection shal 1 be based on
prior knowledge of specific amterial deteriorati~. For exaarplo,
Aure Wo idiun DU llulan8 can be employed because of it8 ~ specificity for
degrading pdnts.

I-4 ~

I-4.1 ~ailure analY8~

a. Any fungi on the te8t Item nmfiftbe analyzed -
the test item -terial (9) or on contaminants.

determine if the growth is on

b. Any f-l growth on tha test item nmterial(d. ~ther from the inoculun or
other sources, mt be evaluated by quml ified personnel for:

(1) The l xtent of growth on the ~nent(s) supporting growth. TablQ
508.4-I can be used as l guide for this l valuation.

(2) The i-ate l ffect that the growth haa on the phynioal
characteristics of the test item.

-D 500.4
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TABLE 508.4-1. Microbial test evaluation scherm.

t @
I

I
b I

8
I AnDuat of : Grade : Organic Substrates 8I
I Growth I I@ 1 #

o : Substrate is devoid of microbial growth 1I
I
9

I
I

I
I

Sparse or very restricted microbial growth
and reproduction. Substrate utilization
minor or inhibited. Little or no chemical,
physical, or structural change detectable.

1 :

I
1

I
I

2 : Intermittent infestations or loosely spread
microbial colonies on substrate surface
and mderate reproduction.

I
8

I
I

::
I
I

I
a

Substantial amunt of microbial growth and
reproduction. Substrate exhibiting chemical,
physical, or structural change.

D
I

I
I

4 :
II

Massive microbial growth or reproduction.
Substrate deconpoaed or rapidly deteriorating. I

I

(3) The long-range effect that the growbh could have on the test item.

(4) The specific material(s) (nutrient(s)) supporting the growth.

fungal growth mt be kept to a minimm during thec. Disturbance of any
operational checkout.

d. Ihxmn factors effects -t be evaluated.

provide optimal cli-tic conditions and all of
for growth of the fungal species used in the
m chosen for its ability to attack a wide

I-4.2 Miscellaneous

a. This nmthod is designed to
the basic inorganic minerals needed
test. The g~o~ of f-al species
variety of materials connmnly used in the construction of military equipnmmt.
Optional species w be added to the inoculun if required (see I-3.3).

b. This test aust be perforti by trained ~rsonnel at laboratories specially
e@P~ for microbiological umrk.

luETHOD508.4
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c. The test te~rature and humidity cycle selected for this test involves a
5°C drop in tewratwe to allow mist air to enter the test item (breathingeffect)
and the umisture to condense onto or in the internal conpnents. thus si!mlating
an outdoor diurnal cycle.

d. The presence of umisture is essential for spore germinations and growth.
Generally, germination and growth will start *en the relative humidity of the
ambient air exceeds 70%. Developnmt will beco= progressively nmre rapid as the
hunidity rises above this value, reaching a m.xinxmain the 90 to 100% relative
humidity range.

e. The specified temperature range, 24° to 31°C (75° to 88°Fl, is ~st
conducive to the growth of the test fungi.

f. Control items specified in II-3 are designed to:

(1) Verify the viability of the fungal spores used in the inoculun.

(2) Establish the suitability of the chanber enviromnt to supprt fungal
growth.

1-4.3 Swmlary of test information reauired. The following inforrmtion is required
in the test plan for the adequate conduct of the tests of section II:

a. Test item confirmation.

b. Test duration.

c. Optional pre- and post-test operational require-nts.

d. Mditional guidelines.

a. AR 70-38, Research, DeveloW nt. Test and Evalmtion of
Materiel for-Extrem Climatic Conditions.

b. MIL-SI?D-21O,Climtic Infer-tion to Determine Design and Teat
Reuuirearmts for MilitarY EIKlvr!m i nt. 9 January 190’7.

NEI’HOD508.4
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!uEXHX)508.4

.

II-1

SECTION II

11-1.1 Test facility

,
a. The required apparatus consists of chambers or cabinets, together with

auxiliary Instrunmntation capable of maintaining and monitoring the specific
conditions of teqnmature and hunidity, that co~ly with General Require~ntsp 5.1.1
and 5.1.2.

b. The c~r and accessories shall be constructed and arranged in
such a ~er as to prevent condensation from dripping on the test item.

c. The chanibershall be vented to the atmsphere to prevent the
buildup of PT%tS8UIW.

11-1.2 Controls

& Relative hunldity shall be determined by e~loying either solid-
J state sensors whose calibration is not affected by =ter condensation or by an

approved equivalent method such aa fast-reacting -t-bulb/dry-bulb sensors.
Lithiun chloride sensors are not recoummded because of their sensitivity to
rnter.

(1) Wen the =t-bulb control =thod is used, the -t-bulb asaetily shall
be cleaned and a new wick installed for each test.

(2) The air velocity across the -t bulb shall not be less than 4.6 -ters
per second (900 feet per minute).

(3) The =t- and dry-bulb sensors shall not be installed in the discharge
side of any local fan or blowmr used to create the requirenmt of 11-1.2a(2).

b. Provisions shall be tie for controlling the flowof air throughout the
internal teat chauber space so that the air velocity uhall be bet-en 0.5 and 2
meters per second (98 to 394 ft/min).

c. Free circulation of air around the test item shall be ~intained, and the
contact area of fixtures -porting the test item shall be kept to a minirmxn (See
General Requlrenmnts, 5.2.2)

MI’IW3D508.4
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d. Unless otherwise specified, the test ~r temperature and relative
hunidity shall be recorded continuously.

e. Readout charts shall be readable to within ~0.~C (~1%.

f. The desired hunidity shal 1 be generated by wing steam or ~ter having a
regiativity of not less than 250,000 oti/cm at 25%.

(1) Live steam shal 1 not be injected directly into the terntchan&r
wmrking space tiere it my have an adverse effect on the test item and microbial
activity.

(2) Rust or corrosive contaminants shal 1 not be Iuposed on the test item
by the test faci1ity.

g. Unless othe~se specified:

(1) Al 1 reagents shal 1 conform to the specifications of the C!oumdtteeon
Analytical Reagents of the Anmrican Chemical Society, ~re suoh specifioation# are
available.

(2) References to uretershal 1 be mderstood to nman disti1led -tar or
inter of equal purity.

11-1.3 Test inte rrwtion. Every caae of an interrupted test shal1 be examined
individual1y in aecomiance with Qeneral Requirexmmts, 5.2.4. Any deviation from this
policy tihal1 be explained in the test xwprt. The fungm tegt, ml Ike other
environnmntal tests, involves 1iving organi~. If the test is interrupted, the fact
that 1ive organisxm are invo1ved -t be considered.

If the inte~tion ocmaw during the fir#t seven days of the test, the -t
shoul~ be restarted from the beginning with a new test item or l cleaned test item

b. If the inte~tion occum$ late in the test cycle, examine the test item for
evide~ of fmgal growth. If the test item is bios~ceptible. there is no need for
a retest. If there is no evidence of fungal growth, fol low the guidance given
below.

(1) tired teweratum. A lwring of the test chaaimr tenperatw
general1y wi11 retard fmgal growth. If there is no evidence of ~logical
deterioration and the relative hunidity has been nnintained, reeatablItihthe te8t
conditions and continue the ~8t from the point dere the temperature fel1 below
the prescribed to1erances.

(2) Elevat4 tenmerature. Elevated texqeratureg my have a drastic l ffect
on fungal growth. A conplete reinitiation of the test is required if:

-D 508.4
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(a) The teqrature exceeds 40°C (104*), or

(b) The temperature exceeds 31°C (88°F) for four hours or more, or

(c) There is evidence of deterioration of the fungal colonies on the
control strips, or

(d) The relative humidity drcps below- 50% d-uringthe period
of elevated temperatures.

Otherwise, reestablish test conditions and continue the test from the point
of interruption.

(3) Low&red humidity. A co!’rpletereinitiation of the test is required if:

(a) The relative humidity drops below 50%, or

(b) The relative humidity drops below 70% for

(c) There is evidence of deterioration of the
mntxml StripS.

four hours or mre, or

fungal colonies on the

Otherwise, reestablish test conditions and continue the test from the point
of interruption.

c. Cleaning. Although it is preferable to use a new test item, the same test
item may be used. Any cleaning required nmst be conducted as least 72 ho~s before
reinitiation and must be in accordance with 11-3.2.1. New cotton control strips
shall be placed in the test chamber, and both the test item and the controls will
be reinoculated with the test fungi.

II-2 PREPARATION FOR TESI’

11-2.1 Prel iminaw s tevs. Before initiating any
plan:

a. The test duration(s).

b. The test item configuration(s).

c. Any other test variations.

II-2.2 Pretest checkout. All test item require
ba8eline data. Conduct the checkout as follow:

testing, determine from the test

a pretest checkout to provide

/

MZ1’HOD508.4
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Step 1. Prepare the test item in accordance with General Requirements,
5.2.2,and the required test item configuration aa determined from the test plan.

Step 2. Conduct a conplete visual examination of the test item with special
attention to discolored areas, imperfections, or the existence of any other
conditions that could be conducive to fungal growth.

step 3. ~nt the results of step 2.

Step 4. Condwt an operational checkout in accordance with the approved test
plan if operation is gpecified by the requireumnts d cxmmmt.

step 5. Record results for coupllance with General Requirements, 4.5.1.1.

11-3 ?EEm!ws

11-3.1 Test me mrati on

11-3.1.1 Pre ation of~ lts o ion

a. Using clean apparatus, prepare the mineral salts solution to contain tho
following:

Potasgiundihydrogen orthophosphate (KH#04) . . . . . . . . . . . 0.7g

Potas8iun nnnohydrogen orthophosphate (K@P04). . . . . . . . . . . 0.7g

-si=s~~~hep-a~ (~4-7H#I. . . . . . . . . . . o.7g

A8smnimnitrate(~~) . . . . . . . . . . . . . . . . . . . . . l.Og

Sodiunchloride (NaCl). . . . . , . . . . . . . . . . . . . . . . . O.mg

Ferrous sulfa te heptahydrate (FeS040’?H#) “ l l ~ * l l l l l l l l 0“~2g

Zinc sulfate heptahydrati (ZnS04-7H#). . . . . . . . . . . . . . . 0.002g

Distilled ~ter . . . . . . . . . . . . . . . . . . . . . . . . . . 1000 ml

b. Measure the pH of the mineral galtg solution. If it ia not between 6.0
and 6.5, digcard it and prepare a proper solution.

508.4-10



MIL-STD-810E

)

14 JULY 1809

11-3.1.2 Prew ation of Xed aw re SusDen8ion

MYxm - P!I&EcAurIom: Altho~ the exaot strains of fungi specified for this test
are not nornmlly considered to present a aerlous hazard to humns, certain people
may devalop al Iergleg or other reactions. Therefore, standing operating
procedures (SOPS) for safety should be employed. Also, the tests should be
cond=ted by personnel trained in microbiological techniques.

a Using Ueptic tedmi~s, prepare the spore mspension containing at least
the following test fmgi!

TABLE 508.4-11. Test f-i.

8
b

I
$

8
9 ~t us Depu--t of Agriculture (SEA/FR)

$#
I9 Morthern Regional Research Center o0
#a Am cult- collection ?o
00 1815 North Wnivarnity Street ob
o0 Peoria, Illinois 60604 II
o? @D
#o (’l’%.ftmg% w be distri~ in a lyophilized gtate or on agar slants-) sD
99 ta
8@ 21 brican ~ Cult- collection t#
c8 12301 Parkla- Drive It
90 Rocbille, Mryland 20852 I#

b. Maintain pure oultws of these fmgi se~ately on an appropriate mdiun
such as potato dextrose agar, but culture Chaetomium globosum on strips of
filter -r overlaid on the surf- of mineral salts agar.

Prepare minePal 8alt8 agar by dissolving 15.Ogof agar in a liter of the
miner~l salts solution desoribed in 11-3.1.1. IKWE: Do not keep the stock cultures
for nmre than four !mnths at 8° Z4 0 (43° ~7%) after that ti= prepare subcultures
and -e them for the new stocks.

~D 508.4
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d. Verify the purity of fungu8 cult-a bafom the teat.

Incubate subcd tures used for preparing mw stock cd turea or the 8pore
suspe;ion at 30° ~1 .4°C (WP ~2.@F) for 14 to 21 day9.

f. Prepare a spore suspension of each of the f1ve fungi by pouring into on.
embcult- of each fungus 10 ml of an aqueous solution containing 0.05gper 1iter of
a nontoxic wetting agent such as sodium dioctyl SU1 fosuccinate or sodium lauryl
sulfate.

%. Use a rounded glass rod to gently scrape the surface growth
of the teat organianm.

h. Pour the spore charge into a 125 ml capped Erlenrtnyerf1ask
of -tar and 50 to ’75 solid glass beads, 5 = in di~tir.

from the Cultwe ~

containing 45 ml

i. Shake the flask vigorous1y * 1itmrate the spores from the fruiting bodies
and to break the spore clmps.

J. Fi1ter the dispersed fmgal spore stmpension into a fleak though l 6 -
layer of glasa mol contained in a glaresfunnel.

NuTE: This process should rewve large ~oelial fragmnta and CIUXPS of agar.

k. Centrifuge the filtered spore suspension and discard th mpernawt liquid.

1. Resuspend the residue in 50 ml of vmter and centrifq@. Mhsh * SPOZWJ
obtained from each of the fungi in this nwmer three tillma l

m. Dilute the final washed residue withmineral-salts #olution in such a
manner that the resultent spore suspension shal1 contain 1,000,000~200,000 6porea
per mi11 i1iter as determined with a counting chamber.

n. Repeat this operation for each organism wed in the test.

o. Perform a viability check for each organism in accmdanoe with II-3.1.3a.

P* Blend equal VOIUWM of the remltant spre ~nsion to obtain the final
Ulixadspore suspension.

Mn’E: The spore suspension amy be prepared fresh. If not freshly P-I=-, it
should be held at 6° ~4% (43° ~7% for not nmre than seven ~.

11-3.1.3 Control itexsm$.‘I%mtypes of control tests are required. using the
pmcdure of 11-3.l.3a,verify the viability of the
~~at ion. By the procedure of II-3.1.3b, verify
environnmnt.

8pore 8uepen8hn d it8
the meltability of the ~r

508.4-12
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a. Viability of spore Suspe nsion

(1) Before preparing the coxposite spore suspension, inoculate sterile
potato dextrose agar plates with 0.2 to 0.3 ml of the spore s~pension of each of
the individual fungal specifies.

(2) Distribute the inoculm over the entire surface of the plate.

(3) Incubate the inoculated potato dextrose agar plate at 24 0 to 31W
(75° to 08°F) for ‘?to 10 days.

(4) After the incubation period, check the fungal growth.

mm: The absence of copious growth of any of the test organisw over the entire
surface in each container will invalidate the results of any tests using these
spores.

b. Test chanber environment

(1) l+e~e the following solution:

(a) 10.Og glycerol.

(b) O,lg potassium dihydrogen orthophosphate (KH@4).

(c) O.lg anmmnium nitrate (NH4N03).

(d) 0.025g magnesium sulfate heptahydrate (?@S04”~O)>

(e) 0.05g yeast extract.

(f) Distilled water to a total volu of 100 ml.

(g) 0.005g of a nontoxic wstting agent such as sodiun dloctyl
sulfosuccinate or sodi~ lauryl sulfate.

(h) =1 and NaOH to adjust the final solution pH to 5.3.

(2) Dip -tton strips conforming to MIL-T-43566 into the above solution.
After dipping, remve the excegs liquid from the st~ips and hang them to d~y before
placing them In the chamtxw and inoculating.

(3) Within the chqnixm, place the st~ips vertically close to ad bracketing
the test Item so that the tegt ~trlps and test Itexm!expe~lence the sam te8t
environm3nt. The length of the strips shall be at least the height of the test item.

(4) Thege strips are installed and inoculated along with the test item to
insure that proper conditions are present in the incubation chamber to promote
fungal growth.

MH’HOD 508.4
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II-3.2 Test ~ rf Orlmnce

11-3.2.1 Premar ation for incubation

a. Assnare that the condition of the item subjected to testing i8 similar ti
their condition as delivered by the manufacturer or custonmr for use, or as
otherwise specified. Any cleaning of the test item shall be accomplished at least
72 hours before the beginning ef the f-us test.

b. Install the test item in the chaxber or cabinet on suitable fixtures or
suspended fmm hangers.

c. Hold the test item in the operating chamber (at 24° to 31°C (7@ to 80~
and 95 @% RH) for at least four hours immediately before Inoculation.

d. Inoculate the test item and the cotton fabric chamber control i- ulth the!
mixed fungal spore suspension by spraying the suspension on the control i- and on
and into the test item(s) (if not permanently or he~tically sealed) in the formof
a fine mist from an atomizer or nebulizer. Personnel with appropriate lamwledge of
the test item should be available to aid in exposing its interior surfaces for
inoculation.

NurE: In spraying the test and control ite~ with conposite spore suspension, take
care to cover all external and tnternal surfaces which are exposed during use or
tmintenance. If the surfaces are nonwetting, spray until drops begin to form on
them.

e. Replace covers of the test item without tightening the fasteners (ao that
air can penetrate).

f. Start incubation inmmdiately following the inoculation.

II-3.2.2 Incubation of test item

a. IncUbate the test itenw tier a daily qcle of tenpe~ature and hunidity
conditions consisting of 20 hours at a relative humidity of 95 ~5% and an
air teuperat- of 30° ~l°C (W ~2°F) folloumd by a 4-hour period in *i&
condition of 9S% (+5%, -O%) relative humidity at 25° ~l°C (’77°~2°F) w.
=intiind for l t least t- bourn. Up toa total of t=hourg of the 4-W
period will be used for the transitions of temperature and relatlvo
hunidity. Te~rature and hunldity conditions during the transition periods
must be as followm?: temperature 24° to 31eC (75° to 88_) and relatlvo
hunidity above $)(X

b. Repeat the 24-hour daily cycle for the test duration.

MrrmD 508.4
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c. After seven days, inspect the growth on the control cotton strips to verify

that the environmental conditions in the chamber are suitable for growth. At
this tium, at least 90 percent of the part of the surface area of each test strip
located at the level of the test item should be covered by fungi. If it is not,
repeat the entire test with the adjustments of the chamber required to produce
conditions suitable for growth. Leave the control strips in the chaaber for the
duration of the test.

d. If the cotton strips ghow satisfactory fungal growth after seven days,
contlnm the test for the required period from the tinm of inoculation as specified
in the test plan. If there is adecrease in fungal growth on the cotton strips at

“ the end of the test as conpamed to the 7-day results, the test is invalid.

II-3.2.3 JM- ctim. At the end of the incubation period, inspect the test Item
hnmdlately. If possible, inspect the item wlthln the chanixm. If the inspection is
conducted outside of the chanber and is not co~leted in eight hours, return the teat
item to the test ~r or to a similar hunid environment for a mlnixmm of 12 hours.
Except for heretically sealed equip=nt, open the equipmsnt enclosnme and examine
both the interior and exterior of the test item Record the results of the
inspection, Incltiing inforumtion listed in II-4, as applicable.

Mn’E: ~ta shall be u8ed for oonpariaon with the data obtained in 11-3.1.

11-3.3 Omratlon/uOa@ (to be conducted only if reauired). If operation of the test
item is required (e.g.,eelectricalequipnsmt), conduct the operation in the period as
~ifid in II-3.2.3. Data shall - recorded for capariaon with the baseline data
obtained in 11-3.1. Personnel with appropriate knowledge of the test Item should be
l vailable to aid in e~aing it8 interior surfacea for inspection and in making
operation and w. decisions.

II-4 ININXUWTIOli~BEIWCORIXD .

a. Test item identification (rmnufacturer,aerial n-r, l tc.).

b. Preae- of evidence of fungal growth at the 7-day check and at the end of
the te8t.

c. Ucation of fmgi.

d. Narrative description of growth, inclcxlingcolors, areas covered, growth
patterns, density of growth, and thickness of growth (aml photographs, if necessary).

),/

e. Teat period.

f. Effect of fungi on performance or use:

WI’HDD 5W.4
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%*

h.

i.

.

j.

k.

1.

m.

n.

(1) As received from chamber.

(2) After-use maintenance.

Test condition8.

Condition of test item at ti- of test.

All cieviatiom$from specified test condition:

(1) Teqerature.

(2) iiunidity.

(3) Tium.

(4) Air velocity.

(5) Other.

Mbether the test item arrive directly from the manufacturer.

Test item history (previous tests).

Physiological or aesthetic considerations.

Types of fungi used.

Results of performance checlu$:

(1) Pretest.

(2) Post-test.

MrrmD 608.4
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SECTION I

1-1 r= OSE. Salt fog climatic chamber tests are performed to determine the
resistance of equipmnt to the effects of an aqueous salt atnmsphere.

I-2. I~AL ~ . The effect8 of expo9ure of nnteriel to an environnmnt
-tire there ia an ~u8 salt atmsphere oan be divided into three broad categories:
corrosion effects, l lectrical effects, and physical effect8.

1-2.1 Corr@on effect8

a. Corro8ion due to electrochemical reaetion.

b. ~lerated streaa corrosion.

c. Fommtion of acidic/alkaline solutions following salt Ionization in wter.

I-2.2 ~lectrical effects

l . Iqairnmt of electrical equipamnt due to salt depositg.

b. Production of conductive coatings.

c. Corrcwion of Inmlathg =teriahs and umtalti.

NEI’HOD509.3
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I-2.3 ~Ph

a. Clogging or binding of nwing parts of !!mchanicalco~nents and assemblies.

b. Blistering of paint as a result of electrolyain.

I-3 WIDELINES FORDETERMININGTEST PROCEDURES AND TESTCONDXTI~

Nwx’E: The tailoring process as described in section 4 of this docum nt should be used
to determine the appropriate tests and test variables.

a. Dlication. Salt is one of the nmst pervasive chemical coqomda in the
wrld. It is found in the oceans, the atmsphere, gromd surfaces, and lakes and
rivers. It is impossible to avoid exposure to salt. In coastal regiong, this
exposure is intensified; in a mrine environmmt, the expomre reachea a wI- As
a consequence, all military materiel will be exposed to so- formof salt during its
life cycle that may affect Its performance.

b. Restriction

(1) The procedure in this mthod has deficiencies and limitations, such a8:

(a) The procedure may not duplicate tho l ffocta of l marine
atwsphere.

(b) It has not been denmnstrated that a direct relationship exists
bet-en nalt fog corrosion and corrogion due to other umdia.

(c) It has not been dawnstrated that withstanding the l ffects of this
teat guarantees that the test item will prove to be satisfactory under all corrosive
conditions.

(d) This test has proven to be generally mreliablo for ~hg the
service life of different xmteriala or coating conditions.

(2) Salt fog may cause corrosionof susceptible materials. IWmidityand
fungus can also cause corrosion; hornver, their effecti differ from 8alt fog l ffecti
and the tests are not interchangeable.

c. Seuuence. (See General Requiresmnta, 5.1.4) The salt fog test pmcedm is
potentially damaging to materiel. In most caaea, the salt fog tag% should be
conducted after other cli~tic tests, especially f-us and hunldity (altho@ it is
generally inappropriate to cond~t the tests on the aaum test uanple. Sand & dut
twthg should follow salt fog testing.

kEI’M)D509.3
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d. Test variations. Eefore conducting this test, determine any required
variations of the test procedme. The choices for varying the test procedure are
pri~ily limited to the test duration, cycling of exposwe and drying periods, salt
concentration, and test item configuration, as out1ined in I-3.2.

I-3.1 ~OiW of test Drocedure. Procedure I should be used only as a screening
teat. Its prianry value 1ios in testing coatings and finishes on mteriel. In a
relatively short period of tium3,the procedure can be used to 1ocate potential
problem areas, quality control cieficienciea,design flarn, etc., that rewult from
l xpomsw to a l al t atnmaphere.

I-3.2 choice of rel@?ed ta$t conditions

a. Salt concentration. Concentrateions exceeding 20% are not uncorumn,
but a 5 ~1% solution ia reconmmnded, since this has proven to have the nmst
significant effect on mterial.

b. Teat item confifiuration. The configuration of the teat item during the
exposure period of the salt fog teat is an inportant factor in determining the effect
of the environnmnt on the test item Unless otherwise directed, the test item shal1
be configured as it -uld be during its storage, shipamnt, or use. The fol lowing
rqmeaent the wst 1ikely configurations that mi1itary equipumnt -uld aasuw hen
exposed to salt fog.

l ffectiva

operating

(1) In a ahippinglatorage oontainer or transit caao.

(2) Outside of its tihippinglstoragecontainer but prov ided with an
envi ronnnntal oontml system that part1y exclties the salt fog environnmnt.

(3) outside of its shipping/storage container and #et w in its noruml
wde.

(4) Modifled with kits for special application or to compensate for mating
~~n~ tit w nor=~ lY Present but are not used for this tipeci f ic test.

c. A minirm.snexposure period of 48 hours is recommended, follewd by
l 48-ho- drying period. The exposure Pried my be lengthened to prov id. a higher
degree of confidence in the abi1ity of the rmterials involved to wlthatand a
corrosive environumnt.

d. CYcl iM. An alternative to the continwua salt fog exposure period is to
subject the teat item to alternating 24-hour periods of ealt fog exposure and
stadard ambient (drying)conditions for a minimm of four 24-hour periods.
This alternative provides mme damage potential than does the continwua
l xposwe l

METHOD509.3

509.3-3



MIL-SIW81OE
14 JULY 1969

I-4 ~IAL (XII@DERAT ~I I

1-4.1 F~ Iteri- In acklitionto the failme criteria of (Mmml
Requ.irenmts, !3.2.7,the following nnst be considered. Any corrosion mst be
analyzed fop its immdiate or potintial eff=t on tho proper f~ctioning of tho teat
itexm %tiafactiry operation following tiis k8t ia not the sole critarim for
pass/fail.

I-4.2 *W of w t Information reQUimd. 2%9 fol lowing inforlwltionin requlti
in the test plan for the adequate cond=t of the test of section II.

a. Test -atIon.

b. Test item oonfiguration.

c. C&clic conditions (if required).

d. Salt concent~ation if other than 5%.

l . Mditional guidelines.

a. AR 70-38, Research, Deve10utmnt. Test Revaluationof Materiel
for Ex trellmClilmtic conditions.

b. MIL-STD-21O, ~1inmtic In f Omt ion terrain.Desikn and Tes t
9 Jan= 1907.

c. ~ mteriel Conxmnd Pan@let AMZ-706-1 16, ~ineerin$ De a1~
Hmdtmok . ~Vi ronmntal FactoP# .

MEITX)D509.3
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SECTION II

II-1

11-1.1 3’- t $aci2i*Y. The appmatus u9ed in performing the Salt fog test in
this xmthod shal 1 inclule:

a. A test C-F with:

(1) Supporting racks designed and constructed so that they wi11 not affect
the characteristics of the Salt fog mist. Al 1 parts of the test chauber and the
supporting racks that conm into contact with the te~t item shal 1 be constructed of
nmterial or wil 1 be buffered with -terial that wi 11 not cause electrolytic corrosion.
Condensation shal 1 not be al lomd to drip on the teat itan No 1iquid that CO-S in
contact with either the exposure chanber or the teat item shal 1 return to the salt
solution rwervoir. The exposure chamber shal1 be properly vented to prevent pressure
buildup.

),-

(2) The capabi1ity to nnlntain teqmatures in the exposure zone at 39C
(95% . Satisfactory nmthod$ for contro11 ing the temperature accurately are by
housing the apparatus in a proper1y contro1led constant-temperatureroow by
thorough1y insulating the apparat- and preheating the air to the proper temperature
before the atomization, or by jacketing the apparatus and contro11ing the tenqarature
of the =ter or the air used in the jacket. The use of inmwrsion heaters within the
chaaber exposure area for the purpose of maintaining the temperature within the
exposure zone is prohibited..

b. A salt solution reservoir rmde of material that is nonreactive with the salt
solution, e.g. , glass, hard rubber, or pla9tic.

c. A nmans for injecting the salt solution into the test chanber. Caution
!u.mtbe l xercised to prevent clogging of the nozzles from salt buildup. Atomizers
used shal 1 be of such design and construction as to produce a finely divided, =t,
dense fog. Atomizing nozzles and the piping system shal 1 be mde of unterial that
i8 nonreactive to the salt tiolution. Suitable atomization has been obtained in
chsmbera having a volum of lCUS than .34m3 (12 ft% imder the following conditions:

rate.
(1) Nozzle pressure as low as practical to produce fog at the required

(2) Orifices bet-n 0.5 and 0.76 run [0.02 and 0.03 inches) in diamter.

(3) Atomization of approxirmtely 2.8 1iterg of Bait solution per 0.28m3 (10
ft3) of chanber voluns ~r 24 hours.

)
~D 509.3
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men chadnms with a volum considerably in excess of 0.34x? (12 ft3), are used the
conditions specified my require nmdification.

.
NWl?E: A filter fabricated of noncorrosive ruxterialssimilar to that shorn in fig-
509.3-1shall be provided in the supply line and ixnmraed in the salt solution
reservoir as illustrated in figuw 509.3-2.

d. Salt fog collection receptxiclesplaced 80 that a clean receptacle at any
point in the exposure zone will CO1 lect from 0.5 to 3 milliliters of solution per
hour for each 80 square centi~ters of horizontal CO1 letting area (10 om di-ter)
in an average test of at least 16 hours. A mini- of 2 receptacles shal 1 be u8ed,
one placed nearest to any nozzle and one farthest from al 1 nozzles: Receptac1*8
Aall be placed so that they are not shielded by the test item and wI1 1 CO1 lect no
drops of 9olution from the test item or other sources.

II-1.2 Controlti

a. Before injection into the test section, the salt solution shal1 be heated to
within ~6°C (~100F) of the test section temperature at the tium of injection.

b. Al 1 wter wed during the salt fog tests shal 1 be from steam or distil led,
demineralized, or deionized wster, and have a pH betmen 6.5 and 7.5 at 250C, or
have a rnsistivity of not less than 250,000 ohnms/cmat 2*C.

c. Test section air circulation: Air velocity in test chanbers shal1 be
minimal (essentially zero).

11-1.3 Teat inti=m im.t (See General Mquiremn ts, 5.2.4)

a. Undertest jnterr~t ions. If an unscheduled teat interrqAion OccUW that
causes the teat conditions to exceed al lowible tolerance ~ standard ambient
conditions, the test item should be given a conplete visual examination. and a
technical evaluation should be made of the iqact of the interruptionon the test
results. The tigt -t be restarted at the pint of interm@ion and the teat item
restabi1ized at the test conditions.

b. Ove~test interrmtlons. If an rescheduled test interr~tlon occUW that
causes the test conditions to axceed al lowable tolorancen a~ from 9~ ambient
conditiora8, the test conditions tihouldbe stabi1ized to within tolerance and held l t
that level tmti1 a conplete visual examination and technical l val~tion oan be xmde
to determine the inpact of the interr~tion on test results. If the visual
examination or technical l valuation results in a concl~ion that the tent
interruption did not adversely affect the final test results, or if the l ffects of
the interruption can be nul 1ified with confidence, pre-interruption conditions should
be reestablished and the test centinued from the point where the test tol l rances -re
exceeded.

?Wl?IID509.3
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II-2 PREPARATIONKMl-

11-2.1 Preliminaxw stem . Before initiating any testing, determine the required
test conditions (See I-3.2).

11-2.1 Prelnar ation of salt Solut ion. The salt used for this ta$t shall be sodiun
chloride containing (on a dry baaiti) not wre than 0.1 percent sdium iodide and
not mre than 0.5 percent total iuqmrities. Unless otharwiao specified, l 5 Q
percent solution shal1 be prepared by disaolvlng S parts by might of 8alt In 95
parts by wmight of witer. The solution shal 1 be adjusted to, and nnintained at,
a specific gravity (figure 509.3-3)by uSir@ the ~ ~=t= and density
of the salt solution. Sodiun tetmborate (borax)my be addd to tbe mlt
solution as a pH stabi1izatlon agent in a ratio not U exceed 0.7g sodlu8
tetrabo~ate to 75 1iters of 8al t solution. The pH of the salt solution, u
CO1 lected as fallout in the expostre ~, shal 1 be rmintained h-n 6.5 and
7.2 WIth the solution teqerature at +35% (+95%. ~ly diluted chemically ~
hydrochloric acid or chemically pure smdi- hydroxide shal 1 - ~~ m tij~t ~
pH. The pH masuremmmt shal 1 be made electronmtical ly or colori=trical ly.

II-2.3 Chanimr ornration verification. Unle88 the chanber has been used within five
days, i!mmdiately before the test, and with the expouure chauber enpty, adjut al 1
test parwterg to those required for the tegt. Main-in these conditions for one
24-hour period. Continuous1y wnitor al 1 teat paraum3terato verify that the teat
dumber is operating ~perly.

II-2.4 Pretest gtandard anbient checkout. Al 1 i- require a pretest checkout l t
room ambient conditions to provide base1ine data. Condwt the checkout u follow:

step 1. Prepare the teat item in its required configuration in
Qeneral Requirewnts, 5.2.2.

step 2. Record the room aabient condition.

Step 3. Conduct a conplete visual examination of the tegt item
to:

a. High-stre99 areas.

b. Areas -M distiimilar=tals are in contact.

c. Electrical and electronic components - especially W-e
spaced, unpainted, or expmed circuitry.

d. Metallic surfaceg.

accordance - th

with attention

having Closoly

—J

e. ticloaed volumw *ere condensation has occurred or Umy occur.

WI’HOD 509.3
509.3-8
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f. Components or surfaces provided with coatings or swface treatmnti for
corrosion protection.

g. Cathodic protection system; mchanical system subject to malfunction
if clogged or coated with salt deposits.

h. Electrical and thermal insulators.

WT’E: Partial or conplete disassembly of the test item should be conside~ed if a
co~lete vis=l examination is required. Care -t be taken not to damage any
protective coatings, etc.

Step 4. Documnt the results. (Use photographs, If necessary.)

step 5. Conduct an operational checkout in accordance with the approved test
plan.

Step 6. Record the results for con!pliancewith General llequi~nt, 5.2.1.

Step 7. If the test item ~ets General Require-nts, the approved test plan, or
other applicable docwm nts, proceed to step 1 of the test procedure below. If not,
resolve any problem and restart the pretest standard anbient checkout at the mst
re~onable step above.

II-2.5 Pre~

a. The test item shall be given a mininannof handling, particularly on the
significant surfaces, and will be prepared for test inmmdiately before expoaswe.
ttile@@atherwi#e #peeified, test iten@ Shall be free of Surface amtamination ~ asl
oil, grease, or dirt, which could cause a -ter break. The cleaning =thods shall
not incltie the use of corrosive solvents, solvents &ich deposit either corrosive or
protective film, or abrasives other than a paste of pure nmqjnesiunoxide.

b. Arrange the test item configurations as specified in the test plan.

c* Insert the test item into the test chanber (General Rquiremmts, 5.2.2).

II-3 PROCWURE I - AGGRAVATED SCREENIN

Step 1. Adjust the test ch-r temperature to 35°C (95%) and condition the
test item for at least tm hours before introducing the salt fog.

Step 2. Continuously atomize a salt solution of a composition as given in II-
2.2 into the test chanbr for a period of 48 hours or as specified in the test plan.
L/ During the entire exposure period, the salt fog fallout rate and pHof the
fallout solution shall be nmasured at least at 24-hour intervals. ~t Fallout shall
be between 0.5 and 3 ml/80c#/hr.

NETHOD 509.3
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step 3. Store the teat item in a standard ambient atnmsphere for 40 hourw, or
as specified in the equipnmnt specification, for drying.

Step 4. At the end of the drying period, unless otherwise specified, the test item
shall be operated and the results docummted for comparison with the pretest data.

step 5. The test item shall be visually Inspected in accordance with the
guidelines given in II-2.4. If necessary to aid in examination, a gentle -h in
rmning ~ter not wmvxmr than 30°C (100%) may be used.

II-4 3~~T IONIWBERECOIWED

a. Tast item identification (xmnufacturer, serial nudmr, etc.).

b. Previous test mNhods to tiich the teat Itemwms subjected.

c. Results of each visual examination and perfor-ce checkout perforxmd on the
test item.

d. Areas of the test item visually and functionally examined and an explanation
of their inclmion.

e. Areas of the teat item not visually and functionally
explanation of their exclusion.

f. Teat

l!. Teat

(1)

(3)

(4)

chamber operational inforxmtion (interruptions,

Vmiablea:

salt 8olution

Salt solution

FWsista,nceof

h. Preliminary fail-

1=

fallout rate (ml/cm2/hr).

initial -ter and type of ~ter.

analysis.

U Cycling pePlods of 24 hems each (-t and
aonstant =tting for 40 hours or longer.

D More frequent intervals are reconnmnded.
not =t, that interval mt be repeated.

examined and an

ti= schedule, etc.).

dry) xmy be required instead of

If fallout quantity requiremmts

~D 509.3
509.3-11
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SECTION I

I-1 PURPOSE. This test xmthod is divided into two procedures. The small-particle
procedure (dust, fine sand) is performed to ascertain the ability of equipment to
resist the effects of dust particles which may penetrate into cracks, crevices,
bearings, and joints. The blowing sand test is performed to determine whether
materiel can be stored and operated mder blowing sand (149 to 850p m particle size)
conditions without experiencing degradation of its performance, effectiveness,
reliability, and maintainability due to the abrasion (erosion)or clogging effect of
large, sharp-edged particles.

I-2 ENVIRONMENT’ALEFFECTS. An airborne sand and dust enviro~nt, associated nmst
often with the hot-dry regions of earth, exists seasonally in other regions.
Naturally occ-urringsand and dust storms are an inqxwtant factor in the deploynmnt of
materiel, but with the increased mechanization of military operations, these cause
less of a problem than does sand and dust associated with m’s activities. Exanples
of son problem that could occur as a result of exposure of materiel to blowing sand
and dust are:

a. Abrasion of surfaces.

b. Penetration of seals.

c. Erosion of surfaces.

d. Degradation of electrical circuits.e

14EI’HGD510.3
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e. Clogging of openings and filters.

f. Physical interference with =ting parts.
.

g. Fouling of uxwing parts.

h. Exothermal reaction (thermite effects) of clay particles (with aluminum
oxide) at high temperatures, producing heat which could cause high-temperature
corrosion and produce extremly &, erosive particles.

I-3 GUIDELINES~

NOTE: The tailoring process as described in Section 4 of this docmmnt should be used
to determine the appropriate tests and test variables.

a. Application. This method is applicable to all mechanical, electrical,
electronic, electrochemical, and electromechanical devices for &ich expmure to the
effects of a dry sand- er dust-laden atnmsphere is anticipated.

b. Restrictions. This rmthod does not apply to any chemical reaction that may
occur in the presence of nmisture.

c. Sequence. (See General Requirements, 5.1.) This method can produce adw$t
coating on, or severe abrasion of, a test item, *ich could influence the results of
other MIL-STD-81O methods such as Fungus (Method 508.4), Humidity (507.3),and Salt
Fog (509.3). Therefore, this method should be applied following such tests.
Additionally, this method should follow method 501.3 (HighTemperature),since the
temperature derived is used in this nmthod.

d. Teat variations. The variables associated with the blowing sand andduslt
test procedures Incltie:

(1) Air velocity.

(2) Tenperatwe.

(3) Test item

(4) Sand dust

(5) Sand dust

configuration and orientation.

composition.

concentration.

(6) Test duration.

1-3.1 Choice of test procedures. ‘Ihmtest
blowing dust and blowing sand. Based on
function, determine whether trothprocedures

procedures are incluied in this mthod:
the test item’s deployment exposure, and
are applicable.

- I

WI’HOD 510.3
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I-3.2 (%Oi= of re lated te8t conditions. After choosing the teat procedure, choose
the values of the test variables and decide *ether or not the test item is to
operate during the teat. The specific test conditions to be used in these tests
8houltibe based on field data (General Requirenmnts, 4.3). If field data are not
available, the test conditions should preferably be selected from the applicable
requirermnts doeunent8. If this inforxmtion is not available, the following my be
wed as guidance.

a. ‘remm Ysktw Unless otherwise ~if~ed, these tests should be conducted at
the ogwmating or 8to&ge temperature obtained from the temperature response of the
test item from cmthod 501.3

b. Relative hunidit~ High levels of relative hmidity may cause caking of
dust ~%iCle8. Consequently, the test chadxm RH should not exceed 30%.

c. r velocitY.

(1) 41o-W d- t. The air velocities -ad in the blowing dust (s-11
particle) test procedure incltie a mini-air velocity to mintain test
conditions (1.5m/s or 300 fthnin) and a higher air velocity typical of desert
winds (8.9m/s or 1750 fthdn) that shall be used for mst tests. Other air
velocities w be used, but teat chanber limitations mst be considered.
Excessively high air velocities my lessen the caking or clogging caused by lower
air velocities.

)
(2) Blowim #and. An air val=lty in the range of 18 to 29 tis (3540 to

5700 ftimin) i8 suggested for mat blowing sand application8.ti ~nds of 18 Ws that
muld blw the large particle8 are conmmn, ard gusts up to 29 Wg are not ~conmmn.
Other air velocltie8 may be used if the induced flow velocity around the ~pmnt in
its field application is knom.

d. and dust co ?mxMition

(1) The mmll-particle (blowing dust) procedure my be conducted with
either of the following dust aonpositions, by might.

(a) Red china clay is coummn throughout nuch of the imrld and
contains;

Solubilities < 2%, P’Hbet-n 6 and 8 5X

Ferric oxide (Fe~) 10 ~!5%

Aluninun oxide (A12~) 20 ~loz

Silicon dioxide (Si02) Silicon dioxide and
renmining impurities

~/ From MIL-STD-21O.
IWIWOD 510.3
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(b) Silicon flow has been widely used in tit testing end contains
97 to 99 percent (by weight) Bllicon dioxide (SiO$. me fol~~~ ni~ distri~ion
applies to both red china clay and silicia flour:

100 percent shall pass through a 100 -ah mreen.

w 12 percent shal1 pass through a 140 mmgh screen.

w 22 pepaent shall pass through a 200 -h screen.

75 ~2 percent uhal1 pass through a 325 nmsh screen.

(2) Unless otherwise specified, the sand suggested to be -ad in the large
particle test is 8i1ica Band and (at least 95% by =Ight Si02). The amnslt 1.0%
~0.5% of the sand shal 1 be retained by a 20 mesh screen (850p m.), 1.7% ~0.5% by l 30
mesh screen (590P m), 14.8X 21% by a 40 megh screen (420P m,), 37.0% ~1% by l 50 ~gh
screen (297 pm) , 28.6% ~1% by a 70 mesh screen (21OP m.), 12.7% z1% by a 100 ztnsh
screen (149 pml, and 5.2% 11% shal 1 pass a 100 nm!chscreen. The #and shall be of
subangular structure with a man Krunbein ntm&r (xnndneaa factor) -l to 0.2 and
a hardnegs factor of 7 whs.

e. ~

(1) The dust concentration for the blowing dust test shal1 be tin-had
3 (0.3LO.2 g/ft3) unleaa otherwise specified. This figure is notat 10.6 27 g/m

unrealistic and is ~ed because of the limitations of mmt chamberl?.

(2) The sami concentrateions V ahal 1 be as folloaw mless otherwise
apecified.

(a) For test ite- 1ikely to be used close to aircraft (such as
helicopters) operating over unpaved surf aces: 2.2 to ~0.5 g/m3 (0.0623 ~0.015 g/ft3).

(b) For
aircraft, but Mich w
(0.033 ~o.oo75 g/ft% .

(c) For
conditions: 0.177 g/m3

test ite= never used or never exposed in close to opera hg
be found near operating surface vehicles: i1.1 ~0.25 g/m

test ite- that wil 1 be subjected only to natural
(0.0050 g/ ft3).

f. Test itan confIfiuration. The configuration of the test item -t
reproduce, as closely as technically possible, the config~ation that it =uld
assure during storage or use, such as:

~/ Naval tiapons Center Large Particle Blowing Sand WOce&nW

3J MIL-STD-21O.
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(1) In a shippinglatorage container or transit case.

(2) Protect- or not protected.

(3) Deployed realistically or with restraints, such as with openings that
are nor=lly covered.

& Orientation. The test item should be so oriented with respect to the
blowing sand that the nmst vulnerable surface(s) faces the blowing sand. The test
item my be reoriented at 90-minute intervals.

h. ~ati ons

(1) For blowing sand tests, 90 minutes per face is considered to be a
mininasn(see I-3.2g).

(2) For blowing dust tests, six hours at 23°C (?3°F)and six hours at the
high storage or operating temperature are required. Additionally, sufficient tim
-t h alloti at the low air velocity to stabilize the test itemat the higher
temperature.

IwrE: !he period of tim that the test item is eqxxed to the environxmntal
conditions xmy be as significant as the conditions thermelves. The length of

-time spent at the extrem conditions of each procedure should be at least long
enough to insure stabilization of the test item at the qmcified conditions.

)
i. Omration~ur i M test. Operation of the teat item during the test

period should be baaed on the use requirenmnts of the specific test item For
exauple, environmmtal control equipnmnt wuld be operated Wile exposed to
extrenm aabient envlmnmnta, ~ereas certain equipnmnt, although exposed to
severe environnmnts, might be operated only in an environmentally controlled
shelter. If operation of the test item during the test is required by the
~n-nti d ocnmmmt, the test plan shall contain a schedule describing the
ti= periods of operation, the settings of controls, and the typs and anmunts
of stresses to be placed on the test item dwing testing. This schedule shall
contain at least one 10-minute period of continuous operation of the test item
during the last hour of the test.

1-4.1 Failure ana lysis. The failure of a test item to met the requirexmmts of the
equipamnt specification rmst be analyzed, and related information nmst be considered,
awh as:

a. Degradation allowd in operating characteristic tiile at the extrenw
conditions.

,,’

NEI’HOD510.3

510.3-5



NIL-STD-81OE
14 JULY 1989

b. Necessity for use of special operating procedures or special kits
during extreum conditions.

c. The test item shal1 be mmsidered W have failed the dust (fine sand) test
Wen:

(1) Dust has penetrated the test item in sufficient quantity to cawe
binding or blocking of nmving parts, nonoperation of contacts or ~lays, fornmtion of
electrical Iy conductive bridges with resulting shorts, clogging, or the a~ Iation
of dust With will act as a nucleus for the collection of water vapor.

(2) The performance resulttiobtained in accordance with the teat plan
are not within the tolerance 1imits established.

d. The test item shal1 be considered to have failed the large-particlo test
*en:

(1) Abrasion of the test item exceeds the aamunt described in its
requirements docmm nt.

(2) The te8t item doeg not perform safely or operate adequately as
descritad in its requhemnts docum nt.

Wx’E: The test plan shal1 contain procedures for determining the test item’s
degradation due to abrasion. These procedures shal 1 describe paraamters (sub as
aunt of war or loss of vmight) or observable l ttributes (- as change of shap)
which, if not within specified limits, we indication that the test item has failed
because of abrasion effects. The psrm.issible tolerances of the paraxmters and
attributes shal1 be provided.

1-4,2 %muimY of teat infomustion !’euul “red. The fol lowing information is required
in the test plan for ad~te conduct of the tests of section II.

a. Test procedure.

b. Test temperature.

c. Relative hwidity.

d. Air velocity.

00 Sand or dust conpoaition.

f. Sand or dust concentration.

g. Te~t iternconfiguration.

kETHOD 510.3
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)
h. Operational require!rants.

i. Test item orientation and ti= of exposure per orientation.

j. Mditional guideline. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1-5 mElm!E=

a. Hafer, Carl A., A Survey and Study of the Factors Which Affect
the t vironnmnt Created b_~ ati Over Unsurf rain
Southwsst Research Institute, Contract DA-23-O72-ORD-121O final report.

b. Kuletz, Edward, and Schafer, Homrd, Survev and St- on Sand
Naval Wapons Center Report NW ‘XT5170,Augwt 1971.

m~ tEn v ironrmnt its Effecta on Dust Penetration. !NADCTR 56-556.
M’IC %nm AD-I1O-472.

d. MIL-STD-21O, C~ to to termine si n and Test
@uruire xmnts for MilitarY Systeuw and EauiDm nt. 9 January 1987.

e. ~cm3”J?3 of Backmwmd m terial for MIL-STD-21O. Cli=tic
Extrem8 for Mi~i*Y-Eauim=nt. Bedford, MA: Air Force Cambridge Research
hboratories, January 1974, ~IC n-r AD-780-508.

f. Industrial Ventilation. A14SanUal of Reco-nded Practice. Comnittee on
Industrial Ventilation, 80X 16153, Lansing, MI 48901.
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~D 510.3

SECI’IONII

SAND AND DWST

II-1 APPARATUS

11-1.1 Test facility

11-1.1.1 ~

a. The teat facility ghall consist of a chaaber and accessories to control d-t
concentration, velocity, temperature, and hmidity of dust-laden air. In order to
provide adequate circulation of the dust-laden air, no wre than 50 percent of the
cross-sectional area (nor!ml to ai~floti and 30 percent of the volum of the temt
chanber shall be occupied by the test item(s). The chamber shall be provided with
a XIMMMISof unintaining and verifying the dust concentration in circulation. A
minimxn acceptable mans for doing this is by -e of a properly oalibmated andce
inter and standard light aomce. The d-t-laden air shall be Introduced into the
test space in such a manner as to allow the aip to beconm approxi8mtely laminar in
flow before it strikes the teat item #

INARNm3W’r’E: Silica flow may present a health hazaml. men Wing silica flo=,
assure that the chanber is fwmtioning properly d not leaking: if a fall- of
containment la noted and people might have been expmed air saaplos should be
obtained and co!qared to the current tbshold limit values of the Anmrican
Conference of (30vernmmt amd Induatrlal I&gienista. ~r repair and/or other
appropriate action should be -en before continuing we of the ~r. Care
should be Men during al 1 Bteps where exposure of people to the silica dwt is
possible.

b. The dust used in this test shall be aa ohlined in I-3.2d(l).

11-1.1.2 plowiti 8and

a. The required apparatu9 consiata of a chantaeror cabinet, togather with
necessary air conditioning and circulation equipmmt with ita l uxi1iary control
instrwntation, sand storage ti wv ing equipammt, and sand concentration =~lng
equipmnt, capable of rmintaining and continwuOly wnitoring the required condition8
throughout an enve 1ope of air surrounding the test 1tern(s). (See General
Requirexmnta, 5.1.1.) Figures 510.3-1 and 510.3-2 are amhenxaticdiagr- of typical
fad 1itiea for this teat.

b. A data CO1 lection system, separate from the chenber controllers, shal1 be
l nployed to nmaame temt apace conditiom. Readout ~t8 shal1 be readable to
within at leaat O.60C (1%) .

MSXWD 510.3
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Dehumidification, heating, and cooling of c~r test volum air for
of test condition8 shall be achieved by nm?thodsthat

chemical coupoaitlon of the air, ad, or -te~
air.

d. Teat facility design considerations.

(1) The vibratory or screw type send

vapor within

feeder shall

do not alter the
the chanber teat vol-

be controlled to emit
the sand at the specified concentration. ‘he feeder shall be located In such a
mnner as to insure that the sand is miformly in suspension in the air stream when
it strikes the test item, to eitiate the s= effects as In the field.

KYr’E: Uniform #and distribution is usually easier to obtain *en the sand-air
mixture is directed dowwmmi. as in figure 510-3-1.

(2) Because of the extrenmly abrw ive characteristics of blowing sand at
high velocity, it is not recoaxmnded that the sand be recirculated through the fan or
air conditioning equipnmnt. Instead, it Bhould be separated from the air dovmstream
from the test chamber in a sand separator, collected in a separate receiver, end
reintroduced into the sand tank or hop~r. The fan should recirculate only the
sand-free conditioning air.

IwI’E: The sand collected in the separator nmy be reused for other tests if, after
analyais, it still confornm to the requirexmmts of I-3.2d(2) of this wthod.

11-1.2 Controls

a. -t ~tep6 Unless otherwise specified in the require-nts docum nt,
temperature and =lative hunldity nmasme nmmts tie during testing shall be continuus
if m~ =nts are in analog fo~ or at Intervals of one every 15 minutes or less if
~urenmts are in digital fora All instr-ntation used with the test chanber
shall be capable of xmsetingthe acduraciea, tolerance, etc., of General Requi--nta,
5.1.1and 5.1.2. Any significant change of the test Item te~rature or chanber
conditions shall result in the tetititem being reestablished at the required
environxu?ntalconditions before continuation.

b. tivelWtY Relative hunidity in the test section shall be less than
30 pe=nt throughout the &onduct of the test.

c. ‘J’eatvariables. The test variables (temperature,air velocity, and dust
concentration)shall be continuously wnitored dining the test. Hmldity shall be
verified just before or dmi~ each test.

MH’HOD510.3
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11-1.3 Test interr wtion. (See General Requirement, 5.2.4).

a. Undertest interrwtion. The abrasion, penetration, and collection of dust
are cumlative effects that are not affected by interruption. The test item shall be
reestablished at the prescribed temperature and the test continued from the point of
interruption.

b. Overtest interrwtion. Any interruption that result8 in nme extrenw
exposure of the test item than required by the equipnent ~ifi-ti- tihuuldbe
followd by a coqlete physical examination and operational check (tire postiible)
before continuation of testing. If a problem is encountered, the test should be
reinitiated with a new test item.

I I -2 PREPARATION FOR TEST

11-2.1 Preliminary steps. Before starting any test:

a. Determine from the test plan ~ich test procedure is required.

b. Determine from the test plan the test variables to be used.

c. Operate the test chanber without the test item to make sure it is wmrking
properly.

II-2.2 Pretest standard ambient checkout. All test itexm require a pretest checkout
at standard anbient conditions to provide baseline data. Conduct the pretest
checkout as follow:

step 1. Position the test item in the test chanber aa near the center of the
test sections as practicable. The test item shall have a mini!mxnclearance of 15 cm
(6 inches) from any =11 of the test chamber and from any other test Item (if wre
than one item is being tested). Orient the tist itemao as to expose the nm?t
critical or vulnerable parts to the sand or dust stream

nxYrE: The orientation of the test item- be changed during the teat if re@ired by
the test plan.

Step 2. Prepare the test item in its operational configuration in accwdance
with General Requirements, 5.2.2.

Step 3. Stabilize the test item at standard ambient conditions
(General Requirements, 5.la).

/’

Step 4. Conduct a conplete visual examination of the test item with special
attention to sealed areas and minute openings.

WI’HOD 510.3
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step 5. Documnt the results.

step 6. Conduct an operational
plan.

checkout in accordance with the
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approved test

step 7. Record results for coqliance with General Requirenxsnts5.2.1.

Step 8. If the teat item operates satisfactorily, proceed to step 1 of the test
procedure l If not, resolve the problem and restart at step 1 of pretest checkout.

11-3 ~

11-3.1 1. - Blowl~ dust. The following test procedure provides the basis
for collecting the necessary infor!mtion concerning the test item in a dust-laden
enviro=nt.

step 1. With the test item in the dumber, adjust the test section temperature
to 23% (73- and the relative hunldlty to less than 30%. (Maintain less than 30%
relative hunidity throughout the test.)

step 2. Mjust the air velocity to the required value, determined from the test
plan.

Step 3. Adjust the dust feed control for a
(0.3 + 0.2 g/ft3).

Step 4. hintain the conditions of steps 1

step !5. Stop the d-t feed, red- the test

dust concentration of 10.6~7 g/m3

through 3 for at least six hours.

aeotion air velocity to that
required to =intain the climktic conditions, and adjust the temperature to that

determined from the test plan.

step 6. Maintain the step 5 conditions at least mtil stabilization.

Step 7. Mjust the air velocity to that used in step 2 and restart the dust feed
to maintain the dust concentration as in step 3.

step & If required, operate the test item in acco~ with the approved teat
plan. Continue the exposwe for at least aix hours.

step 9. tin off all ~r mntrols and allow the test itemto return to
Btandard ambient conditions. “

step 10. Renmve accumulated dust from the test itemby brushing, wiping, or
shaking, taking care to avoid introduction of additional dust into the te8t iteuL h
not reumve dust by l ither air blast or vacuun cleaning.

hEI’HOD510.3
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Step 11. Operate the test item in accordance with the approved test plan.

Step 12. Docuumt the res’ults.

Step 13. Inspect the test item giving special attention to lwmings, grease
seals, lubricants, etc.

step 14. Documnt the remits.

II-3.2 Procedure II - BlowiM sand

Step 1. Adjust the chamber temperature to the high operating te!qnwat~ of
the test item and nmintain until temperature stabilization of the test item is
achieved.

Step 2. Mjust the

Step 3. Mjust the
the test plan, depending

air velocity to that required by the test plan.

sand feeder to obtain the sand concent~ation specified in
upon the application of the test itexn

Step 4. Maintain the conditions of steps 1 through 3 for the duration
specified in the test plan.

Step 5. If operation of the test item during the test ia required,
performan operational test of the item during the last hour of the
doaxnent the results. If not. proceed to step 6.

Step 6. Turn off all chanber controls and allow the teat item
standard ambient conditions. Renmve ~lated sand from the test
wiping, or shaking, taking care to avoid introch.utionof additional
test unit.

Step 7.

approved test

Step 8.

Step 9.

Conduct an operational checkout of the test item in
plan.

Docummt the results.

Visually inspect the teat item looking for abrasion
and any evidence of Band penetration.

Step 10. Conqare these data

II-4 INFORMATION ‘IUBE RECXXU)ED

a. Teat item identification

b. Previous test xwthods to

with the pretest data.

teat and

to return to
-it by brushi~,
sand into the

accordance with the

and clogging effects

(manufacture,ee~ial nunbers, etc.).

which the specific test item has been subjected.

—
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c. Orientation and any change in orientation during test.

d. Results zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof each perforrmnce check (pmetest, during test, and po8t-test).

e. Wether the second 6-hour test w performd inmwiiately after the test
item stabilized (see step 6 of small-particle procedme).

f. Valueg of the test variableg for each section of the teat.

11- Results of each vimal inspection.

h. Durat ion of each section of tegt.

lETHOD 510.3
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SECTION I

I-1 Thin test is performal to deuxmstrate the ability of equipxmnt
operate in flanxnable atmospheres without cawing an explosion, or to prove

to
that a

flaau3reaction occurring within an encased equipmnt wi11 be contained and wi11 not
propagate outside the teat item

1-2 ~ Low levels of l nergy discharge on electrical arc from
devices as ainple as pocket transititorradioa can ignite mixtures of fuel vapor and
air. A “hot spot” on the surface of a hernmtically sealed, apparently inert equipmnt
case can ignite fue 1 vapor and air mixtures. Fuel vapors in compartments can be
ignited ~ a low energy discharge like a spark from a shorted flashlight cell, switch
oontacts, etc.

I-3 ~~1~ ~R D_ NIIEITEST ~ AND TEST CONDITIONS

NM’E: The tailoring prooess as described in section 4 of this documnt should be used
to determine the appropriate tests and teat variables.

a 1ica tion. This amthod applies to all military ite- designed for use in
or near flight vehicles, ground vehicles, or equipment used to xmintain fuel-handling
or fwl-wing vehicles.

b. ~trictions. None..

c. s~ nce. It is reconxmsnded that the items used in this test first undergo
vibration and/or temperature testing. Vibration and temperature stresses may reduce
the effectiveness of seals, thus producing flamnable atnnsphere sensitivities not
observable on tmtested item.

d. ~eat variation. The teat variables are temperature, pressure, humidity,
test item configuration, and fuel-vapor mixture.

WlliOD 511.3
511.3-1

. . .



MIL-STD-81OE
14 JULY 1989

—1

1-3.1 Choice of test vrocedureg

1-3.1.1 Procedure I - Muf~rmnt operation in flarmmble atnms~here. This procedure is
applicable to all types of sealed and unsealed equi~nt. This test evaluates the
ability of the test item to be operated in a fuel vapor-laden environxmnt without
igniting the environment.

1-3.1.2 Procedure 11 - Explosion contairumnt. This procedure is used to determine
the ability of the test item’s case or other enclosures to contain an explosion or
fla that is a result of an internal equipmnt malfunction.

I-3.2 Choice of test conditions. The explosive atrmsphere test is a conservative
test. If the teBt item does not ignite the test f-l-air mixture, there ia a low
probability that the item will ignite fuel vapor mlxture8 that can ~ in actual
use. Conversely, the ignition of the test fuel-air mixture by the test item does not
man that the test item till alwqw ignite fuel vapors that occur in act-l
deplo~nt.

1-3.2.1 Fuel for test. The fuel reco-nded for explosive atumsphere testing shall
be the single-conponent hydrocarbon n-hexane (i.e..norxml hexane). This fml 18 used
because its ignition properties for fl~ble atnnsphere testing eme equal to or
better than the similar properties of both 100/130 octane aviation gasoline and JP-4
jet engine fuel. Optirmmxnixtures of N-hexane and air will ignite from hot-spot
temperatures as low as 222.8°C (433°F)-ile optirmxnJ’P-4jet engine fuel-air mixtures
require at ,leasta 229.4°C (44~F) temperature level for autoignition and 1001130
octane aviation gasoline and air requires 440.6* (825-) for hot-8pot ignition.
Minim spark energy inputs for ignition of opti~ fuel vapor and air mlxtwes are
essentially the saam for n-hexane and for 100/130 octane aviation gasoline. Muh
higher minimm spark energy input is required to ignite JP-4 jet engine fuel and air
mixtwes.

I-3.2.2 Fuel vamr mixture. The fuel vapor mixture used in the explcxive l twsphere
test shall be honvgeneous.

I-3.2.3 Test tenuerature. The fuel vapor mixture is heated to the highest tiient
air temperature at wMch the test item Is required to operate d~ing actual
deploymnt. Heating the tiient air to this temperature gives the f-l vaporlalr
mixture its greatest likelihood for ignition. All testing ghould be done at this
m.ximxn air temperature. For forced-air-cooled equipm?nt, the teBt tenpe~atme shall
be the highest temperature at ~ich equi~nt performance can be evaluated in the
absence of cooling air.

I-3.2.4 @nntitv of fwl. Unle8s otherwise specified, the fuel used shall be n-
hexane, elthe~ reagent gxude or 95 percent. The 95 pement n-hexane fuel a&tually is
nearly 100 percent hexane, because the renmining 5 percent consists of hexane iso-rs.
Fuel -Ight calculated to total 3.8 percent by volwrr of the test abxphere
rep~esents 1.8stoichiomtric equivalents of n-hexane in air, giving a mlxtwe needing
only minimsn energy for ignition.

WI’HOD 511.3
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a. Required information to determine fuel wight:

(1) Chamber air temperature during the teet.

(2) Fuel temperature.

(3) Spcific gravity of n-hexane (see figure 511.3-1).

(4) Test altitude: e.g., 6100 meters (20,000 feet). Atnmspheric pressure
in pascals: 46.6 kPa (6.76 psia).

(5) Net volum of the test chamber: free volune less test item
displacenmnt expressed in liters or cubic feet.

b. Calculation of the volu of liquid n-hexane fuel for each test altitude:

(1) In ~tric units:

Volwm of 95 percent n-hexane (ml) =

~ chanber ressure ( cals)
(396 x 10-6) [chamber tenp (x)] [specific gravity of n-hexanel

(2) In English units:

Volum of 95 percent n-hexane (ml) =

W~-W3~Ich@= DPess-J.I@4ku
(45.89) [chanber te~ (R)] [tipecificgravity of n-hexanel

I-3.2.5 Effect of huniditv on flenmmble atimhere. Ihsnidityis al-e present in an
l xplosive atnnaphere test. The effect of htidity upon the fuel-air mixture
percent coqxxition need not h considered in the test if the ambient air de~int
is 10°C (50~ or legs beoauge this concentration of ~ter vapor only increases the
n-hexane f-l concentration from 3.82 percent to 3.85 percent of the test
atmosphere. If the atnmspheric pressure is cycled from 1525 !whera (5000 ft.)
above the test level to 1525 um?te~sbelow (a 34-pement change In pressure), the
vol- of n-hexane will decrease from 4.61 percent to 3.00 percent. This ciecwase
will co~nsate for the fuel enrichnwnt effect that results from wster vapor
dilution of the test air supply.

I-3.2.6 &ltitude Bimlation. The WI-altitude at which the test tixm will be
exposed to fwl vapors during operation shall be the maxinun test altitde, unless
otherwise specified. If the test facility is not at sea level and the test 18
for shipboard equlpnmnt, the test ch-r shall be pressurized to simlate sea
level, unless otherwise gpecified.

I@’1’HOD511.3
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1-4.1

CONSIDERATION

Test interruMion.
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If there is an unscheduled test interruption, the chamber —
shall be returned to ground level and purged to renmve the flarnnableatnmsphere. The
test shall be reinitiated from the point of interruption using the s- test item

1-4.2 Overteat. Any interruption in the test that results in a nmre extrenm
exposure of the test item than required by the equip=nt specification should be
followxt by a conplete physical inspection of the test item and an operational check
prior to continuation of test. h engineering judgnwt shall be tie &ether ~
continue testing with the specific item given the overtest, to obtain a new item, or
to consider the test conpleted.

1-4.3 Failure analysis. All failures (see 1-4.4)and incidents tiere the test items
do not -et the equi~nt operating requirermnts shall be analyzed to determine
the cause and inpact of such occurrences. Corrective actions shall be proposed or
inplermnted as required to =et equip-nt performance requirements.

1-4.4 Failure criteria

a. Procedure I -
failure of the teat.

b. Procedure II
atnm?phere surrounding

Ignition of test fuel vapor and air environment constitutes

- Propagation of flame to, or ignition of, a flammable
the test item when the test atnmphere within the enclosure

or case of the test item is intentionally ignited constitutes failure of the test.

I-4.5 ~y of inforxmtion r euuired. The followlng information is required in the
test

I-5

XYHC

plan for the conduct of the tests of Section II:

a. Teat

b. Test

c. -l

d. Test

altitties.

teqmraturea.

VOlune and/or vmight.

item confirmation.

a. Haskin, W.L, Exvlo8ion-Proof Teskin~ Techniuue S. 1963. ASD-TDR-62-1081.
n-r AD-400-483.

b. Zabetakis, M.G., .AL. Furno, and G.W. Jones. Mini- Spontaneous
?’- ratwes of Conhstibles in Air,” Industrial and Engineering Chemistry
2:73-217&

Ijlnition
!6 (1954),

511.3
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c. Washburn, E.W., ed. International Critical Tables of IUumrical
Data. Chemistry. and Tectiolo@. Vol. III. New York: National Research
Council /WGraPHill, 1928, PP27-29.

d. Kuchta, J.M. summrY of Ignition ~o~rties of Jet FWIS and
Other A ircraft Combustible Fluids. 1975. AFAPL-TR-75-70, pp9-14. ~IC n-r AD-
A021-320.

e. ASTME 380-?9. standardfcr?YMricPractice.
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WTHOD 511.3

@(PMSIVE A’lMXPHERE TESI’

SECTION 11

II-1 APPARATUS. A tegt chamber capable of producing the required test
conditions shall be used. Appendix Adescritis one type of chamber that my be

used .

11-1.1 ml. Unless otherwise specified, n-hexane (i.e.,nor-l hexane) of at least
95 percent purity shall be wed.

II-2 ARATION ~R TEST. The tegt item shall be prepared in accordance with
(3eneral Requ.irenxmt8, 5.2.2.

11-2.1 I Cberation in exD108iVe atamgphere

step 1. The test item shall be installed in the test chamber in such a manner
that normal electrical operation is possible and umchanical controls may be operated
through the prean.xre seals from the exterior of the chanber. Mternal covers of the
test itetishall be renmved or loosened to facilitate the penetration of the explosive
mixture. Large test item w be tested one or mre units at a ti~ by extending
electrical connectio~ through the cable port to the rerminder of the associated
~~nt 10c=W*rMlly.

step 2. The equipmnt shall be operated to determine it is functioning properly
and to observe the location of any sparking or high temperature components *ich
could cause an explosion.

step 3. Mechanical loads on drive assetilies tiservomchmi-1 and electrical
loads on switches and relays m,ay be siwlated -en necessary if proper precaution
is given to duplicating the normal load in respect to torque, voltage, current,
inductive reactance, etc. In all instances, it is preferable to operate the
~Pnt a9 it norImlly functions in the syatemduring service use.

step 4. A therwcouple shall be placed on the nmst nwsive ccmponent of the
teat itea

step 5. At least tw thermco uples shall be placed on the inside of the test
chaabe~ VS!J1lS. These the~ uples (f~m steps 4 awl 5) should be instrummted for
nmnitoring outside the teat chamber tien the chamber is sealed.

II-2.2 II E3mlo8ion containment tast.

Step 1. The equipment, or a mdel of the equipment of the S- volmm and
configuration, shall be placed within the case and the case installed in the
explosion chanber.

)
IvETHOD 511.3
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Step 2, Make provision to circulate the fwl-air mixture into the case being
tested. In the case of forced-air-cooled equipmmt, the cooling air nust contain the
proper fuel-air mixture. For equlpm?nt not using forced-air cooling, it is necessary
to drill the case for insertion of a hose froma blowr. Take adequate P!WCUtiOM to

prevent ignition of the anbient mixture by backfi- or release of pxwmnnw through
the supply hose. Any tiification to facilitate the introduction of ignitable vapoF
shall not alter the case internal vol~ by =re than ~!5%.

Step 3. Provide a pogitive meene of igniting the explosive mlxtwe within the
case. The case may be d~illed or tapped for a spark gap, OP a spark gap w be
rmunted internally. Points of ignition should not be nmre than 0.5 inch from any vent
holes or fl~ arresting devices, and as mmnyof mch ignition 80WOW shouldbe
installed within the case as there are vent holes or flanm arretiting devices. Wmre
the design of equlpnmmt ties this impractical, use as nnny points of ignition as -
practical.

Step 4. A themmcouple inserted Into the ease and attached to a sensitive
galvanomter outside the test chamber -y be used to detect explosion# within the
case.

Step 5. Insure that the air within the test chanber has a -ter vapor deupolnt
lo-r than 10% (50%).

step 6. If the site atnmspheric pressure at the teat
nniig,make provisions to pressurize the test chanber to at
level pressures referred to in II-3.2 step 5 shall co~id
633 to 800 nxdlg, inclusive.

Step 7. Perform steps 4 and 5 of 11-2.1.

11-3 PRWEWRES

11-3.1 Procedure I-one ration in exnlosive atnmsnh era

Step 1. Perfow the preparation for test.

location is 10ss than 633
lewt 633 HmHg. Grotmd
of pressures from

Step 2. Seal chamber with the test item w~ted inside.

Step 3. Rai8e the tiient ter@erat~e of alp inside the chardmr to that

determined in I-3.2.3. Wit until tenperat~s of the test item and test c~r inner
-113 comw to within ll°C of chamber ambient ai~ tenpmature.

Step 4. Adjust the chanber air pressure to ginmlate the test altitule plus 1000
!mters, as given in I-3.2.6, plus adequate additional altittia to allow for
introducing, vaprizing and mixing the fuel with the air.

Step 5. Inject the ?wqui!%d quantity of n-hexane into the test c~r as
determined by I-3.2.4.

WI’HOD 511.3
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step 6. Circulate the test atnmsphere at least three, but not nmre than four,
minutes to allow fop conplete vaporization of f-l and the developnrnt of a
homogeneous mixture.

Step 7. Operate the test itexm Operation shall be continuous from step 7
through step 9. Make and break electrical contacts as frequently as reasonably
possible.

Step 0. Slowly increase the air pressure in the tegt chanber by bleeding air
into the chanber. Sirmlate change of altituie at a rate no faster than 100 xmters per
minute.

step 9. Stop the air pressure change at 1000 =ters below teat altitude or at
ground level, *ichever is reached first.

Step 10. Check the potential explosiveness of the air-vapor mixture by
attempting to ignite a sauple of the mixture by a spark-gap or glow plug ignition
source having sufficient energy to ignite a 3.82-percent hexane mixture. If ignition
does not occur, return the chamber to anbient at-spheric pressure, purge the c~r
of the fwl vapor, and reinitiate the test at the xmst recent test altitude.

step 11. If the lovmr limit of siumlated altitude reached in gtep 9 is 3000
inters or greater above sea level, red= the value of the test altitx.xieby 3000
inters. If the gtation tiient prwwure altituie (i.e., ground level) w reached, go
to step 13. If the station anbient presmre uas not reached, continue to step 12.

step 12. Using the newvalw of test altituie from step 11, conduct steps 5
through 11.

step 13. ~nt test xwsults per II-4.

II-3.2 Procedure II - Emlosion con tainl’lm nt test

Step 1. Perform preparation for the test as given in 11-2.2.

Step 2. Seal the chauber with the test item inside.

Step 3. Raise the anbient air temperature inside the chanimr.

Step 4. Wait until tenqxmatures of test item and test chanber inner rnlla conm
within ll°C of chanber tiient air te~rature.

Step 5. Change the chanber air pressure to 1500 inters of sinmlated altitude above
the station ambient preggure (i.e., ground level).

Step 6. Inject the required quantity of n-hexane into the test chanber to
obtain opti!un fuel-vapor/air mixture at station ~ient pressure or as given in
I-3.l.4b for n-hwane.

NETHOD 511.3
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step 7. Circulate the test atumsphere for at least three but no nmre than four
minutes to al low for the Couplete vaporization of f-l and the developumnt of a
homogeneous mixt- within the test item and within the test chamber.

Step 8. B1 eed air into the chamber to return the presswe al tituie to station
anbient pressure (i.e. , ground level) .

Step 9. Energize the internal case ignition source.

step 10. Confirm the occurrence of an explosion within the test item wing the
instal led themncouple. If no explosion occurw, p-ge the ~r and the test item
of all air!fwl vapor and return to step 2.

step 11. If the explosion inside the test item’s cane did not propagate to the
f~ 1/air mixture outside the test itexm

(a) Repeat steps 5 through 10 four ti-s if the test item’s case is not in
excess of one fiftieth of the chamber volm,

(b) If the test item volum is equal to or greater than one-fiftieth of the
chamber volm, purge the chamber and test item of air/fuel vapor and repeat steps 2
throu@ 10 four tixms.

step 12. Check the potential explosiveness of tho air/fue l vapor mix ture by

attempting to ignite a s~le of the mixture by a spark or glow plug. If ~r
sanple does not ignite, purge the chamber of al 1 air/fuel vapor mixture, and
repeat the entire test from step 2.

step 13. Docunent the test results.

II-4 IMNXWiTION ‘IVBE IWCORDm

a. Test item identification (mnufact-r, aerial n-r, etc. ) .

b. Test procedure ntmber.

c. Chanber premure and temperatures at each test point (aIiwlated altittie) .

d. For
test i-.

e. For

opera%ions

f. The

g= The

WTHOD 511.3

Procedure II, the

Procedure II, the

locations of glow plugs or spark gaps instal led inside

energy requirermmt for the g1ow p 1ug or spark gaps for

~titY Qf f-l reqUiMd at l ach te8t point.

off /on cycling rate for the teat equipmmnt.
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APPENDIX A

!@’I’HOD511.3

EXPKEIVE A!IWSPHERE
CHABBER, FUWWBLE ATKISPHERE TESTIN3

A-1 This appendix describes one taat chamber capable of producing the f laamabl e
l t~sphere conditiow required for thla test nmtthod.

A-1.1 Comment mar ts. The facill”ty shal 1 conalat preferably of l steel test chamber
and associated puxpa, ignition system, f-1 nmtering system, po=r source, and any
other equipcmant necessary to nmet the requirexumts for test mthod 511.3 for f lanmxable
atmosphere hating.

A-1.2 tlon. The aacpl-ive l tnnaphere testing facility shal 1 b a
portable, self-containad unit or a permanent inatil lation consisting of a well-
1ighted test ~r equipped With a 8y8tem for mixing and cix?ulatlon of explosive
air/fw 1 vapor mixtures, a nmmns of ignition of air/vapor mlxtwe, an explogion
relief valve system (figure Al is a drawing of a differential pres~e explosion-
relief valve), and a vacuun ptmp -to permit the sinzalation of altittie. Mequate
contro la and inatrumwhat ion 8hal 1 be provided. me facility shal 1 & as8embled on
a chas8is or frmm and could be mwnted on pneunatic-tired *eels for portabi 1ity.
The do8ign w conform in general to figure AZ and shal 1 be capable of COW1 iance
with the requirenmnts of this mthod.

A-1.2.1 ~ A practically sized test chanber should provide a miniuun clear ‘
wmrking space three feet in dianmter and five feet long and should be capable of
umintaining any desired pres8ure altitude within pe~formance 1 imits speeif ied in
A-1.3.5.

A-1.2.1.1 heni~ti The chanber ahal 1 have pressure relief valves and shal 1 be
capable of con forxmnce with the applicable requiremmta of A-1.3. Pressure-tight
jacks for transmiagion of povan to and from the teut item 8hal 1 be provided,
together with openings for the insertion of sealed mmhanical contro18, as
IW@M- O*ervation ~ndo= s~l 1 ~ p~vidd in both sides of the clu&P.

A-1.2.1.2 Floor. A renmvable floor, having a minim area of 0.75 nquare -ter (8
~ f-t) ~ =wble of ~prting 4W0 ki logr~ per square -ter (100 pounds per
9quare foot) within the chanber.

A- 1.2.1.3 Lititin& The test ~r shall be li~ted with t- 150-vmtt laups of
explogion-proof design, one located at l ach end of the chamber, to provide uniform
illumination.

A-1.2.1.4 Stuff infi-boxe~. Two stuff Ing boxes shal 1 be provided to faci 1 itate the
penetration of cabling connectors and contro 1 shaf tg.

WTHOD 511.3
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Main Valve Action When a Negative I!S%i
Pressure Ibes F-’ ‘-:-’ N L1

Needle Valve for Manual
Ccmtrol of Facility
Pressure Release Valve _

Reedle Valve For Automatic Control
of Facility Preusure Release Valve

This Valve 18 Designed for the
?acility Pressure by the Controlled
Force which IAfts the Valve Off its
(lccum within the Test Facility

Releace of Internal
Application of l Hegative
Seat vhen an Explo8iozJ

FIGURE Al. e Qf l
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A-1.2.1.5 Mixinfl and circulation swtera A system shal 1 be provided for the mixing
of air and fue 1 to producd f lanxmble air-vapor mixtwes, and for the circulation into
the test chanber of the mixtures so produced. The system shal 1 consist of a closed-
duct circuit of which the test chamber shal 1 form a part. The circuit shal 1 be
equipped with a mixing blowr capable of prodwing an air velocity in confornmnce
with the performance 1hits of A-1.3.3. An additional blo-r of shllar capability
shal 1 be provided to insure thorough circulation of air-vapor mixtures within the
test c~r. The system shal 1 be equipped with valves to permit safe and practical
scavenging of the test cllr and test item, and to bring in outside air for mixing.
The outside incoming air port should be equipped wItb a dIYing chanber which contains
si 1ica ge 1 or sonm other drying agent. An air bypass system shal 1 also be conneoted
to the domstream side of the drying chamber through a control valve and into the
chanber, to permit air to be bled into the chanber dwing a tist rm, The coaplete
injection and mixing operation shal 1 require not nmre than 3 minutes.

A-1.2.1.6 Fuel mAerinA 8 YSteEL A smanS Shal ~ be ~Vidd ~reby fuel V- Can
be metered into the mixing and circulation system in control led quantities to
prodwe explosive mixtwes of any desired air-vapor ratio.

A-1.2.l.7 Fuel vaporizer. A vaporizer shal 1 be provided in the mixing and
circulation system to vaporize 1iquid fwl for mixing with air. The vaporizer should
consist of a heat exchanger using water as an exchange -dia. The uater ahal 1 be
heated by inmnersion type heaters in order to warm the mixing air prior to initial
contact bet-en the air and the atomized fw 1 from the fuel injectors.

A-1.2.1.8 Exmlosion re lief valves. ‘1’hme pressure relief valvu bee an ~le type
in figure Al) shal 1 be provided for the size chambm described hernin. The valves
shal 1 be designed to open at the miniuun chmber operating pressure and, - opened
by an explosion, shal 1 rwmin in that pmition tmtll =leased. Clo8ure should be
either by mnual actuation of hand valvea OF by autonmtic pea~ -l ization ot
the teat area and the surromding atnmsphere through suitablo restrictive orl f kea.

Each valve shal 1 have a minim crmm-sectional area of 0.13 square nmters (200 ~
inches) .

A-1.2.1.9 Fuel. The explosion facility shal 1 be capable of utilizing n-hexane f-l
to produce flammble vapor mixtures.

A-1.2.1.1O I~itlon system An ignition system shal 1 be provided to permit ignition
of the atnm!?pheres within the nnin chanbr, the -l ing chanber and the oam of the
test item, as required. This shal 1 be acconpliahed by spark PIW IN-1 led in
appropriate 1ocations WI thin the chamber and with 1 cads provided fo~ pl~a Ixutal led
in test item cases. Spark plugs shall be positioned so as to eliminate any l ffec t
by =11 condi tions on aspark te!qxratwe.

\
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A-1.2.1.11 Electrical swtecm —
explosionproof and conform to

All electrical
the applicable

MIL”STD”81OE
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co~nents of this facility shall be
portion of the National Fire

Underwriters Code. The chamber shall be equipped with sealed male plugs
and femaLe jack fee~throughs to transmit POWr as required through the
chanber =11 to the item under test. For exanple:

12 - 150 ~. jack and plug terminalS
12 - 75 amp. jank ancI plL@ terminals

12 - 40 amp. jack and plug terminals -
12 - 10 q. jack and plug terminals (male jack and female plug)

Studs may be used through the ch~r =11 PT’ovlded theY are -red to jXk8 located
on a panel nxwnted on the facility. Jacks and plugs should be similar to and
interchangeable with existing laboratory equipmnt.

A-1.2.1.12 Vacuum D- . A vacuum punp capable of prOdUCing and maintaining within
the test chamber any desired pressure altit~e within the Performance limits
specified in A-1.3.2 shall be provided. The punp shall be wmtmted on the sam
chassis as the chamber. Five minutes shall be the mirmxnallo-ble tim to prod~e
any pressure altitude desired.

A-1.2.1.13 Sa?m linfichamber. A sqling chamber equipped with a blower and a spark
plug shall be provided. The blower shall be capable of mixture circulation at the
velocity specified in A-1.3.3 and shall be appropriately located. The volurm of the
sapling chanbm shall be not less than 1 cubic foot and the configuration
symtrical , to prevent end effects resulting from ignition of explosive mixture~.
The sampling chamber shall be of a strength ewl to that of the =in test chanbm.
A maximum pressure indicator shall be furnished for the sampling chamber. The
sampling chamber shall be external to the main chanber but in as close proxitity
thereto as possible. The inlet side of the s~ling c~r ~xing blouww shall
be provided with a flexible probe which can be placed in the vicinity of -y
potential arcing sources on the test item. Provision should be made to insure
that sampling chamber =11 temperature will be equal to main chamber wall
temperature.

A-1.2.1.14 Heater system A thernmstatically regulated heater system capable of
controlling the air tenperatwe in the chamber within p=for=ma limits specified in
A-1.3.4 shall be provided. The heater system shall - built into the ch-r -11s
so that the chamber air temperature is control led by heat from the -11s. The tiur
required to attain any desired temperature shall not exceed one hour. Temperature
fluctuations due to the introduction into the test chamber of air-vapor mixtures
shall not exceed 5.5°C (lO.O°F) in magnittie nor tw minutes in duration.

MTHOD 511.3
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A-1.2.1.15 Instrummts. The following instruments shall be provided:

a. Alti-ter O-25,000 smters (0-80,000 feet)

b. Mxixmm pressure Indlcatir (2) 0-2400 pascaln [0-350 psi)

c. Chaaber air temperature indicator 0-260% (0-500%)

d. Chanber ml 1 te~rature indicatir O-260°C (0-500°F)

e. Fuel temperature indicator 0-40%2 (O-10WF)

f. Vaporizer air temperature indicator O-260°C (0-500%)

tl. Vaporizer mdia temperature indicator O-260°C (0-5009)

Fuel ~tity gage (calibrated for n-hexane of 0.6!598pecific gravity l t
20°C Llative to wmtep at 4°C and reading in milliliters of fuel)

i. Fuel inert pressure indicator 0-700 kPa (6.76 puia)

d. Heater thernmstat O-260°C (0-500-)

A-1.2.1.16 Controls. The facility ahal 1 be provided with swi-hes, valvea, etc. for
contro 1 of al 1 components and systems of the test chamber. Contro 1s ahal 1 be )
nnunted 80 that their use iticonvenient.

A-1.2.1.17 Provisions

A-1.2.1.17.1 Indicator li~ts. Penel-nrwnted individual lights shal 1 be provided
ad instal led on the test facility in a location readily visible to the operator,
each 1ight being indicative of the stat- or condition of a system or plea of
equipmmt not in an observable position. Al 1 conditionti involving operational safety
shal 1 be so indicated and any others wll 1 be incltied if specified by the procuring
activity.

A-1.2.l.17.2 Safety interlock JW stem. An autoantic nmchanical or l lectrical
inter 1oak dev ice =hal 1 be provided to prevent the prexmture actuation of the
ignition system The design of the system shal 1 be such that al 1 openings to the
main test chamber, including the main door, the explosion relief valves, the ~
circulation System inlet ami outlet ports, and the sanpling chanbar ~ts, -t be
secure 1y closed before energy can be trananitted f o~m the ignition system to the
spark plugs. An audible signal shall be provided to sound if l ctuation of the
ignition systim is attenpted before all the above llgted chanber venti are C108ed.

hR’Ht)D 511.3
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A-1.2.1.17.313nerAen~ ~ ressure relief device. A rupture disk or other suitable type
of fast acting pressure relief device shall be provided. The device shal 1 be
designed to rupture or otherwise relieve, when subjected to a pressure in excess of
the ch-er design pressure. The pressure relief device shall be located on top of
the test chamber and protected by a vented dom to prevent fragmentation hazard.

A-1.3 Performance

A-1.3.1 Chamber design vressure. me test chamber shall be capable of withstanding
any explosion pressure up to and including 2 megapascals (300 pound per square inch).

A-1.3.2 Pressure altitude. The chamber shall be capable of maintaining any desired
pressure altit~e from sea level to 18,250 inters (0-60,000 feet) within the limits
specified in A-1.3.2.1.

A-1.3.2.1 Chamber l&kafie. With the vacuum punp turned off, the chamber shall be
capable of maintaining any pressure altituie from sea level to 3000 rmters (10,000
feet) for a period of 10 minutes, and any altitude from 3000 nx?ters (10,000 feet)
to 18,000 meters (60,000 feet) for a period of 20 minutes, with a loss not to
exceed 5 percent of the total pressure altittie during either time.

A-1.3.3 B1OUR?P air velocity. The blo=rs ezrployed for mixing and circulation of
air-vapor mixtures within the mixing circuit, the ~in chamber and the sanpling
chanber shall be capable of producing outlet air velocities betwn 300 and 600
nmters per minute (1,000 and 2,000 feet per minute) .

A-1.3.4 Chamber air te nverature. The air temperature within the test chanber shall
be controllable between 20°C and 240°C ~3°C (70% and 450%) at all points 1-1/2
inches or further from the chamber walls. Within the 20°C to the 120°C (70% to
250°F) temperature range, no hot spots in excess of 40°C (75%) over the theruxwtat
setting shall exist in the chanber atnmphere. For the 120°C to 240°C (250% to
450°F) te~rature range hot spots in excess of l@C (25°F) above the thernmstat
setting are not permissible in the ch~r atnmsphere. Tim required to raise the
tiient air temperature from 20°C (70°F) to any desired value within the specified
range shall not exceed 60 minutes.

A-1.3.5 Tolerances

A-1.3.5.1 Instrummts and cont~ols. Wnless otherwise specified, instruments and
controls shall tm accurate within the following limits:

a. Temperature indicator (including thermostats): ~l”c (~2°F),

b. Pressure indicator: ~5 kPa (L1 psi) .

c. Altimeter: ~1 percent.

d. l?hernmstat: ~l°C (~2%).

MIHWOD 511.3
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A-1.3.5.2 Environnnts. Unless otherwise specified, environnwntal conditions
induced within the chamber shall not vary in excess of the following limits:

a. Air or mixture velocity; 1.5 percent (in nmters per minute)

b. Altituies: ~2 percent (in inters).

c. Z’en@erature: ~3°C (@°F) .

NOTES:

1. Intended use. The explosion-proof testing chamber described herein is intended
for use in the acconplishnrmt of explosion-proof tests in accordance with this
standati.

2. Inatruction mumal. An instruction man-l should be available to provide the
following information concerning the explosive atxnxphere test chanber:

a. Operating instructions.

b. Maintenance instruction.

c. A8se~ly and disassembly procedure.

d. List and description of all replaceable parts.

e. Detailed assembly drawings.

f. Wiring diagram.

3. Facility capability data. The following information should be stanped on data
plates, which should be attached to the test facility at the location specified:

a. Nhximum chanber design pressure: By chamber prewmre indicator.

b. Vaporizer mixing air velocity: By vaporizer control switch.

c. Outlet air velocities of blo-~s: On side of test facility in a clearly
visible location.

d. Emrgency relief pressure: On donm? of emrgency pressure relief device.

e. Identification by nam and purpose of each instr~nt, control, or
indicating light: On or near the item concerned.

f* Explosion relief valve minimm opening pressure: On base of middle valve.

hWI’HOD 511.3
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l!= Free-volum (in cubic feet) of rmin and sanpling chanbers: On sides of
chambers .

—

4. Facility calibration charts and data. Calibration charts
be available as follow:

a. Calibration chart to correct the fuel ~tity gage
other than the gravity for tiich the gage ws

b. Calibration chart for alti~ter.

cm Calibration charts for correction of

and other data should

for use with fuels of
originally calibrated.

scale error of various indicators.
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LEAKAGE (I-ION)

I-1
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I -3
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II-4

PAGE
SECTION I

PURPOSE . . . . . . . . . . . . . . . . . . . ...512.3-1
ENVIRONWNTAL EFFWTS. . . . . . . . . . . . ...512.3-1
GUIDELINES FOR DE71ERMINING TEST

PROCEDURES AND TEST CONDITIONS . . . . . . . . . . 512.3-1
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SECTION II
APPARATUS . . . . . . . . . . . . . . . . . . ...512.3-6
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INFORMATIONTQ BE RECORDED . . . . . . . . . . . . . 512.3-8

SEGI’ION I

I-1 PURPOSE. Leakage (inmms ion) tests are conducted to determine whether materie 1
is constructed so that it can be i-rsed in water without 1eakage of the -ter into
the enc 1osure.

I-2 ENVIRONMENTAL EFFECTS. Penetration (seepage) of -ter into equipwnt enc 1osures
can result in problem such as:

a. Fouling of lubricants bet=n wving parts.

b. Fornation of electrical ly conductive bridges which My cause electronic
equipn=nt to cml function or beccmm unsafe to operate.

c. Corrosion due to direct exposure to the water or to the relatively high
hunidity levels caused by the =ter.

d. Diminishment of the burning qualities of explosives, propellants, fuels, etc.

I-3 GUIDELINES FOR DEI’ERMII?INGTEST PROCEDURES AND TEST CONDITIONS

NcYrE: The tailoring process as described in section 4 of this docunmt should be used
to determine the appropriate tests and test variables.

a. APP lication. This method is used when the test item is designed to be
watertight and may be exposed to partial or complete immersion in water. This test
XIBy, in som cases, be wed to verify watertightness in lieu of a rain test, provided
that the test item configuration is the S- and erosion is not a problem.

?@7HOD 512.3
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b. Restriction. This rmthod does not necessarily duplicate service conditions
but is wed to verify the integrity. of the test item’s seals. I-rsion tests are
not to be used for buoyant item unless the life cycle profile identifies specific
application with restraints that could hold the materiel under water.

c. Sequence. (See General Requirements, 5.1.4) This test should be performed
before and after structural tests such as shock and vibration to aid in determining
the test item’s watertightness after dynanuc tests.

d. Test variations. This method consists of one test procedure with several
related test conditions that nust be given values before the test is initiated, such
as:

(1) Test item configuration.

(2) Preheat te~rature.

(3) Depth of i~rsion.

(4) Duration of i-rsion.

(5) Additional guidelines as appropriate.

1-3.1 Choice of test Procedure

a. Test objectives. The primary objectives of the leakage (immersion) test are
to determine *ether:

(1) The test item can be inmxmsed in ~ter without penetration of the -ter
into the test item.

(2) The penetration of any ster into the test item will cause operational
degradation of the test iten

(3) The test item can be operated safely following imrsion.

(4) Other possible effects may be caused by water leaking into the test
itern.

Based on this information and the propose of the test item, determine any variations
to the basic test that are required.

b. Procedure I - Basic leakage. This procedure is used to test relatively small
test Items (man-packed or man-portable for the nmst part) that enploy seals or gaskets
to prevent water penetration into the interior. ~1

1/ Shelter-size test itenm may be subjected to the fording testing of MIL-S-55286 or
tiL-S-55541.

NETHOD 512.3
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) I-3.2 Choice of related test conditions

a. Test item configuration. The configuration of the test item is an inpmtant
factor affecting writer penetration into the test item The following are ex~les of
configurations to consider:

(1) In a shipping/storage container or transit case.

(2) Sealed with protective covers. caps, plugs, etc.

(3) Wified with kits for special applications.

(4) Norxmd operating configuration.

b. Conditioninfi. This test usually incluies heating of the test item to induce
expansion of =terials and, after cooling, to establish a pressure differential to
determine *ether the seals or gaskets leak under relatively low pressure.

(1) A pressure differential is created bet-en the inside and outside of the
test item following i-rsion by heating the test item to a temperature of 270C
(or 49% above the rnter temperature.

(2) The temperature of the water

(3) Duration. The test item shal
1 stabilization of the test item has occurred

shall be 18° ~lO°C (64° ~18°F).

1 be heated until -rature
or for tw hours, whichever occurs first

) (a sufficient time to raise the internal air temperature to a
value approaching 45°C).

c. l)epth of iummsion. The depth of inxmrsion affects the pressure differential
that develops on the test itetn Since this =thod is designed to test the
effectiveness of seals or gaskets, a l-inter test depth is suggested. This, combined
with the initial test item temperature, should result in twice the pressure
differential of i-rsion to lm without heating. Other values such as those shown in
table 512.3-1 may be used if appropriate.

d. Duration of i-rsion. Just as the test item is heated for at least tm
hours before i~rsion to insure thorough heating, the i-rsion pmiod of tim hours
is considered adequate to develop leakage if it is to occur.

e. Additional fiuidelines. Review the equipnmt specification and requirements
do~nts. Apply any additional guidelines necesmry.

1-4 SPECIAL CONSIDERATIONS

1-4.1 Failwe analysis. Based on the individual test ti~ and the requirennt for
its leakage resistance, the following failure criteria apply:

WIWOD 512.3
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TABLE 512.3-1. Water pressures at various de~ths.

I
I Head of %ter 9# Pressure Difference ;
: (inters) II (kPa) :

II (1 psi = 6.895 kPa)
II 0.15 I1 1.47 :
11 0.91 II 9.0 II
1I 1.0 9I 9.8 9I
9# 1.5 I1 14.7 0

I
8
1 4.0 I1 39.2 1I
II 6.0 II 58.8 II
II 10.0 II 98.0 :

Iwl’E: The equivalent head of sea vater is 0.975 times the head of fresh
-ter for the sanE pressure difference.

a. Water nnetration. Determine which of the following is applicable:

(1) Wneonditional failure. Any evidence of water penetration into the test
item enclosure following the inmersion test shall be a basis for failure.

(2) Acceptable ureter penetration. Water penetration of not nxme than 4 &
per 28,000 cm3 (1 ft3) of test item enclosure ~/ shall be acceptable, provided the
following conditions are met:

(a) The ~ter has no inxmdiate effect on the operation of the
test item.

(b) The test item in its operational configuration (transit/storage
case open or rennved) shall successfully conplete the induced tenprature/hunidity
(procedure II) of mthod 507.3 for the geographical area in vhich it is designed to be
deployed.

b. Operational failure. Failure of the test item to satisfy its functional
requirements shall constitute an inrnersion test failure.

c. Safety. The test item nust be safe to operate following the imusrsion test.

1-4.2 Additional considerations

a. When testing a shippinglstorage container or transit case without the test
item enclosed, all dunnage, packing, padding material, etc., that nay absorb ~ter
shall be renmved, if possible, before the test.

~i This quantity of water (4 cm3) is approximately the quantity required to raise the
relative humidity of one cubic foot of air from 50% at 21°C (70°F) to saturation at
49°c (120%). The 49°C value is realistic for equipnmmt exposed to high-temperature
and solar-radiation effects.

Ml?I’HOD512.3
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b. ~trem caution mst be exercised when using the test item handles,
protrusions, etc., to pull the test item under the water. This could
produce unrealistic stress and leakage into the test item

1-4.3 sunmarY of test information reau iPed. The following information ia
required in the test plan for adequate conduct of the tests of section II:

a.

b.

c.

d.

e.

f.

g-

h.

Test procedure n-r.

Physical size of the test item (to determine test facility requirenwnts).

Tiedowm precautions (to prevent unrealistic stress).

Test item configuration.

Conditioning temperature and duration.

Coveringlinmnwion depth.

Duration of i~rsion.

Additional guidelines.

1-5 ~

) a. MIL-S-55286,

b. MIL-S-55541,

Shelter. Electrical Pment S-280( JIG

Shelter. Electrical EauiPmnt S-250( )tG
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LEAKM3E (INNEEWON)

SECYI’IOM11

-J

II-1 APPARATUS

11-1.1 Test- fac~l~tY

a. The required test apparatus should include a mater container that can achieve
a covering depth of lm (3.3 ft) (or other required depths) of water over the qperxuwt
point of the test item and mintiin the test item at that depth. Also required is a
chamber or cabinet ca~ble of heating the test item to the required t~ature.

b. A -ter-soluble dye such as fluoreseein =y be added to the -ter to aid in
locating and analysing inter leaks.

11-1.2 Controls

a. The temperature of the water shall be

b. The temperature of the test item shall
the water.

18° ~lO°C (64° +18°F).

be 27° ~2°C above

c. The temperature of the water shall not change mm% than
throughout the duration of the test.

11-1.3 Test interrmtion (See General Requirements, 5.2.4)

a. Undertest interrtmtions. An interruption that results in

the te~rature of

3°C (5°F)

less severe
conditions than specified should be treated as a “no test-. The test item should
be dried and stabilized at standard ambient conditions and the entire test
procedure repeated from the beginning. Any failure discovered during an undertest
condition should be treated as a failure.

b. Overtest interruptions. Any interruption that results in mre severe
conditions than specified should be follovd by a conplete examination of the test
item and an operational check (vhere possible) before continuation of testing. If no
problem is evident, the test should be restarted, preferably with a new -St item

II-2 PREPARATION FOR TEST

11-2.1 Preliminary steps. Before initiating any testing, determine from the
test plan:

a. The
duration.

WI’HOD 512.3

inrnersiondepth and tim and, if applicable, the preheat temperature
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b. The nmans to be used to secure the test itemat the appropriate depth.

c. The teat item configuration.

II-2.2 test checkout. All test ite- require a pretest checkout to provide
baseline data. Conduct the checkout as follorn:

step 1. Prepare the test item in accordance with General Require=nts, 5.2.2.

step 2. Examine the test item for evidence of free water. If any iS fomd, dry
. the test itemconpletely before continuing.

step 3. Vi8ually examine the teat item, giving special attention to areas
ammd seals.

b

Step 4. Dooumnt the results.

step 5. Condwt an operational check in accordance with the requirerumts
documnt.

step 6. Doammnt the results.

step ‘r. Proceed to step 1 if no problens are found; otherwise, correct the
problem and retitart at step 1 above.

II-3 ~URE I - Basic J eakaAe

step 1. Three ti!ms, Inxmdiately before the test , open and close (or rexum?e
and replace) any doo~s, covers, etc., that -uld be opened during norual use to
insure that any seals are functioning properly and are not adhering to the sealing
surfaces .

Step 2. Condition the test item as in I-3.2b. The test item’s sealed areas
(here practicable) shall remain opn throughout the heating cycle. Also, equipn=nt
occasionally incorporates valves or venting devices -ich may or my not be opened in
norrml service use. If the test item incorporates such a device, it should be opened
throughout the heating portion of the test.

step 3. MuMIure and record the inmmrsion water temperature. If not in
accordance with 11-1.2b, adjwt w r=@~.

Step 4. Close all sealed areas and valvee, amemble the test itexnin its test
configuration and, as quickly as possible, innmse the test item in ~ter so that the
uppernmst point of the test item is lm ~0.lrn (3.3 ft ~3.O in) below the surface of
the -ter, or as otherwise required by the test plan.

Step 5. Measme and record the =ter temperature at 30 minute intervals
following I-rsion of the test item

MH’HOD 512.3
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step 6.

step ?*

Step 8.
attention to

Step 9.

-}

The test ikm shall ~in inxmwed for 120 ~ five minutes.

Fkmmve the test itern from the wter.

Wipe the exteFior surfaces of the test item dry, giving 8pecial
areas aromd seals and relief valves.

If applicable, equalize the aim prwm.me Inside the tent cxmtalnem by
activating any uwwal valve(n) .

Step 10. Open the teat item and examine the interior end contents for evid~
of and quantity of leakage and for probable areas tiere the leakage ~.

Step 11. Documnt the result8.

step 12. Conduct an operational check of the test Item, if applicable.

step X5. ~nt the re8ults.

step 14. compare the results with the baseline data obtained in II-2.2.

II-4 INK)IWITION TO BE IUCORDED

a.

b.

c.

d.

e.

f.

g.

h.

i.

Test item identification (xmnufactwwr, serial nuber. etc. ) .

Previou9 test =thods to which the test i-m has been Subjeoted.

bunt of leakage into the test item.

Point(8) of leakage.

Water aml test item temperatures.

Teat item configuration

Depth of ilmIMMYBion.

Ducvation of inwwuion.

F&Mnllts of perforlmnce cheeks (~telst and post-test) .

NI?’IK)D512.3
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METHOD 513.4

ACCELERATION

I-1
I-2
I-3
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II-4
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SECTION I

I-1 PURPOSE. The acceleration test is performed to assure that equipment can
structural 1y withstand the g forces that are expected to be induced by acceleration

in the service environ~nt, and function without degradation during and following
exposure to these forces.

/
I-2 ENVIRONMENTAL EFFECTS. Acceleration generally increases the forces acting on
equipmnt and the hardware used to mmnt the equipmnt. An exception is acceleration

that induces forces in opposition to gravitation forces, in ~ich case the equip!mnt

can approach or attain a state of weightlessness and become reverse loaded in excess- -
of the opposing gravitational forces. The forces induced by acceleration

a. Structural deflections that interfere with equipnnt operation.

b. Permanent deformations and fractures that disable or destroy the

c. Broken fasteners and mmnting hardwwe that cause equipmmt to
projectiles.

d. Electronic circuit boards to short out and circuits to open up.

e. Inductances and capacitances to change values.

f. Relays to open or close.

g* Actuators and other nwchanisms to bind.

h. Seals to leak.

i. Pressure and flow regulators to change value.

513.4-1

can cause:

equipmnt.

becom loose

l@’I’HOD513.4
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j. ~ to cavitate.

k. Spools in servo valves to be displaced and cause erratic and dangerow
control system response.

I-3 C3UIDELI= FOR IWIERMINING TEST ~URES AND TEST CONDITIONS

NOTE: The tailoring process as described in section 4 of this dommm nt should be used
to determine the appropriate tests and test variables.

& Thi@ test =thod ia applicable to equipmnt and devices that
are installed in aircraft, helicopters, manned aerospace vehicles, air-carried
sto~es, and gromd-launched missiles.

b. Restrictions. None.

c. Seau ence. The high temperature test should be conducted prior to
acceleration.

d. Teat variations. The tests vary in acceleration, axis of acceleration,
duration, test apparatus, and onloff state of item.

1-3.1 Choice of test rmocedures. There are two test procedures. Procedure I
(Structural Teat) is used to denrmstrate that equipnmnt will structurally withstand
the loads induced by in-service accelerations. Procedure II (Operational Test) ia
used to denmnstrate that equiprumt will operate without degradation during and after
being subjected to loads Induced by in-service acceleration. Equi~t to be testxxi
should be subjected to both Procedure I and Procedure II tests unless otherwise
specified.

I-3.2 Choice of test conditions. Acceleration values for individual equi~t itenm
should be obtained from the aircraft structural loads analyges. men the applicable
aircraft is unknown, the values of tables 513.4-1 and 513.4-11 and the following
paragraphs xmy be used.

For the purpose of these tests, the direction of forward acceleration is always
considered to be the direction of forward acceleration of the host vehicle. The teat
item is tested in each direction along three mtually perpendicular axes for both tewt
procedures. One axis is aligned with the foward acceleration of the vehicle, one axis
is aligned with the spanwise direction of the vehicle, and the third axis is
perpendicular to the plane of the other two axes. Figure 513.4-1 shows the six
acceleration test directions.

WIWOD 513.4
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TABLE 513.4-1 S Mested (3 levelg fop Wocedure I - Structural test

n
8

I
I

8
c Test Level tI

I II
; 9t Forimrd : Di~ction of Vehicle Acceleration #4
: t Acceleration See Fi@re 513.4-1
I Vehicle I A ot t : Lateral
t category aI 1 in g’s 11 : Fore : Aft :m : Dom
@9 : D I I 8b $ 1 t : Left : Right :

:Aircraft ~/, al : 2.0 I 1.5A : 4.5A : 6.75A : 2.25A : 3.OA : 3.OA :

: Helicopters II */ : 4.0 : 4.0 : 10.5 : 4.5 : 6.0 : 6.0 :

: Mmned Aerospace I 6.0 to 12.0 : I I I: 8c :
i Vehicles : ~/ : 1.5A ; 0.5A : 2.25A ; 0.75A ; 1.OA : 1.OA :

: :Wirqy : a
8 :

I

:

8 *

: 0 0

9
b :Sponson : 2.0 : 7.5A ! 7.5A i 9.OA : 4.9A i 5.6A I 5.6A :
: Aircraft!Nb-ted S I 6 I II I o1 89 a9 @ !
: stores
o0 :Fusalage ; 2.0 : 5.25A : 6.OA ; 6.75A : 4.1A : 2.25A : 2.25A :

: QrouAd-Lamched t q/, &/ I 1.2A ! 0.5A : 1.2A’ : 1.2A’ ! 1.2A’ : 9

:Missilos :
9

I$ t6 .: # 6t I ~/ : ~/ : ~/ 8#

Levels in this colum should be used when forward acceleration is mknovm. men
the forwmi acceleration of the vehicle is knorn, that value shall be used
for A.
For oarrier-kmxl aircraft, the Mninunvalm to be used for A is 4, representing
a basic mmdition associated with catapult launches.
For attack and fighte~ aircraft, add pitch, yaw , and roll accelerations as
applicable.
For helicopters, formmrd acceleration is ~lated to acceleration in other
directions. Test levels are based on current and near future helicopter
design requirenmnta.
Mhen forw md acceleration is not knowm, the high val= of the ameleration range
should be used.
A is de~ived from the thrust curve data for maxinmn firing tenpmature.
Where A’ ia the ~iuun maneuver acceleration.
In mum cases, the nmximsnnmneuver acceleration and the rmxinxm longitudinal
acceleration will occur at the aanm tinm. When this occurs, the test item
should be tested with the appropriate factors wing the orientation and
levels for the mximsn (vectorial) acceleration.

IWX’K)D 513.4
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TAELE 513.4-11. SulUtested (31 evels for ocedure II - Operational test .

I
8

:

I

I

I

I

Vehicle
category

:

I

I

t
I

I

8

I

I

Teat Iavel

6

t Direction of Vehicle Acceleration :
Forumrd bo (See Figure 513.4-1) o0

Acceleration
A # 8 II 8e $ :Lateral 1

in g’s ~/ : Fore : Mt ‘: up : Dowrl
b I II : I I : Left : Right I

: Aircraft g/, ~/ ! 2.0 : 1.OA : 3.OA : 4.5A : 1.5A I 2.OA : 2.OA I

: Helicopters t gl *I I 2.0 : 2.0 : 7.0 : 3.0 : 4.0 : 4.0 :

: Manned Aerospace ! 6.0 to 12.0 : 6 1 8 t o: 8 @
sI Vehicles II ~/ : 1.OA ; 0.33A ; 1.5A : 0.5A : 0.66A: ’O.66A I
8I

: Wing : 9 *m *: * I# :
: Sponson : 2.0 : 5.0 : 5.OA : 6.OA : 3.25A ; 3.75A ; 3.78A :

Aircraft: hlxmted I 1 I #I o I I I: $* I 9

; Ground-Launched I Q/, ~/ i 1.1A I 0.33A ! 1.1A’ : 1.1A’ : 1.1A’ : 1.1A’ I
: Mlssile8 * 1I @a I : ~/ : XI : ~/ : ~/ o9

Levels in this colum should be usti ~en fomwsrd acceleration is ~om. When
the forwmrd acceleration of the vehicle is knorn, that val- shall be und
for A.
For carrier-based aircraft, the mini-value to tm used fop A ia 4, representing
a basic condition associated with catapult la-ches.
For attack and fighter aircraft, add pitch, yaw, and roll accelerations aS
applicable.
For helicopters, forvard acceleration is ~related to acceleration in other
directions. Teat levels are based on current and near futme helicopter desi~
~i--nti.
When fo~ ~leration Is not knoam, the high value of the acceleration range
should be ~.
A ig derived from the thrust curve data for umxim.xn firing Mqnwature.
Where A’ is the mmcixmmmmeuver acceleration.
In sonm!tcases, the xmxixmxnmaneuvar acceleration and the rmxixmm longittiinal
acceleration will occur at the mum ti=. men thig Occurg, the test item should
be tested with the appropriate factorg using the orientation and levels for the
nEwim (vectorial) acceleration.

NEI’H3D 513.4
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Fore
I

Lateral
Left

Aft - L

I )ovn

FIGURE 513.4-1: acti~
. .
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Except for helicopters, the test levels for the six test directions are al=ys based
on the forward acceleration of the vehicle. In the case of helicopters, forwd
acceleration is unrelated to acceleration in the other directions. Tables 513.4-1
and 513.4-11 list test levels for Procedure I (Structural Test) and Procedure 11
(Operational Test), respectively. Factors which influnce the test levels are:

a. Form acceleration of the vehicle, knom or unknovm?

b. (orientation of test item in the vehicle, kno~ or unknouI?

c. FOP fighter and attack aircraft, acceleration loads induced by roll, pitCh,
and yaw change mneuvera.

These factors are accounted for as follm.

I-3.3 Forward acceleration kn oim and test item orientation knowm. When the forward
acceleration of the vehicle is knmm and the orientation of the test item is
knovm, the acceleration test levels for Procedure I tests are those valwa that
are obtained from table 513.4-1 &en the kncmm fo~ acceleration is substituted
for A in the table. The acceleration test levels for procedure II tests are
obtained in the S- rmnner using table 513.4-11. For helimpterg, t~ ~gt
levels in the tables apply regtilesa of fo~ acceleration.

1-3.4 Forward acceleration kno m and test item orientation unknom . When the
forward acceleration of the vehicle is knoun and the o~ientation of the test item is
unknowm, the acceleration test levels for Procedwe I tests are the values obtained
from table 513.4-1. ~ich gives the highest test level ahen the knovm formrd
acceleration is substituted for A in the table. Use this valu to test the item in
each of the six test directions. The accele~ation test levels for Procedure II tistu
are obtained in the s- nmnner using table 513.4-11. For helicopters, tbe highest
test level in each of the tables applies regardless of the forveu%l acceleration.

I-3.5 Forward acceleration unhom the test item orientation known. Uhen the
forward acceleration of the vehicle is unknom and the orientation of the test item
is knom, the acceleration teats levels for procedure I tests are those valuea
obtained from table 513.4-1 when the probable forward acceleration as listed in the
table for the relevant vehicle category is substituted for L The acceleration
test levels for procedure II teat are obtained in the sam !mnner using table
513.4-11 (Not applicable to helicopters.)

I-3.6 Forward acceleration mknoun and the test item orientation o- . Men
the fo~ acceleration is unkno~ and the orientation of the test item ia unknom,
the acceleration test level for Procedure I tests in the highesft value obtained from
table 513.4-1 Aen the probable forward acceleration as listed in the table for the
relevant vehicle category is substituted for A. Use this level to test the item in
each of the six directions. The acceleration test level for Procedure II tests is
obtained in the s- mnner using table 513.4-11. (Not applicable to helicopters.)

M?!’HOD 513.4
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I-3.7 FiAhter and attack aircraft. The test levels as determined fmm tablea 513.4-
1 and 513.4-11 are based on accelerations at the center of gravity (C@ of the host
vehicle. For fighter and attack aircraft, the test levels in general -t be
increased for equipumnt that is located away from the vehicle C(3to account for loads
induced by roll and pitch change maneuvers. Roll iupacta the up and do= and lateral
left and lateral right acceleration loads. Pitch change inpacts the up and
fore and aft acceleration loads.

I-3.7.l Roll maneuver loads. and doum test direction. For wing nxmnted
equimnt, the test levels for Proceduw I (Structural
levels as determined in -ble 513.4-1, plus 1.5 times.
induced by Foil, ~ere 1.5 i= a Safety factor and AN=*

Test) are the up and
AN., the additional

doum and

dom
load

is ZOnputed as follom:

Mere: d = lateral distance of equipnmt from aircraft C(3 in nmters
$ = absolute value of nxucim roll acceleration in rad/s 2 (if

unknom, u8et = 20 rad/S2)
8 = 9.80 &sz

For Procedure II (Operational Test), the test levels are the up and do- levels
w determined in table 513.4-11 plus ~Nz.

1-3.7.2 Rollm euver loads. lateral left and lateral-right directions. For wing
umunted equi~nt, the test levels for Procedure I (St-tural Test) are the lateral
left and lateral right levels w determined in table 513.4-1 or 1.5 tixmsb ~, the
load induced by roll, tiichever is the higher, where 1.5 is a safety factor and A
is computed as foil-:

%

A% “ ~G)2
g

Where: d = lateral distance of equipmnt from aircraft C(3 in zmters

~ = @solute value of mmcimsn roll velocity, rad/a (if mom, uee
$ =5r /s)

g = 9.80 Ws F

For Procedure II (Operational Test), the test levels are the lateral left and lateral
right test levels as determined in table 513.4-11 or ANy, michever is the higher.

M?THOD 513.4
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1-3.7.3 Pitch change maneuver load, and dom test directions. For fuselage
nmxnted equipmnt, the test levels for Procedure I (Structural Test) are the up and
dow acceleration levels as determined in table 513.4-1 plus 1.5 tixme A N=, the
additional load induced by piti change, &ere 1.5 is a safety factor and ~z is
Coquted as follow!c.

Where: d =

? =
v =

g =

For Procedure
determined in

u
43

fore or aft distance of equiprmmt from CG in =ters
2 (if horn, Memaximm pitch acceleration in rad\s

5 Pad/sz
9.80 mls2

II (Operational test), the test levels are the up and dowm levels as
table 513.4-11 plus ~z.

I-3.7.4 Pitch chanfle maneuver load, fore and aft test directions. For fwelage-
rmunted equipmnt, the test levels for Procedure I (Structural Test) are the fore and
aft levels as determined from table 513.4-1 or 1.5 times Q, the load induced by
pitch change, ~ichever is higher, &ere 1.5 is a safety factor and Nx is co!qmted
u follow:

Where: d = fore or aft distance of equipnmnt form aircraft (2G in ~ters
4 = m.xirmmn itch velocity in rad/s (if unknom, use

B
$2.5 radls)

8 = 9.80 mts

For Procedure II (Operational Test), the test levels are the fore and aft test levels
as determined from table 513.4-11 or ~, Aichever is higher.

1-3.7.5 Yaw maneuver loads lateral left and right directions. For wing-nrwnted
equipmmt, the test levels for Procedure I (Structural Test) are the lateral left and
lateral right levels as determined in table 513.4-1 or 1.5 tires

% , the load
induced by yaw, whichever is higher, where 1.5 is a safety factor and Ny is
Corlputed as follOWW#;

Where: d = lateral distance of equipmnt from aircraft C(3 in nmters
$ = absolute value of maximxn yaw acceleration in rad/sec 2 (if

unknown,muse ~ = 3 rad/s2)

~ = 9.80 In/Sz

For Procedure II (Operational Test),
as determined in table 513.4-11 or

WI’HOD 513.4

the test levels are lateral right test levels

‘Y ‘ whichever is the higher.
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I-3.7.6 Yaw maneuver loads fore and aft test.directions. For fuse lage-umunted
equipnwnt, the test levels for Procedure I (Structural Test) are the fore and aft
levels as determined from table 513.4-1 or 1.5 tires ANX the load induced by yaw
change, -Ichever is higher, ~ere 1.5 is a safety factor and A% is conputed as
follow:

Where: d = fore and aft distance of equipmnt from aircraft C(3 in =ters

P = absolute value of maxim yaw velocity in radlsec (f unknovm,
use $= 4 Fad/s)

g = 9.80 m/s2

For Procedure II (Operation Test), the test levels are fore and aft test levels as
determined from table 513.4-11 or Nx, whichever is higher.

1-4 SPECIAL CONSIDERATIONS

1-4.1 Test interrwtion. If an unscheduled interruption occurs while the test
item is at a specified test level, the test should resnam at the test level.
The test duration ti- should be the sumof the times at the test level prior
to and following the interruption.

1-4.2 Over-acceleration. If the test item is subjected to acceleration loads in
excess of the level specified for the test, the test wst be stopped and the test
item inspected and functionally-tested. Based on the inspection and functional test.
an engineering decision should lx made as to whether testing should be resnm=d with
the sam test item or a new test item

I-4.3 SWELY sr)ace ~ asurwmmnts. If a piece of equipnmnt is munted on isolators, the
test should be run with the equipnmnt nmunted on the isolators and the swy space
should be nmasured to indicate ptential interference with adjacent equipmmt.

I-4.4 Acceleration sins,ilation. Careful assessmnt of the function and
characteristics of the test item has to be made In selecting the apparatus on ~ich
the acceleration tests are to be performd due to the differences in the m.nner in
uiaich acceleration loads are produced. There are tun types of apparatus that are
coxmmnly used: the centrifuge and a trackirocket-po~red sled combination.

1-4.4.1 Centrifuge. The centrifuge generates acceleration loads by rotation about a
fixed axis. The direction of .acceleration is alwys radially towd the center of
rotation of the centrifuge, whereas the direction of the load induced by acceleration
is almya radially arny from the axis of rotation.
arm, the test item experiences both rotational and
direction of the acceleration and the load induced

513.4-9

When xnmnted directly on the test
translational rmtion. The
is constant with respect to the
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test item for a given rotational speed, but the test item rotates 360 degrees for
each revolution of the arm Certain centPifuge8 have eamter-mtating fixtures
rm.mted on the test arm to correct for rotation of the test item With this
arrangemmt, the test item maintains a fixed direction with respect to space, but the
direction of the acceleration and the induced load rotates 360 degrees around the
specimn for each revolution of the arm Another characteristic 18 that the
acceleration and induced load are in direct proportion to the distance from the
center of rotation. This necessitates the selection of a centrifuge of adequate ~ize
so that the portions of the test item nearest to and furthest from the center of
rotation are subjected to not less than 90 percent or nxwe than 110 percent,
respectively, of the specified test level.

I-4.4.2 Track/rocket-po~red sled. The tracklrocket-pmwmed sled arrangensmt
generates linear acceleration In the direction of the sled acceleration. The test
item mmnted on the sled is uniformly subjected to the s- acceleration level as
the sled experiences. The acceleration test level and the tinm duration at the
test level is dependent upon the length of the track, the -r of the rwcket, and
the rocket charge. The 81ed track generally will produce a significant vibration
environment due to track roughness. ~ically this vibration is significantly
nxme severe than the normal service use enviro~nt. Careful attention to the
attachmnt design my be needed to isolate the test item from this vibration
environment. In performing Procedure II tests, the support equipcmnt necessary to
o~rate the test item is nmmted on the sled and traverses the track with the test
item This requires the use of self-contained po-r units and a rammte control
system to operate the test item while traversing the track. Telemetering or
ruggedized instrummtation is required to nmasure the perforrmmce of the tast item
while it is exposed to the test load.

a. Junker, V.J. The Evolution of USAF ~vironmntal TestiM. October 1985.
AFFDL-TR-65-1 87. DITC nunber AD-625-543.

NITI’HOD513.4
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M31’HOD 513.4

ACCELERATION

SECTION II

,)

II-1 APPARATUS. Either a centrifuge of adequate size or a track-rocket-
po-red sled arrange=nt IKW be used A centrifuge is reconmmded for all Procedure
I (Structural Test) and mst of Procedure 11 (Operational Tegt) evaluating. A
track/rocket-povmwl sled arrangen’mt is reccmmnded for Procedure II evaluations
when strictly linear accelerations are required.

II-2 PREPARATION FOR TEST

11-2.1 I nsvections. The test item shall be configured for service application. The
item should be visually inspected for evidence of mishandling and in-transit d~ge.
Any damage observed nmst be noted on a pretest data sheet and my be cause for
rejection of the item for tests Sufficient dimensional uuaasuremnts of the item
shall be obtained to provide a reference guide for the evalwtion of physical damage
that xmy be induced during the tests.

II-2.2 Mounting of the test item The test item shall be mmxnted on the test
~“atus USing the ~~e that iS normlly wed to mount the item in its sewice
installation.

11-2.2.1 ntri ftie nxuntinfi. For centrifuges, the location for the test item is
normally determined by -asure nmnt from the center of rotation of the centrifuge
to the location on the centrifuge arm that will provide the g level established for

the test. The test item is nmmted so that its geo~tric center is at the location
on the arm determined for the g level. G levels may be calculated as follow.

%
x =2

there: % = g level to be applied
K = 1.12 x 10-3 for nmtric calculations
R = radial distance from the center of rotation to the nmmting

location on centrifuge arm in =ters
N = centrifuge arm revolutions per minute

The orientation of the test item on the centrifuge for the six test directions is
as follow:

a. Fore. Front or forward end of test item facing toumrd center of centrifuge.

b. Aft. Reverse item 180 degrees from fore position.

c. UD; Top of test item facing towud center of centrifuge.

M71’HOD 513.4
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d. Doum; Reverse item 180 degrees from up position.

e. Lateral left; Left side of test item facing toward center of centrifuge.

f. Lateral ri~ht; Right side of test item facing toward center of centrifuge.

After the test item is properly oriented and nmunted on the centrifuge,
measurements and calculations rmst be de to assure that the end of the test item
nearest to the center of the centrifuge will be subjected to no le~ than 90
percent of the g level established for the test. If the g level is foti to be
less than 90 percent of the established g level, the test item nmst be mwted
further out on the centrifuge arm and the rotational speed adjusted accordingly or
a larger centrifuge used so that the end of the test item nearest to the center of
the centrif~e is subjected to at least 90 percent of the established g level.
Howe ver, the opposite end of the test item (the end farthest from the center of
the centrifuge) should not be subjected to over 110 percent of the established g
level. For large test items, exceptions should be made for load gradients based
on the existing availability of large centrifuges in co~rcial or governnmnt test
facilities.

II-2.2.2 Rocket-po~red sled nmmting. For rocket-~red sled nmmting, the test
item and associated test fixture or apparatus shall be nmunted on the sled platform
in accordance with the controlled acceleration direction of the sled. (The test
fixture or apparatus should have been designed to isolate sled vibrations from the
test item) Since the sled and test item experience the S- g levels, only the
orientation of the test item on the sled is critical. The orientation of the test
item on the sled shall be according to the acceleration directions showm in figure
513.4-1 and the controlled acceleration direction of the sled for the six teat
directions.

II-2.3 Functional Pretest. After the test item is nmunted on the test apparatus, a
corrplete functional test shall be made on the test item to assure that the test item
co~lies with the specification require~nts. Record fmctional performance, observed
data, and other pertinent information. Failure of the item to conply to
specifications is cause for rejection for test.

For Procedure I (Structural Test), the functional pretest may be performd prior to
nmmting the test item on the test apparatus. Howmver, for Procedure II (Operational
Test), the functional pretest should be performd after the test item is nmmted on
the test apparatus to assure that the test item is properly installed for operation
during the Procedure II tests.

II-3 PROCEDURES

11-3.1 Procedure I - Structural test. Bring the centrifuge
induce the specified g level in the test item as determined
I for the particular test item orientation. Maintain this g

NEI’HOD 513.4

to the speed required to
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) minute after the centrifuge rpm has stabilized. Repeat this test procedure for the
rexmining five test directions. Upon completing the tests in the six test
directions, the item should be functionally tested as specified in II-2.3 and
inspected a8 specified in 11-2.1.

II-3.2 Procedure 11 - be rational teat (centrifuge). Turn on the test item and
place it in iti operational tie. With the test item operating, bring the centrifuge
to the speed required to induce the specified g level in the test item as determined
from 1-4 and table 513.4-11 for the particular test item orientation. Maintain this
$ level for at lea8t one minute after the cent~ifuge rpmhas stabilized. Check the
ftmctional performance of the test item before, during, and after the test end recoti
the results. Repeat this test procedure for the five rexwiining test directions.
Upon completing the test~ in the six test directions, the test item shall be inspected
alecording to 11-2.1

II-3.3 ~OCOdWW 11’- @e rational test (track/rocket-mwuered sled). Turn on the
teat item and place it in its o~rational tie. With the test item operating,
accelerate the sled to the level required to induce the specified g level in the test
itemas determined from I-4 and table 513.4.11 for the particular test item
orientation. Check the functional perforummce of the test item before, dining, and
after the test and record the results. Due to the dynamic limitations of track and
sled facilities, additional test rum may be required to adecpntely dewnstrate
acceptable perforumnce of the test item ~ile under the te8t loading. Repeat this
test procedure for the five remiining teet directions. Upon completing the tests in
the #ix test direction, the test Item ahall be inspected according to 11-2.1.

II-4 INFWWATION ‘IVBE RHX) RDED

a. Test item identification (manufacturer, serial nuber, etc.).

b. Pretest inspection observations and di~nsional masure=ntg made of the
test item.

c. Pretest operational performance data obtained fmm the test item.

d. Test procedure ntmber, teat apparatus, test item orientation, test level,
and time duration at the test level.

e. For Procedure II tests, the operational performmce data of the test item
~ile it is under load.

f. Post teat inspection and o~rational test of the test item.

IS* Failure analysis or deviations from specification, if appropriate.

)

~D 513.4

513.4-13



MLX.J-SI’D-81OE
14 JULY 1989

WI’HOD 514.4

513.4-14



MIL-STD-81OE
14 JULY 1989

E17iOD 514.4

VIBRATION

SECI’ION I

Page

514.4-1
514.4-1

514.4-2
514.4-4
514.4-14
514.4-41
!314.4-40

PURPOSE. . . . . . . . . .
ENVIRoNmmAL~. . -
GUIDELINES FORDETERMINIW

1-1
I-2
I-3

I-3.3
1-3.4
I-4
I-5

.
.

.

.

.

.

l

.

.

.

l

.
.

.

.
.
.
.

.

.
l

.

.

.
.

.

.

.

.

.

.

.

.
.

.

.

.

.

.

.

.

.

.

.

.

.

.

l

.

.

.
.

.

.

.

.

.

.

.
l

.
.

l

.

.

.

.

.

.

.

.
.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
.

.

.

.

.

.

.

.
l

.

.

.

.

.

.

.

.

.

.
.

AND TEST CONDITIONS. .
TRANSPOI?I’ATIONVIBRATION
APPLICATION VIBRATION .
SPECIAL CONSIDERATION .

l

.

.

.

.

. . .

. . .
. . .
. . .
. . .

. .

. .

. .

. .

. .

II

REFEmw=. l * . l . .

. .

. .

. .

SECTION

514.4-53
514.4-59
514.4-60
514.4-63

!514.4-A65

APPARATUS. l l l l l

PREPARATION IWRTEST
PM3CEDURES. l l l l

11-1
II-2
II-3
II-4

ANNEx

l *.* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
..* O

. . . .

.

.

.
.

.

l

.

.

.

l

‘INFORMATION TO BE RECORDED . . . .. . .

. . . .. .

I-1 PURFOSE. vibration testing is performd to determine the resistance
of equipmnt to vibratio-1 stresses expected in its ship~nt and application
enviro-nts.

I-2 ENVIRO~M EFFECI% . Vibration can cause:

a.

b.

c.

d.

Wire chafing.

ksening of fasteners.

Intermittent electrical contacts.

Touching and shorting of electrical

Seal deformation.

Coqxment fatigue.

Optical misalig-nt.

Cracking and rupturing.

parts .

e.

f.

g*

h.
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i. Loosening of particles or parts that may becom lodged in clrcults or
mchani 8=.

j. Excessive electri-1 noise.

I-3 GUIDEZJBIES FOR DE’IERMININGTEST P~~ AND TES1’ CONDITIONS.

Ncn’E: The tailoring process b“ described in Section 4 of this dociswmt shall be used
to determine the appropriate tests and test variables.

a. vlication. This ~thod is intended for all types of military
equipnm?nt except as noted in the forewrd to this standard.

b. Restrictions. None.

c. Secmence. Vibration testing may be perfornmd anytinm in the test program
The accurmlated effects of vibration-induced gtress may affect equipnmt performance
under other environmental conditions, such as temperature, altituie, hunidity, leakage
or EMI/EK. When it is desired to evaluate the cumlative environmental effects of
vibration and other enviromnts, a single test item should be exposed to l ll
environxmntal conditions, with vibration testing generally perfo~ first.

d. Te@t variation

(1) Test apparatus.

(2) Test item configuration.

(3) On/off state of test item.

(4) Vibration spectrw and intensity.

(5) ~ation of exposure.

(6) Axes of exposure.

(7) Location of accelero~ters.

1-3.1 ~OiCe Of teSt DP~~8. The choice of test procedure is governed
by the vibration enviro~nts to be tested for. These enviro~nts should all
be identified during the part of the tailoring process described in General
Requirements, 4.2.2.

Table 514.4-1 divides vibration envirorumnts into t~lve categories--three
transportation-induced and nine application-indti. Procedure I is used for
testing an item to nine of these categories. procedures II, III, and Iv are
each used for one of the three remining categories.

METHOD 514.4
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An item should be tested t~ a category when the item is either:

a. Intended for use within that category as a mission requrenmt, or

b. Expected to spend.a significant portion of its service life within that
category as a consequence of its deploynmt, storage or we.

An item will probably be tested to nmre than one category. For exanple,
equipmnt installed in jet aimraft is covered by catego~ies 1 (Ba9ic
Transportation) and 5 (Jet Aircraft/Tactical Missiles) and may be tested in
both enviromnts.

1-3.1.1 Conmarison of environments Prior to test

1-3.1.1.1 More than one a~ pllcat~on enviro-nt. If an item is expected
to encounter mre than one vlbratlon envlronmnt as a consequence of its
intended use, the envlronrmmts should be conpared. If any of them -uld
apply sinular stress levels or similar bandmdths, the nmst severe category
test should be applied as representative.

1-3.1.1.2 Transportation and application environ-nts. If the transportation
vibration levels are nmre severe than the application-induced vibration levels,
as is often true for ground-based and sorm shipboard equi~nt, both transportation
and platform vibration tests should be perfornmxi. This is because the
transportation test is perforrmd with the equi~nt nonoperating and the
platform test is performed with the equipmwt operating.

If the application vibration levels are nmre severe than the transportation
levels, further analysis xm.stbe Perforfi to conpare the fatigue pO-ntial of
both environmmts over the llfe cycle. If the platform environnmnt is still
found to be nmre severe, the transportation test can be deleted.

I-3.2 Choice of related test conditions. Guidance for setting test val-s is given
below with the discussion of each vibration environnmt category. The provisions of
section I-4 apply for each test designated under this =thcxi.

A test for restrained cargo is not included in the categories below. -h a
test my be devised by using field masurenents to tailor the mst appropriate
procedure.

I-3.3 TRANSPOKI’ATION VIBWTION

1-3.3.1 Category I - Basic transpo rtation

1-3.3.1.1 All equipment shipped as secured cargo by land, sea or air
will encomter this environment.

WI’HOx) 514.4

514.4-4



MIL-STD-81OE
14 JULY 1989

)
The land nmbile environment characterized by broadband vibration resulting from the
interaction of vehicle suspension and structures with road and surface
discontinuities. Representative conditions experienced on nmving materiel from point
of manufacture to end use is depicted in Qeneral Requirenmmts, figure 2. This
environment my be divided into tw phases, co-n carrier transportation and
mission/field transportation.

Conmm carrier transportation is movenmnt from the -ufacturer’s plant to any
continental United States storage or user installation. This nnvemnt is usually
acconpliahed by large truck and/or tractor-trailer combination. Mileage for this
transportation generally ranges from 2000 to 4000 miles over i-roved or paved
highways .

Mis#ion/field transportation id that uwvexumt of materiel as cargo where the platform
may be t- wheeled trailers, 2-1/2 ton to 10-ton trucks, semitrailers, and/or tracked
vehicles. ~ical distances for this p-e are 300 to 500 miles. Road conditions for
mission/field support differ from the co-n carrier in that, in addition to the paved
high-y, the vehicles till traverse unirqmoved roads and unprepared terrain (off-the-
road) mder combat conditions.

1-3.3.1.2 Test levels. In the developnnt of the vibration test it mst be
determined if the test item will experience the conmmn carrier, mission/field, or
both tr~sportation environments. Whenever possible, masured data should be
collected on a variety of large conventional trucks, semitrailers, forklifts with
shipping pallets, and conventional flatbed transport vehicles used in the conmmn
carrier environment with a realistic load configuration of 75% of the vehicle load
capacitie8 by -ight. For the mission/field environxrmnt, data are required from
typical tactical vehicles, to include: t- heeled trailers, 2-1/2 ton to 10-ton
truks, semi-trailers, and any tracked vehicle capable of or used for transport of
cargo. ‘I%ese data shall then be used to develop test spectra. (See (Reference 55)as
an exanple).

For test item that will only be transported via connmn carrier, test levels and
conditions shall be derived from the masured data of the conxmn carriers or from
figures 514.4-1 through 514.4-3. carrier environment. These figures are based upon
data masured at the cargo floor of seven different configurations of trucks and
tractor-trailer combinations. Both conventional suspensions and air-cushioned
suspensions are represented. The data wre collected from typical interstate
highvays with rough portions as part of the data base.

Test item that will experience both transportation environments should be tested at
the higher levels associated with the missiontfield transportation. The levels for
this environment can be obtained from tables 514.4-AI through 514.4-AIII.
Representative spectral shapes of wheeled (or tw-~eeled trailer) and tracked vehicle
environments are shown in figures !514.4-4and 514.4-5. The test mst be developed
from a typical mission/field transportation scenario to obtain the proper mix and
representative combination of platform and mileage requirermnts.

WI’HOD 514.4
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Although both trucks and tvm-~eeled trailers are utilized betmn the Forward Supply
Point (FSP) and the using unit and at the using unit, the vibration levels on the
trailers are significantly higher and thus should be used to represent the wheeled
vehicle environnmt, unless the test item is too large to fit in the t--~eeled
trailer. In that case, the couposite tieeled environnmnt should be -cd.

1-3.3.1.3 Test durations. The test duration for Basic Transportation should be
k.sed upon total miles of expected transportation where 60 minutes in each axis is
equivalent to 1000 miles. (See Reference 55 for guidance). The tv-tiled
trailer spectra (table 514.4-AI) have a test duration per axis of 96 minutes per 32
miles; the wheeled vehicle spectra (table 514.4-AII) have a test duration per axis of
120 minutes per 500 miles. The total test tirm -r axis for the M548 tracked vehicle
spectra is 60 minutes per 16 miles. Each axis (table 514.4-AIII) is congmised of
test phases with specified test ”ti!ms per phase required to acc onmrxiate the total
swept narrowband randoron-random environment. These durations are depived from the
mileage for a typical missionlfield transportation scenario uhich has been
established to & 500 miles to the FSP: 16 miles from the FSP to the using mit; and
16 miles at the Using Unit itself (dependent upon the type of tango: expendable
cargo, e.g., ~ition, may be hauled 16 miles and nonexpendable cargo, e.g.,
generatom, may not be hauled at all once they reach the using unit). Figure 514.4-6
sho~ the typical scenario and the types of vehicles utilized nmst fr~ntly in the
various segments of the scenario.

lWI’HOD 514.4
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FIGURE 514.4-6. ‘1’vpIcalmission/field transportation Bcenario.

I-3.3.2 Catefiorv 2 - Large as8embl~ trammort.

1-3.3.2.1 Plication. In soxm cases, it rmy not be practical or l fficient to test
large shelters or system on a shaker. In such cases, transportation conditions w
be sinulated using the actual transport vehicle as the vibration exciter. The
assemblage may consist of equipumt nmmted in a truck or trailer, or equipmmt
mmnted in a shelter which is then nmunted on a truck, trailer, or dolly set. The
expawre consists of traversing the transport vehicle over a prepared teat course
until the test item has received exposure representative of anticipated deploysmnt
scenariou.

The assemblage shall be nmmted into the transport vehicle for *ich it ww designed
in its deplo~nt configuration. If the assemblage is to be contained in a shelter,
it shall be installed within the shelter in the deplo~nt configuration.

The shelter should be wmted and secured on the transport vehicle(a) that is norsnlly
wed for the shelter under actual transport. Provide instrwmntation to wanure
the vertical axis acceleration tim history on the shelter floor and l t any other
locations of conoern.

MTX’HDD 514.4
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I-3.3.2,2 Test level. The vibration levels and intensities receivedby the
test item during this test are based upon the course profile and vehicle speeds as
specified in procedure II. Various road surfaces are to be used, each traversed at
speeds tiich till produce the desired vibration intensity. Transport vehicle speeds
are limited either by the vehicle’s safe operating speed over a specific course
profile or by the speed limit-set for the specific course.

I-3.3.2.3 Teat dur ation. The test duration shall be as specified in procedure II
or mtil the test item has received the exposure representative of the anticipated
deploynmt acenar ios, whichever is longer.

I-3.3.3 Categorv 3 -Jo ose carfio trans~ort.

1-3.3.3.1 li cation. ‘IMe test is intended to sinulate the unrestrained
collision of the test Item with the bed and side= of the transport vehicle u wll as
with other cargo. The loose cargo enviro=nt incluies conditions experienced by
packaged and -packaged Ite= tm.nsported as msecured cargo on a vehicle traversing
irregular 8urface8. The cargo has the f~eedom to bounce, scuff, or collide with
other ite- of cargo or with the sides of the vehicle. This envlronnmmt ie simlated
in the laboratory by i~ting mtion to the test item and allowing it to collide
with restraints established within the test setup. The test conditions for this
environmmt are established, to a large extent, by the equiprmnt used to ixpart the
nmtion, and the arrange=nt of the restraints as described in procedure III. Thi8
test has few tailoring options and the selection of the test equipmnt nust be based
upon the desired end result.

)
I-3.3.3.2 ~eat~evels. The basic movenmt of the bed of the test equipmnt vhere
the teat item ia placed is a 2.54-cmdiamter orbital path at 5 Hz, such as can be
obtained on a standard package tester operating in the synchronous wale. (In this
de any point on the bed of the package tester will wve in a circular path in a
vertical plane perpendicular to the axes of the shafts.)

I-3.3.3.3 Teat conditions The test conditions for this procedure are based on the
resulta of a nmthodology”study (Reference 56) that determined that testing of packaged
ite- on a package teste~ in a circular synchronous tie with a plymod-covered bed at
300 rpm provides a reasonable sirmlation of the loose cargo transportation
environment. A test duration of 45 minutes represents l soenario of 240 km (all three
axes sixmltaneously) of truck transportation (v&ich encompasses the severity and
duration of the tun-~eeled trailer and tracked vehicle environnmnts), over the
variow road profiles found in the transport scenario from the Corps storage area to a
using -it (see figme 514.4-6).

Until further studies have been completed, or specific data are available, general
purpose, unpackaged equlpmmt will be mbject to the e- test conditions.

NE1’HOD 514.4
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I-3.4 Omrational environmnt8

1-3.4.1 Category 4 - Propeller aircraft and turbine enginesb

1-3.4. 1.1 Background inforrmtion. Service vibration frequency spectra for equipammt
installed in propeller aircraft consist of a broadband backgromd with superimposed
narrow band spikes. The background spectrun results from variou random sources (see
I-3.4.2) with many periodic (not pure ai~oidal) components d- to the rotating
ele~nts (engines, gearboxes, shafts, etc.) associated with turboprop. The spiku
are produced by the passage of pressure fields rotating with the propeller blades. These
occur in relatively narrow bands centered on the propeller passage frequency (mmber
of blades xm.altipliedby the propeller rpd end hammnics.

The spectrw for equipmnt nmtmted directly on turbine engines is similar to the
propeller aircraft spectrum except the pri!mry spike frequency is the rotational spmd
of the rotor(s).

Most current propeller aircraft and many turbine engines are constant-speed umchinoa.
This IIIEMTIS that rpm is held con8tant and powmr c~e8 are he through ful flow
changes and variable-pitch blades, vanes, and propellers. These rmchines prod- the
fixed frequency spikes of figuw 514.4-7. These spikes have an amociated bandwidth
because there is minor rpm drift and because the vibration is not pure sinusoidal (I-
4.5).

There are indications that future turboprop or propfan engines will not be eonstant-
speed nmchines. All reciprocating engines and m.ny turbine engines are not constant-
speed. Also ndern turbofan engines usually have t- and soxmtinms three umchanically
independent rotors operating at different speeds. The spectra of figure 514.4-7 -t
be nmdified if w3ed for these.

These vibration enviro~nts can be approxirmted in the laboratory by the aowce dwll
test described in I-4.2.2. Many vibration proble= in this type of environment are
associated with the coincidence of equipnmnt vibration ties and the excitation
spikes. The notches bet=en spikes arw wul in intelligent design u safe regions f~
critical vibration xmdes. Thus souroe dwll tests minimize the likelihood that
equipum3ntwill be overstressed at non-representative conditions and that reasonable
design provisions till not be mbverted.

1-3.4.1.2 Test level. Wenever possible, flight vibration nmwmrenmnts should be
used to develop vibration criteria for laboratory tests. In the absence of flight
=aamemnts, the test levels of table 514.4-11 can be used with the qmctr aof figure
514.4-7. The turboprop levels are based on data from various C-130 and P-3 aircraft
~asurem?nts and are fairly wpresentative of the l nvironrmntn of these aircraft. The
decline of spike acceleration spectral density with frequency ia based on relatively
recent data analyzed in a spectral density format. Engine levels are based on data
uasured on several current Air Force aircraft engines.

IuEI’HOD514.4

514.4-14

1



MIL-STD”81OK
14 JULY 1989

)
All equiprmnt item protected f~otnvibration by isolators should also pass the miniuun
integrity test require!mnts of I-3.4.9 with the test item hard-nmunted to the fixture.

1-3.4.1.3 Test duration. Test durations should be developed from flight ~asuremnts
or field data. If field data are not available for development of the test durations,
tests should be conducted for one hour per axis at the test levels listed in table
514.4-II, wdified according to the guidance in I-4.3, I-4.6 and 1-4.’7. These levels
represent maxi-actual operat ing conditions and are functional test levels.

I-3.4.2 Catefiorv 5 - Jet aircraft

1-3.4.2.1 Backmotmd information. The vibration environnmmt for equipment installed
in jet aircraft (except engine-nmunted) stem from four principal mechanism. These
vibrations are random and, except Were the elastic response of primary aircraft
structure is the sotice, broadband. These sources are as foll~:

a. Engine noise inpinging on aircraft structures.

b. TUrbulent aerodynamic flow along external aircraft structures

c. Pressure pulse i~inge~nt due to repetitive firing of guns.

d. Airfr~ structural rmtions due to maneuvers, aerodynamic buffet,
landing, taxi, etc. ,

The guidance provided in this section considers sources (a) and (b) above. Method
519 covers source (c). General ai~fram mtions (d) cannot be adequately covered by
general criteria. They are the result of responses of flexible structures to various
transient events. M exaeples of such responses are the rebowxi of wingn and pylons
-en heavy stores are ejected, and the separated flowor shed vortex excitation of
flight surfacea during sustained naneuvers. The vibration B~ct~a are characteristic
of the particular airframe involved and xnnstbe evaluated through nmesured data.
Airfrm structural mtions are USU1lY iuportant for the outer regions of flexible
structures (i.e. outer 1/2 of wings, enpm.nage, pylons, etc). They are usually not
iuportant for fuselage-wunted equi~nt. .

Jet-noise-induced vibration is usuilly dominant in vehicleg tiich operate at 10-r
dynamic prem.ras, i.e., limited to subsonic ~eds at lo-r altitudes and

hEEiOD 514.4

,) 514.4-15



MIL-SI’D-81OE
14 JULY 1989

transonic speeds at high altitties. Aerodynamically induced vibration usually
predominates in vehicles which operate at transonic speeds at 10WEW altitudes or
supersonic speeds at any altittie.

When equipmnt is used in nmre than one application, the vibration criteria should be
enveloped and test criteria based on a unrst-case conposite. Only functional testg
are perforti for tactical mi9siles.

TABLE 514.4-11. Rested functional test mndition8_f.or
aircraft and turbine enfiine equipmnt (see fifiure514.4-7).

I
I Equipmnt ! Vibration Level a

(g2/Hz) &/z/iat Location &, ~/ e! of Ll, atF1,
*I
I In fuselage or wing II *I I
I1 forwwd of propeller II 0.1 #I
#

I In fuselage or wing 9I * eI
1 aft of propeller *I I 0.3 #8
n
I In engine conpartmnt 61 I tI
o or pylons tI t 0.6 :
II
; Equipnmmt nmunted directly I: I
I on aircraft engines aI 1.0 t@ t
II

~/ q = fundamental excitation freqtmmcy: Fi = aourrn frequency (i = 1-4) .
F2 = q. ~3 =3F~, F4=4Fl

& Men panels and racks are not available for equi~nt installed on
vibration isolated panels or racks, or &en the equlpnmnt is tested with
isolators rexmved, -U “fwselage or wing fo~ of propeller” category with
levels reduced 4 dB.

~ In~~e test levels 6 ~ for equipmnt !mxmted on fuselage OP Ma skin
within one propeller blade radius of the plane of the propeller disc. For all
other skin nmmtul equipumnt, increase lev~ls by 3 dB.

Al Bandwidth of vibration around each F will equal ~5% F. for constant -speed
excitation. i dWhen excitation is not cons ant-speed, bandwi th will enconpass
operating speeds for cruise and high power opration.

—j

~/ FI = 68 Hz for nmst C-130 aircraft.

NETHOD 514.4
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I-3.4.2.2 Test levels. In the absence of satisfactory nasuremnts of field
env Ironments, functional test levels approximating jet-noise-induced and flow-
induced vibration may be derived from table 514.4-III and figure 514.4-8. Aerodynamic
and jet noise portions are not additive. Use wrst case.

I-3.4.2.3 Test duration. Test durations should be developed from flight masurexm?nt or
field data. If field data are not available for development of the te8t duratlon~,
thefi the test levels of table 514.4-111 and guidance discussed in 1-4.3, 1-4.6,
and I-4.7 apply. These levels represent maxinnn actual operating conditions
and are functional test levels. The requirements of I-3.4.9 also apply.

I-3.4.3 Category 6 - Helicopter aircraft/installed.

1-3.4.3.1 Background information. Hel~copter vibrat~on is characterized by
broadband random with superinqmsed strong vibration peaks, as depicted in fig~e
514.4-9. These peaks are generated by the rotating components in the helicopter,
such as the main and tail rotors. engines and gear m?shing. The operating speeds of
these components under flight conditions are nearly constant, varying by OnlY abut
five percent.

The relative levels of these peaks differ thro~hout the helicopter, depending on the
proximity of the sources, geomtry of the aircraft, and location of the test item
Thus, the need for masured data is especially acute. An obviow require~nt for
helicopter equip~nt design is to avoid a ~tch or near ~tch betwen an item’s
resonant frequencies and the excitation (source) frequencies at the installed
location. The major peaks in the helicopter vibration spectrum are usuallY
associated with the main rotor. However, each type of helicopter will have different
sources within different areas of each aircraft. Since the vibration environment is
dominated by these source frequency peaks, it is logical to use sow of these
frequencies for exposure in the laboratory test. Normally about four frequencies are
chosen for the tests. For equi~nt nmmted on engines, refer to I-3.4.1. For
equipnwnt exposed to gunfire vibration, refer to Method 519.

?vEI’HOD514.4
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/
TABLE 514.4-111 Broadband vibration test values for let aircraft =WE2!Hltl

I
8 Criteria

t
1 Aerodynamically induced vibration (figure 514.4-8) ~1
I
I

$
I Functional test level ~!, &/
: W. = K(q)2
ai
8
I Jet engine noise induced vibration (figure 514.4-8) ~1
II
II Functional test level ~f, ~/, ~/, 5_/,El
I
I

:

b

W. = (().48COS20/R) [Dc (V=/A)3+Df(Vf/A)3]

I

I

I
o

1
4

9
9

9

8

I
1

*
*

K =

K =

q =

D= =

Df =

R =

v= =

Vf =

G =

A =

A =

DEFINITIONS

1.18 x 10-11 for cockpit panel equip-nt and equipment attached to
structure in conpartwnts adjacent to external surfaces that are srmoth,
free from discontinuities. (K = 2.7 x 10-8 if q is in lb/ft2)

6.11 x 10-11 for equipmnt attached to structure in conpartmnts adjacent to
or inxmdiately aft of external surfaces having discontinuities (cavities,
chines, blade antennas, speed brakes, etc.) and equipments in wings,
pylons, stabilizers. and fusela e aft of trailing-edge wing root.
(K = 514 x 10-8 if q is in lb/ft )

57.46 N/n? (1200 lb/ft2) or maximum aircraft q, whichever is less.

engine” core exhaust diameter, meters (feet) . (For engines without fans,
use maxixmxn exhaust di-ter.)

.

engine fan exhaust diamter, meters (feet) .

mininmn distance between center of engine aft exhaust plane and the center
of gravity of installed equip=nt, inters (feet) .

engine core exhaust velocity, meters per sec (feet per see) . (For engines
without fans, use maxim exhaust velocity without afterburner. )

engine fan exhaust velocity, inters per second (feet per see) .

angle betwen R line and engine exhaust axis, aft-vectored, degrees.

1850 if engine exhaust velocities are in feet/see.

564 if engine exhaust velocities are in !mters/sec.

)

. —--—-—-—__________.—

?vWI’HOD514.4
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TABLE 514.4-111. Broadband vltmatlon test values
for Jet aircraft equ lrment. - Ccntinued

NOTES

~/ Vbrst case aerodynanuc or Jet engine ~nduced vibration should be ldentlfled and
enveloped.

~/ If aircraft has mre than one engine, W. shall be the SUM of the
individually co~ut.ed values for each eng~ne,

~/ To account for the effect of equipmnt inertia on vibration levels, WO may be
multiplied boya nass loading factor M based on equipmnt weight in kilogram
(Pounds) . This does not apply to equiprmnt which is on isolators.

% =
~o(0.6 - Kg/60). *

= 10(0”6 - 0.0075 lb)
‘f

values of Mf are restricted to the range 0.25 to 1.0.

~/ For

~/ For
than WO

70°< 0~180°. use e = 70°

engines with afterburner,
computed using maximum V.

Q/ For instrmnt
dB and reduce the
0.04 g2/Hz.

L

panel equlpmmt,

to compute WO.

use WO, which is four times
and Vf without afterburner.

larger

reduce the 0.04 Gz/Hz value of figure 514.4-8
calculated value W. by 6 dB for functional testing. Endurance

by 3
is

NETHOD 514.4
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% ‘----”--7r–-?k I

Figure 514.4-8. Swtti ested vibration levels for high
per formce aircraft.

NOTES:

a. For pow?r plant induced vibration:

W. = 0.05 Xlwf g 2/Hz ; (If WI < O*O4 132~-v ‘e 0“04 g2/~)”

b. For aerodynamic induced vibration:

W. = K(q)2/Hz: (If W1 <o.04fJ2/-D we o=04g2/m)*

for values of q and K, see Table 514.4-111.

c. Duration: The test duration should be based on the in-service duration of
exposme. The anplitwies quoted are the winm.nn anticipated mission levels. The test
duration may be reduced by collapsing (normalizing) the in-service levels to these
levels.

d.

e.
for

f.

The test levels shown should be considered as equipmnt excitations.

Aerodynamic and pmwr plant induced excitation should not be considered additive:
tegting purposes, wrst case conditions should be identified and used.

M= test item wight.

NEI’HOD 514.4
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l quipment mounted on helicopters.
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I-3.4.3.2 Test levels. For the reason stated above, the test levels for equipmnt
installed in helicopters should be derived from field xreasurement. men masured data
are not available, the test levels can be selected from figure 514.4-9 and table
514.4-IV. These levels are an attempt at enveloping potential wrst-case
environments. They do not represent environments under which vibration sensitive
equipnent should be expected to perform to specification. Costs for many devices are
a strong function of the performance required in a particular vibration environment.
Conseqwmtly, performance vibration levels should be tailored to Particular
applications and are not appropriate for a general standard.

For testing purposes, the aircraft can be divided into three zones, show in figure
514.4-10. All equipment locations included in a vertical projection of the main
rotor disc should use the source frequencies of the main rotor in determining the
values of Ll, L2, L3. and L4 (see table 514.4-IV). For equipmnt that will be
located in the horizontal projection of the tail rotor disc, we the source
frequencies of the tail Potor in deter~ni~lg the values of L1. L2, L3T ~d L4. me
fundamental main and tail rotor source frequencies, ‘1‘ for many helicopters are
given in table 514.4-V. All equipment located on drive train components such as gear
boxes and drive shafts should use the source frequencies of that drive train
co~nent (i.e.,gear mesh frequencies, shaft rotational speeds). These drive train
source frequencies nust be determined from the drive train areas for the helicopter
of interest.

I-3.4.3.3 Test duration. Test durations shall be derived from the field measurexnmts
and actual flight characteristics and durations.

1-3.4.4 Category 7A - Assenbled external stores, jet aircraft. Assembled jet
aircraft stores will encounter three distinct vibration
environments:” captive
flight, buffet xmneuver, and free flight.

1-3.4.4.1 CaDtive flight. Extensive masuremnt program have shovm that the
vibration experienced by an externally carried store on a jet aircraft arises from
three distinct sources:

a. Aerodynamic boundary layer turbulence.

b. Buffet naneuvers.

c. Aircraft-induced vibration.

)

In general, store vibration is primrily caued by broadband aerod,vna.micboundary
layer turbulence and is relatively independent of the carrying aircraft and nxmnting
location on the aircraft. Instead, vibratory excitation is mostly influenced by store
shape, nnunting configuration and dynamic pressure. This source of vibration is
distributed along the entire surface of the store and is difficult to simlate by
point input of vibration, such as from a vibration shaker, unless the store is
relatively stiff. Therefore, an acoustic test (Method 515) is reconmxmded for this
environment.

!W7’HOD 514.4
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TABLE 514.4-IV. SugA ested functional test peak levels for euuirxmnt
installed on helico~ters.

Ecruiwwmt ticat ion

General
(1)

Instrummt Panel
(1)

.

External Stores
(1)

On/Near Drive
System Elexumts

(2): “

Source Freuuency (Fx) Ranfies

5-25
25-40
40-50
50-500

5-25
25-40
40-50
50-500

5-25
25-40
40-50
50-500

5-50
50-2000

Peak Vibration Level
(Lx) at Fx--G’s

0.1 Fx
2.5
6.5-0.1 Fx
1.5

0.07 Fx
1.75
4.55-0.07 Fx
1.05

0.15 Fx
3.75
9.75-0.15 Fx
2.25

0.1 Fx
5+0.01 Fx

NcYrEs:

(1) Fx = Source Frequency of Interest = Fl, F2. F3, or F4
F1 = Fundamental Source Frequency
F2 = 2F1
F= = 3FI

Upon determining valws of Fl, F2, F3, or F (figure 514.4-9) select the
appropriate source frequency range for each when 3etermining peak vibration levels.
The source frequency rages we not presented in ofier Of F1=F4.

(2) F1, F2, F3, F4 ~t ~ deter~n~ from dPive train =e= for the Pticular
helicopter. NOTE (1) is then applicable.

-D 514.4
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TABLE 514.4-V. Fundamental source freaue ncies (Fl).

$
9

#
$

I
I

:

B
1

t
@

I
I

$
1

b
I

#
b

I
I

I
t

t
I

I
1

1
1

:

:

t
I

I
I

:

I
I

I
I

8
t

*
I

:

OH-58A

OH-58D

UH-60

CH-47D

CH-47C

AH- 1

w-1

AH-64

OH-6

(X-54

5oorm

LYNX

1
I

9
8

b
I

:

$
I

I
I

:
I
I

:
I
I

:
I
I

1
I

11.8

26.3

17

11*3

12.3

10.8

10.8

19.3

31.9

18.5

41

21.7

:
I
I

:
1
1

:

1
I

I
I

1
I

I
I

I
k

D
I

40

40

20

al

~/

27.8

27.8

23.4

51.3

14.1

49

32

1
I

:
:
:

:
:

I
I

I
I

~i These frequencies are presented aa the nuxber of rotor blades ti~a
rotational sped.

~/ Rotor rotational speed.

2 CH 4’7has t- rmin rotors no tai1 rotor.

)
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The lower-frequency portion of the assembled store vibration spectrm CO=S from either
aircraft-induced vibration or buffet maneuvers. Aircraft-induced vibration generally
is present during the entire captive flight phase for a store. Its frequency range is
covered by the response threshold spectrum shown in figure 514.4-11.

1-3.4.4.2 Buffet maneuver. Recent flight test program on the F-16 and F-15 with
various externally carried stores have shown intense vibrations associated with
buffet maneuvers. Other similar aircraft, such as F-14, F-18, or next generation
fighters, have the potential to produce intense vibrations during high-perform.nce
maneuvers. The buffet maneuver envelope is generally bounded by speeds of 0.8 to 0.9
Mach and altitudes of 3 to 10 kilomters (9,840 to 32,800 ft). Although the
vibration levels during high-performance maneuvers are very intense, they generally
do not last for mre than 10 seconds, reaching their peak in less than a second and
rapidly deteriorating in 5 to 10 seconds. For the purpose of establishing test
durations, a conmmnly used assumption is that an aircraft store may experience as
tih as 30 seconds of maneuver buffet vibration for each hour of captive-carriage
flight.

Buffet meuver vibration energy is concentrated in the low frequency range,
typically betueen 20 to 100 Hz, dominated by the store’s structural characteristics.
Depending upon the store location on the aircraft and configuration on the rack,
pylon, and aircraft, additional distinct responses may be predominant in the store
response due to compliance of the pylon interface. Due to these factors, vibration
levels should be derived from in-flight vibration rmasure~nt. The maneuver buffet
and aerodynamic vibration tests may be combined or perfornmxi separately if necessary
to duplicate both rigid body and bending males.

I-3.4.4.3 Free flight. For stores that are deployed by separation from the aircraft
(free flight) such as bonbs and missiles, a free-flight functional test ie recmxmmded
when the free-flight vibration anplituie is greater than the captive-flight levels.
In general, if the free-flight dynamic pressure is greater than the captive-flight
levels it can be a.ss~ that the associated vibration level will alsa be highen. In
this case, if rmasured free-flight data do not exist, the factors Al and 4 f-m
table 514.4-VI should be set equal to one. The value of q should be the maxiru.nnvalue
attainable during free flight. The duration of this functional test, per axis, should
e-l the maxim free-flight tim expected at wimnn vibration levels.

1-3.4.4.4 Test levels. The test levels and specta for the three vibration
envi~o~nts, captive flight, free flight, and buffet, can be selected from table
514.4-VI and figures 514.4-11, 12, and 13. The use of these tables and figures is
suggested only Men there is an absence of satisfactory flight masure~nts. M to
normal mmnting orientation of external stores and the corresponding low vibration
levels in the longitwiinal axis, the store excitation shall be applied only in the
vertical and lateral axes.

M?THOD 514.4
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fn.= First Body Bending Mode
Frequency of Store

fn Frequency (Hz)

Test time - 10 minutes based upon follouing assumptions:

Average maneuver - 6 seconds

Total captive flight life of 150 hours, uith a total of 100 buffet

maneuvers in the lifetime.

FIt3URE 514.4-12. Maneuv.r vibration reswm$e me ctrwn .

!514.4-29
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TABLE 514.4-VI. Vibration criteria for external stores
carried on air~lanes.

Paramtric Equations for Figures 514.4-11 and 514.4-14

I
I

:

(1)

(2)

(3)

(4)

(5)

Q/: WI

8J, 9J,

Q.. : f~

= (5)(10)-3) (N13T)1’4 (Al) g21Hz

&Q/: W2 = (H) X (q/@2(N/3T)1i4 (A@(~) (C2)(D2)

= (C)X105 (t/R2)Hz

7J, : f. = f~ + 100 Hz

I
I

1
I

o
1

(q g%w
I
I

I
I

1
1

:

1
0

I
I

t
I

*
9

I
6

!
I Single
b
I Stores
II stores

Location, Configuration,

carried side by side
carried behind other stores

Adjustments

Factor

A
1
1
2

I
I

I
I

I
I

t
I

I
I

I
I Bl B2 1I
II Aft half of air fired missiles 1 4 0I
II Aft half of all other stores 1 2 *I
Ic Forwuxi half of all stores 1 1 a1
Ib
oI Blunt no$ed stores, ~/ cl c~ I
8 Single and eide by side

b
I 2 4 Ia
: Behind other stores 1 2 #I
#I All other stores 1 1 :
.

: D1 D2 :
II Free fall umnitions with non-integral finned t*
9I sheet mtal tail cones 8 16 :
II Air fired missiles 1 1 II
sI All other stores 4 4 @1

t
I =1 %

tI
eI Firebcmbs (jelly filled) 1/2 l/4 II
: All ether stmes 1 1 II

514.4-31
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TABLE 514.4-VI (Continued)

Representative parameter values
parameters are not available

Store ~ Max q,
lbs/ft2

Missile , air to ground 1600
Missile, air to air 1600
Instrumnt pod 1800
Dispenser (reusable) 1200
Dellmlition bomb 1200
Fire bomb 1200

to be used for captive fllght when speclflc

P, lbslft3 N ~/ T lQ/ ‘1 (Hz)
Endurance Endurance

100 3 None 500
100 100 1 500
50 500 1 500
50 50 1 200

120 3 None 125
40 3 None 100

f2(Hz)

1500
1500
1500
1200
2000
1100

DEFINITIOIW

2 Ubs/ft2).uinnxn captive flight dynamic pressure in Kg/m (See Note 1)

2 (lbs/ft3) (total ~ight / total volumeaverage store weight density in W/m

local store average skin thickness where R 1s masured - inter (inches)

one-half the average of the mjor and nunor diameters - meter (inches) for a
store with an eliptical cross-section (for cylindrical sections use local
geometry: for conical sections we s~llest fl calculated ~ing g~~trY
within one foot of equipmnt mounting point; for cast irregular shaped
cross-section, R shall be one-half the longest inscribed chord; for
nmnocoque irregular cross-section, fl = 300 Hz)

,
I

:

I

#

*

I

I

t

I

1

I

4

@

:

I

4

0

I

I

I

8

I

I
,

For endurance test, q

Free fall stores with

For general-use fuzes
W2 z 0.15 g%z; f~ =

8
Q

1
1

2 (1200 lb/ft2) or maxinmm q, whichever is less.:= 5858 ~gS/m
i

tail fins, use fl = 125 Hz: f2 = cx(t/R%xlo5 + 1000 Hz. :
1I

~ich can be used in several stores: use W1 = o.04g%z: :
100 Hz: f~ = 1000 Hz. I

1
I

Acceptance range for parameter values: _ _. 140 <(X150 where~ 1s in lb/ft3 1
0.001&t/R2~0.02 where t&R are in inches. I

or if calculated values fall outside these limits, use these llnut values. II
I9

For circular and elliptical cross-sections, f. = 500 Hz for all other cross- ;
sections. I1

~OD 514.4
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. )/ TABLE 514.4-VI (Continued)

1

I

6.C= 1 where t&R are in inches
a
QI

‘2 *ere t&R are In inters1@ c= 2.54 X 10 :
I
1

.

@

* 7. If f@1200 Hz is calculatd, use 2000 Hz.

I

I 8 . H=

I
I 9. N=

:10. T=

25 x ]0-5 if q is in lbsift

*
I

9

I

Maxinxm ntmber of anticipated service missions for store or equip=nt. :
(N~3)

81
94

Test ti= per -is. ho~s (T~l)
**
*

.
: 11. Blmt nosed refers to configuratio~ with separat~ aerodyntic flow at or :
; j-t aft of the store nose. Optical flats, corners, sharp edges, bluffs, and open :
It cavities are potential sources of separation. hy nose other than smoth, rounded ;

; and fiently tapped is s~~ct” The engineers responsible for store aerodyn-cs :

! desi&? and performance should make this determination.

n

20 f~ f? 2000

Frequency (Hz)

FIGURE 514.4-14 SWR es ted vibration test levels for ecfuimmnt
$netalled in external stores carried on let aircraft.
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I-3.4.4.5 Test duration. The test duration should be developed from flight
masurermmts, flight characteristics, and flight durations. If these data are not
available, then test durations can be obtained from the infornmtion given in I-4.3,
I-4.6 and 1-4.’7.

I-3.4.5 CatefiorY 7B - EquiPmnt installed in externally carried stores.

1-3.4.5.1 Background information. Equiprwmt installed within an externally carried
store will experience a broad-band vibration spectrm that depends chiefly on the
captive-carry response of the store. Vib~ation testing, &enever possible, should be
based on in-flight masure~nts. If satisfactory flight =asurementa are not
available, functional tests may be derived from figure 514.4-14 and table 514.4-VI.
Note that the test levels for equipmnt installed in stores are the sam as the
response test levels of assembled stores. The response of the store Is the input
vibration to an item installed in the store. If buffet-maneuver and free-flight
conditions can occur for the store into ~ich the equipmnt will be installed,
vibration test spectra need to be developed for each condition.

I-3.4.5.2 Test levels. If sufficient nwasured data do not exist, use fig-e
514.4-14 and refer to 1-3.4.4. Vibration testing of equipmmt to be installed in
externally carried jet aircraft stores should be input-controlled testing (see I-
4.2.6).

1-3.4.5.3 Test duration. Refer to I-4.3, I-4.6, and I-4.7 for test duration and
endurance test criteria.

I-3.4.6 CatexorY 7C - Assembled external stores. helicopters.

1-3,4,6,1 IkckHround information. Gonplex periodic =vefor~ characterize the
service vibration environment encountered by assembled stores externally carried on
helicopters. Unlike stores carried on fixed-wing aircraft, externally nmxnted
helicopter stores receive little aerodynamic excitation, particularly ~enconqxired
with the rotor-induced vibration. Thus, nmst of the vibratory energy reaches? the
equipmnt through the attachmnt points betvmen the aircraft and the store. Sonm?
excitation, ho-ver, is added along the entire store strmture due to periodic rotor-
induced pressure fluctuations. The result is a conplex response, unique to the
particular aircraft-store configuration. Therefore, ”realistic testing depen~ alnnst
totally upon the use of in-flight vibration masurermmts. This environment is
siwlated by exposing the test item to a lowlevel broadband random spectrum with
discrete vibration peaks at the frequencies and first three fundamentals of the
aircraft main rotor (source d~ll testing - see I-4.2.2).

I-3.4.6.2 Test level. As stated above, because of the strong dependency of the
vibration level on the aircraft-store combination, the use of measured data taken on
the store itself is recomnded for setting the levels. The resulting test spectrwn
shall incluie exposure based upon the source duell concepts of I-4.2.2. The suggeBted
vibration conditions from table 514.4-IV and figure 514.4-9 can be used for initial
testing prior to acquisition of field data.

METHOD 514.4
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I-3.4.6.3 Test duration. The test duration shall be developed from flight test
data. Exposure periods shall be developed by constructing a life cycle based on the
nwwured flight environment, equipment life requirements and aircraft mission
profiles. If flight test data are not available, test durations can be selected from
information provided in I-4.2.7, I-4.3, I-4.6 and 1-4.7.

1-3.4.7 CatefiorY 8 - Ground nmbile.

I-3.4.7.l Background information. The ground mbile environnvmt consists largely of
broadband random vibration resulting from the interaction of vehicle suspension and
structures with road and surface discontinuities. The nature of the terrain, vehicle
speed, vehicle dynamic characteristics, and suspension loading all affect vibration
responses.

In general, the vibration spectrum of wheeled vehicles and trailers is predominantly
random, with peaks and notches, conside~ably higher and lowr than the man level, at
various discrete frequency bands. There is presently no analytical nmdel of this
environment suitable for generalized test application. This environment can be
simlated by a wide-band random vibration test similar to the minimum integrity
spectrum for aircraft as given in I-3.4.9. The use of a srmoth spectrum similar to
figure 514.4-16 generally will produce an overtest at some parts of the frequency
spectrum The spectra of 1-3.3.1 and figure !514.4-4are typical of *eeled vehicles
and trailers and again could produce mrealistic test conditions for installed
equipmnt. When these curves are used, consideration xmst be given to the structure’s

I response at the location vhere the equipmnt is installed, as it relates to the major
structural nmnbers supporting the cargo bed.

The track-laying vehicle environment (figure 514.4-5) is characterized by the strong
influence of the track-laying pattern. The mvemnt of the vehicle, its suspension
system, and road discontinuities produce a broadband random excitation which is
further extended or excited at frequencies asmciated with the track pattern. This
environnmnt is best sinulated by superinpsing narrowband random over a broadband
random baae.

- I-3.4.7.2 Test levels. As discussed above, generalized test levels for uheeled
vehicles and tw-~eeled tracks have not been developed which muld be applicable to a
specific case. The inforvmtion, levels and curves presented in 1-3.3.1 and I-3.4.9
nmst be adapted for a specific test itexn ~enever possible and justified by the
program requirements, the actual vibration environments should be masured before
testing the equiprmnt and the results used to formlate a nmre accurate spectrum shape
and level.

MZI’HOD 514.4
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Numrous test levels have been developed
table 514.4-AIV represent the environmmt

for tracked vehicles. The 8pectra given in
for ammunition in the ~g~ hull rack for

the MIA1 min battle tank. This rack m found to produce the -t severe vibration
environtrm?ntof any of the racl@ in that tank. Similarly, table 514.4-AV ia the
spectrum for the hull rack of the Ml tank which produces the nmst severe vibration
environment of any of the 105-mn racks in the Ml or M60 series of tanks.

Tables 514.4-AVI through AXI are the spectra for ammunition and various other itaxw of
installed equlpwnt at various locations in the M109 self-propelled howitzer.
Similarly, tables 514.4-AXII through 514.4-AXV present the spectra for item of
installed equipmmt at various locations on the M11O self-propelled howitzer.
Vibration spectra for various locations on the M113 armred personnel carrier are
given in tables 514.4-AXVI through 514.4-AIOL For installed equipmmt in the turret
and hull areas of the M60A3 tank, the vibration test levels are presented in tables
514.4-AIOCIand 514.4-AXXII respectively.

1-3.4.7.3 Test duration. The test duration umst be related to the test item’s
service scenario. Appropriate test durations are given in 1-3.3.1 and I-3.3.2;
the test durations for the various tracked vehicle spectra are presented on the
respective tables.

1-3.4.0 Category 9 - Shioboard vibration.

1-3.4.8.1 Background information. Equipmmt installed in ships will receive
vibration str~ses resulting from natural envi~ tal inputs to the ship’s
superstructure, and local unit transmissibilitias (~lifications) within the
equipn-mmt and its nxmnting structure. Vibration testing of shipboard equipnmnt should
address both the levels of environmental inputs and the susceptibility of
equipmnt/munting resonances to input frequencies.

Shipboard vibration spectra have arandomconponent induced by the variability of
cruising speeds. sea states, maneuvers, etc., and a periodic conponent iupoaed by
propeller shaft rotation and hull resonance. Equipmnt nmunted on masts (mlch as
antennas) can be expected to receive higher input than equiprmmt rmwnted on the hull
or deck.

1-3.4.8.2 Test level. %enever possible, =aaure~nts should be used to develop the
test criteria. In the absence of shipboard nasuremsnts, levels fomd in figure
514.4-15 should be used. The random vibration test of shipboard equipmnt should
follow either the Basic Transportation Test (1-3.3.1)or the Bench Handling Shock Test
(Method 516.4, Procedure VI).

METHOD 514.4
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In order to verify strutwal integrity and the compatibility or equipment/
muntlng resonance frequencies with shipboard input frequencies, a sinusoidal
vibration test should be conducted in accordance mth MIL-STD-167 for ~pe I
(Environment Vibration). In the event that actual shlpboati vibration data
recorded on candidate vessels show levels or frequency ranges different from
those for MIL-STD-167, Type I, the test levels should be tailored to envelope
the highest values for each frequency, with appropriate consideration given to
the fatigue llfe of the equipnm?nt.

1-3.4.8.3 Test duration. The test durations for shipboard applications should be
based upon the anticipat~ deplo~nt scenarios. For tests *ich utilize the
test levels from figure 514.4-15, the test duration should be t- hours along
each of three orthogonal axes.

.001

PSD

#Hz

a

1
Frequency (Hz) so

FIGURE 514.4-15. Threshold = rforrmnce random vibration *W ctrun
$or ai~n t installed in shi~s (non-conbat).
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I-3.4.9 ~teltOPy 10 - Minim integrity test.

–)

1-3.4.9.1 BackAround inforrmtion. Vibration levels of figures S14.4-16 ami 514.4-17
and durations of table 514.4-VII are not based on application envir~nts. RatheP ,
experience has shovw that equipnmt uhich ulthstands these exposures function8
satisfactorily in general field use and that equipmnt tested to lo-r levels does
not. These exposure are somtins called “junk- tests and p-vide IWUonable
~smmm that e@P~nt cm ~t~t~ Qperatio~ ~ h~dling d~l~ fia~d

installation, reuxwal and repair.

These exposures are based on ‘typical- electronic kxes. men boxes or assemblies are
too large, unnecessarily high loada are induced in ummting and chasais str~tmaa
Aile higher frequency vibrations experienced by electronic devices are too low. In
these cases the minimm integrity test should be applied to subassemblies. Mixua
wight of an item or subassetily should be approximately 36 kilogram (80 pound8).

Minimm integrity tests should be applied as a basic test for i- *ich are not
designed for any of the other vibration environxmnts of table 514.4-1. Note that a
secured-cargo test from 1-3.3.1 is probably also needed since all xmterlal iS tij~t
to transportation environments.

Mininmn integrity tests should be applied as a supplenumtal test for:

a. Items tested on vibration isolation devices (I-4.8).

b. Itens tested hardmunted to levels and durationa less stringent th&n the
applicable mini- integrity test.

I-3.4.9.2 Test level. The test levels shorn in figures 514.4-16 for general use and
in figure Figure 514.17 for helicopter equi~nt.

I-3.4.9.3 Test duration. The suggested test durations are provided in table
514.4-VII.

NEI’HC)D514.4
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TABLE 5 4.4-VII. Minimum Integrity test durations

I
I SOURCE ,I1 TEST DURATION *

I
I

#*
:

)

Figure

Figure

I

I :

514.4-16 1I One hour per axis oI
1

1
:

514.4-17 II Nhxinun three hours per axis :
*1 30 minute logarithmic swep 5 :
*I to 500 Hz 1a

.—0

I
1
I
I
I
I
I
I
I
I
1

20 1000 2000

Frequency (Hz)

FIGURE 514.4-16 Mini mm Inteflritv test-general .
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I-4 SPECIAL CONSIDERAT IONS

I-4.1 Combined te~ rat-e, vibration test. To expose mteriel to realistic service
stresses, a coubined temperature-vibration test may be necessary. The high and low
tenqxmatures that materiel is expected to endure tiile being transported are usually
specified in the requirements dcm.m’m nts in term of the cllumtic categories described
in MIL-STD-21O or AR 70-38. . These sasm criteria are presented for use in Methods
501.3 (High Temperature) and 502.3 (LOW Teqerature). The tenprature values selected
for those tests can be wed for codined temperature-vibrat$on testing.

1-4.2 Test techniauea

1-4.2.1 Random vibration. The majority of vibration experienced by equi~nt in

operational t itervice has been determined by analy8i8 to be broadband in spectral
content. That is, all frequencies are present at all timm in various combinations of
intensity. Controlled experinnmts have denmwtrated that random vibration effectively
siuulates broadband in a test situation. Therefore, nmst of the tests in this =thod
use random vibration.

Random vibration spectra are defined in ter!w of acceleration spectral density
(also referred to as pOmF spectral deneity, OP ~) pmofiles, tiich relate
energy density levels to specific frequency bands. The vibration is defined
over a relevant frequency range.

The use of g-mm values alone to describe vibration tests is not valid, since
a g-- value does not characterize a specific vibration profile. An infinite
combination of fmqwncy bandwidths and spectral shapes can tiatiafy one g-mm
value . ~erefore, vibration !mwnme!mnta and test spectra should alvwiys relate
energy content to specific frequency bands.

As traditionally applied in the test laboratory, random vibration is charac-
terized by a gaussian energy dist~ibution, but other form of broadtmd exci-
tation (m?chenical or electro-hydraulic) my be exkployed if the desired spec-
tral control can be achieved.

1-4.2.2 Source dmlla . In some cases, the vibration envlronmmt is
characterized by periodic excitation from reciprocating or rotating str=tures
and xmchanisnn (e.g., rotor blades, propellers, pistons, gmfire). This
excitation ~ be transmitted through fluids (air or liquid) or structmes.

men this form of excitation predominates in a critical frequency band, source
d=ll vib~ation is appropriate. A source du@ll excitation is characterized by
broadband r&UldO~, narrowband random, or one or mre sine vmres.

ThiE technique dlffezw from the traditional sinusoidal renonance d-n test.
A meaonance dwsll enphasizea those frequencies at which the teat item
reaonatee. A source dwell emphasizes those frequencies *ich predominate in
the platform envirount. Obviously the source d=ll spectrum provides a nxme
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realistic test. Source d-n testing should be perfornmd using one of the
following techniques:

(1) Broadband random excitation with vibration peaks centered at the
fundamental and harnmnic frequencies of the platform.

{2) Narmwband random superimposed over a low-level ~ brOf@-
random signal with the narrowband portion centered at the f~ntal and
harmonic frequmcies. (NOTE: The narrowband signals my also h cycled
through a frequency band representative of the platform conditions).

(3) Sinwoidal inputs at the f wxianrntal frequencies and hwsmnic
frequencies either singularly or simultaneously. A low-level random backgrcnmd
-Y also be added to the sin~oids. (NO’IZ: The sinusoidal inputs ~ be
cycled through a frequency band mpmmmtative of the platform conditionn).

I-4.2.3 Sinusoidal vibration. The service vibration environment in mnm
propeller aircraft and helicopters contains excitation *ich is basically sinusoidal
in nature. The excitation derives from engine rotatio=l se, ~Wller ~
turbine blade passage frequencies, rotor blade passage and velocity, and their
hammnics. Envirommnts such as this ~ be beBt sinxdated by a sinusoidal test.
Caution -t be exercised to assure that the frequency range of the i$inwoidal •~ure
is representative of the platform environmmt.

Most vibration problem are associated with a resonant response of the equipnmnt item
or corponent to the platform source excitation. Thu, the traditional ~p
sinusoidal vibration teat technique is not ~ed in this umthod for repreaentatiom of
the actual service condition. tipt sinusoidal testing in a useful engineering
development techniqtn!t.

1-4.2.4 Res~n se characteri-tion. Iksponse characterization ia a techniqU@ for
nasuring the str~tural res~nae of a~nt or test f~x~~s to ~~i~ v~bpkt~~
Response characterizations may either use broadband or swapt-nina excitation. They
are performd for reasons &ich incluie, but are not limited to:

(1) Identifying the frequencies at *ich m itemMso=*. ~iallY
ken those f~ncies might be preuent in the service vilmation environum nt.

(2) Evaluating fixture/test item interactions to ensure reaaonab 1e
duplication of knmm or expected service-induced responses.

(3) Determining appropriate locationa for test control ina~btion.

Response characterizaticms should ultinntelybe perforti at real~ic vibration
levels since nonlinearities in equipmnt reuporwe render characterization at other
levels inconclusive.
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test item shall
directed along

each axis, one axis at a tim or applied along tw or three of the axes simultaneously.

I-4.2.6 Input control versuS response-defined control. Input control is the
traditional approach to vibration testing. Ideally, this formof testing should
represent the input from a carrying platform into equipmnt on the platform It
should not be used *en the equiprnmt miss-loading could significantly alter the
platform behavior or men the actual service excitation is applied to all parts of the
etructure simultaneously (i.e., aerodynamic turbulence) rathe~ than through a few
distinct attachmnt points.

Response-defined testing uses an essentially undefined input and instead tries
to achieve an equipmmt structural response representative of that anticipated
or amisured in service. This approach is especially appropriate *en service
vibration xmmsme~nts exist and close correlation bet~en laboratory and
eervice conditions is readily achieved.

I-4.2.7 Test dmations. Test durations should be chosen along with test
levels to accomplish the test purpose. Quidance is incltied in the individual
test technique discussions of I-3, I-4.3, and I-4.6.

)

Wually vibration criteria are written in terms of total tiw at a given level
and are iuplexmmted as a continwus exposure. Ho=ver, service exposwe is
usually m.de up of a series of discrete or short-term events. Thus, continuous
application of vibration could result in unrealistic structural, isolator, or
other heat buildup effects. Vibration should be applied for short periods
representative of service conditions. Vibration-on periods should be alternated
with vibration-off periods of sufficient length to allow heat to dissipate. &anples of
intermittent vibration events requiring such treatmnt are gunfire and aircraft
mneuver buffet.

I-4.3 Endurance versus functional testin~. Functional tests (See 1-4.6.3.1)are
intended to denrxwtrate that the equipmnt will function satisfactorily in the service
environnmnt. Thus, functional test levels normilly are the maximm levels expected in
norrrnl use at which full function of the equipmnt is required. Mere partial or
degraded functioning is permitted under particular environmental extre~s, an
additional functional test should be acco~lished accordingly. In cases where the
relationship betueen vibration stress level and equipmnt’s degree of performance is
uncertain, functional testing at lowr levels should be considered.

)/

Endurance testing (See I -4 .6 .3 .2) is conducted to denmnstrate that the equiprmnt has a
structural and functional life ~ich is compatible with the systen-dsubsystem life
require=nte. An endurance envimnmnt is one In uhich the equip=nt is not required
to meet all performance specifications. No damage is allowed while it is operating
and the system mst exhibit unimpaired performance *en the endurance environment is
renrwed.

METHOD 514.4
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Endurance testing does not establish fatigue life (See I-4.6.3.2). This is because:

(a) The test item is tested for the amunt of stress antici~ted for one
lifetim but not necessarily to destruction, and

(b) Because the sanple size is too snmll.

Rather endurance testing assures that the required life can be achieved with
reasonable maintenance. The determination of the item’s useful life requires a
cotiined envirorumnts test (mthod 520.1) ~ere all relevant enviro-nts are varied
realistically and a sufficient nunber uf sanples are tested to failure. A test item
which has survived an endurance test is not necessarily used up; ho=ver, the risk of
failure in further use is higher than that of a new unit. So tha test unit should not
be used for a true life test, a reliability dexmnstration, or a safety-critical
application. Other ues are acceptable if the increased risk of failure is co~tible
with the use.

I-4.4 Mechanical invedance effects. Allowwmce should be made for mchanical
inpedance effects whenever the benefits of increased realism are -rth the
time, effort, and cost required for inplemmtation.

Equipm?nt structures dynamically influence their ow response to an external forcing
function. At structural natural frequencies *ere the response stresses are high, the
structure will load the adjacent supporting structures (i.e.,notch the acceleration
spectral density at these frequencies). The magnitde of loading effects is related
to the relative inpedance of the equi~nt structure and support structures. As a
rule of thh, the resonant ele-nt exhibits a loading force in proportion to Its
dynamic -ight nmltiplied by the corresponding amplification factor.

Mechanical inpedance effects can be accounted for in establishing vibration test
spectra. The depths of notches are determined by rmasurermnt or by calculation.
Ref 54 gives guidance in this xmtter.

I-4.5 Determination of bandwidth for source droll testin& Test spectra
representative of this type of testing are presented in figures 514.4-7 and 514.4-9.
Test bandwidths should be based on measured data if possible. men data are not
available, the bandwidth can be defined as:

~ = JEL1’2
4

Where: BWW = the

F = the

bandwidth at a level 3

fundemsntal frequency,

dB below the peak PSI’)level

fn or one of the harnmics:

fl, fz, f3, fq
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) This peak bandwidth should be readily achieved by even the least sophisticated
digital random vibration control systexn The bands between the vibration peaks
are filled with broadband random vibration at a level representative of the
platform being sinulated. When variable RPM cases (see 1-3.4.1) are being
sinwlated, wider bandwidth wilcl be required.

I-4.6 Test Dhasea.

)

1-4.6.1 Enfiineerinx develo~~nt testin~. Engineering developumnt testing
is used to uncover design and construction deficiencies as quickly as possible and to
eval=te subsequent corrective actions. It should begin as early as practical in the
development phase and continue as the design mtures. The ulti-te purpse is to
assure that developed equipmmt is compatible with the platform environmnt and that
qualification testing does not reveal that nmre develo~nt mrk needs to be done.
The teats have a variety of objectives. Therefore, considerable freedom can be taken
in selecting test vibration levels, excitation, frequency ranges and durations.
Typical progrm -y incltxie resonant search accomplished by exposing the item to low
level swmep sine input over the frequency range of concern. Sine d=lls are then used
to obtain tie shapes. Fast Fourier transform analyses of random inputs can also be
used to accomplish this. Mode shape and frequency determinations are necessary for
verifying structural dynamic nmdels and for discovering platfortiequipment
compatibility pxwblens. Once wde shapes as -11 as mdule frequencies have ben
identified, the test item may be exposed to dwell, swpt-sinusoidal or random
excitation testing. The vibration intensity of this testing is selected to accomplish
specific test objectives. The level may be 10-r than the field envirommnt to avoid
excessive dannge to a prototype, higher to verify the test item’s structural
integrity, or raised in steps to evaluate performance variations and obtain failure
data .

I-4.6.2 Environnmtal wrthiness. Wrthiness testing is perforumd to verify
that prototype or test versions of equipnmnt are adequate for use in a system or
subsystem test. Levels and durations should be selected to provide confidence that
the equipmmt will performwll enough to support the test program with an acceptable
level of maintenance. In cases where safety is a factor, the test mst be adequate to
assure safe operation or possible failsafe operation. ~vels are uswlly typical
operating levels unless safety is involved; then maxinxm operating levels are
necessary. Durations are either long enough to check equipnmmt function or an
arbitrary short tim (5-10 minutes), %ichever is greater.

I-4.6.3 Qualification.. ~lification tests are used to verify that prod~tion
equipnmt is capable of operating to specified performance criteria throughout the
range of environnmnts of its service application and to provide reasonable assurance
that life requirennts will be mt (see I-4.3). This nor~lly requires functional
tests to accomplish the first goal and endurance tests for the second.

1-4.6.3.1 Functional tests. Functional test levels are normally the maxlrmm service
levels. men there is significant non-linearity, testing at lowr levels should be
considered. When separate functional and endurance tests are required, the functional
test duration should be split, with one half accomplished before the endurance test
and one half after the endurance test (in each axis). The duration of each half

mD 514.4
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should be sufficient to fully verify equipmnt function or one half hour (1 hour per
axis), *ichever is greater. This arrangermnt has proven to be a god ~ of
adequately verifying that equipnmnt survives endmance testing in all respects.

I-4.6.3.2 Endurance tests. In the ~t, endurance test duration ums normally set at
one hour per axis. Test levels -re established by raising functional levels to
account for equivalent fatigue damge. Another approach is to establish levels and
durations to test to rmxim.nn service levels for a duration sufficient to reach the
material endurance limit (approximately 106 Wcles at emh reso~t f~nq)” ~ae
techniques are basically valid; hovmver, both have shortcomings. The first techni~
results in test levels higher than field levels -- in acmm caaea, - higher.

The fatigue relationahipa (I-4.7) used to generate these criteria are ainplified
representations at best and when atr~tural nonlinearity at high vib~ation levels
becomes a factor, the validity of the relationship is questionable. me second
technique depends on the definition of endurance limlta. Thi8 is a further
simplification of the already uinpllfied fatlg~ relationship. Furthem, it is uhovm
that sonm mterials do not exhibit endurance limits.

Ba8ed on the above, the following approach is reoammxied. Use the ai~lified fatigue
relationship to determine the ti~ at xmxixmxn service levels (functional levels) ~ich
is equivalent to a vibration lifetixm (levels are different for different mission
profiles). TJae the equivalent tim as the functional teat dmation, there~ cabining
functional and endurance tests. There may be cases when this test duration ia too
long to be compatible with program restraints. In this caae, uae aa long l teat
duration as is practical and use the fatigue relationship to define the tit lev~l.
Homver, in no case should endurance test levels and durations be less than those
specified in I-3.4.9.

1-4.7 Fatigue relationship. The following relationship nmy be used to
determine the required test tinma a? functional levels to satisfy endurance
requirements or ~en necessary to develop the ratio bet-en functional @
endurance levels:

*ere

w= Vibration levels (acceleration spectral density)

T= Ti= (hours)

M= ~terial constant (slope of log/log randoma/N curve)

This relationship is a simplified expression of linear fatigue d-e accumulation for
typical mterials used in electronic equipxmmt. More sophisticated analysia
techniques can be used ~en vwuvanted.
valus my be appropriate. (Note: If
represents peak g and M = 6 in general

~D 514.4

A value of 4.0 for M is connnnly wed; other
this equation is used for sine calculation, W
case, 2.5 in the cae of electronic boarda.
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1-4.8 Vibration isolation devices. Vibration isolators (shock nmunts), isolated
equipmnt shelves, and other devices designed to protect equipnnt from platformor
shipping environ.mmts use lo~frequency resonance to attenuate high-frequency
vibration inputs. Effective performmce of these devices depends on adequate frequency
separation betwen isolation resonant frequencies and equipmnt resonant frequencies,
and sway space (clearance around isolated elemnts) to avoid inpacts of the isolated
elermmts with surrounding equipmnt and structure.

All military equipmnt should have a minimm level of ruggedness even if it will be
protected by isolation in its application envirorurent. To assure that these
require~nts are met, SWY anplittie and isolation characteristics (transmissibility
versus frequency) should be masured during all vibration tests. These par~ters
should be masured at each test level. This is necessary because isolation devices
are nonlinear. This is also true ~en sub-elemnts are isolated within equipmnt
item. Further, all isolated equipmnt should pass the Minimnn Integrity Test
(1.3.4.9).

1-4.9 Test setup. Unless otherwise specified in the individual test description
(section I-3). the test item shall be attached to the vibration exciter by mans of a
rigid fixture capable of transmitting the vibration conditions specified. The fixture
should input vibration to racks, panels, and/or vibration isolators to sinulate as
accurately as possible the vibration transmitted to the test item in service.
Ho=ver, all equipmnt item protected from vibration by these mans should also pass
the mininmm test requirenxmts of I-3.4.9 with the test item hard-nmunted to the
fixture.

J 1-4.10 Euuimxmt om rat ion. During all platform-induced vibration sinmlations, the
test Item should be functioning and its ~rformnce should be ~asured and recorded,
if it wmld nor-lly be operating under these conditions in service. Performance to
full specification requirenxmts should be required during all functional tests.
Measure=nt of perforxmnce level attained should be required ~en endurance levels are
higher than frictional levels (I-4.6.3).

1-4.11 Failure definition. During qualification testing, the equirnmt shall not
suffer permanent deforrmtion or fracture, no fixed part or asse*ly shall loosen, no
wving or nwvable part of an assembly shall become free or sluggish in operation, no
nmvable part or control shall shift in setting, position, or adjust~nt, and equipwnt
pe~fornxume shall !met specification ~rennts ~ile expo~ed to functional levels
and following endurance tests. Any deviation from the above shall constitute a
failure.

For tests other than qualification tests, success and/or failure criteria shall be
prepared which reflects the purpose of the tests. For exanple, a step stress test
might be conducted to find t~ level at which a nwmhanism fails to operate properly.
The test wuld be deemmxl mccessful vhen this level is found.
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1-4.12 Qualification test CO nmletion. A qualification test is co~lete when all
elements of the test item pass a conplete test. hhen a failure occurs the test shall
be stopped. The failure shall be analysed and repaired. The test shall then continue
until all fixes have been exposed to a conplete test. Each element is considered
qualified when It has been exposed to a conplete test. @lified elemnts *ich fail
prior to test co~letion are not considered failures but will be repaired to allow
test completion.

1-4.13 Sumnar Y of test informatiorlyeu uired. The following information is required
in the test plan to adequately conduct the tests of section II.

a. Test procedure.

b. Test item configuration.

c. Operational requireunts.

d. Test levels and durations.

e. Test set-up description.

f. Accelerometer location and calibration.
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SECTION II

II-1 APPARATtE . Any vibration-indming machinery capable of satisfying
the test conditions ia acceptable.

11-1.1 ~ta-analY8 is/vibration control systew

11-1.1.1 ~oleranceg. The acceleration PO-r spectral density of the test
control signal shall not deviate from the specified requirements by umre than
~ 3dB over the entire test frequency range. Ho=ve~, deviations of -6dB
in the test control tiignal xmy be granted for frequencies greater than 500 Hz
due to fixture resonance, test item resonance, or facility limitations. The
cumlative bandwidth over ~ich this reduction shall be allowed cannot be greater
than 5% of the test frequency range (see figure 514.4-18). In no case shall
the acceleration ~-r spctral density be nmre than -6 dB below the specified

~-=nti. No deviation shall be granted for frequencies below 500 Hz. men
the teat cannot be controlled within 23 dB from the specified requirenwit, at
th8 risk of the tester, the test my continue. The risk duall be kO MSUm no

overtesting is
action will be
in te~ of dB

where

‘1 =

W. =

occurring, test results are valid, and appropriate corrective
taken in accotiance with the nature of the test. Tolerance levels
are defined U:

cm= 10 loglo~
W.

=asured acceleration pouasr spectral density In g2/Hz units

specified level in g2/Hz Wits.

Confirmation of these tolerances shall be tie by the use of an analysis system
providing at least 100 statistical degrees of freedom. For all procedures
using broadband random vibration with random peaks, sinusoidal Paks, or source
d-n, analysis systew shall be less than or ecpml to 10 Hz in bandwidth up to
and including the frequency of the highest peak in the test spectrum.

11-1.1.2 AnalYsis/control sYatew. Digital analysis syste= are preferred for
vibration control and analysis, because they have accuracies in excess of standard
analog analysis and control system. Digital systens should have the following
capabilities:
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11-1. !.2,1 On-line contigmu filter
sYstem. On-line contigwW filter,~llzation/aalysis system nust have the followi~ char~teristia:

B = 25 Hz. maxi- bet-en 20 and 200 HZ

B = 50 Hz, nmcinuxnhtwen 200 and l,m Hz

B = 100 Hz, ~i~ bt=en 1,000 and 2,000 Hz

.

.~-”””-”

-F-

Frequency (Ez )

9

Reference

-3 dB
-6 m

FImJRE 514.4- 18. le o fab l~ f &C@PD1 ~rfor~ce uithin 1*ranm l
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11-1.1.2.2 S~Dt fI’~ ncv SYstens. Swept frequency analysis system -t have the
following characteristics:

a. cons~

(1) Filter bandwidth as follo-:

B= 25 Hz, na.xinunbet~en 20 and 200 Hz

B= !30Hz, maxinxxn beteen 200 and 1,000 Hz

B = 100 Hz, maxinun betmen 1,000 and 2,000 Hz

(2) Analyqer averaging time = T = 2 RC = 1 second, xmcimm,
where T = ‘hue averaging ti= and M! = analyzer ti= constant.

(3) Analysis swsep rate (linear) = R = ,&or
4X

B2 (Hz/second) maxi-, *ichever is smaller.
5

b. Constant DercenWe bandwidth ana lvzer

(1)

(2)

(3)

Filter bandwidth = Pfc = one-tenth of center

frequency mxim (O.if=), *ere p = percenae
and f= = analyzer center frequency.

Analyzer averaging tim = T = wtini~
Pfc

Analysis mmep rate (logaritMc) = R =
%

2(Hz/second) nmdxun, tiichever iSor (Pfc)
8 sml ler.

11-1.2 “Jest set -

II-1.2.1 ~

11-1.2.1.1 (we#?oFY 1 - BgSi c transw Ptat ion. Mount the test item on the vibration

equipnmnt using restraint and tie doms typical of those used in actual transport.
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11-1.2.2 Category 4 - Propeller Aircraft The test item shall be installed ina

–)

vibration fixture Aich sinulates the actual application configuration. To the
extent practical, the vibration test setup should incorporate actual nmmting and
installation provisions from the carrying aircraft. Fixture deeigns ~ich utilize
the maxinmmanmunt of platform structure possible will allow the best item to
respond to the laboratory excitation in a ~er nxme closely duplicating its
response in the actual field envirount.

11-1.2. 1.3 Category 5 - Jet aircraft and tactical missiles. (See 11-1.2.1)

11-1.2. 1.4 Category 6 - Helicopter/aircraft/instal led. The test item shall be
attached to the vibration exciter by mans of a fixture capable of transmitting the
vibration conditions specified. The fixture shall be designed by utilizing actual
racks, panels or platform structures of the helicopter to minimize the introduction of
unrepresentative response within the test item.

11-1.2. 1.5 Category 7A - Assembled external stores. jet aircraft.

11-1.2.1.5.1 Fixtures. Suspend the store from a structural support by mans of its
norrml nmunting lugs, hooks and sway braces siwlating the operational xmmting
configuration. Include launcher or nmunting rails mere applicable. Rigid body store
suspension ties shall be betwen 5 and 20 Hz except that the highest rigid body xmde
shall be no higher than one half the lo~st test frequency. In sonm instances in the
past stores have been hard nmunted to large ghakers. This has proven to be inadequate
and should not be attenpted.

Vibration shall be transmitted to the store by ~ans of a rod or other suitable ummting
devices running from vibration shakers to the surface of the store. The tie points on
the store surface shall be relatively hard and structurally Bupported by the store
internal structure or supported by an external fixture (usually a ring around the
local store dianwter) attached to the store. Separate driving points will be required
to drive the verical and lateral axes. Separate driving points at each end in
each axis are also recomnded although aligning a single driving point in each axis
with the store aerodynamic center has also been successful.

11-1.2. 1.5.2 Accelero~ters. Accelero=ters to nmnitor the vibratory response of the
store should be nmunted on tm relatively hard points or rings within the store, one
in the nose section and one in the aft section. For stores such as bonbs with
nonintegral tail cones, the aft-section nmunting point should be in the aftmst
section of the main body of the store. At each nmunting point or ring, t=
acceleronmters should be nnunted--one in the vertical and one in the lateral plan.
(Longit@inal direction is along the axis of the store: the vertical di~tion Is
defined as perpendicular to the longitudinal axis and contained in a plane passing
through the nmunting lugs).
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11-1.2.1.6
11.1.2.1)

11-1.2. 1.7

Category 7B - EcruiPment installed in externally carried stores. (See

CateKorY 7C - Assembled external stores, helicopters. Testing shall be
accomplished in three nutually Perpendicul= axes ~th the ~unting 1*s in the UP
position. The test item should be attached to the fixture by its normal nmunting
-ans (e.g.. suspension lugs for 2.75 Inch FF’AR launcher). The vibration fixture
shall utilize, if feasible, act~l aircraft components for acco~lishing this test
atta~nt.

11-1.2. 1.8 Category 0 - Ground m bile. The test item shall be attached to the
vibration generator directly or with a fixture, and securely held by its normal mans
of attachnmnt. me fixture shall incorporate actual service structures as nuch as
possible to minimize unrealistic response characteristics d~ing test exposure. Any
connection to the test item, such as cables, pipes, wires, and the like, shall be
arranged so that it inposes restraints and -s similar to those present when the
equipnnt is installed in the operational configuration. Excitation shall be applied
through the three orthogonal axetiof the test itexn

11-1.2.1.9 CateEorY 9 - ShiDboard. Equipmnt should be mn.mted in its normal
configuration with nornd shock/vibration isolator nmunts used throughout the test.

11-1.2.1.10 CatefiorY 10 - Minirmxu integrity. The secured cargo transportation test
phase shall be accomplished as indicated in 1-3.3.1. The additional vibration
exposure shall be accomplished with the test item secured to the fixture/exciter.
Items dich are rnxmted on vibration isolators should be tested with the isolation
remved. The ite- shall be tested in each of three orthogonal axes.

11-1.2.2 Procedure II - CateUorY 2 - barge assembly transmrt. The test set up uses
the actual transport vehicle and test track to siumlate service conditions. Secure
the test item on the transport vehicle for norml transportation.

11-1.2.3 Procedure 111 - Category 3 -tiose cargo transrmrt

11-1.2.3.1 Pack-e-test. The test setup uses a package tester as depicted in figure
514.4-19. The fixturing required is as showm and will not secure the item to the bed
of the package tester. A vertical inpact =11 and sideboards as depicted in figure
514.4-19 shall be installed to contain the test itexm on the bed of the package
tester. The fence opposite the vertical inpact wall is not intended as an inpact
surface, but is used to restrain the test item from leaving the tester. The distance
to this restraining fence should be sufficient to prevent constant inpact, but still
prevent one or nmre of mltiple test items from “walking- a-y from the others. The
height of the test enclostme (sideboards, inpact wall and restraining force) should
be at least 5 cm higher than the height of the test item to prevent unrealistic
inpacting of the test item on the top of the enclosure.

NEI’HOD 514.4
514.4-57



KIL-STD-81OE
b l
o -

14 JULY 1989
d g
Sa

A u u

\ /\ ///A///

hR’nQD 514.4

514.4-50



11-1.2.3.2 Test bed.
of l/2-inch plyvmod,

MIL-STD-81OE
14 JULY 1989

The test bed of the package tester shall be covered with a panel
with the finished side up and the grain parallel to the drive

chain. (Marine plyvmod is reconmmnded because it is generally nmre durable.) The
plymod shall be secured with bolts or six penny nails, with tops of heads
slightly below the surface. The bolts or nails shall be spaced at sufficient
intervala around all four edges and through the center area to prevent
‘oilcanning- of the plywood.

II-2 ARATION FOR TEST

11-2.1 ~ atio

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Perform life cycle analysis described in section 4 of this standard

Identify test categories tiich are applicable and pertinent from
the life cycle analysis.

Determine teat conditions for each applicable and pertinent category.

Select appropriate test apparatus, data collection and analysia equipxmmt.

Prepare the test item in accordance with General Require=nts, paragraph
4 and as specified for the test category.

Examine the test item for physical defects, etc. and document the results.

conduct an

Proceed to
“otherwise,

operational check and doctnmnt the results.

the required test procedure if no proble- are found;
correct the problenw and restart with step 6 above.

II-2.2 Procedure III - Loose cargo tranmort. Using suitable wmden sideboards, the
test item shall be constrained to a horizontal xwtion of 5 cm (free space) in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa
direction parallel to the axes of the shafts, a distance nrme than sufficient to
insure the test item till not ~ebound from sideboard to sideboard (i.e., the distance
betwn sideboamis shall be -l to the width of the test item plus 5 cm). Initial
positioning of the test item till be such that there are 2.5 cmof space on either
aide. If mre than one similar item is tested simultaneously, 2.5 cmof additional
free space per additional item should “beused betmen side boards, the initial spacing
should have 2.5 cm bet-en test ite= and 2.5 cm to the sideboards; the total free
space should not exceed the length of the longest horizontal axis of the test item (to
prevent test item rotation). Multiple similar test itenw shall not be separated by
sideboards unless ~pecified in the requirements do~nts.
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II-3 PROCWURES

IX-3.1 Procedure I

11-3. 1.1 General Drocedure

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8

Conplete steps 1 through 8, 11-2.1.

Inspect the test item to establish pretest criteria and physical
condition.

Verify the test item’s functionality.

Mount the test item on the vibration equip~nt as required by the
applicable paragraph of 11-1.2.1.

Expose the test item to the test level and duration as determined from
I-3.3 Or 1-3.4 and 11-3.1.2. The test item shall be operated as if it
wre in operational usage. (see 1-4.10, 1-4.11 and 1-4.12)

Inspect the test item and conpare it to pre-test data and physical
condition. Verify the test item functionality and ~ecord the ~sults.
(see 1-4.11)

Repeat steps 2 through 6 (see I-4.6) for each
each test.

Doc-nt the test results in accordance with

/
axis (see I-4.2.5) and

11-4.

11-3. 1.2 S~cial considerations

11-3. 1.2.1 Category 7A Assembled external stores. jet aircraft

Step 1. Apply broadband vibration to the store using an input spectrun shape of
the store-rnmnted forwmd accelerometer response spectrum from 1-3.4.4.
The input level should be 6 dB down from the calculated response level
of the for~rd accelero~ter.

Step 2. Identify those frequencies at which the store-nmunted acceleronters, in
the direction of applied vibration, exceed the applied input vibration
by 6 dB or greater. There may be different frequencies for the for-
and aft accelerometers.

NEI’HOD 514.4
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Step 3. Peak or notch the applied input spectrum until both the forwmd-and
aft-mmnted accelerometers in the direction of applied vibration at
their respective frequencies identified above equal or exceed the
required test levels determined from I-3.4.4. It may be necessary
to nwe the points of attach=nt between shaker and store until
locations are found mere both ends of the store are simultaneously
excited to their respective test levels.

NOTE: The off-axis accelerometer response (those accelerometers 90 degrees to the
applied vibration> should be examined. For each frequency where the response of a
off-axis aceeleromter is above in-axis response levels, the following actions are
suggested. For each of these frequencies, calculate the ratio of required to
observed levels for each accelerometer uhich = in the direction of vibration (in-
axis) and those perpendicular (off-axis) accelero-ters *ich have excessive levels.
Average these ratios for each frequency. The input vibration spectrum may then be
adjusted so that at each of these frequencies, their respective average value is
-l to unity.

II-3.2 Procedure 11 - Large assetil~ transport.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

m:

Conplete steps 1 through 5, 11-2.1.

Inspect test item to establish pretest criteria and physical
condition.

Verify the test item’s functionality.

Place the shelter on the transport vehicle(s) that is normally
wed to transport vehicle.

The shelter shall be secured In its normal manner to the
transport vehicle.

Install instrunxmtation in the shelter to measure the vertical
axis acceleration history on the shelter floor.

Drive the trailer/shelter combination on the Munson Test Course
at Aberdeen Proving Ground, Aberdeen, Maryland or an equivalent
course.

The trailer/shelter combination shall be driven five tlms over
the following sections of the course at specified speeds:

The speeds will be utilized as specified unless the speed poses
an unsafe driving condition, in which case the maxinum safe
operating speed will be utilized.

~OD 514.4
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Step 9.

Step 10.

Step 11.

(a) Coarse washboami (6-inch uaves spaced 72 inches apart) -5 MPH

(b) Belgian block - 20 MM

(c) Radial washboard (2-inch to 4-inch wmves) - 15 MM

(d) 2-inch whboard - 10 WH

(e) 3-inch spaced b- -20 Wfl

Inspect the shelter/test item and conpre to pretest criteria and
physical condition. (S4943 1-4.11, 1-4.12)

Verify the teti item’s functionality. (8ee 1-4.11, 1-4.12)

Docummt the test in accordance with 11-4.

II-3.3 Procedure III - Loose cargo transport.

11-3.3.1 General information

a. Configuration. The test item(s) is placed on the plywod-covered bed of the
package tester in its packaged confirmation or as otherwise prepared for loose-cargo
field transportation. The test item shall not be operated during this test -less
specified in the requirements documnts.

b. Orientation. The orientation of the test item should represent its mst
likely shipping orientation, and the longest horizontal axis should be parallel to the
throw axis of the package tester. For palletized ite~, the pallet skids should be
parallel to the throw axis of the package tester. If the shipping orientation is
unknown, the test item should be tested with Itti longest axis parallel to the throw
axis of the package tester. Any changes to the orientation of the test item due to
the nmvemnt of the package tester (except as noted in (3)) shall not be corrected.

c. Cautions. Since proper rotation of the table should cause the test item to
rebound against the ixpact wll, any item not doing so should be rotated 18* in the
horizontal plane in an atten@ to change any wveumnt cawed by test item might
distribution. No test will be started on an area of pl~ on ~ich the top ply is
damaged or wrn through.

II-3.3.2 Detailed mwcedure

Step 1. Conplete steps 1 through 5, 11-2.1.

Step 2. I~ct test item to establish pre-test criteria and physical
condition.

JW?I’HOD514.4
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Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Verify the test item’s functionality.

Prepare the package tester/test equipnnt in
provisions of 11-2.1.

accordance w ith

Place the test item which has been prepared for field trans~r-
tation on the bed of the package tester/test equipmnt.

The package testerltest equipmnt shall be operated to provide the
test level and duration as specified for category 3, I-3.3.3.

Inspect the test item and conpare to pre-test criteria and
physical condition. If applicable, verify the test item’s
functionality. (see 1-4.11, 1-4.12)

Docunent the test in accordance with II-4.

II-4 INFORMATION TO BE RECORDED

a. Test item identification (manufacturer, serial number, etc.) .

b. Prior test history of the specified test item.

c. Inspection and test procedure, including inspection requirements, test
criteria, instrummtation, data requirements, and failure criteria.

d. List of all test equipnnt, including vibration generating and analysis
-~nt) ~~t ing ~rmganents, and fixtures.

e. Orientation of test item, including axes of applied vibration.

f. Location of accelerometers used to control and masure vibration.

g. Resonant frequencies, including those selected for test, as applicable.

h. Isolation characteristics, including s-y amplitudes and transmissibility
versus frequency.

i. Applied test levels, duratiom, and frequency ranges.

NEI’HOD 514.4
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j. Results of all performance m ~mmts, incluiing overall test results.

k. Analysis of each failure and corrective action proposed.

1. Analysis txuxiwidth.

-D 514.4
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GROUND VEHICLE RESPONSE VIBRATION DATA

Appendix A provides measured vibration data from nulitary vehicles as Indicated on
the individual tables.

Table 514.4-AI represents the cargo environment at the floor of a coqmsite of tw-
wheeled trailers, the l/4-ton, M416 and the 1-1/2 ton, M105A2. The data include
differing vehicle load conditions traversing over specially designed courses ranging
from paved high-y to offroad conditions at various vehicle speeds. As seen, in
figure 514.4-IV the spectrum is characterized by broadband random with peaks and
notches at various discrete frequency bands. The break points of the peaks and
notches are given for establishing the spectrum shape. Tvm-*eeled trailers of
significantly different size and design my provide substantially different input to
the cargo loaded on the bed than given in table 514.4-AI and spectra should be
adjusted accordingly.

Table 514.4-AII represents the cargo environrmnt at the cargo bed of a conpsite of
tactical wheeled vehicles, the 5-ton M813 and M814 trucks, M36 2-1/2 ton truck, CUCV
M1OO9 1-1/4 ton truck, and the 12-ton M127 semi-trailer. The data include differing
vehicle loading conditions traversing over specially designed courses ranging from
paved highway to offroad conditions at various vehicle speeds. Again the spectrum is
broadbahd random with peaks and notches at various discrete frequency bands. Break
points are provided for establishing the spectrum shape. Tactical wheeled vehicles
of significantly different size and design provide substantially different input to
the cargo loaded on the bed than given in table 514.4-AII and spectra should be
adjusted accordingly.

Table 514.4-AIII represents the environn=nt at the floor of the M548 tracked vehicle.
The data utilized for establishing these spectra =re derived from mmsmenmts of
the vehicle operating at various speeds over specially design courses ranging from
paved high-y to offroad conditions. This envirorumnt contains a low level of
broadband random upon With is superimposed narrowband random discrete frequency
bands . The broadband random base is from the basic nmvement of the vehicle,
suspension system and road disccntinuities, The narrowband random excitation is
associated with the track-laying pattern and road surface.

Tableg 514.4-AIV through 514.4-IUUHI represent the environn=nts of several codat
vehicles (MIA1 tank, Ml tank, M109 self propelled howitzer, M11O self propelled
howitzer, M113 arnmred personnel carrier and M60A3 tank).

In Tables 514.4-AIII through 514.4-JUWII, the term ‘test phase” is defined as the
vibration environ!mmt at one or nmre vehicle speeds. The test phases are used to
insure that there is no overlap of vehicle speeds within a given phase.

METHOD 514.4
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TABLE 514.4-AI. Random vlbratlon Program data for securd cargo
transpo rtatlon, como site tm-vheeled trailer.

Test duration per axis: 96 minutes per 32 miles

FREQ PSD VALUE—..

5
8

10
13
15
19
23
27
30
34
36
41
45
51
95

111
136
147
185
262
330
360
500

0.2252
0.5508
0.0437
0.0253
0.0735
0.0143
0.0358
0.0123
0.0286
0.0133
0.0416
O*O1O3
0.0241
0.0114
0.0266
0.0166
0.0683
0.0266
0.0603
0.0634
0.0083
0.0253
0.0017

= 3.86

Transverse Axis bnflit~inal Axis

s
6
7

13
15
16
21
23
25
28
30
34
37
46
51
55

158
235
257
317
326
343
304
410
462
500

0.0474
0.0303
0.0761
0.0130
0.0335
0.o137
0.0120
0.0268
0.0090
0,0090
0.0137
0.0055
0.0081
0.0039
0.0068
0.0042
0.0029
0.0013
0.0027
0.0016
0.0057
0.0009
0.0010
0.0008
0.0020
0.0007

FREQ PsDV4LS

5
6
8

13
16
20
23
2’7
30
33
95

121
146
153
158
164
185
314
353
398
444
500

0.0536
0.0536
0.1102
0.0140
0 l 0303
0.0130
0.0378
0.0079
0.0200
0.0068
0.0019
0.0214
0.0450
0.0236
0.0549
0.0261
0.0577
0.0015
0.0096
0.0009
0.0027
0.0014
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\,’ TABLE 514.4 -AII. Random vibration rmo~r am data for secured cargo
transm~tation, couvo site ~eeled vehicle.

Test duration per wis: 120 minutes per 500 miles

VerticalAxig Transverse Axis Longitudinal Axis

)

5
8

12
16
20
22
24
26
69
79
87

123
161
209
224
247
270
293
357
375

PSI) VALUE

0.2308
0.7041
0.0527
0.0300
0.0235
0.0109
0.0109
0.0154
0.0018
0.0048
0.0028
0.0063
0.0043
0.0057
0.0150
0.0031
0.0139
0.0037

5
9

12
14
16
18

119
146
166

201
273
298
371
382
402
422
500

PSD VALE.

0.1373
0.0900
0.0902
0.0427
0.0496
0.0229
0.0008
0.0013
0.0009
0.0009
0.0053
0.0021
0.0104
0.0019
0.0077
0.0027
0.0016

5
6
8

12
15
16
19
25
37
41
49

105
125
143
107
219
221
247

0.0028 W = 1.61 249
0.0052 270
0.0011 293

336
RN6 = 2.21 353

379
431
433
500

PsD VALUE

0.0605
0.0577
0.0455
0.0351
0.0241
0.0350
0.0092
0.0159
0.0041
0.0060
0.0017
0.0006
0.0004
0.0013
0.0013
0.0028
0.0068
0.0325
0.0098
0.0026
0.0094
0.0120
0.024’7
0.0085
0.0224
0.0092
0.0014

F#s = 1.96
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SECTION I

I-1 PURP OSE. The acowtic noise test iB conducted to measure how wel 1 a piece of
=@p=nt W 11 Wltha- or operate in inten8e acoustic noise fIelds. The acOwtic

noise test conplemnts testg for structure-borne vibrations (mthod 514) .

I-2. ENVIIU3NMENTAL_EFFHXS . Acoustic noise can produce vibration in equipmnt
gimi lar to that produced by rmchanical ly transmitted vibration. In an acoustic noise
field, p~easure fluctuations impinge direct 1y on the equipment. The attenuation
effects of mchanica l transmission are missing and the response of the equipmnt can
be significantly greater. Further, components With are effectively isolated from
mchanical transmission wi 11 be excited directly. _les of acoustically indti
problenm:

I-3

a. Fai lum of microelectronic conqmnent lead wires.

b. Chafing of wires.

c. Cracking of printed circuit boards.

d. &l functionf failure of wmreguides, Klystron Wbea.

e. Vibration of optical elexmmts.

(GUIDELINES FOR DEI’ERKINING TEST PROCEDURES AND TEST CONDITION’S

NOTE: ‘he tailoring process as described in section 4 of this documnt should be used
to determine the appropriate tests and test variables.

M2THOD 515.4
515.4-1
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a. Application. The acoustic noise test applies to any equipnmmt operated or
stored in the intense acoustic noise fields that occur in or near aircraft, missiles,
and large nachinery such as punps and generators. In ~ticular, it applies to:

(1) Internally-carried airborne equipnmnt.

(2) Assembled externally-carried stores

(3) Ground support equip!mmt on the flightline.

Acoustic testing is performd if the operational acoustic level exceeds 135 dB or
vibration testing is impractical.

b. Restrictions. This mthod is not applicable to space and ~ter vehicles or
for hearing safety, nor is it applicable to item which, because of their
construction, are insensitive to acoustic noise. Examples of such equipment are item
that have small surfaces, high ratios of mass-to-area and high internal damping.
Exanples are

—

(1) High density modules, particularly if they are encapsulated and

(2) Equipment that is surromded by a heavy metal case, ~ticularly
equipnmmt is potted.

A practical guideline is that acoustic tests are not required if equipment

if the

is exposed
to broadband random noise at a sound pressure level less than 130 dB (ref 20 Pa)
overall, and if its exposure in every one-Hertz band is less than 100 dB (ref 20 Pa).

c. Seaue nce. Acoustic testing may be perfornd an~ere in the test process.
The accumulated effects of acoustic stress my affect equipmmt perfommnce under
other envirommntal conditions, such as te~rature, altituie, hunidity, or EMI/EW.
When it is desired to evaluate
(I-2) and other environments, a
environmental conditions, with

d. Test variations.

(1) Test mocedures.
envirountal vmrthinese test,
and the cavity resonance test.

(2) Test conditions.
following variables:

the cuwmlative enviromntil effects of acoustic noise
single test item should be exposed to all
acoustic noise testing perforti first.

This nmthod is couq.msed of four procedures: the
the qualification test, the mission profile test,

Within each procedure, values xmst be assigned to the

luR?IWOD515.4
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(a)

(b)

(c)

(d)

(e)
jet engine.
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Sound spectrum.

Dynamic pressure level.

Duration.

Tolerances.

Acoustic excitation field: reverberant, progressive wave, or

1-3.1 Choice of test Procedures. The choice of test procedure(s) depends on:

a. The stage of the item in the design process.

b. Whether or not accelerated testing is desired.

c. Whether an open cavity on an aircraft or aircraft store is involved.

d. Test item configuration: external ly-carried aircraft stores may have to be
tested in both the assefiled and free-flight configurations.

e. Whether one test obviates another: if one test is nnre stressful in all
variables than another, the easier test need not be perforxmd (e.g., fmctional test
vs endurance test, captive flight VS, free flight).

1-3.1.1 ~OCOdUM I - Environnmital nrthiness test. The enviro~ntal wrthiness
test is a relatively short test used during engineering developnnmt to identify
defects in a prototype or flight test item before attempting service or flight testing
with the sam unit. It helps to eliminate sinple, rapidly occurring problem
that can delay or prevent service or flight testing. The test sinmlates the
umst severe envirormmmtal conditions expected during service for flight
testing.

1-3.1.2 Procedure II - Qua lification test. The qualification test is used to
denmnstrate the test item’s compliance with contract requirenxmts. Only the
nnst severe anticipated service environmmts are used as the basis for testing.

It is divided into functional and endurance tests. The functional test rmst be
tailored to show vhether the item can perform to specification in the mmt severe
environrumt of its 8ervice life. The endurance test is an accelerated test and mxt
be tailored to sindate the item’s lifetim damage accwmlation. Test sequence is
one-half hour functional test, endurance test, and another one-half hour functional
test.

lWI’HOD 515.4
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1-3.1.3 Procedure III - Mission profile. A mission profile test can & used men a
close correlation is desired betwen test tim and acoustic stress exposure tim
in service. This is not an accelerated test since testing is performd at
realistic stress levels.

1-3.1.4 Procedure IV - Cavity ~esonance test. Aircraft coxnpartmnts or stores that
open during flight can expose cavities to the airstream Standing wave8
often becom established in such cavities at the resonant frequencies of the
cavity. The resulting acoustic noise is very intense.

I-3.2 Choice of test conditions. The choice of test conditions depends on

a. The procedure chosen.

b. The availability of =asured data on the test item’s operational acoustic
envircnummt.

c. The location of the test item with respect to the noise source.

d. Wether the noise source in the operational environment is localized or
distributed.

e. The mission profile(s).

f. The predicted life-cycle history of the item.

1-3.2.1 Spectrun shzux. The spectrun shape shall be determined from =asured data,
if available (see 1-4.1). If data are not available, use the spectrun given in
figure 515.4-1, with tum exceptions: For assenbled, externally carried aircraft
stores, use the Spectrw given in figure 515.4-2. For cavity resonance testing,
use the spectrun given in figure 515.4-4.

I-3.2.2 Acoustic test level. The acoustic test level should be determined from
nasured data, if available (see 1-4.1). Otherwise, use the values suggested by
table 515-4.1

a. Procedures 1, II, and IV - The nmst severe acoustic stress conditions shall
be used as test conditions.

b. Procedure III The ~asurenents shall be taken for the entire mission,
including periods of low stress. For this procedure, the test level is varied
over time, but the test does not exactly duplicate a mission in this respect.
Test levels should be determin~ using three techniques described in 1-3.2.3.1.

IWI’IK)D515.4
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f~ = 600 log (X/R) + C
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A = 2 dB/octave when f. I 400 Hz
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I-3.2.3 Test duration. For procedure III, test duration should be determined as
described in 1-3.2.3.1. For all other procedures, determine the test duration by
referring to table 515.4.I.

1-3.2.3.1. Dynanu c messure hlsto~rarn For airborne equipmnt, the test
mission profile should be based on the dynamic pressure histogram Test cycle
duration should equal the average duration of the missions used to develop the
histogram. The percentage of tim spent at each dynamic pressure band level in
the test cycle should be in proportion to the relatlve contribution 01 the sam
level to the histogram The test cycle, therefore, resembles a service mission
with varying test levels as a function of tin. The test cycle is then
repeated until the desired nunber of ‘missions- has been accumulated.

Each mission profile should be expressed in a dynamic pressure versus tixm profile
rather than Mach number and altitude profiles. The dynamic pressure profile for each
mission is analyzed to develop a histogram of mission tim spent at various ranges of
dynamic pressure. This is accomplished as follow:

Using the highest measured value of dynamic pressure (regamlless of mission) as g_.
sum all of the mission tim for which dynamic pressures wre within five percent of
~. Then, small of the mission tim for which dynamic pressures ~re betmen
0.95 g- and 0.90 g=. Continue this process of smming mission tinm for five
percent Increments of dynamic pressure until all valws of masured dynamic pressure
are inclukd.

For test purpses, the pressure levels can be determined using the midpoint
dynamic pressure value of the appropriate five percent dynamic pressure band.
This value will be assured to be constant for the anmunt of flight tirm within
this band.

1-3.2.4 Test tolerances. The tolerance can be adjusted to reflect the purpose of
the test and the available acowtic noise source. For environmmtal worthiness
tests the upper limit on figure 515.4-1 can be ignored ami the tolerances on
figure 515.4-2 can be -3 @ to plus infinity. For qualification testing the
tolerances should be as shorn on figure 515.4-1 and for figme 515.4-2 they can
be -3 dB for each one-third octave band.

I-3.2.5 Acoustic source. The fluctuating pressure enviromnt experienced
in service is a conplex co~ination of progressive wave and reverberant
acoustic fields. Because of practical limitations, equipmmt testing is
general lyacconplished inreverbemnt laboratory facilities. If an
appropriate laboratory facility is not available, a jet engine my be able to
provide the required acoustic field.

1-3.2.5.1 Reverberant testinfi. This technique is used when the pressure
fluctuation source is distributed. Such a source is turbulent boundary layer flow
along a vehicle’s skin. Reverberant testing is also used for equipmnt located in
closed spaces inside a vehicle exposed to strong localized acoustic sources.

hEI’HOD 515.4
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I-3.2.5.2 Pro~ressive wave testinfi. This technl~ is used to shulati a strong
local ized acoustic source. The ae0w3tic energy ~ps over the test item like
r ipp 1es spreading on -ter. This test environrmmt is appropriate for externally-
carried conpnents on al 1 types of vehicles ~ich are directly exposed to localized
acoustic sources ~ as rocket or jet engines. A reverberant test
env ironnmnt can be used to approxi=te a progressive rnve envimnnmt but the
level should be adj-ted to account for the difference in vibration efficiency
of the two types of fields.

I-3.2.5.3 Cavitv reso~ tetiim. It is reconm?nded that sinusoidal
acoustic energy be used In the cavity re80nance test.

I-4 SPECIAL COIEI~IONS

1-4.1 Acceptable masured data. Measured operational or flight tart da- can be In
either of tum form: (1) acoustic pzwkssure levels, or (2) vibration ~nse of the
test item in the field environment. For either form of the data, the data shal 1 be
anal yzed using a constant percentage bandwidth no greater than one-third octave with a
mininum of 50 statistical degrees of freedon The data till be over a freqwncy
range of at least 20 to 2,000 -- and preferably to 10,000 -- =z.

1-4.1.1 Acoustic Ow rat ional f 1 iAht tist data The levels and qmctra
nmmsumd in flight cannot be wed directly u the test conditions for the flight
conditions under tikh they ~ ~ured. They Klllstbe ad~ustd (recognizing
t~t -~ c noise is less efficient than reverberant acoustic noti at
frequencies before the first r3t&ural resonance and nmre efficient above that
frequency) to conqxmsate far the differences bet=n f1ight turbulent bmmdary
layer pressure f1uctuat ions and a reverberant acoustic test envlronmnt. The
paramtric relationships specified in -bles 515.4-11 and 51!3.4-111cnn be used
to extrapolate to other o~rational or f 1ight conditiom.

I-4.1.2 Vibration operational or f1Lfit test data. Vib~ation can be used
indirect 1y b establish acoustic test levels. The test item is inst rumntated With
acceleronmters nmmtad identical ly a8 those used in operational or f1ight te8ting.
The acoustic test levels and spectra are varied tmti 1 the reproduced vibration
rmtches the previously umasured operational or f light teat data within Method 514.4
to 1 erances for raMom v ibrat ion. This acoustic test env i rommnt can be considered
as the ope~at ional or f 1ight environmmt. The ~wtric relationship 8pecified
in tables 515.4-II and 515.4-III m be wed to extrapolate to other conditions.

I-4.2 Test Interrwtion. In the l vent of an unprogr~ test interruption, the
cause of the interruption should be analyzed to determine the 1ikel ihood that
env ironmntal stress condi t ions present at the interruption COU1 d occtr in
8ervice. The test Bhould be resmwxi at the point of interruption using the
Sam specific test item If the teat item has been damaged, it may be
necessary to start the test over using a new test iten

lWI’IiOD515.4
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TABLE 515.4-11 SujWested acoustic test levels for

Functional test
assembled externally -carried aircraft-stores.

(ql) + 11 Log (X) + 7 Log (l-COS ) + G+HdB

+ c

Endurance test

Lol_/, ~/, ~/, ~/, = 20 Log (q2/ql) + 2.5 Log (N/3T) + functional level dB

fo~l, ~/ = 600 Log (X/R) + C

Definitions

captive flight dynamic pressure (lbs/ftz)~ 1800
1200 psf or maxim captive flight dynamic pressure (whichever is
lo~r) (lbs/ft2)
maxinum number of anticipated service missions (mininxm N = 3)
local radius of store in inches
distance from nose of store along axis of store in inches
test tim in hours (minimm T = 1 hour unless otherwse specif~ed)
-200 locations within one D of either aft end of store or aftward of
re-entrant angle; 400 all other locations

D$ . maxinmxn store dianeter in inches
= local nose cone angle at X equals 1 / Tan = (R/X) (Figure 515.4-3)

G = 72 unless masured data shows otherwise
E = 96 unless measured data shows otherwise
F = 84 mless masured data shows otherwise
H = O for 0.85 < M > 0.95; -3 dB for all other values of M
M = Mach nmber

Representative paramtric values to be used for captive flight w hen specific
paraxmters are not available:

I
B

1
\ : Local Nose ; I 9$ I :

i f. Nose ; f.! t N Endur! Cone Angle t q Middle ~ f. AFT :
! Store Type *@ ante ; Degrees ; max ! Section ~ Section [ Section ;

t Air-to-Air Missile ; 100 : 69 : 1600 ! 500 : 1000 : 500 :
; Air-to-@round Missile: 3 ; 12 : 1600 : 800 ! 630 I

I 630 ;
i Instrmxmt Pod : 500 : 69 : 1800 : 500 : 1000 : 500 :
: Reusable Dispenser ! 50: 11 : 1200 : 630 I# 1000 : 400 :
i Denmlition Bo~ , 3 ;I 24 : 1200 : 500 t * 1000 ,I 630 :
: Flat Nose Store *o 3 ! 90 : 1200 : 400 : 630 : 315 :

METHOD515.4
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1. Raise conqmted Lo level by 3 dB’for a gtore carpied in aTER cluster rack; by 6
dB for a IkERclu8ter rack:

2. If calculated f. 18 above 2,000 Hz use upper freqwmcy limlt of 2,000 Hz. If
calculated f. is below200 Hz u8e 200 Hz.

3. Round off f. ~ to a one-third octave band center f~ncy.

4. For stores tiich do not have circular cross-sectlona the radius used in the
fornulas shall be the radius of the ci~cle -ich c ircumscribes the cross-section of
the store.

5. For locations on flat nose stores (80° ~~~90°) ~ere X < 100:

Fmctional tast

Lo = 20 Log (q~) -6Log(X)+E+H

Enduranoe hat

Lo = 20 Log Q@ - 6 Log (X) + E + 2.5 Log (N/3T) + H

6. For long cylindrical section, > 2D, use for locatiom wre than one D aftward
into the cylindrical section:

Fmctional teat

Lo =20Log(ql)+F+H

Enduranm test

IA. = 20 Log (q2) + F + 2.5 hg (N/3T) +

?. For changing radi~ saction either aft of
100 on a flat nose store. tiefine X so that

Factional tast

Lo - 20~(q1)+llLog (X) +F+H

lhldur~ test

Lfi = 20 Log (qO) + 11 L@ (X) + F + 2.5

H

a long cylindrical section or *en
x= 1 at beginning of this section:

Log (N/3T) + H

x>

WTHOD 515.4
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)
TABLE 515.4-111 WE eeted cavity reOonance aco~tic test.

Parmtric Equations for figure 515.4-4 :

; %ctional Test Level :
II 9@
@b B. = 20 Log (q) + 110 dB” (Ref 20PPa (0.0002 mlcrobar)) !
9t ?b
: Endurance T@@t hvel *9
I9 :
@
b B. = 20 log(q) + 2.5 Log (H/T) + 110 dB :(Ref 20PPa (o.oO02 xnlcmbar))—88
I
@ fN = 6.13(N-0.25)(2.4-h?/2)1’2 Hz
89 0.57(L)(C) + (2.4-d%)l’2

Definitions

I fN = resonance frequency for the Nwde (where N = 1,2,3,4, etc.)

tie nunber

z!peed of 8ound at altittxie

length, radius, of opening

Mach nunber

of flight (M/s) :
:

exposed to airstream (=ters) :

:
: A second set of resonance frequencies s~ll be identified by using the distance ;
9
I

:

paramter, L, as the depth of the cavity. at

q = flight ~C press- &en cavity is open (lM/ft2)

I
,

:
H = ntxx inm of operational hours store is flow with cavity open. If H~l, bI

endurance test is not required. *e
:

T = duration of test in hours (miniuT = 1 hour) :
.

~D 515.4
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I-4.3 Retest r equireumnts. Wen failures occur dwing cpxilification, the fail-e
will be fixed as appropriate. The test will be restarted and run through the
complete qualification cycle to verify the fix. Parts which survive a complex
qualification cycle are considered to have passed and are repaired only if
required to finish the retest.

1-4.4 Overtest. An interruption in the test that results in a nmre extrenm
exposure of the test item than required by the equipmnt specification should be
followed by a ~lete physical inspection of the test itexnand an operational
check prior to continuation of the test. An engineering juig~nt shall be mule
whether to continm testing with the specific item given the overtest to obtain
a new item, or to consider the test conpleted.

1-4.5 Failure analysis. All incidents *ere the test item does not met the equipmmt
operating requirexmmts shall be analyzed to determine the cause and inqxict of such
occurrences. Corrective actions shall be proposed or inplenented as required to -t
equipnmmt perforrmnce require~nta.
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ACOUSTIC NOISE

SECTION II

11-1 APPARATUS. Acoustic noise tests can be perfornd using a reverberant test
chamber of sufficient pmwr and size. A reverberant test chamber should have a
vol~ at least ten ti=s the test item volunE. With the chamber l npty, the
distribution of overall sound pressure levels should be uniform to within -2 and
+4 dB of the desired val-. If no test chamber is available, the noise field
behind a jet engine can be used for acoustic noiee testing, p~ovided desired
miformity of test environment can be achieved. The s~ctrumand overall level
should be masured and the test item placed in a suitable location to achieve
best approxixmtion to desired test conditions. It is diffimlt to achieve =
uniform an acoustic environment as with a reverberant test chamber. This
approach w be suitable primarily for developmmt, test-analyze-fix, and
environmental vmrthiness tests. Ho=ver, because of the difficulty in
controlling test conditions, this approach is not alwys suitable for
qualification testing.

11-1.1 Controls. The acoustic test facility shall be able to produce acou$tic noise
at the desired levels and frequency range. Frequencies outside the desired frequency
range !my be inadvertently produced by the acoustic test facility but do not need to
be controlled. The acoutic enviro~nt shall be within the tolerances for the

) particular test procedure.

~ II-2 PREPARATION FORIZS~

Step 1. Choose &ich test procedure shall be conducted (1-4.1).

Step 2. beterrnine overall acoustic test levels, durations, and spectra shapes
to k produced d-ing testing.

Step 3. Prepare test item in accordance with General Requiremmts, 5.2.2. The
item shall be in the operational cwnflguration.

Step 4. Momt tent item For Procedure IV, to to step 7. Suspend the test item
by nmana of 8prings or cords. If a mmmting structure is required bet-n the soft
#mPension amd the test item or to hold the soft suspension. care mmt be exercised to
assure that no 8purious acoustic or vibratory inputs are introduced. The natural
frequency of suspension shall be less than 25 Hz. The test item shall be exposed on
l very surface to the sound field by centrally locating it in the test ch-r. The
test volwm shall tm no umre than 10 percent of the test chamber volum. When the
tegt chamber is rectangular, no -Jor surface of the test item shall be installed
parallel to the ch-r wall.

WI’HOD 515.4
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step 5. For testing of assembled externally-carried stores. go to step 6.
Position at least three microphones to =asure the sound pressure field. These
microphones shall be located in proximity to each mjor dissimilar test item surface,
at least 45 cm (18 inches) from the test item surface or one-half the distance to the
nearest chanber wall, whichever IS less with the chanber enpty. The average overall
sound pressure distribution around the test itim shall be nE~ d and be uniform
within -2 and +4 dB of the desired val-.

Step 6 Microphone place-nt. ~ta.blis$h three referen- planez? perpendicular
to the longitudinal axie @f the store at po81tiomS One-S itih. enehalf, d
five-sixths of the length of the store. In each of ~ mf~ce planes,
position three microphones around the store, 120° apart. Each microphone shall
be within 45 cm (18 inches) of the store smfa.ee, but no further from the 8t-
than one-half the dis~ be~ the ~ and the neamest baffle.

Spectrun control. The response of the faicr+xmes in each reference plane shall be
averaged to give an average noise spectrun for each r4sf49zw m2 piane. The average
noise Spectrun for ea~ reference plane shall be shaped to be within - 3 dB and
+6 dB unless otherwise stated.

step 7. Go to the appropriate test p~-ure.

11-3.1 Procedure I-- Envirunmsntal -thinesa-~

step 1. Nbunt the test Item In the test chamber and position the inst~ntation as
given in 11-2.

step 2. Expose the test item to the required acoustic levels and spectra for the
speeif~ed anmunt of tiuw as in ?-3.2.3. The test *tam shall not be energized during
step 2.

Step 3. Check the test i tern for 1oose ~ts, chafed wires, and any other obvious
dimter. Correct or repir bef o= proceeding to Step 4.

step 4. Energize the test 1tam check tale test i- fwlctions for proper
operat ion. Correct or repair any damqge.

Step 5. Expose the test item to the required acoustic noise for the specified
anmunt of tiw with the test i- f~ctioning as if it ~ in actual o~ation
or f light.

step a. Check the test item fm loose parts, chafed wires. and any other obviow
damage.

Step 7. Repair or correct as necessary before f1ight testing.

hEI’HOD 515.4
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Step 8. Dxumnt the test as in II-4.

II-3.2 Procedure II - Wlification Test

Step 1. Iubunt test itemas given in II-2.

Step 2. Position instr-ntation as specified in II-2.

Step 3. Operate the test itemas if it =re in operational or flight usage
tiile being exposed to acoustic levels in Step 4.

Step 4. Expose test itemto functional test levels as in I-3.2.

Step 5. Expose test itemto endurance levels as in I-3.2a.

Step 6. Check test item for function in accordance with (Ameral
Requirements, 4.0.

Step 7. If test item is not a store, go to Step 10.

Step 0. If a free flight test is required, expose test item to acoustic levels as
specified in I-3.2.2.a and check in Step 9.

Step 9. Operate store through free flight performance requirenmmts.

step 10. Docummt the test as in 11-4.

II-3.3 Procedure III - Mission Dmfile tests

Step 1. Using the guidance of II-2, nmunt the test item in the test chamber.

Step 2. Position instrumentation as given in II-2.

Step 3. Expose the test itemto the mission profile developed in 1-3.2.3.1.

Step 4. During the mission profile test, perform fmctional checks on the test
item as required by General Requirenmts, 4.0.

Step 5. Conduct the mission profile for desired number of missions.

Step 6. During Step 5 testing, operate the test item as given in General
Requiremmts.

Step 7. Do~nt the test as in 11-4.

hEiTHOD 515.4
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11-3.4 Procedure IV - Cavity resonance test

Step 1. Conduct the pretest i~ction (reference II-2).

Step 2. Suspend the test item in the chamber so that anly the -vities to be
tested are subjected to direct inpingemnt of acoustic energy. Protect other
surfaces of the item w that sound pressure levels am at least 20 dB lowmr.
Protection devices shall not danp test item vibrations.

Step 3. Position a microphone in the cavity to be tested. The snicrqhone
shall face outward so that its face can be seen when looking dovm into the cavity.

Step 4. Perform resonance dwmlls at significant cavity resonances. The
response of the mi~ nmm%ed in Step 3 shall be &3dB of the levels required by
I-3.2.2a. Resonance dumlls can be done individ-lly or simultaneously. Verify
functioning of test item during acoustic exposure.

step 5. Conchxt the post-test inspection.

Step 6. Do~nt as given in II-4.

a. Test item identification (manufacturer, serial n-r. etc.).

b. Prior history of the test itexn.

c. Inspection and test procedures incluling inspection requirements, teat
criteria, instmxmmtation, data requiremmts, and failure -iteria=

d. List of test equipmnt including noise generators. mxmmwsmmt and data
analysis equipmnt, wmts, and fixtures.

e. Descriptions of the test setup and instr~ntation locations
incltiing drawings and photographs as appropriate.

f. Log of all actions from pretest through post-test inspection.

g- Recortied Cllak.

h. Analyses of all failures, malfunctions, and test imidents.

-D 515.4
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IW1’HOD 516.4

SHOCK

SECI’ION I
I-1 PURPOSE . . . . . . . . . . . . . . . . . . . . . . .
I-2 ENVIIUXWZNTAL ~. . . . . . . . . . . . . . . .
I-3 GUIDELINES FOR DETERMI NING TEST PROCEDURES

AND TEST CONDITIONS. . . . . . . . . . . . . . . .
I-4 SPECIAL CONSIDERATIONS . . . . . . . . . . . . . . .
I-5 REFEREWES , . . . . l . . . . . .* . . . . . . . .

SWTION II
II-1 APPARATUS”. . . . . . l l . . . . . . . . . , , . . .
II-2 PREPAIUITIONFORTEST. . . . . . . . . . . . . . . . .
II-3 PROCEDURES
II-4 INFORMATION TO” Bi -&CO&ED.; : .. .. ... .. .. .. : : : :

SECTION I

I-1 PURPOSE. Shock tests are performd to assure that mteriel

Page

516.4-1
516.4-1
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516.4-19
518.4-21
516.4-21
516.4-28

can withstand the
relatively infrequent, nonrepetitive shocks or transient vibrations encountered in
handling, transportation, and service environments. Shock tests are also used to
nmasure an item’s fragility, so that packaging rray be designed to protect it, if
necessary, and to test the strength of devices that attach equip~nt to platform
that C= crash.

I-2 ENVIIUMMENTAL EFFECTS. Mechanical shocks will excite an equipmnt item to
respond at both forced and natural frequencies. This response, anmng other things,
can cause:

a. Failures due to increased or decreased friction, or interference between
parts .

b. Changes in dielectric strength, loss of insulation resistance, variations in
magnetic and electrostatic field strength.

c. Pernanent deforxmtion due to overstress.

d. Nkme rapid fatiguing of materials (low cycle fatigue).

I-3 (GUIDELINES FOR DEEIUWINING.TEST PROCEDURES AND TEST CONDITIONS

NOTE: The tailoring process as described in section 4 of this do~nt should be wed
to determine the appropriate tests and test variables.

a. This ~thod is applicable to all materiel
subjected to mchanical shock during its life cycle.

which my be

METHOD 516.4
516.4-1
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b. Restrictions. None.

c. Seaw nce. There are often advantages to applying shock and vibration tests
before climatic tests, prov”ided that this s~nce represents realistic service
conditions. Ho=ver, test experience has shorn that climate-sensitive defects often
show up mre clearly after the application of shock end vibration forces.

d. Test variations. The tests vary in apparatm, axes of test, and stress
applied.

1-3.1 Choice of test-procedures. Method 516.4 is divided into nine procedures:

levels

a.

b.

c.

d.

e.

f*

g.

h.

i.

To find

Functional shock (Procedure 1)

Wpnt to be packaged ( Procedure II)

Fragility (Wocedure III)

Transit drop (Procedure IV)

Crash hazard (Procedure V)

Bench handling (Procedure VI)

Pyrotechnic shock (Procedure VII)

Rail iupact (Procedure VIII)

Catapult launch/arrested landing (Procedure IX)

out whether a procedure is applicable, gee subparagrapha a and b of the
discussion of each procedure in this section. All shock environments anticipated for
the test itexnduring its life cycle, both in iti logistic and operational Mea,
should be considered. The severity of one type of shock w obviate the need to
perform another type of shock test, but the configwation of the test Item during
these tests mst be considered thoroughly before nnking

1-3.2 Choice of related test conditions Ouldance for
conditions is found in this section in subparagraphs b,
discussion of each procedure.

1-3.3 Procedure I - Functional shti

a. Applications. Procedure I is intended to test

this decision.

8etting value8 for test
c, and d, of the

~P=nt assemblies
[including xmchanical, electrical, hydraulic, and electronic) in their functional
nwde.

... :

NEHK)D 516.4
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b. pstriction. This test procedure wi 11 not be required along any axis for
With a sufficiently severe random vibration test procedure is required, provided that
~~nt owratiowl requireumts are comparable. Random test severity is sufficient
if its shock response spectrun, based upon a three-sigm Gaussian acceleration
response of single degree of freedom (sdof) system, exceeds the shock test response
spectrun evorywimw in the specified range of natural frequencies. The quality
factor, Q, (damping emgnification factor or trananu ‘ssibility at resonance) to be
employed 1s ten, *i& is equivalent to five pement of critical viscous danping. The
three-signm shock response spectrun for the random test is given, as a fmction of
natural frequency of the sdof system, by

3[(7r /2)0( f)fQ11’2

in units of acceleration, -era (3(f)is acceleration spectral density (ASD) at
freq.anuy f (re ference a). A co~ison of the shock response levels found in figure
516.4-1 with ASD Iovels is found in figure 516.4-2.

c. ‘J!eat Conditions

(1) Shock s~trun and transient duration. The shock response spectrun and
the effective transient duration shall be derived from maaurenxmts of the test item’s
functional environnmnt, or from dynamically scaled masurermnts of a similar
environnmmt, if available.

(a) Measured & ta available. The shock pesponse spectrun required for
the test will be determined frosnreduction of the environnxmtal static acceleration
spectra. The spectra will be a conposite of spectra for positive and negative
directions, so-ti-s called =imx spectra. ‘l% analyses will be per formal for Q =
10 at a seqwnce of natural f~ncies at intervals of 1/6 octave or smaller to span
at least 5 to 20,000 Hz. When a sufficient nmber of representative shoak spectra are
available, an appropriate statistical basis should be enployed to determine the
requi~ test spectrum Nonpar~tric statistical technique are covered in reference
e. Par-tric statistics can be erployed if the data can be shoum to satisfacto~ily
fit an asm.mnxl underlying probability distribution. (For ex~le, in MIL-S’I!D-1540the
test levels are based upon a xmximxnprwiicted environment defined to be equal to or
greater than the 95th percentile value at least 50 percent of the ti~. Men a norxml
or lognormal distribution can be justified, appendix 516.4A provides a mthod for
estimating such a test level.)

When insufficient data are available for statistical analysi#, an increase over the
nmxinzsnof the available spectral data should be used to establish the required test
s~ctrun to account for variability of the environment and uncertainty in any
predictive =thoda l ~loyed. The degree of increase is based upon engineering
jtig~nt ~d should be supported by a ~ationale for that judgnnt.

hETHOD 516.4
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Effective transient durations. TE, . will also be deternuned from the tine histories of
the envlronmntal data analyzed. The effective duration is defined to be the minimm
length of time which contains all data magnitudes exceeding 1/3 of the peak magnitude
associated with the shock event. Figure 516.4.3 illustrates this process. The shock
Input tim history used for the response spectr~ malYsis will ~ ‘E in dwation
starting at a tim to include the nrxst significant data prior to and following the
effective duration included in the specification of the required test shock. In
general, each individual axis of three orthogonal axes can have a different shock
test spectrum and average effective duration.

(b) Measured data not available. If a data base is not available,
the applicable spectrum from figure 516.4-1 can be e~loyed as the test spectrun for
each axis, provided that the effective (above 1/3 of its ~ak value) duration of the
test shock tim history falls betwen six and nine milliseconds. (This spectrum
approximates that of the perfect terminal sawtooth pulse showm in figure 516.4-4.)
Any test transient is suitable if it equals or exc-eeds this spectrum requirement over
the frequency range of 5 to 2000 Hz (for ex~le, a half-sine pulse applied in both
directions of each axis). As stated in I-3.3b, this shock testing may be omitted if
random vibration testing is required with input acceleration spectral density in
excess of the applicable spectrum In figure 516.4-2. A less desirable alternative,
only permissible if the tester has no shock response spectrun analysis ca~bility, is
to e~loy a terminal peak sawtooth pulse that nmets the tolerances given in figure
516.4-4 with application in both directions along each axis. The presence of
superinqxxed ripple falling unthln the ~veform tolerance band should be minimized
to avoid significant overtesting at the frequency of such ripple.

(2) Test axes and number of shocks. The test item undergoing test shall
be subjected to a sufficient nurber of suitable shocks to met the specified test
conditions at least three tires in both directions along each of three orthogonal
axes. A suitable test shock for each direction of each axis is one that yields a
response spectrum that equals or exceds the required test spectrum over the
specified frequency range when using a duration of twice the specified T value for

fthe test shock tixm h~story, and when the effective duration of the shoe is within
tvanty percent of the specified TE value. The spectra are to be determined for
positive and negative maxinum accelerations (either nsaxirmmabsolute or equivalent
static), Q = 10, and at least l/6-octave frequency intervals. If the required test
spectrum can be satisfied simultaneously in both directions along an axis, three
shock repetitions wnll satisfy the requirement for that axis. If the requirement
can only be satisfied in one direction, it is permissible to change the test setup
and inpose three additional shocks to satisfy the spectrun requirement in the other
direction: setup change possibilities are to reverse the polarity of the test shock
tire history or to reverse the test item orientation.

NIH’HOD 516.4
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o
@ : Flight Vehicle: Oromd : Flight Vehicle : QrOmd :
tI : ~ipnrmt ~1 : Equipn=nt : Equipment ~/ I Equipnrnt o*
: : l : b: c: d:

: Operation Test g 20 : 40 ~/ : 11 , I 11 **
: Crash Safety # 40 : 75 @9 I 11 c8 6 :

~i Shock parameters a and c: re~nded for equ~nt not shock-nmunted and
weighing less than 300 pomds.

~t Equipmnt nxmnted only in trucks and semitrailers =y use a 20g pak value.

WrE: The oscillogrm shall include a time about 3D long tith a pulse located
a.pprox~mtel y In the center. The peak acceleration ~@Aitde of the sawtooth pulse
is P and its duration is D. The um~ acceleration pulse shall be contained
bet=en the broken line bomdaries and the masured velocity change (*ich may be
obtained by integration of the acceleration pulse) shall be within the limits of Vi
:O.]vi, Acre V. is the velocity change ~sociated with th~ ideal pulse *ich
equals 0.5 DP. he integration to determine velocity change shall extend from O.4D
kfore the pulse to O.lD after the pulse.

FIGURE 516.4-4. Ternunal- peak sawtooth shock wise configuration and its
tolerance llnuts (for use when shock response sDe Ctrun

analysis cambility is not available).

516.4-6
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It is permissible to siwltaneously met the test requirements along nmre than one
-is with a single test shock. Consequent 1y, it is conceivable that a m.tnimmof
three test shock repetitions will satisfy the requirements for both directions of all
three orthogonal axes. At the other extrem, a total of eighteen shocks will be
required if each shock only satisfies the test requirements in one direction of
one axis.

(3) Operation of test itexn The test item shall be operational before,
during, and after test as is appropriate to its functional use.

d. Rationale. The intent of this test is to disclose failures which -y result
from, or adjustments necessitated by, shocks experienced by an item during we in the
field. Even though an item has successfully withstood even nxne severe shocks during
shipping or transit shock tests, there are differences in support and attachment
athods and In functional checking requirenmmts that tie this additional test
necessary. Tailoring of the test is required when data are on hand, can be masured,
or can be estimted from related data using accepted scaling techniques. When such
data cannot be required, pulse waveform control, as defined in figure 516.4-4, may be
used, although teeting in both directions is required to assure meting the spectrum
requirexmmts of figure 516.4-1 in the negative direction.

1-3.4 Jhwcedure II - Eauimm2nt to be wckafied

a. Procedure II is to be used &en equipmnt will require a
shipping container. It establishes a mininxnn critical acceleration level for a

) handling drop height. This acceleration level w later be furnished to a
,/ ~ package designer as an acceptable critical acceleration.

b. Restrictions. Procedure II is not intended for testing extre-ly fragile
equipm?nt sw~ as missile guidance system, precision-aligned test equipmmt,
gyros, inertial guidance platfor=, etc. men the critical acceleration is
required, prooedure III (l-3.5) will be used.

c. ‘Ye8t conditions. The unpackaged test item in a nonoperational nmde shall be
subjected to a series of trapezoidal 30-g shock pulses having a tixm duration to be
determined from table 516.4-1 and the equation

TD=~

Am

The pulse will be in accordance with figure 516.4-5. A progrenxmble shock machine
will mm than likely be ~imd to produce these test conditions because of the
displacenmnt limitations of shakers.

d. Rationale. The trapezoidal uwaveshape - chosen bcause the computation of
velocity change it produces (for comparison with design drop height) is nuch easier
to tie and rim-e reproducible than mst shock spectrum synthesis routines. Also it
provides an upper bound on primry and maximax shock response spectra for given peak
acceleration input levels.

NEXHOD 516.4
516.4-9
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TARXJZ 516.4-1. Sw ested drop height for Procedue III.

t
I

4
1 I Design Drop : Maxinun Test Item :

tI Package Qross Wight, : *8 Height ; Velocity Change, * :
II kg, (lb) oI of Handlinx : cm (in) ! cmls (in/s)
: oto9.1 (oto20) tI
: 9.2 to 18.2 (21 to 40) 1

I 18.3 to 27.2 (41 to 60) ;
: 27.4 to 36.3 (61 to 80) :
: 36.4 to 45.4 (81 to 100) II
: 45.5 to 68.1 (101 to 150) :
: 68.2 to 113.5 (151 to 250) :
: 113.6 - (251 - ) :
8I

manual handling It
manual handling :
mnual handling !
manual Mling tt
mnual handling II
mchanical handlingl
=chanical handling:
=chanical handling:

76 (30) : 722 (304)
66 (26) : 719 (283)
61 (24) : 691 (272)
46 (18) ! 600 (23!5)
38 (15) : 546 (215)
31 (12) : 488 (192)
26 (10) : 44’7 (176)
20 (8) : 399 (157) I

I

*for 100 percent rebound

I-3.5 Procedures 111 - Critical acceleration fraAilitY

a. A~plication. Procedure III is used to determine an
so that packaging can be designed for it, or so the item can

packaging requiremmts.

b. Restrictions. Procedure 111 is to be used vhen the
for an item xwst be determined.

item’s fragility level
be redesigned to suit

critical acceleration

c. Test conditions. A design drop height will be selected based on nxm.surewnt
of the test item’s shipping environment, or from table 516.4-1 when xmasured date are
unavailable. (A design drop height is the height from which the test Item might be
dropped in ita shipping configuration and be expected to survive.) A maxim test
item velocity change rmy be taken from table 516.4-1 or determined by using the
following relationship:

maxim product velocity change cm/s (in/s)
(sumnation of inpact velocity and rebound velocity)
design dro

5
height cm (in)

980.6 C!dS {386 in/s2)

WX’HOD 516.4
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Ideal Trapezoidal l%lse

Tolerance Limits

i

b
.2&

t
---

- -FI “%
1

--

I

L

b
9 : PEAK VALUE (~) g’s : l NOKINAL DURATION (TD) nu :

: Fragility
?9

*# 10 to 50
:

:

BK7rE: The tism history display shal 1 includo l tiun l bout 3TD long with l pulso located
l pproximate 1y in tho center. The peak acce 1eration umgni tda of the trapezoidal
pulso ia ~ d ita duration if TD. The masured acceleration PUIS* shall be
contained bet-en the brokon 1 in. boundaries and tho measurti V* 1 oci ty clw@
(which umy be obtiind by integration of the acceleration pulse) shall be within
t~n percent of th~ ideal pulse which approximately equals 0.5 ~ g (nD-TR-TFl.
The integration to determine veloclty change shall extend from O.4T before the
pulsm to O.lTD after the Pulse. Rige (TR)M fall (T$ ti~a ~~1~ L less than

or l qual to O.lTD. 9

FIGURE 516.4-5. Trawzoidal shock Dulse con fifluration and it%
tolemn Ce limits.

-D !516.4
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The shock machine is set to a mxirmm
failure level. The approximate pulse
516.4-5):

v=~g (o.9t~) (TF
v= 0.5 (g) ~ (2TD-TF-TR) (TF

2acceleration level ( below the anticipated
duration is determin as follm (see figure

&TB~suned to be O.lTD)
and TR are knom)

If an initial value for ~does not exist, 15 g’s xmy be used. If no danmge
OC.TS , then ~+.11 be increased in ~~tally *ile the maximum teat ite~
velocity change is held constant until damage to the test item occurs. Thialwill
be established as the test item’s critical acceleration fragility level.

d. Rationale. Test levels ued in this procedure represent the correlation of
the best inforrmtion currently available from research and experience. If mre
applicable test level data beco~ available, they should be used (~ference d).

I-3.6 Procedure IV - Transit dro~

a. Procedure IV is intended for
cotiination case as preparwi for field use (carried
truck, rail, etc.). It is used to determine if the
withstanding the shocks normally induced by loading

~p=nt in its transit or
to a coutat situation by nnn,
teat Item is ~ble of
and ~loading of equipmsnt.

.

b. RestFictions. Procedure IV is not intended for shocks encountered in a
nor-l logistic shipping enviroruwmt as experienced by shipping containers.

c. Test conditions. Test levels for this test are shorn in table 516.4-11. ‘Ibe
test item ahall be tested in the-sam configuration that is used in a conbat
situation. For test i- tier 45 Kg (100 pounds), the 26_drop requi rellmt~be
divided amng up to five copies of the seam test item if desired, in any combination.
Toppling of the itetnfollowing i-t will occw in the field and, therefore, toppling
of the test item following its initial inqact should not be restrained as long as the
test item does not leave the -red drop surface.

d. Rationale. Levels for this test ~re set by considering howa field
=@p=nt item nught cornmnlybe dFopped. (For exanple, a light equipnmt item might
be carried by one man chest high; thus, it could drop 122 CUA) Field data have show
that a typical piece of m-portable equipmnt will be dropped fmmheights up to 122
CM (48 inches) an average of four to nix tim8 dining Its life @y@le. The 26-drop
require-nt exists to i~ that each vulnerable position (faces, edges, and camera)
of a typical test item receives on i-t.

I-3.7 Procedure V - Crash hazard

a. Dlications. Procedure V is for equi~nt, mtmted In an air or
ground vehicle, that could break 1oose from its nmunts and present a hazard to
vehicle occupants. It is intended to verify the structural integrity of
equipnmnt xwunts during si-lated crash conditions.

M?I’HOD 516.4
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TABLE 516.4-11. Transit drop test.

I

8 Weight of Test : Largest : Notes i Height of Drop : Nunber of drops :
1 Item and Case : Dimensions : II I Io 0 +

! Under 45.4 Kg I Uhder 91 cm : A : 122 cm (48 in) : Drop on each face,:
1 (100 lbs) I t 9
I I a 9 : edge and corners :
I
#

1

:Manpacked or !91cm and over! A I 76 cm (30 in) :Total of 26 drop Ql~

-~?W_bl.e
: 45.4 - 90.8 kg ; Under 91 cm : A : 76 cm (30 in) :
: (100-200 lbs) (36 in) I
It inclusive !91cm and over; A ! 61 cm ( 24 in) : Drop on each

corner; total
: 90.8 - 454 kg :Under91cm:A: 61 cm (24 in) : eight drops
: (200-1000 lbs) . (36 in) * 0t I
I inclusive !91to152cm:Bl 91 cm (36 in) !
II (36 - 60 in) :—- —1
0 :Over152cm:B: 61 cm ( 24 in) I

: (60 in) t oI
~ OveF 454 Kg : No limit II c : 46 cm (18 in) :Drop on each bottom;
I 1I @ 1@ # ;edge. Drop on , Iv
II I I It I I !bottom face or :
t II II : I :skids: total of 8t
Q@ @ @: 1 1 :five drops :

A. Drops shall be made from a quick-release hook, or drop tester. The test item
shall be so oriented that upn impact a line from the $truck corner or edge to the
center of gravity of the case and contents is perpendicular to the inpact surface.

B. With the longest diwnsion parallel to the floor, the transit or cotiination
case, with the test item within, shall be supported at the corner of one end by a
block 13 cm (five inches) in height, and at the other corner or edge of the sam end
by a block 30 cm (12 inches) in height. The opposite end of the case then shall be
raised to the specified height at the lo-st unsupported corner and allowd to fall
freely.

c. mile in the normal transit position, the case and contents shall be subjected to
the edgewise drop test as follo= (if the normal transit position is unknown, the
case shall be so oriented that the tw longest dimensions are parallel to the
floor) :

Edgewise drop test: One edge of the base of the case shall be supported on a sill
13-15 cm (five to six 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).

D. The 26 drops my be divided anmng no nmre than five test tins (see I-3.6).

516.4-13 WI’HOD 516.4
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b. Restrictions. Procedure V is not intended for equipmnt transported as
cargo. (For cargo, use nthod 514.4)

c. Test conditions. Use figure 516.4-1 as the test spectrun for the axis of
test, provided that the effective shock duration TE falls betwen 6 and 9 milliseconds
for flight equipmnt and betwen 3.5 and 5.0 milliseconds for ground equiprmnt. If
shock spectrum analysis capabilities are not available, figure 516.4-4 my be used as
an alternative to figure 516.4-1.

d. Rationale. An aircraft crash level of 40 g’s is based on the fact that,
during a survivable crash, localized g levels can approach 40 g’s. Qround
transportation vehicles are designed with a higher safety factor and, therefore, can
sustain a mch higher g level: thus, the higher test level.

I-3.8 Procedure VI - Bench handlin~

a. Applications. Procedure VI should be used for equipnmnt that may experience
bench or bench-type ~intenance. Tt is used to determine the abillty of the test item
to wlt,hstand the usual level of shock encountered during typical bench maintenance or
repair.

b. *striations. Proredure VI should not be used if it can be denmnstrated that
the shocks from the transit drop test are of a higher level. It is considered
appropr~ate for mdium-to-large test Items that have a wirmm di~nsion greater than
approximately 23 cm (nine inches). (Small item will be tested to higher levels
during transit drop.)

c. Test conditions. The test item shall be raised at one edge four inches above
a solid vmoden bench top or until the chassis forms an angle of 45° with the bench top
or until point of balance is reached, whichever is less. (The bench top nust be at
least 4.25 cm [1.675 inches] thick.) A series of drops shall be perfor~d in
accordance with II-3.6.

d. Rationale. The heights used during this test ~re set by examining the
typical drops that are conmmnly made by bench technicians and assembly line
personnel.

I-3.9 Procedure VII - I%rotechnic shock

a. A~~lication. Procedure VII is intended for equipmnt to be subjected to
shock from explosive devices. The shock can be characterized as an oscillatory
transient, with significant frequency content from 100 to 10,000 Hz, which decays to a
few percent of its mxinun acceleration in 5 to 15 milliseconds (reference b). The
shock response spectrum often exceeds several thousand g’s at frequencies above 1,000
Hz (for Q = 10). This procedure also applies to situations uhich may yield shocks of
comparable severity, such as atmospheric re-entry or water entry of missiles and high-
velocity aerodynamic buffeting of high-performance ~apon systems.

M?I’HOD 516.4
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b. Restrictions. This test procedure till not be required along any axis for
*ich both the following are eatisfied: (1) the test spectrum from a random
vibration test (see I-3.3b) or a functional shock test exceed this spectrum
requirement and (2) if the test spectrum require-nt above the frequency range
~ifi~ f~~ we r~omvibration OF f~ctional shock test does not exceed g val~s
Of 0.8 f, &era f is the frequency in Hz. (The 0.8 f acceleration limit corresponds
to approximately 19.7 ctisec spectral velocity. Abaais for use of velocity as a
criterion of *erverity is given in reference c. The value of 19.’7cm/sec is selected
because of limited observations (unpublished) that xnilitary-qality equipmmt does
not tend to exhibit shock failures belowa response spectrun velocity of 100
in./seo.)

co Test conditions. Field mmsured data or data obtained froma similar
environmmt using appropriate dynamic sealing (reference b, vol, VI), till be used to
define the shock test response spectrum requirenxmt along each of three orthogonal
axes. Measured data will be converted into test requirements in accordance with the
guidelines outlined for the functional test conditions, I-3.3, with t= exceptions:

(1) Ibasured or empirically scaled data will always be required to
determine the test response spectrun.

(2) The allo- duration for the test shock tim history wed for response
spectrun analysis can be 20 milliseconds or less, unless a longer duration can be
ju8tified by applicable data.

d. Rationale. This procedure generally confor- to requirenmnts for pyrotechnic
shock testing in MIL-SI’D-1540 for space vehicles. The pyrotechnic type shock test
typically requires that the equipmnt to be tested be subjected to an intenge, high-
fmquency oscillatory disturbance. An atteupt to nmet the test response spectrun
using a single acceleration pulse will usually result in a severe overtest at the
lo-r frequencies in order to met the high-frequency requirexmmts.

1-3.10 Procedure VIII -Rail irmact

a. 8e of test. Procedure VIII is intended to test equipnmnt that will be
transported by rail; to determine the effect of nor~l railroad car inpacts that occur
during rail shipumnt, and to verify the structural integrity of the test item and the
adequacy of the tledowm system and the tiedom procedures. All test item shall be
tested at their nmximxn gross -ight (fully loaded) rating unless otherwise specified
in the transportability requirements for the item.

b. ~atrictions. Procedure VIII is not intended for the separate testing of
snELll, individually packaged pieces of equi~nt that vmuld normally be shipped (and
tested) *en ummted on a pallet.

WI’HOl) 516.4
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c. Test conditions. This test is conducted by nmmting the test item on a rail
car in its rail shipmnt configuration and then performing a series of at least four
impacts. The first three impacts shall beat 8.4, ().7and 13km/h (4, 6and0
nph), respectively, in the B- direction. The fourth Sha~~ be CO13dUC~ l t 13 km/h
in the reverse direction. All four inpacts shall have l tolerance of +0.0, -0.0
Wh. If the test commdity can be shipped in t- orientations (such as lengthwise
and crosswise on the rail car), the four inpacts shall be repeated for each
orientation.

d. Rationale. Data for the rail inpact test were derived from statistical data
on the frequency of i~ts with relationship to speed and frequency of concurrence.
Brakes are set on the buffer car to provide a nmre conservative test.

e. Failure analysis. A test item shall be cl-sified u not having survived the
rail iqact test and wI1l be deed a test failure if any
incltied as an Integral part of the test item breaks f=e,
of pernanent deformation beyond specification tolerances.
this procedure should be capable of rail transport without
tiedowns.

1-3.11 ~ocedure IX -. Catavult launchlarrested landin~.

item that is attached to or
loosens or shorn any sign
A test item that pasaes
damage to the item or

a. ADDlication. This procedure is intended for equipmnt
fixed-wing aircraft that are subjected to catapult launches and

b. Restrictions. None.

nxxlnted in or on
arrested landings.

c* Test conditions. Whenever possible, test conditions shall be derived from
rmasured data on applicable carrying airc~aft (see General Iiequirenmnta, 4.3, Use of
Field/Fleet Data), since shock responses can be affected by local influences such u
wing and fuselage bending ties, pylon interfaces, and structural daxping.

Howe ver, if acceptable field-derived data are not available, the following guidance is
offered in which a sinusoidal burst is used to simlate each catapult or lamch event.

(1)

(2)

(3)

(4)

(5)

(6)

IUETHOD 516.4

Wave shape - - sine wave

Wave frequency - determined by structwal analysis of specific
aircraft and location fw~ntal do

Burst anplitule - sam as above

eve danping (quality factor) - Q = 20

Axis - vertical, longittiinal

-r of bur9ts - determined by the specific application
exanple, 30 bursts, each follow?d by a
rest peri~)

516.4-16

(for
10 second



MIL-STD-81OE
14 JULY 1989

)
d. Rationale. The catapult launchlarrested landing shock environment differs

from other typical shock events in that it is, in reality, a transient periodic
vibration (roughly sinusoidal) at a relatively low frequency determined by aircraft
mss and landing gear’danping characteristics. Typical catapult launch and arrested
landing shock tirm histories are shown in figure 516.4-6.

In general, catapult tinu?histories will show tm transient events corresponding
to initial load application and catapult separation f~omthe aircraft, with both
transient events having a distinct oscillatory nature (reference f). For the purposes
of this procedure, however, this time history has been simplified to a constant-
anplitule sine burst of 2-second duration of approximately similar characteristics.

While the pulse amplitudes associated with this environment are low, the long
periods of application and high frequency of occurrence have the potential to cause
significant daxm.ge in iuqmoperly designed equipnent.

A typical aircraft may fly as many as 200 sorties per year, of which nmre than
t--thirds my involve catapult launches and arrested landings. However,
for laboratory test purposes, 30 simlated catapult/landing events in each
of tum axes (longittiinal and vertical) should provide confidence that
the majority of significant defects will be identified for remdial action.

5

“ o

n
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1-4 SPECIAL CONSID~TIONZ

-1

1-4.1 Test interr~tion. Generally, if interruption occurti during a PU1-, t~t
pulse shall be repeated. Care -t be taken to ensure that stresses
interrupted pulse do not invalidate subsequent test results.

I-4.2 @lated shock tests

I-4.2.l high inmactlshi~board ecruiDXmmt. Shock tests for shipboard
be performd in accordance with MIL-S-W1. Attention is directed to

induced by the

equipnwnt shall
the ability to

tailor MIL-S-901 tests through design of the fixture attaching the test item to the
shock machine. As nn.rhas possible, the fixture should provide compliance similar
to that existing in the field environment of the test item

I-4.2.2 Rou$?hhandling for ~ck~ed items. Tests for shipping and handling my be
performd in accordance with MIL-P-116 or FED-~-101.

I-4.2.3 Fuzes and fuze comonents. Shock tests for safety and operation of fuzes and
fuze components may be perforti in accordance with MIL-STD-331.

I-4.2.4 Combined temperature and shock tests. Tests may be perfornmd at room
ambient conditions unless a high or low temperature shock test is required.
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MH’HOD 516.4

SECTION II

II-1 APPARATUS

11-1.1 J@p=at= I is used for procedmes I, II, 111, V, VII, AND IX.

11-1.1 Test facility. The #hock-producing apparatus shall be capable of producing
the test conditions as determined according to the appropriate parag~aphs of @ection
I of this ~thod. The shock apparatus may be of the free fall, resilient rebound,
nonresilient, hydraulic, compressed gaS$ elect~ “c shaker, or other activating
typ?!$. procedure VII ~ require pyrotechnic deviees to siwlate field conditions.
Procedures 11 and III requi~e teat apparatus capable of producing relatively large
diaplaccmmnt.

11-1.1.2 Calibration. The tihock apparatus will be calibrated for confornmnce with
the specified test require-nt from the selected procedure. Tm consecutive shock
applications to a calibration load shall be produced tiich satisfy the test
conditions outlined in procedure I, II, 111, V, VII or IIL The calibration load
shall then be renmved and the shock test will be perfornmd on the actual test
itern.

11-1.1.3 Controls. The instrumentation used to nmasure shock pulses or shock
acceleration spectra shall have the following characteristics.

a. Accelerometer

(1) Transverse sensitivity of less than or equal to 5%.

(2) An anplitwie linearity within 10% fmm5% to 100% of the peak
acceleration anplittxie required for testing.

(3) For procedures I, II, III, V and IX: A flat frequency response within
~1(1%across the frequency 5 - 2,000 ~.

(4) For procedure VII: A flat frequency reqwwe within ~lOZ acrosa the
frequency 20 Hz to the highest frequency specified in I-3.9.

b. Analysis Svstem

(1) Will not alias nmre than a 5 ~rcent masuremmt error into the
frequency band of interest. (20 Hz to 10 KHz typically.)

(2) If filters are used
linear phase-shift characteristics

to met the previous
shall k used.

requirenmmt, a filter having

IWTHOD 516.4
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(3) With filter (if wed), shall have a pass band within one dB across the
frequency range specified for the acceleronmter (see 11-1. l.3a).

c.

(1) The shock apparatus s!hall be capable of producing a transient that
nmets or exceeds the required spectral or pulse anplittie. For comparability or
repeatability, the shock response spectrun of the transient should not exceed the
test condition by nxre than 3.5 dll for procedures I, V and IX and 6.0 dB for
procedure VII (cW = 20 log A+

11-1.2 AD- a%us 11. The drop tester used to conduct procedure IV (Tranait Drop)
tests shall be capable of producing the required i~ts to the test item(s).

11-1.2.1 Test facility. Drops for equipmnt -5 up to 454 Kg (1000 pounds) and
having its largest dimmsion less than 91 cm (36 inches) shall be nde from a quick-
release hook, or drop tester. The floor or barrier receiving the inpact shall be of
t=-inch plyumod backed by concrete. For equip=nt over 454 Kg, the floor or
barrier shall be concrete.

11-1.2.2 Controls. Controls shall be adequate to asaure that testing is oond-ted
as specified in table 516.4-11.

11-1.3 APW ratus III. The platform used for performing procedure VI tests (bench
handling) shall be a solid mod bench top at least 4.25 cm (1.675 inches) thick.

11-1.4 AR= ratus IV

11-1.4.1 Test facility. me following equi~nt will be necessary to perform the
rail inpact test (procedure VIII).

a. ‘I% ordinary railroad cars, equipped with a draft gear coupling that will
be used during shi~nt.

b. A prim xnwer for rowing the cars.

11-1.4.2 Controls. The following are minim test control require=nts.

a. A calibrated mans to determine that the speed at the tim of inpact is 6.4,
9.7 and 13 Km/hr (4, 6 and 8 mph) within 35%.

b. Accelerometers and associated circuitry to masure the inpact, shock, and
equipmnt response, if these masuremmts are specified.

WI’HOD 516.4
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II-2 PREPARATION FOR TEST

11-2.1 Preliminary stem. Prior to initiating any testing:

a. Choose the appropriate test procedures (I-3).

b. Determine the shock levels for the procedures chosen.

11-2.2 Pretest checkout. All items require a pretest checkout at standati ambient
conditions to provide baseline data. Conduct the checkout as follo=:

Step 1. Conduct a couplete visual examination of the test item with special
attention to stress areas.

Step 2. Do~nt the results.

Step 3. Mere applicable, install the test item in its test fixture.

Step 4. Conduct an operational checkout in accordance with the approved test
plan .

Step 5. Do~nt the results for co~liance with General Requirements.

Step 6. If the test item operates satisfactorily, proceed to the first test
required by 11-2.la. If not, resolve the problem and restart at Step 1.

II-3 PROCWURES

11-3.1 Procedure I - Functional shock

Step 1. ~Following the guidance of I-3.3c, select test conditions and
calibrate the shock apparatus as follow:

a. Select acceleronmters and analysis techniques which met the criteria
outlined 11-1.1.3.

b. Mount the calibration load (the actual test item, a rejected item, or a
rigid dunmv WS) to the test apparatus in a rm.nner similar to that of the actual
test item If the test item is normally nmunted on vibration isolators, the
isolators shall be functional during ‘~hetest.

c. Perform calibration shocks mtil tvm consecutive shock applications to
the calibration load produce -veforms *ich met or exceed test conditions
derived from I-3.3, for at least one direction of one axis.

d. Remve the calibrating load and install the actual test item on the
shock apparatus.

Step 2. Perform a functional check on the test item.
W1’HOD 516.4
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Step 3. Subject the test item (in its operational @e) to the test transient.

Step 4. Record necessary da-to show that the transients mt or exceeded
desired test levels. This inclties test setup photos, test logs, and photos of
actual shock transients. “For shock/vibration isolated assemblies within the
test item, measurements and/or inspections should be made to assure these
assetilies did not inpact with adjacent assemblies.

Step 5. Perform the functional check on the test item. Record perforxmnce data.

Step 6. Repeat steps 3,4, 5, and 6 three tires for each orthogonal axis that is
to be tested in both the positive and negative directions. (If negative and
positive acceleration spectra of one transient met or exceed desired test levels
for an axis, they can be counted as twm transients, one in each direction.)

Step 7. Documant the tests.

II-3.2 Procedure II - Equipmmt to be packafied

Step 1. Following the guidance of I-3.4c, calibrate the shock machine aS
follow:

a. Mount the calibration load (the actual test item, a rejected item, or a
rigid d- rmss) to the test apparatus in a manner similar to that of the actual
test item. Use a fixture similar in shape and configuration to the shock
attenuation system which will support the test item in its shipping container.
(The fixture should be as rigid as possible to prevent distortion of the shock
pulse inparted to the test iteni)

b. Perform calibration shocks until tm consecutive shock applications to
the calibration load produce ~veform which are all within the tolerance envelope of
the specified -veform (figure 516.4-5).

Step 2. Remve the calibrating load and install the actual test itemon he
shock apparatus.

Step 3. Perform a functional test on the test item.

Step 4. Subject the test item to the test pulse.

Step 5. Record necessary test data. This shall include test setup photos, test
logs, and photos of the actual test pulse.

Step 6. Perform a fmctional test on the test item.

Step 7. Repeat steps, 2, 3; 4, and 5 once in each direction for three
orthogonal axes (six shocks) .

RETHOD 516.4
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Step 8. Docuwmt results.

II-3.3 Procedure 111 - Fr afiility

Step 1. Install the test item on the shock apparatus using a fixture similar in
shape and configuration to the shock attenuation system which will support the
teat item in its shipping container. (The fixture should be as rigid as pogsible
to prevent distortion of the shock pulse i-ted to the test item)

step 2. Select the design drop height from I-3.5c.

Step 3. Adjust the shock apparatus to obtain a uaximsn test item velocity
change obtained from measured data or as given in table 516.4-1. If maxinxxn test
item velocity change values are required for design drop heights other than those

. listed, the following relationship =Y be used.

Where V = mximm test item velocity change, cm/s (in/s) (sumation of
i-t velocity and rebound velocity)

h= design dro height, cm (in)

g - 980.6 CIXA!S
E

(386 in/s2)

The drop height of the shock test apparatus will not necessarily be the sam as the

)
design drop height.

Step 4. Set the shock test apparatus to obtain a =im.nn acceleration (&) and
!mintain the required velocity change below the anticipated failure level of the test
itern If no information is available on anticipated failure level, set the shock
test apparatus to obtain a xmxirmm acceleration level of 15 g’s. Pulse durations
can be determined using the following relationship:

Step 5. Perform one shock test using pulse shoum in figure 516.4-5.

Step 6. Examine the recorded shock pulse to be certain the desired m.xinmm
acceleration (4$J and velocity change ~re obtained. Methods for determining naximm
acceleration and velocity change are given in step 3.

Step 7. Examine or factionally test the test item to determine if damage due
to shock has O~&.

Step 8. If no danqje has occurred, set the shock test apparatus for a higher
maxixmsn acceleration (~ level *ile ~intaining drop height (and thus velocity
change) constant.

METHOD 516.4
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Step 9. For all faces, repeat steps 5, 6, 7, and 8 with incre~ntally increasing

rmximm acceleration (~ ~til test item d-e ~s~ The maxirmxn acceleration
prior to which dmges occur is taken to be the shock-fragility level for the test
item in the direction tested.

11-3.4 Procedure IV - *anSit drov

Stql 1. Tnsfall the test item in its transit or combination case as prepared
for field use.

Step 2. From I-3.6, determine the height of the drops to be performed, the
nunber of drops per te9t item, and the drop surface.

Step 3.
should be in
be visually
sinplify any

Step 4.
-e.

Step 5.

Perform the required drops Wing the apparatus of 11-1.2. The drop8
accordance with table 516.4-11. It is suggested that the test item

and~or operationally checked periodically during the drop test to
follouron failure evaluation that may be required.

Docummt the inpact point or surface for each drop and any obvious

Following completion of the required dropa, visually examine the
test item(s).

Step 6. Docmmnt the results for comparison with data obtained in II-2.2, step
2.

Step 7. Conduct an operational checkout in accordawe with the appPoved test
plan.

Step 8. Documnt the results for eooparison with data obtained in II-2.2, step
5.

II-3.5 Procedure V - Crash hazard

NuTE: If calibration of the test appmatus is required, perform steps 1 and 2 of
11-3.1 first.

Step 1. Secure the test iternnmxnt to the shock apparatus by its norrml nmunting
means . The test item shall be arepresentitive equipnmnt itemor a nmchanlcally
equivalent nmckup. If a nmckup is used, it will represent the S- hazard
potential, mass, center of mass, and mss nmnnts about the attachmnt points
as the item sinulated.

Step 2. Perform tm shocks in each direction (as determined in I-3.7c) along
three orthogoml axes of the test item for a maxirmsn total of 12 shocks.

EI’HOD 516.4
.-

516.4-24

,



—

MIL-STD-81OE
14 JULY 1989

Step 3. Perform a physical inspection of the test setup. Operation of the test
item is not required. .

Step 4. Docummt the results of the physical inspection including an assessxrent
of potential hazards created by equipmnt breakage or deformation.

II-3.6 Procedure VI - Be nch hand 1in~

Step 1. Configure the item as it muld be for servicing - for exqle, with the
chassis and front panel assetily renmved from its enclosure. Position the itemas it
wuld be for servicing.

Step 2. Using one edge as a pivot, lift the opposite edge of the chassis until
one of the following conditions occur (whichever occurs first).

a. The ch&ssis form an angle of 45° with the horizontal bench top.

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

c. The lifted edge of the chassis is just below the point of perfect
balance .

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

1 drops.

Step 3. Repeat step 2 with the test item resting on
been dropped for a total of four tires on each face which
placed practically during servicing. The test item shall

other faces until it has
the test item could be
not be operating.

Step 4. Visually inspect the test item.

Step 5. Documnt the results for co~rison with
2.

Step 6. Operate the test item in accordance with

Step 7. Docummt the results for conpariaon with
5.

data obtained in II-2.2, step

the approved test plan.

data obtained in II-2.2, step

II-3.7 Procedure VII - ~otechnic. SanE as 11-3.1, except that nwasured or
analytically derived data shall always be used as test conditions.

II-3.8 ewe VIII - Rail inDa Ct

Step 1. Position from one to five rail cars on a level section of track.
Satisfy the following conditions:

luEI’HOD516.4
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a. Mjwt the total vwight of the car assemblage (see above) to at least
114,000 kilogr- (250,000 pounds).

b. Conymess the co~lers bet-n cars to take up any slack.

c. Set all of the air and hand brakes on the car(s) to be wed.

d. Secure any load in or on the car(s) to prevent sliding or shifting: any
rmvenmmt greater than 5 cm shall be justification for retest.

e. The end of the buffer car to be struck -t have a standard draft gear.

Step 2. Mount the test item on the test car. The test car shall be equipped
with standard draft gears and conventional underfrme. The nateriel developer is
responsible for the development of transportation instructions, and shall coordinate
these with, and obtain approval from the Military Traffic Managenmnt Coxxnand
Transportation Engineering Agency (MNWTEA), *11 h advance of rail i~ct
testing. Mounting of the test item shall incorporate the standard loading and
bracing method as show in Section 6 of the Association of Anmrican Railroads (A/W
‘Rules Governing the Loading of Departmnt of Defense Materiel on Open Top Cars.*-
No exotic or unusual tiedown mthods shall be used; any non-standard loading and
bracing nmst be approved by the Military Traffic Managemmt Conmand Transportation
Engineering Agency (MNWTEA), A’ITN: MI’I’-TR,PO %X 6276, Ft Eustis, VA 23606-02’76
(or its European equivalent) prior to testing. Substitute (dq) test itew -t
be of equal weight and wsight distribution as the actml test item and similar in
shape. The arrangermmt of the test item and its blocking and tiedovm to be tested
shall be identical to that proposed and approved by MT~ (if non-standard).

w~i~ requirement is mdatory for all equipmnt developed for we in the U.S.
Equivalent European standards may apply for non-U.S. coumxxiities.

Step 3. Situate the test car bet-en the buffer cars and the loconmtive, and
pull the test car at least 65 rmters (200 feet) from the buffer car(s) along a level
section of track (a mininmxn distance to achieve the required locmmtive speed8).

Step 4. Position the knuckles of the buffer and test cars for coupling.

Step 5. Install a timing device to nmasure the test car speed (+_.1kmih) just
prior to iqact with the buffer car(s). Suggested mthods include electronic timing
(microswitches) and radar. The use of torpedoes and a sto~tch is permissible but
not reconmmnded because of the inaccuracies involved.

Step 6. Push the test car toward the buffer car(s) and, by using the
loconmtive’s speedometer or other nans, release the test car ~en the desired test
speed is reached, thus allowing the test car to freely inpact the buffer car(s).

IvEI’HOD516.4
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NOTE: Any inpacts below the required test speeds shall be repeated. Impacts above
the required test speed shall be accepted providing the requirements of I-3.10e are
satisfied. Retesting shall be accomplished with new tiedown ?mterial to eliminate
additive effects and, if possible, a new test iten

Step 7. Repeat Step 6 until the test car(s) has irpacted the buffer car three
times at the same end, once each at speeds of 6.4, 9.7and 13.Okm/h (4, 6, and8 mph)
+().8, -0.0 Ian/h. Reverse the test car and repeat the 13.0 km/hr inpact, for a total
of 4 impacts.

NwrE: Adjustnvmts of the lading or securing mchanis~. or reconditioning of the
bracing or item of securemnt are not alloti during the test. If the tiedowns or
chock blocks becom loose during the test, a decision to completely retest will be
tie by ~ or the test director.

Step 8.

Step 9.
following:

a.

b.

c.

d.

e.

NOTE: cargo

Repeat steps 1-7 for any other shipping orientation.

Record the pertinent information for each inpact, to include the

Conqlete test

The number and

item identification.

speed of inpact.

Observations of tiedowns, blocking, fittings, etc’.

Observations of the test item’s physical condition.

Results of any operational checks.

requiring extraordinary attention, i.e., nuclear, one-of-a-kind, high
value, or key military equipment, nay justify changes to the test procedme and
criteria; these shall be identified by the developer or Program Manager, and
approved by the Comnander, Military Traffic Managermmt Conmmd Transportation
Engineering Agency (M1’~, A’ITN: MTIVI’R, PO Box 6276, Ft Eustis VA 23606-
0276 (or its European equivalent).

II-3.9 Procedure IX - Catapult launchlarrested landin~

Step 1. Mount the test item to its vibration fixture as described in 514.4, I-
4.2.5 for the first test axis.

Step 2. Attach accelerormters described in 514.4 end other test instrumentation.

Step 3. Conduct an operational checkout and visual examination in accordance
with the approved test plan.

hETHOD 516.4
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Step 4. Apply sine bursts to the equlpmmt in the first test axis. (Each bur8t
represents a single catapult or landing event.) Each burst should be follovmd by a
rest period to prevent unrepresentative effects. The test item should be operated
in its appropriate operational tie tiile the bursts am applied.

Step 5. If the equipumnt has not xmlfmctioned during testing. cxmiuct an
operational checkout and visual examination in accordance with the approved test
plan. If a failure has o ecurred, it my be desirable to performs thorough
visual examination before proceeding with the operational checkout to avoid
initiating additional hard=re daamge. Men a failure occurs, the nature of the
failure and corrective action along with the purpose of the test (engineering
information or contractual compliance) should be considered in determining
whether to restart the test or continue from the point of interruptlo~

Step 6. Repeat steps 1 through 5 for the second test axia.

Step 7. Documnt the test as described in General Requipenmmts.

11-4 INFORMATION ‘IVBE RECORDED

a. Test item identification (manufacturer, serial nwber, etc.).

b. Prior test nethods to vhich the specific test item has been subjected.

c. Pretest data required (see General Require=nts).

d. Procedure number.

e. Shock pulse selection, specifying shape, peak valu, and duration: or
naswwi data selected for use in conjunction with the shock response spectrun
outlined in procedure I and VI.

f. (For procedure VIII only) &ether the rail i- shock pulse input and test
item response are to be mmsumd.

g. (For procedure VIII only) Test item positioning with respect to the test car
and whether packaging is necessary for the rail iupact test.

h. Te~rature extrenm (if the shock test is done in conjunction with
temperature testing).

i. All instrumentation and filtering used.

j. %ether operation during the test in required, wde of s-h operation, and
if and how the operation is to be nmnitored.

k. bading and tiedowns.

1. Failure criteria.
WI’HOD 516.4
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APPENDIX 516.4A

DEFINING TEST SHOCK FOR NORMAL OR LOGNORMAL DISTRIBUTION OF FIELD DATA

For each l/6th-octave (or nmre closely spaced) frequency, the test shock spectrtnn
value G is given by

(3 =m+kg (1)

there ‘m” is the ITEanand ‘s9 is the stanaard deviation of the sanple valw9.
men the n s~le values gi ape assti on the basis of experience with similar
data to be normlly distributed

n n
m= 1 Z gi and s 2= ~ z (gl-l!dz (2)

n-1 n-1

and when the

m= 1
n-1

\ The value of

i=l i-l

sanple values are assumed to be lognornxdly distributed

n n
Z log gi and S2 = 1 z {log g~-m12

n-1
i=l i=l

k in equation (1) is taken from table 516.4AI as a function of the ncmber

(3)

of s~le values n to yield a (3value equal to the Q5th percentile at least 50 percent
of the ti!m. The use of this procedure becoms highly suspect for less than five data
samples. Any such use should be undertaken in association with the approtich
reconmmnded in I-3.3c when insufficient data are available for gtatigtical analysis.

The above process is repeated for each frequency of the shock negponse ~trtsm The
resulting G values -y be envelopd in a manner deemd appropriate by the rnapon.sibla
test organization.

TABLE 516.4A-I. Valuea of k. ~/

II No of 1 I@ No of II tI I
II Test Runs I k : Test Runs : k :

: 5 Ib l.m : 12 b1 1.69 :
8 6 II I 1.75 : 15 I* 1.68 :
II 7 Ib 1.73 : 20 *I 1.67 :
8I 8 #I 1.?2 : 30 II 1.66 :
#I 9 #t 1.71 : 100 II 1.65 :

10 : 1.70 : I8

~/ ~n, D.B. Factors for One-Sided Tolerance Limits and for Variables
Sam lin~ Plans. Sandia Corporation Monograph No. SCR-607, March 1963.

NE’I!HDDS16.4
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NETHOD 519.4

GUNFIRE VIBRATION, AIRCRAFI’

PAGE
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I-4 SPECIAL CONSIDERATIONS . . . . . . . . . . . . . . . 519.4-15
I-5 ~ . . . . . . . . . . . . . . . . . . . . .519.4-15

SECTION 11
II-1 APPARATUS.. . . . . . . . . . . . . . . . . . . .519.4-17
II-2 PREPARATION FOR TEST’.... . . . . . . . . . . . .519.4-17
II-3 PROCEDURES . . . . . . . . . . . . . . . . . . - . .519.4-17
II-4 I~IWATION TO BE RECORDW . . . . . . . . l . . . . 519.4-18

SECI’ION I

I-1 PURPOSE. The gunfire vibration test is performd to assure that equip=nt
nmunted in an aircraft with onboard guns can withstand the vibration levels caused
by the overpressure pulses emitting from the gun nuzzle.

I-2 ENVIRONMEN’I’AL EFFECTS . The vibration resulting from repetitive gun blast pulses
is t= orders of ~nitude above normal flight vibration levels. Qunf ire
vibration wi 11 ca-e the titructure and equipmnt to respond in a v io1ent manner.
This response can cause intermittent electrical contact, catastrophic electrical
failures, hydraulic xmlfunctions, and structural fatigue fai lures.

I-3 GUIDELINES FOR DEIERMINING TEsT PROCEDURES AND TEST CONDITIONS .

NOTE! The tailoring process as described in Section 4 of this documnt should be used
to determine the appropriate tests and test variables.

a. This test applies to equipnxmt installed in aircraft that carry
and fire onboard guns.

b. Restrictions. Wen an item will be installed in a location *ere the gunfire
vibration is less than normal flight vibration, no gunfire testing is recommended.
Use method 514.4.

c. Seque nce. This test should be conducted early in the testing of the
test item because of the very severe nature of the gunfire-induced vibration
environment. This IS provided that the specific test item does not need to be
tested in any other enviro-ntal test sequences.

METHOD 519.4
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NcYrE: Item tested in their vibration isolation muntings should also pass the mini-
integrity require=nts of mthod 514.4, 1-3.2.12.

d. Test variations. The test variables are vibration spectrun and intensity, and
test duration.

1-3.1 Choice of test ~rocedures. There is only one procedure in this nmthod.

I-3.2 Choice of related teat conditions

1-3.2.1 Test ~mctrum Onboard gunfire produces vibration from three
different sources:

a. The overpressure pulses emanating from the gun nuzzle

b. The recoil kick of the gun on its munts, and

c. The mtion of annunition-handling nmchanisxm as the gun is firing.

Of these, the one having the greatest effect at wst equipmnt locations is tlm first.
Therefore this test focuses on the vibration caused by the overp.ressure pulses from
the gun nuzzle.

The vibration environrmnt that occurs at a specific equipumt location ia a~lex
coubhation of broadband random vib~ation and intense narrowband random vibration OF
sinusoidal peaks at specific frequencies. (See 514.4, I-4.2.2.) Thi# vibration is a
eonbination of forced and free vibration of the vehicle’s structure. The narrowbend
vibration - that is, the pressure pulses froma firing gm- is very intense d
likely to have severe resonance effects on the aircraft’s str=ture and equipnnnt.
These effects are hard to predict froma nndel and are better discovered bydl=t
umasuremnt. In the case of equipmnt that is structurally coupled to the gtm or
its wunting structure, teat spectra should always be derived from nmasmed da-
The significant vibration ~g at f~cies ~t~n 10 ~ 2~ ~=

1-3.2.1.1 ~urinA Aunfire vibra tion tr a. It is reconmmmdd that wmsurad data
b taken at the equi~nt location of interest while the onboard gms m fired. Wse

data should cover a frequency range of at least 10 to 2000 Hz. The data shouldh
analyzed using no greater than a 10-Hz constant bandwidth filter up to 500 Hz and 2-Hz
constant bandwidth filter from 500 Hz to 2000 Hz with a statistical degree of freedom
of at least 50. These data should be recorded with the aircraft in actual flight
because ground tests could result in data that aren’t representative of actual
conditions.

1-3.2.1.2 Predicting#un fire vibrat ion spectra. If nmasured data are not available,
test spectra ~ be calculated using the following techni~.

-D 519.4
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)
NM’E: Thi# technique my over-pr=lict those frequencies &ere the structure or
equipmmt respon8es beconm significantly nonlinear. Likewise, fop thosa casea in
which the structure or equipummt resonances coincide with the freqwnciea in the
gunfire, the vibration response could be under-predicted (resonance on
resonance) .

Figure 519.4-1 shouwl a generalized vibration spectrtsn for gunfi--hduced vlbation.
It is characterized by four vibration peaks and w= rti= The vikati- P-
are at frequencies that correspond to the nominal g=fire rate and its first three
harxrmics. The specific values for each of the paraimters ahom in figure 519.4-1 can
be determined from table 519.4-1 wing the following distance faotors.

a. Vector digtance (D). The vector distance from the nmzzle of the gtm to the
-an distance ktw?en equlpmsnt mpport points a8 8howm in figure 51Q.4-2. For

configurations involving mltiple gun8, the origin of vector D iu determined fmmthe

centroidal point of the gun nuzzle as showm In figure 519.4-3.

b. Gun standoff distance (H). The distance nornnl to the aircraft’# surface as
shown in figure 519.4-4.

c. Depth paramter (R=). The distance norxml to the aircraft’s skin to the
~p~nt lo=tion inside the aircraft. If ~ ia unknovm, use ~ = three inches (see
figure 519.4-2).

)
The vibration peaks bandwidths should be based on test data if possible, *en
data are not available, the vibration peaks’ bandwidth8 can be calculated as:

Mhere: B% = the bandwidth at a level 3dB below the peak PSI) level
F= the fundmntal frequency (Fi) or me of the ~n~-:

flo fz, f3, or f4

For cases Were the gm firing rate changes dwing a development program, it is
desirable to perform sinusoidal sweeps within the proposed bandwidth for the
fundamental and each harxmnic.

I-3.2.2 Duration of test. The duration of the gunfire test in each of the three
axes should be equivalent to the expected total anmunt of tinm the equlpamnt will
e~ n:~ience the envipo~nt in act-l ~~e. This duration my be conservatively
estimted by multiplying the expected number of aircraft sorties in With gtmfiring
will occur by the maximxnamunt of tim that gunfiring can occw in each go~tie.
The n-r of Borties in *ich gwtfire will occur will be tied to planned aircmaft
training and conbat utilization rates, but will generallybe in the vicinity of 200 to

NEXHC)D 519.4

)
519.4-3



KIL-S’IW810E
14 JULY 1989

0----00 -

-0 ---0 00 ---- ------ -

---.9 - -- 000 ------- -

.
-e-.-- 00 ---- 9

-000--

-)

o
-o

t-

-8
w

.

.

m

0-m



MIL-STD-81OE
14 JULY 1989

TABLE 519.4-1. S~ ested generalized m.ramtric ~tions
for Runfire-induced vibration.

I

I 10 log Tj - 10log(mlE)+H+M+ W+J+Bj -5= 1I
1v t1
I# 10 IOg Pi =1010gT3+Ki +17dB #I

I
I

:

I

I
I

I
I

I
I

I
I

*
Q

I
I

t
o

I
I

@
*

0
I

I
s

a
I

I
I

8
I

o
I

I
!

1
1

a
I

I
I

:

I
I

#I

:
8
I

I
I

I
I

1
#

I
I

N Maximum number of closely spaced guns firing together. For guns that are
dispersed on the host aircraft, such as in wing roots and in gun pods,
separate vibration test spectra are determined for each gun location. The
vibration levels, for test purposes, are selected for the gun
that produces the nxaxinmm vibration levels.

I
I

Blast energy of gun (see table 519.4-111).: E

H

M

8
1

Effect of gun standoff distance (see figure 519.4-4).
I
t

I
I

1
t

I
I

Effect of gun location M = O unless a plane normal to the axis of the
gun barrel and located at the nuzzle of the gun does not intersect the
aircraft structure. then M = -6 dB.

1
I

w Effect of the weight of the equipmnt to be tested (use figure 519.4-5).
if wight of equipment is unknom, use W = 4.5 kilogr~.I

I

I
I

J Effect of equipnmnt’s location relative to air vehicle’s skin (We figures
519.4-2 and 519.4-6).

I
I

Effect of vector distance from gun mzzle to equipxwnt location (see
figure 519.4-7).:

I
I

:
I Gunfiring rate ~ere Fl = fundamental frequency from table 519.4-11.

(F2 = 2FI, F3 = 3F1, F4 = 4F1)I
I

:
Test level in g2/Hz.

Test level for freqwmcy F] in g2/Hz (where i = 1 to 4).

Effect of vector distance on each vibration peak, P1 (see figure 519.4-8).

I
I

: Pi

‘i

I
I

NwrE: These equations are in nmtric units. The resultant dB values are relative to
1 g2/Iiz.

IVETHOD 519.4
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TABLE 519.4-11. ‘IVPical gun configurations associated with aircraft classea. .

{
I I o 0@ I Firi~ Rate :Rounds:
~ Aircraft/FOD ~ (Quantity) : Location I (Rnd8/Min) : (Rnd8/See); Capacity I

I
I
It

Wing Root9 kt
:

Nose, Left Side:

1000

4000

2100

6000

:
8

& 6000;
:

& 4200:
II
:I

16.6

66.6

35 &

100

loomm

1020

1175

1500

A-4

A-7D

A-1o

A-37

F-4

F-SE

F-5F

F-14

F-15

F-16

F-18

F-ill

=D 30

SUU-11/A

SUU-12/A

suu-16/A

SUU-23/A

m12 (2) :
:

~lAl (1) :
I

QAu-8/A (1) :
I

QAu-2B/A (1);

11

Nose

Nose

II

9
I

tI
IW31A1 (1)

M39 (2)

!uG9 (1)

4000

3000

4000

& 6000: 66.6

50

!30

66.6

66.6

100

66.6

83.3

100: 638

X)omwl

140

676

II
I
I Nose II

9I
IINose

II

100:MSIA1 (1)

(1)

(1)

(1)

(1)

(1)

Left
No8e

of : & 6000:
I
I

I
8

9bo
I

Right Wing Root: 4000 & 6000:M3 lA1

M31A1

W IA1

100: 940

510

570

II
: II

Left Wing Root

Top Center of
Nbse

Underside of
Ftnselage

FC)D

POD

POD

K)D

POD

II
#
I
II
II

100:4000 & 6000:I

II

:

:

~lAl 5000II
II

ID

az430 2400 40

50

19

350: II

II

QAU-2B/A (1): 1500

’750

1200

1200

: 3000

1200

6000

6000

& 6000!
II :
II : AN-run (1) :

I
I

II M31A1 (1) : 100

100

II

:

II
I
IGAU-4/A (1) :I

I

hE1’HOD519.4
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TAELE 519.4-111. Qun S- ifications.

GAU-2WA

(3AU-4/A

QAu-8/A

AN-m

M

m4

~lAl

Mll

=12

7.62

20

30

12.7

20

20

20

20

20

20

.30

.’79

1.18

.!30

,79

.79

.79

.79

.79

.79

I
I

II

9I

:

6,’?00

74,600

307,500

26,000

83,000

80,500

74,600

74,600

86,500

86,500

* joules (J) x 0.7376 = fOot-powlds

t
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300 sorties. The nmcinxxn gunfire tiam per sortie can be determined from table S19.4-
11 by dividing total rounds per aircraft by the firing rate. When a gm has w-
than one firing rate, the test should be run using both firing rates, with test tim
at each firing rate based on the expected proportion of tinm at each firing rate
in service.

The guns carried by an aircraft are generally fired in short bursts that last a faw
seconds and testing should be performd accordingly. For exaaple, vibration should
be applied foP t- seconds followd by an eight- to ten-seoond rest pe~iod during
tiich no vibration is applied. This tw-second-onieight-to-ten-eecond-off cycle ia
repeated until the total vibration tinm equals that determined for thp aircraft
type. This cycling will prevent the occurrence of unrealistic failure mdeg du to
vibration isolator overheating in continuous vibration. Intermittent vibration oan
readily be achieved by several nwans including interr~ting the shaker input signal
and storing acceleration ti~ history inputs on fmgnetlc disc or tape.

1-4 SPECIAL CONSIDERATIONS

1-4.1 Test interruptions. In the event of the occurrence of an unprogranmd
test interruption, the test shall be initiated from the point of interruption
using the sam specific test itexn

I-4.2 Overteat. Any interruption in the test that results in a nmw extraum
exposure of the test item than required by the equipnwnt specification should be
folloti by a conqlete physical inspection of the test item and an operational

) check prior to continuation of test. An engineering jdgrmmt shall be tie
tiether to continue testing with the overtested item, to obtain a new item, or to
consider the test co~leted.

I-4.3 Failure analvsis. All incidents uhere the test items do not met the
~P~nt oPerating rqire~nts shall be analyzed to determine the cause and
iqact of such occurrences. Corrective actions shall be proposed or inplemmted to
net ~rforrmnce requirexmmts.

I-4.4 Spectxw.ungeneration techni~s

1-4.4.1 Pulse xmthod. Gunfire vibration testing is done using pulses repeated at the
gunfire rate. The generated spectra should have discrete acceleration !mq@itudoa
whose frequencies (f) correspond to the expression f = ~fl; where f

i
is the basic

gunfire rate and ~ = 1, 2, 3, . . . K. The last integer (K) is tha value of for
which fl iS nearest to the REUCIW test frequency of 2000 Hz. The pulso test
spectrun shall be defined by an envelope that outllnen the anplltuies detemlned from
the prediction umthod given in 1-3.2.1.2or nm?tasureddata.

1-4.4.2 Broad band r ~OUI ~thod. Qunfire vibration testing oan be done using a
properly shaped broadband random vibration spectrun It is characterized by
broadband random vibration with four vibration peaks that occur at the firtit three
harnmnics and the fundamental frequency of the firing rate of the onbax! gtms.

NEX’HOD 519.4
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It has been experienced that the dynamic range required to produce and control this
broadband random vibration is beyond the ability of nmst available vibration
controllers. A -y of wmrking around this problem is to enter into the vibration
controller the desired broadband rtiom spectrun with its strong vibration peaks. At
those frequencies *ich have the intense vibration peaks, sine waves can be

electronically added to the input to the vibration shaker axqlifier. The anplitude of
these sine vaves should be such that the vibration levels produced at those
frequencies is slightly less than the desired spectrun level. The vibration
controller can fie the final adjustmmt to achieve the needed test level. This
method allows the gunfire test to be done in a closed loop with conxmnly available
laboratory test equi~nt.

I-5 ~

a. Sevy, R.W., and E.E. Ihxidell. Low and Hi& FremencY Aircraft
Gunfire Vibration Prediction and Laboratory Sixmlation. AFFDL-TR-?4-123. December
1975. M’IC number AD-A023-619.

b. Sevy, R.W., and J. Clark. Aircraft Gunfire Vibration. AFFDL-TR-70-131.
Novenber 1970. M’IC nmber AD-881-879.

c. Smith, L.G. Vibration Qualification of tiirmwmt Mmnted in
TurboProp Aircraft. Shock and Vibration Bulletin 51, Part 2. May 1981.

-—————..-.—-——-————..—————- —
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GUNFIRE

II-1 APPARATUS. A random vibration
~equired test.

NE’I’HOD519.4

VIBRATION, AIRCRJUW

SECTION II

source of sufficient capability to perform the

11-1.1 Test setw. The test item shall be installed in a vibration fixture With
simlates the actual application config~ation. To the extent practical, the
vibration test setup should incorporate actual xrwunting and isolation provisions fror
the carrying aircraft. Fixture designs With utilize the maxlmm amunt of platform
structure possible will allow the test item to respond to the laboratory excitation in
a mnner rmre closely related to the actual field environment.

11-1.2 Controls. The accuracy of the instrwrmntation for the gunfire vibration test
shall be as specified in mthod 514.4 for random vibration. For the broadband random
mthod, the test tolerances will be as follow: at fl, f2, f3, and f4 ~6 dB, and at
frequencies above 400 Hz 26 dB. If the controller used to shape the vibration spectra
does not have sufficient capability to produce the required test spectrum shape, the
produced spectrun shall envelope the r-red spectrp

II-2 PREPARATION ~Rm

Step 1. The test item shall be prepared in accordance with section 4,
General Requirements.

Step 2. Mount accelerometers following the practices for accelerometer
ummting, output averaging, and data analysis techniques outlined in =thod 514*4.

II-3 PmCEDuRm

Step 1. !vbmt test item on vibration shaker.

Step 2. Operate the teat items in accomiance with equipment specification.

Step 3. Begin vibration exposure to the required test levels and spectra per I-
3.3.

with
3.2.

Step 4. Operate the test Item during vibration exposure in accordance
equipnxmt specifications. Duration of vibration exposure shall be per I-

Step 5. Operate the test item in accordance with the equip=nt qecificatiow.

!uEI’HOD519.4
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Step 6. Rotite test item to an axis perpendicular to just-conpleted test.

Step 7. Repeat steps 1 through 5.

Step 8. Rotate test item to the remaining axis that is mtual ly perpendicular to
the tw axes of test.

Step 9. Repeat steps 1 through 5.

Step 10. Documsnt the teat per II-4.

II-4 INFORMATION ’10BE RIWC) RDED

a. Test item identification (manufacturer, serial n-r, etc.).

b. Test procedure number.

c. Teat levels, spectra, durations.

d. Previous testing done using the specific test item(s).

e. Location of accelerometers used to =asure vibration.

f. Test results.

g. Failure criteria.

h. Analysis of each failure.

i. Proposed corrective actions.

j. AnalySiS bandwidth.

hEI’HOD 519.4
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SECI’ION I

I-1 PURPOSE. The purpose of this test is to identify fai lures that temperature,
hunidity, vibration, and altitude can induce in aircraft electronic equipmnt either
individual ly or in any combination, during ground and f1ight operations. It my be
used for other similar purposes.

)
I-2 ENVIRONMENTAL EFFECTs. Studies have shown that thermal effects, vibrations,
nmisture, huqidity, and, in certain cases, al tituie have the greatest effect on the
life of aviation electronic equipnmnt in the operational environnm?nt. These forcing
functions collectively account for all but 12 percent of the environmentally induced
failures in the field. (Of course other stresses such as sand and dust, salt fog,
etc., are also significant and -t be considered in a fully integrated test
program) Teqerature, humidity, vibration, and altitule can interact to produce
failwes such as the following:

a. Shattering of glass vials and optical equi~nt.

b. Binding or slackening of nwving parts.

c. Separation of constituents.

d. Ch~ge8 in eleCtIWniC CO~nent8.

e. Electronic or nmchanical failures due to rapid water or frost formation.

f. Cracking of solid pellets or grains in explosives.

IuEI’NOD 520.1
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g. Differential contraction or expansion of dissimilar naterials.

.— )

h. Deformation or fracture of co~nents.

1. Cracking of surface coatings.

j. Leakage of sealed conpart=nts.

1“3 GUIDELINES FoR MTEmxx:m TEsr Pmc EDURES ANT TEST CONDITIONS

NOTE: The tailoring process as described in Section 4 of this documnt should be used
to determine the appropriate tests and test variables.

a. Applications. This mthod is primarily intended for electronic equipmnt
rxnmted inside an aircraft. The procedures of this mthod can be used for engineering
develop=nt, for support of flight testing, and for qualification.

b. Restrictions. This method does not apply to electronic equip-nt transported
as cargo in an aircraft.

c. Seam nce. Procedure I is intended to be used before final equipnmmt designs
are fixed.

d. Test variations. The test variables are temperature, hunidity, vibration,
altitude, cooling airflow, electrical stresses, rates Of change, d test d=atibn.

1-3.1 Choice of test mocedures

1-3.1.1 Procedure - I En~ineerinfi d evelovmnt tests. The engineering developnmnt
test is used to find defects in a newdeslgn ~ile it is still in the developnrnt
stage. The test is failure-oriented, =aning that the tester should hope to uncover
as many defects as possible. A cotiined environmmt test is good for this pwpose,
since it does not require the tester first to predict ~ich stress states are umst
critical and then to tailor the test to enphasize those statee. This test is
generally accelerated by eliminating benign conditions or by using higher stresses
than the item is likely to encounter in the field.

1-3.1.2 Procedure 11 - Flifiht or o~ration SUDPOrt test. This test is perfornmd in
preparation for, or during, flight or operational testing. Its purpose is to
minimize delays in the flight testing program due to enviro=ntal factors. This test
is not accelerated; the damage accumulation in the test is no faster than in
operational or in-flight testing. Therefore, development hardware can be interchanged
bet-en laboratory and flight or operational testing. This nxmns that aen VJUS-1
problem develop in flight or operational testing, the equlpwnt system can be brought
into the laboratory to help identify any environnnntal contribution to the observed
problem.

~D 520.1
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1-3.1.3 Procedure III - Qua lification test. The qualification test is a for-l test
intended to denmnstrate compliance with contract require-nts. Generally,
qualification testing is an accelerated test that emphasizes the mst significant
environ!mntal stress conditions. The use of Procedure I of this test mthod for
qualification is not recormmnded. The qualification test shall incltie the naxinum
~littie of each stress and any unique combinations of stress t~s that wre found
to be inportant in the engineering develop~nt testing of the test item

I-3.2 Choice of related teat conditions.

1-3.2.1 ~OCedUre I - Eineeriti develom!wt tes~

1-3.2.1.1 Use the analysis outlined in I-3.2.2, flight or operational support test,
to determine realistic environmental stress levels, duratio- and rates of change.
The more benign portions of the test profile can be eliminated for an engineering
develop=nt test. Likewise the anplitude of environmental stresses can be
increased to accelerate the occurrence of failures.

1-3.2.1.2 It is reconrrended that a Procedure II test of short duration be done
Aen the test item is fairly nature and its design stable. This wuld test the
acmacy of the prejMgumnts made as to uhich environmental stresses are benign.

I-3.2.2 Procedwe II - Flifiht-operational S~P ort test. The combined environment
test combines the environnmmtal stresseB of temperature, vibration, humidity, and, if
required, altitude and cooling airflow In a mnner occurring in actual deplo~nt.
Mission profiles are used as the basis for formulating the environmental stres8es.
The failure data obtained from this test will help determine the corrective actions to
be performd on the item to prevent failwe in the operational environment.
Generally, the combined environttm?nttest simlates those enviromntal effects that
occur for the majority of the deploynmnt life. Depending upon available facilities,
environmmtal stresses =y be tested in combination or 81ngly.

1-3.2.2.1 Environnmntal conditions for test. This section describes the step-by-
step approach in the =aswennt, prediction, and choice of forcing functions for
a cofiined environment test. Figure 520-1 is a flow diagram for generating a
test profile, as described throughout this section.

I-3.2.2.2 Test Wcle forwlation. A test cycle is defined as a unit of tine ~ere
several mission profiles are simlated under different atnnspheric conditions. A
test cycle shall consist of at least three atnmspheric Beg=nte of the sequence,
Compomd as follow#: cold and dry, warm and nmist, and hot and dry. Within each
at!mspheric segmnt of the test cycle, several different mission profiles may be
si=lated. A mission profile is defined as a Mach number-altitude-tim history
than an aircraft can fly. For exanple, a fighter aircraft may predominantly fly
three different missions: air superiority, ground support, and interdiction;
therefore, this aircraft has three mission profiles. Each mission profile is
divided into flight phases, such as
penetration, etc. (figure 520.1-2).
hunidity, and cooling airflow shall

i

takeoff, cruise, combat, low-level
During a test cycle, temperature. vibration.
be varied. Altitude sinwlation -y be

~D 520.1
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30Q sorties. The nmxiaxsn gunfire tim per sortie can be determined from taablo 519.4-
11 by dividing total rowds per aircraft by the firing rate. Khen a g~ has W-
than one firing rate, the teat should be run using both firing rates, with teat ti=
at each firing rate based on the expected proportion of tiuw at eaah firing rate
in service.

The guns carried by an aircraft are generally fired in short bursts that last l few

seconds and -sting should be performed accordingly. For e~le, vibration should
be applied for t- seconds follouad by an eight- to ten-seaond reatperiodd~lng
uhichno vibration is applied. This tw-second-on/eight-to-ten-aeaond-off ayale ia
repeated until the total vibration tim equals that determined for ~.e aircraft
type. This cycling will prevent the occurrence of unrealistic failure males du to
vibration isolator overheating in continuous vibration. Intermittent vibration aan
readily be achieved by several =ans including interr~ting the shaker input signal
and storing acceleration tim history inputs on ~netic disc or tape.

1-4 SPECIAL CONSIDERATIONS

1-4.1 Test interruptions. In the event of the occurrence of an unprogrammed
test interruption, the test shall be initiated from the point of interruption
using the sam specific tegt item

I-4.2 Overtest. Any interruption in the test that results in a wre extrenm
exposure of the test item than required by the equipnmnt specification should be
folloti by a conplete physical inspection of the test item and an operational

) check prior to continuation of test. An engineering judgmmt shall be tie
,. whether to continue testing with the overtested item, to obtain a new item, or to

consider the test conpleted.

1-4.3 Failure analysis. All incidents where the test item do not reset the
@~nt operating r~rements shall be analyzed to determine the cawe and
inpact of such occurrences. Corrective actions shall be proposed or inplenmmted to
met performume require~nts.

I-4.4 Spectrun Aeneration technicfues

1-4.4.1 Pulse ~thod. Gunfire vibration testing Is done ming pulses repeated at the
gunfire rate. The generated spectra should have disarete aaaeleration mgnittiea
tiose frequencies (f) correspond to the exp~eaaion f = nfl; ~ere f is the basic
gunfire rate and ~ = 1, 2, 3, . . . iK. The last integer (K) ia tha value of for
~ich fl iS nearest to the maxim tegt fpeqwmcy Of 2000 Hz. The pulse teat
spectr~ shall be defined by an envelope that outlines the anplituies determined fmm
the prediction n.mthod given in 1-3.2.1.2 or nwunmed data.

1-4.4.2 Broadban d random ~thod. (3mfire vibration testing can be done using a
properly shaped broadband random vibration spectrun It is characterized by
broadband random vibration with four vibration peaks that oaaur at the first three
harnnnics and the fundamental frequency of the firing rate of the onboard gww.

NETHOD 519.4
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It has been experienced that the dynamic range required to produce and control this
broadband random vibration is beyond the ability of most available vibration
controllers. A -Y of wmrking around this problem is to enter into the vibration
controller the desired broadknd random spectrun with its strong vibration peaks. At
those frequencies which have the intense vibration peaks, sine -ves can be
electronically added to the input to the vibration shaker aqlifier. The anplitude of
these sine rnves should be such that the vibration levels prod~ed at those
frequencies is slightly less than the desired apectrun level. The vibration
controller can make the final adjustnmmt to achieve the needed test level. This
rmthod al lo- the gunfire test to be done in a closed loop with conmmnly available
laboratory test equipmmt.

a. Sevy, R.W., and E.E. Fhxidell. Low and Hi& Freuu ency Aircraft
Gunfire Vibration Prediction and Laboratory Simlation. AFFDL-TR-74-123. Decenber
1975. DTIC number AD-A023-619.

b. Sevy, R.W., and J. Clark. Aircraft Gunfire Vibration. AFFDL-TR-70-131.
Novenber 1970. M’IC n-r AD-081-879.

c. Smith, L.G. Vibration Qualification of Ecruimmmt lbunted in
Mboprop Aircraft. Shock and Vibration Bulletin 51, Part 2. May 1981.

~D 519.4
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MITHOD !319.4

VIBRATION, AIRCIUWI’

SECI’ION II

source of sufficient capability to perform the

11-1.1 Test aetw. The test item Bhall be installed in a vibration fixture With
siwlates the actual application configuration. To the extent practical, the
vibration test setup should incorporate actual xmmting and isolation provisions fror
the carrying aircraft. Fixture designs With utilize the maxirmxn anmunt of platform
structure possible will allow the test item to respond to the laboratory excitation In
a mnner nmre closely related to the actual field environment.

11-1.2 Controls. The accuracy of the instmmmntition for the gunfire vibration test
shall be as specified in mthod 514.4 for random vibration. For the broadband random
=thod, the test tolerances will be as follow: at fl, f2, fs, ~d f4 16 dB, and at
frequencies above 400 Hz 26 dB. If the controller used to shape the vibration spectra
does not have sufficient capability to produce the required test spectrum shape, the
produced spectrw shall envelope the required spectr~

II-2 PREPAR4TION~RTE=’

Step 1, The test item shall be prepared in accordance with section 4,
General Requirernmt8.

Step 2. Mount accelerometers following the practices for accelerometer
nmunting, output averaging, and data analysis techniques outlined in -thod 514.4.

II-3

3.3*

with
3.2.

PIUXDURE

Step 1. Bhunt tegt item on vibration shaker.

Step 2. Operate the test items in accordance with equipmant specificatio~.

step 3. Begin vibration exposure to the required test levels and spectra per I-

Step 4. Operate the test item during vibration exposure in accordance
equipxmmt specifications. Duration of vibration exposure shall be per I-

Step 5. Operate the test item in accordance with the equipnmmt +ecifications.

M?IW3D 519.4
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Step 6. Rotate test item to an axis perpendicular to just-coqdeted test.

Step 7. Repeat steps 1 through 5.

Step 0. Rotate test item to the remaining axis that is nutual ly perpendicular to
the tum axes of test.

Step 9. Repeat steps 1 through 5.

Step 10. Docunwnt the teat pm 11-4.

II-4 INFORMATION K) BE RECO mm

a. Test item identification (xmmufacturer, serial n-r, etc.).

b. Test procedure n-r.

c. Te~t levels, spectra, durations.

d. Previous testing done using the specific test item(s).

e. Location of accelerometers used to mas?ure vibration.

f. Test results.

g. Failure criteria.

h. Analysis of each failure.

i. Proposed corrective actions.

j. Analysis bandwidth.

.
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519.4-18



1-1
I-2
I-3

1-4
I-5

II-1
II-2
II-3
II-4

MIL-STD-81OE
14 JULY 1989

WI’HOD 520.1

TEMPERATURE, HUMIDITY, VIBRATION, ALTIIU)E

PAGE
SECI’’IONI

PURPOSE .. . . . . . . . . . . ..-....--.520.1-1
ENVIRONMENTAL EFFECTS . . . . . . . . . . . . . . . 520.1-1

GUIDELINES FOR DEI’ERMININQ TEST
PROCEDURES AND TEST CONDITIONS . . . . . . . . . .520.1-2

SPECIAL CONSIDEIUiTIONS . . . l . . . l . . . . . . .52091-20
REFERENCES . . . . .. ---- . . . . . . . . . ..520 .~-24

SECTION II
APPARATUS . . . . . . . . . . . . . . . . . . . . .520.1-25
PREPARATION FOR TEST . . . . . . . . . . . . . . . . 520.1-25
PROCEDURES .. . . . . . . . . . . . . . . . . . . .520.1-26
INFORMATION TO BE RECORDED .. . . . . . . . . . . . 520.1-27

SECI’ION I

I-1 PURPOSE. The purpose of this tegt is to identify f ai 1ures that temperature,
humidity, vibration. and altitude can induce in aircraft e 1ectronic equipmnt either
individual ly or in any combination, during ground and f1ight operations. It -y be
used for other similar purposes.

//
I-2 ENVIRONMENTAL EFFEcm. Studies have shorn that therms 1 effects, vibrations,
nmisture, h~dity, and, in certain cases, al tittie have the greatest effect on the
life of aviation electronic equipnmnt in the operational environmmt. These forcing
fmctions collectively account for all but 12 percent of the environxmntally induced
failures in the field. (Of course other stresses such as sand and dust, salt fog,
etc., are also significant and nust be considered in a fully integrated test
program.) Temperature, humidity, vibration, and altitude Cm interact to Pr~~
failures such as the following:

a. Shattering of glass vials and optical equi~nt.

b. Binding or slackening of nwving parts.

c. Separation of constituents.

d. Change8 in electronic conqxments.

e. Electronic or nmachanical failures due to rapid =ter or frost formation.

f. Cracking of solid pellets or grains in explosives.

NEXTiOD 520.1
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~. Differential contraction or expansion of dissimilar -terials.

h. Deformation or fracture of coqonents.

i. Cracking of surface coatings.

j. Leakage of sealed conpart=nts.

x-z GUIDELINES FoRWX’ERMXNING TEST PROCEDURES AND TEST CONDITIONS

NOTE: The tailoring process
to determine the appropriate

a. ADDllCdtlOnS. This
nm.mted ins~de an aircraft.

as described in Section 4 of this documnt should be used
tests and test variables.

xmthod is primarily intended for electronic equipmnt
The procedures of this mthod can be used for engineering

developrnmt, for support of flight testing, and for qualification.

b. Restrictions. This mthod does not apply to electronic equipnmnt transported
as cargo in an aircraft.

c. Seuuence. Procedure I is intended to be used before final equip=nt designs
are fixed.

d. Test variations. The test variables are temperature, hunidity, vibration,
altitude, cooling airflow, electrical stresses, rates of change, and test duration.

1-3.1 Choice of test mocedures

1-3.1.1 Procedure I - ~ineerin~ develovmnt tests. The engineering developnmmt
test is used to find defects in a new design tiile it is still in the develo~nt
stage. The test is failure-oriented, =aning that the tester should hope to uncover
as my defects as possible. A combined environmmt test is good for this purpose,
since it does not require the tester first to predict &ich stress Btates are nmst
critical and then to tailor the test to eqhasize those states. This test is
generally accelerated by eliminating benign conditions or by using higher stresses
than the item is likely to encounter in the field.

1-3.1.2 Procedure II - Flifiht or operation 3WP0 rt test. This test is perform in
preparation for, or during, flight or operational testing. Its purpose is to
minimize delays in the flight testing program due to enviro-ntal factors. ThiB test
is not accelerated: the damage acc-lation in the test is no faster than in
operational or in-flight testing. Therefore, development hardwmw can be interchanged
between laboratory and flight or operational testing. lhie nwns that when wmsual
problem develop in flight or operational testing, the equipmnt system can be brought
into the laboratory to help identify any environmental contribution to the observed
problem.

–)
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1-3.1.3 Procedure III - Qualification test. The qualification
intended to demmstrate coqliance with contract requirements.
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test is a forml test
Generally,

qualification testing is an accelerated test that emphasizes the nmst significant
environmental stress conditions. The use of Procedure I of this test mthod for
qualification is not recormmmded. The qualification test shall include the maximm
anplittie of each stress and any unique cotiinations of stress types that wre found
to be inportant in the engineering develop~nt testing of the test item

I-3.2 Choice of ~elated teat conditions.

1-3.2.1 Procedure I - Eineering develon!mnt tes~

1-3.2.1.1 Uae the analyais outlined in I-3.2.2, flight or operational support test,
to determine realistic envirorumntal stress levels, durations and rates of change.
The nnre benign portions of the test profile can be eliminated for an engineering
develop!mnt test. Likewise the a.qlittie of environmental stresses can be
increased to accelerate the occurrence of failures.

1-3.2.1.2 It is reco=nded that a Procedure XI test of short duration be done
uhen the test item is fairly mture and its design stable. This wuld test the
accuracy of the prejui.grmnts made as to ~ich environmental stresses are benign.

I-3.2.2 Procedure II - FliAht-operational SUDP ort test. The eonbined environment
test conhines the environmental stresses of temperature, vibration, humidity, and, if
required, altitude and cooling airflow in a rmnner occurring in actual deplo~nt.
Mission profiles are used as the basis for formulating the environrmmtal stresses.
The failure data obtained from this test will help determine the corrective actions to
be performd on the item to prevent failure in the operational environment.
Generally, the combined environnmnt test simlates those environmental effects that
occur for the majority of the deploynmnt life. Depending upon available facilities,
environnmmtal streesee imy be tested in co~ination o~ singly.

1-3.2.2.1 Environnmntal conditions for test. This section describes the step-by-
step approach in the mmsmemmt, prediction, and choice of forcing functions for
a codined environment test. Figure 520-1 is a flow diagram for generating a
test profile, as described throughout this section.

I-3.2.2.2 Test mcle forwlation. A test cycle is defined as a unit of time *ere
several mission profiles are simlated under different atnmspheric conditions. A
test cycle shall consiet of at least three atnmspheric segwnt~ of the sequence,
Colqmled as follow: cold and dry, wmn and mist, and hot and dry. Within each
atnmspheric segnmmt of the test cycle, several different mission profiles my be
sinmlated. A mission profile is defined as a Mach number-altituie-tim history
than an aircraft can fly. For e~le, a fighter aircraft may predominantly fly
three different missions: air superiority, ground support, and interdiction;
therefore, this aircraft has three mission profiles. Each mission profile is
divided into flight phases, such as
~netration, etc. (figure 520.1-2).
hunidity, and cooling airflow shall

takeoff, cruise, conbat, low-level
During a test cycle, teqerature, vibration,
be Vmied. Altitude slmlation may be

lvEI’HOD520.1
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considered for a test Item that is varied. Altltude sinulatlon may be considered
for a test Item that is herwtlcal l.ysealed, uses pressurized cooling paths to
transfer heat, has conqmnents that contain a vacuum, has voltages of sufficient
potential to arc in the presence of rarefied air, long range missions, or for
other appropriate cases. Cooling airflow 1s required for all test item that use
supplementary airflow In the aircraft.

I-3.2.2.3 Mission profile selection. The first step in constructing a combined
environment test is to select the mission profiles to be used. An individ~l
aircraft is designed to operate within a specified flight envelope (Mach
number/altitude regirm) and to fly specific mission profiles. Generally, an aircraft
can fly nany different missions, such as training, air superiority, interdiction,
ground support, etc. In addition, aircraft are flown under specialized conditions
that sinulate a high-threat conbat environment. These wartim skill exercises, such
aS Red Flag, are designed to train operational squadrons under realistic ~tixm
conditions.

Usually, not all the missions flown by the aircraft need to be incluied in the test
cycle. It is possible to identify tw or three of the nmst highly utilized mission
profiles that, as a group, reasonably approximate the aggregate effect of all the
missions flown by the aircraft. This will adequately simlate the routine
deployment life. In addition, the utilization of ~rtim skill exercises as part
of the mission profile will stress the equipnxmt under sinmlated combat conditions.
To select the mission profiles to be used, the following approach is reconmmxied.

a. Identify all aircraft missions and the utilization rate of each mission of
the aircraft in which the equip~nt is to be installed. This information may
be obtained from the operational conxnands or the flight manual used by aircraft
crews. For aircraft under developnnt, the design flight envelopes, design
mission profiles, and the design utilization rate of each mission shall be used
*en actual flight data are not available.

b. Determine the missions that co-rise a nnjority (if possible, 80 percent of
total flown) of the total routine, daily mission utilization. To do this, examine
the utilization rates for all mission profiles of the aircraft and rank them in
order from highest to lowst. Then, take the mission profiles that coxqmise the
mjority utilization rate and use these as mission profiles for combined
environnwnt testing. Missions with similar functions and flight characteristics
can be lunped together to minimize the numkr of profiles to be generated. Tab 1e
520.1-1 show an exanple distribution of missions.

c. In order to simlate the high-threat environnmmt, missions flom under the
-rtime skill exercises shall be separately identified. These data may be obtained
from the operational comnand or provided by the procuring agency.

Once these data have been obtained, twn separate test cycles can be constructed
according to I-3.2.2.2. One test cycle using the mission profiles in I-3.2.2.3b
will be developed to simlate routine usage and another test cycle using the
mission profiles in I-3.2.2.2cwill be developed to slmlate usage under combat
or combat-training conditions.
WTHOD 520.1 )
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TABLE 520.1-1. Exam le utilization rates of mission mofilee.

I I

* Mission Percent Utilization Rate #
I t

; Qround Attack, Training 8 40 #1 I
! &’OUTld Attack, Co-t 8 20 II I
; Defensive Maneuvers I 20 I1 I
1 Search and ReGcue 6# 10 #I I
! Functional Check I 5 B8 1
: Training Cycle *I 5 :

Obtain the altit~e and Mach number versw tixm values for each mission profile
selected, as shoa schematically in figure 520.1-3. These para.mters of the mission
profile are used to calculate the environmental stresses.

1-3.2.2.4 Environmmtal stresses. The second step is to determine environmental
stresses including vibration, temperature, supplem?ntil cooling, humidity, altitude,
and electrical stresses. Test levels for each stress are determined from mission
profile information in the manner described in I-3.2.2.5 through I-3.2.2.9. Other
infor=tion, such as engine rpm or data on the aircraft’s environmental control
system (ECS) my also be needed.

Since the first three missions. as a group, total 80 percent of the utilization rate,
then these three mission profiles would be selected for eonblned environrmmt testing.
If any of the other migsions are determined to include extrerm or sustained
environmental conditions not encountered in the first three missions, then those
missions containing these extrem or sustained conditions and adding the nmst
diversity to the test cycle also should be selected. If the first mission selected
is utilized twice as xmch as the other tw missions, then Mission 1 should be run
twice as -h per cycle.

I-3.2.2.5 Vibration stress. Random vibration shall be applied to all equipmnt
item designated for jet aircraft installation. Random vibration or sine
superinqmsed on random vibration should be used for all equip~nts designated for
propeller aircraft. Vibration of an appropriate level and spectrum shape shall be
applied continuously during mission profile simlation in the test cycle. Un 1ess
masured data exist, it is reconxmnded that the appropriate tables and figures of
mthod 514 be used to determine vibration conditions except as nmdified in table
520.1-11.

Short duration vibration events and those that occur infrequently need not be
included in the test cycle. These events include firing of onboard guns,
general aircraft n’ntion, and shock of hard landings. These events may be tested
separately usting the appropriate test method.

MI’I’HOD520.1
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TABLE 520.1-11. StiA ested random vibration test criteria for aircraft equimnsn t~

i JE7 AIICRAFT
It Use table 514.3-111 with these modifications:

:
:
I
l

6.8 X lo ‘9 for cockpit panel equipment and equipnumt attached to structure J
in compartments adjacent to external surfaces that are snnoth, free from ;
diseontinuitieg. *a

3.5 x 10-8 for equipnmt attached to structure in conprtnwts adjacent to !
or i~iately aft of external surfaces having discontinuities (cavities b@
chines, blade antennas, speed brakes, etc.) and equipmnt in wings, pylons, ;
stabilizers, and fuselage aft of trailing edge wing root. @*

8
I If kch number is not in the range of 0.85 to 0.95 the calculated levels can be :
Ib reduced by 5 dB. 1I
1I :
‘ For propeller aircraft and helicopters,l use appropriate tables in mthod 514.4 :

For those segnxmts with the sam vibration spectrum shape, the following analysis can
be used to reduce the nunber of vibration test levels. The discussion is in term of
the suggested spectrum shapes for jet, rotary wing or propeller aircraft of =thod

/ 514.

For test purposes a W. vibration level for each mission segxwmt can be determined
using the altitude and Mach n-r plots for each mission. (Note: For test purposes
the larger of W. due to aerodynamic or W. due to jet engine noise is utilized at any
point in tim in the mission.) The nmxinum W. value that occurs in each mission
shall be identified. All segxumts of the mission that have W. values within three dB
of the nmxinun shall be considered, for test purposes, as having a constant W. value
determined using the value of Wo~-3 a. All seg-nts of the fission that have
dynamic pressure values bet~en WOW-3 dB and WOW-6 ~ shall ~ consider- for
test purpmes as Wo~3 dB having a constant W. value determined using the value of
W.

Y
-4.5 dB. This process of identifying three-dB bands of dynamic pressure

va -s, over which W. is considered to be a constant and hose value is determined
by using the dynamic pressure values of the band’s midpoint, is continti ~til the
calculated W. value is less than 0.001. For test purposes, segments of the Wssion
with calculated values of W. less than 0.001 can be set equal to 0.001 unless the
test facility can control below this test level.

The value of W1 reflects the ch~ges in aerodynamic flow field around the aircraft.
A cruise WI valw reflects normal angle of attack flight, while amaneuver W1 value
reflects highly separated flow conditions which induce intense low-frequency aircraft
vibration.

520.1-9
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TABLE 520.1-111. Anibient outside air te meratures.
~
6 sI I Rbrld-Wide I Relative I Dew 40 @
: Altitude :Air Operat ions j Jhniditw (%) !~enme rature 4
I (km) (kft) It I (“c) (°F) I# ; (“c) (OF) :

I

I

I

I

1
I

I

I

:

I
I

I

1

I
o

:
0

I

I
I

o
1
2
4
6
8

10
12
14
16
18
20
22
24
26
28
30

0.00
3.28
6.56

13.10
19.70
26.20
32.80
39.40
45.90
52.50
59.10
65.60
72.20
78.70
85.30
91.90
98.40

h

#

I
I

8
I

:
1

I

I

o

8
I

:
I

I

1

1

I

I

*
I

1

I

43
34
27
12
0

-11
-20
-31
-40
-40
-40
-40
-39
-39
-38
-36
-33

109
93
81
54
32
12
-4

-24
-40
-40
-40
-40
-30
-38
-36
-33
-27

t
I

I

0

I
I

I
:

:
#
I

I
t

I

I

< 10
< 10
< 10
< 10
<100
<100
<1oo J-j
<100
<100
<100
<100
<100
<100
<100
<100
<100
<100

: 4
: -2
#$ -6
1I -1?
88 0
t9 -11
b -20
; -31
? -40
i -40
6t -40
#I -40
#* -39
a@-39
: -38
: -36
: -33

40
29
21

2
32
12
-4

-24
-40
-40
-40
-40
-38
-38
-36
-33
-27

I
I

b
9

8
b

I
*

:

not Qrould soak 2/ : 71 160 tI < 10 0t ~

COLD A~SPHERE ~DEL:
1I : Ubrld-Wide : Relative e *@ I
: Altitude : Air Overat ions I Hunidity (%) #I T -~8t-

9I e
I (km) (kft) , II (“c) (°F) : : (0:) (OF) :

:
*
I

I
t

I
I

8
b

:

I
I

I

I

I
t

1

I

:
I
I

o 0.00
1 3.28
2 6.56
4 13.10
6 19.70
a 26.20

10 32.80
12 39.40
14 45.90
16 52.50
18 5Q. 10
20 65.60
22 ’72.20
24 78.70
26 85.30
28 91.90
30 98.40

Cold Ground Soak

I

I

I
I

I

I

8
1

I
I

-51
-49
-31
-40
-51
-61
-65
-67
-70
-82
-80
-79
-80
-80
-79
-77
-76
-s4

-60
-56
-24
-40
“60
-78
-85
-89
-M

-116
-114
-112
-114
-114
-112
-108
-105
-65

I
I

I
I

I
I

I

I

I

*

I
I

I
I

8
I

I

I

:
I

I

I

I

<1009
<100
<100
<100
<100
<100
<100
<100
(100
<100
<100
<1oo
(100
<100
<100
<100
<100
<lW

: -51
: -49
: -31
: -40
: -51
: -61
: -65
: -m
: -70
: -82
: -80
: -79
: -80
: -80
I* -79
8I -77
#I -76
II -!54

MEI’HOD 520.1 520.1-10
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Ambient outside air tenve ratures (continued) .

c ! krld+ide I@ Relative I Dew It 8 @
a Altitude , AirI8 (berat ions : Humidity (%) : Tenme rature !
Io (km) (kft) : (“c) (%) 9I : (“c) (°F) :

t o 0.00 I
s 32.1 90 II > 05 : 29 85 1I I
m 1 3.”2? t1 2s.0 n II > 85 II 22 72 ,I#
: 2 6.56 : 19.0 66 I > 85 6 17 62 It 8 8
I 4 13.10 II 4.0 39 #I > 05 # 2 35 8# B I
@ 6 19.70 It -11.0 13 II > 85 I -13 9 0! o I

# 8 26.20 II -23.0 -10 II > 85 1I -25 -13 I8
: -30 -~ ,;It 10 32.80 @ -38.0 -36 ta t <loo~l

I 12 39.40 Ia -52.0 -62 *I <1oo : -52 -62 II I
I 14 45.90 @9 -67.0 -88 : <100 II -67 -88 IB I
I 16 52.50 I -78.0 -108 I9 <100 II -70 -108 II I I
I 18 59.10 Ib I -73.0 -loo I <100 Ih -73 -1oo II 1
0 20 65.60 I# -65.0 -85 I <1oo bI I -65 -85 II b
ab 22 72.20 : -58.0 -72 I <100 0I I -58 -72 :
: 24 70•70 I -53.0 -63 I1 <100 II -53 -63 t I0
II 26 85.30 : -48.0 -54 I <100 @-48 -54 bI a I
@ 28 91.90 I8 -43.0 -45 II <100 1I -43 -45 @I #
: 30 98.40 6I -38.0 -36
: Qroundsoak Q

: <100 : -38 -36 1t
I 43.0 109 8 > 75 1t t I 37 98 :

Uncont~olled hunidity (dry as Possible)
Qroti soak te~ratures are not necessarily related to =asured data but
are extrem levels to red= gromd soak tires.

The vibration stresses to be considered for the test cycle are those due to both
attached end separated aerodynamic airflow along the vehicle’s external surfaces, jet
engine noise, or pressure pulses from propeller or helicopter blades on the aircraft .
strwture. The vibration spectrun and level can be detemdned for each mission
segnmnt by careful use of =as*ed data. Quidance written below ahall be applied in
those cases.

In mny instances, -asured flight data are not available for the specific aircraft,
~~nt location in the aircraft, or flight phaaes. In such cases, there are
several analytical techniques for vibration spectrum and level prediction that
can be wed to determine vibration test conditions (ref. a).

,/
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The scaling of
at a different

vibration test conditions from data nasured on another aircraft,
equiprmmt location, or for a different flight condition has to be

done with extrem care because of the nmmrous nonlinear relationships involved
and the limited anmunt of data being utilized. For exauple, rmneuver-induced
vibration conditions generally cannot be predicted from cruise vibration data. A
mme prwdent approach is to utilize the linear dynamic pressure umdela in wthod
514.

In all cases, measured flight vibration should be in acceleration pomr spectral
density (PSI))fornt based on one-third octave analysis or 20 Hz or narromr
constant-bandwidth analysis. Experience has shovm that the use of a standardized
vibration spectrm shape and the ndified levels of mthod 514 yield as good results
in terms of equipnmnt deficiencies as the use of the highly shaped vibration spectra
(ref. b).

Because of the nature of vibration control equipmnt, it ig difficult to change
vibration level and spectrun shape in a continuous, snmoth ~er. Therefore, the
mission profile has to be divided into segnxmts over tiich it will be assmmd that
the vibration level and spectrum shape is constant for test purposes.

I-3.2.2.6 Bay-thermal stress. The thermal stresses that internally-carried avionics
equi~nt experiences during a mission are dependent upon the anbient conditions,
flight conditions, and the performance of the ECS. For the purposes of this test, the
anbient outside air conditions shall be as shown in table 520.1-111 for the hot, imrm
mist, and cold day enviromnts. Hot and cold ambient enviro~nta of table 520.1-
111 are based on the 20 percent vmrldwide climatic extrenm envelopes from MIL-STD-21O.
The -m nmist enviromnt is based on the tropical enviro~nt sho~ in MIL-~-210.
These temperature valws are to be wed as the ambient conditions for thernmdynamic
analyses for the development of the mission profile test conditions. The &Ound 8tXk
temperatures in each mission are not necessarily related to nmasured data. The values
showm in table 520.1-111 are extrem conditions that have been used in previous
program to accelerate tin and redwe ti~ betvwen transitions from one mission to
another.

The specific environmental test conditions for any”test item are dependent on the
type of cooling for the co~tmmt in tiich the equipmmt is to be located (alr-
conditioned or ram-air cooled). Avionics equip~nt system that consist of wre than
one black box xrny require different environnmmtal test conditions for each black box.
(For exqle, ~en boxes are in different aircraft conpartnmnts.) For the commn
case of tww-black-box system where one box is cooled by supplemental air or fluid and
the other box is embiently cooled, both boxes can be tested in one charkmr as long as
appropriate vibration and altitude simulation for each box can be achieved. The
thermal gtimlation vmuld be realistic since the tiient-cooled box vmuld re8pond to
the tiient temperature simlation while the box that required supplenmntal cooling
muld be primrily responsive to the supplermmtal cooling air or fluid.

kEITK)D 520.1

520.1-12



MIL-STD-81OE
14 JULY 1989

For the purposes of this test, the following type of thermodynamic analysis is
ad~te. A nxxe detailed analysis can be utilized, if desired.

The mission profile tinm history of altituie and Mach nunbr from 1-3.2.2.3 is
analyzed to identify each break point at &ich the slope of either the altitude or
Mach nunber plotg change. A thermodynamic analysis is done at each break point using
gteady-titate thermdynam “c relationships. Between each break point, linear
interpolation is done on each stress to construct a continuous profile for each
enviro-ntal stress. At each such break point, the thermal stress conditions for a
test shall be determined in accordance with 1-3.2.2.6.1 and I-3.2.2.6.2.

1-3.2.2.6.1 -COO~ed CO- rtnumts. This section is to be used to determine the
bay temperature for.an avionics system in a conpartmnt that is ram-cooled. The
thermal stress in a ram-air-cooled corqxmt-nt can be determined from the
following relationship.

w here T =

M=

T= T[l+o.18#]

a@ient air temperature at altitude being flown in degrees Kelvin
from table 520.1-111
Mch nwber being flom

I-3.2.2.6.2 vlenwmtal-air-cooled bay. This section is to determine the bay
) temperature for an avionics system located in a bay that receives itg cooling from

the aircraft’s ECS. The mass flow rate and temperature level of supplemental air
needs to be determined at each break point In the mission profile. The onboard ECS
is nmdeled in terus of its primry components guch as pressure regulators, heat
exchangers, turbounchinery. rnter separator, etc. Also, calculate the -s flow
rate being injected into the bay and the location of other syste- in order to
determine if the heat load from these system should be considered (refs. c and d).
The calculation of the bay texqerature stress can be-done using the following
simplified thernndynamic analysis.

a.

b.
achieved

c.

ASS- that steady-state thernmdynamic relationships are valid.

ASS- constant but nominal or typical efficiency constants that can be
from good design practices for turbomachinery and heat exchangers.

Neglect secondary effects in components of
heat exchanger, temperature losses in dwts).

.
I-3.2.2.6.3 ~ipmnt sum len&tal thermal stress.
determine the thermal and mass flow for an avionics
supplemental cooling from the aircraft. I-3.2.2.6.2

ECS (i.e.,pressure losses in

This section is used to
system that requires forced or
recoxmnends an approach to

determine the bay thermal stress for an avionics system located in a
cooled conpartnnt. ‘l%is sam approach is recomnsnded here with one
continue the thermodynamic analysis to determine the temperature and

520.1-13

supplemental ly
addition:
W3 flow

METHOD 520.1



MTL-~SI’D-810E
14 JULY 1989

being injected directly into the avionics system The S- sources used to obtain
the information for I-3.2.2.6.2are. also applicable here.

I -3 .2 .2 .7 HuniditY stre-. The humidity stress that an internally carried avionics
system experiences is dependent upon the ambient humidity conditions and the
performance of the inter separator of the environ.mntal control. (So= aircraft do
not cool equipment with ECS air, thus the equi~nt sees only ambient humidity
conditions.) For the purposes of this test , whenever the cold day environmmt is
being si!rulated, humidity will be uncontrolled, but less than or equal to the dew
temperature show in table 520.1-111. For the hot environnmt, dew temperatures will
be less than or equal to values shown in table 520.1-111. In the case of the w mrm
nmist day, dew tenperatues will be greater than or equal to the val~s found in table
520.1-111 up to 10knA Above 10km, the dew te~rature shall be less than or equal to
the values found in table 520.1-111. If the platform has an ECS, the design
specifications for the water separator shall be used to define humidity conditio~
for the uarm nwist day. men the efficiency of the ECS is unknown, the approximation
technique put forth above should be used.

NOTE: The formation of free water on the test itens during combined environxmant
testing can be a nor-l condition.. It will occur whenever the temperature of
the test item is cooler than the dewpoint temperature of the air being delivered
by the ECS or from ram airflow. This is norml and a realistic condition.

I-3.2.2.8 Altitude stress. Altittie simlation should be enployed when there is
reason to believe that system performance may be affected by variations in air
pressure. Exanples of such situations are: her!m?tically sealed units that -e
pressurized cooling parts to ~intain sufficient heat transfer, vacuun components
here the seal is =intained by air pressure, and units *era change in l ir pres8ure
nBy cause arcing or change of ccmponent values. men altituie effect is to h
tested, the altituie stress, or reduced atmospheric pressure variations, shall be
applied according to the mission profiles selected for ta?t. The altitule, or
reduced pressure, is initially applied at the sinulated aircraft takeoff and
continues at the pressure changes corresponding to the various flight phases from
cliti-out to landing. The rate of change of pressure should reflect the cliub or
descent rate of the aircraft Wile performing the various flight mission phases. The
maxirmxn pressure (minix.mznaltituie) used for the test shall be that of gromd
elevation at the teet site.

I-3.2.2.9 Electrical stress. Electrical stresses are deviations of the equiprmmt-s
electric supply paramters at the equipmnt terminals from their nominal valws. The
test procedure -t assure that all electrical stresses occurring during nornml
operation in service (mission profile) are sinmlated to the required extent.

It is not the purpose of this test mthod to simlate extrems specified for special
situations or to take the place of special electrical stress tei3t$. Special
conditions, like emrgency operation of certain aircraft equipmnt within the
electricallelectronic system, shall be sirm.dated only on request.

NEY’HOD 520.1
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upon the requirements and the availability of data, the si!mdation may
range from the exact reproduction of the specific electric supply

conditions wi~hin a special aircraft for a specific mission profile, do-k ~o a
standardized simplified profile for generalized applications. The following
conditions and effects mst be taken into consideration to determine whether they
affect the operation and reliability of the equlpmnt to be tested.

a. AC system norxml operation stresses.

b. Nornd ON/OFF cycling of equi~nt operation.

c. DC system nornml operation stresses.

d. Electrical stresses induced by mission-related transients within the
electrical system.

1-3.2.2.9.1 AC systemm orxml ove ration stresses. Voltage variations are quasi-
steady changes in voltage from test cycle to test cycle. Input voltages shall be
maintained at 110 percent of nominal for the first test cycle, at the nominal for
the second test cycle, and at 90 percent for the third test cycle. This cycling
procedure is to b repeated continmusly throughout the test. Howwer, if a
failure” is suspected, this sequence my be interrupted for repetition of input
voltage condition.

I-3.2.2.9.2 ~rxm 1 oN/oFF CYclinlt of eauilnm nt o- ration. The equip-nt shall be
turned on and off, in accordance with equipmnt operating procedures outlined in
appropriate technical manuals, to #itiate normal use.

I-3.2.2.9.3 wstem normal o-ration stresses.

a. Volta e variation. See 1-3.2.2.9.1

b. Rimle vol~e. Ripple is the cyclic variation about the man level of the
DC voltage during steady-state DC electric system operation. Values shall be taken
from aetual flight data or from the applicable system specification if flight dab
are not available. Ripple voltage shall be applied continuously during the mission
sixmlation portion of each test cycle.

I-3.2.2.9.4 Electrical @reaae# induced bY mission-related transients within
the electmlcal SYStmn Wnless the equipomnt has its om powmr supply uhich ia
not affected by the transients xmmtioned, or the equipmmt is not influenced by
these electrical st=sses at all, these stresses nust be reproduced during test.
The =pmduction has to cover all transients -- like pow= mrgeu, voltage peaks,
electrical current changes, ph-e unbalance, etc. -- dish may influence the
equlpnm?nt on test and are induced by the mission-related operation of the
aircraft’s electricalielectronic equipm?nt taken as a ~ole (switching equipmnt
on or off, operating with changing ~-r output, short-tire system overload,
diffe~ing generato~ zpn, operation of ~egulating devicee, etc.).

NETHOD 520.1
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The test should reproduce -asured transient exactly. If this is not ~sisible,
tolerances should be calculated individually for each transient type. Tolerances
should be narrow for stresses the equipnmnt is nmre sensitive to, and vice versa.
The basis for calculations shall be the requirenxmts docum nt -- -stress val-s
that the equipnxmt nwst be able to withstand during norml operation -- provided
the actual masured stresses of the electrical systemdo not exceed these limlts.

In the absence of any other mans of sinmlating p-r line transients, the equlpnmt
shall be cycled on mile perforxmnce =asuremnts are rmde and then backed off for
five minutes prior to the normal turn-on at the end of each ground park phase.

I-3.2.3 Procedure III - Qua lification test. @.alification can be acccmpliahed
either with a single test which combines all the appropriate enviro-ntal titressea
or with a series of separate tests. It is not reconmmded to run all environnmmtal
stresses in separate tests. men the use of separate environ.rmntal tests is
selected, the following single and coubined environment stress tests are
recommended: vibration; a combined temperature, altittie, and hmidity teat; and a
combined sqple-ntal cooling airflow with hunidity, temperature, and -s flow rate
as test parameters. The following guidance is reconxmmded for each separate teat.

1-3.2.3.1 Vibration-etreas. Uae the test conditions and durations re~ nded in
rmthod 514 for qualification testing.

1-3.2.3.2 Tenme rature-altit~e-hunidity test. This test is for the conditions
inside an equi~nt bay or cockpit. Identify the maxinun and mininuxn t~ratures
to be experienced in anticipated deploymnt by the item to be tested. Identify the
minam and mini!mxn temperature tier -ich the test item is l qmcted to operate.
These temperatures can be obtained from the analysis outlined in I-3.2.2 of
procedure II. If such an analysis m not accospliahed, tables 520.1-V and 520.1-
VI and figure 520.1-5 can be used.

The val-s in tables 520.1-V and 520.1-VI are based on =asured data andare
representative of extrem teqerature conditions (air temperature, not
equipnmnt temperature). Therefore, there is reasonable confidence that these
test levels will sufficiently stress the teat itesm

The mximxn altitude to be experienced by the item to be tested should CO= from the
analysis outlined in I-3.2.2. Often the altituie (air pressure) inside a cockpit or
equip=nt bay is different from that outside the aircraft because of cabin
pressurization. If an analysis has not been done, use minun flight altituie or,
if unknow, we 16 km (52,500 ft.).

The recomnded dmations of stress exposure in table 520.1-VI are based upon
anticipated extrem-case exposure durations. It is not reconxmnded to force the
test item to reach thernml stability. As wnuld happen in actual usage, the nmss of
the test item will determine how close the test item wI1l get to the inpsed
te~rature.

Mi!I’HOD520.1
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The humidity stress is based upon reasonable levels that can be experienced in actual
usage. Unless analysis such as outlined in I-3.2.2 shows that the equipmnt bay or
cockpit environment are significantly more or less humid, the level shorn in table
520.1-V is recommmded.

I-3.2.3.3 SUPP lemental-cooling-air humidity, mass flow rate. and tenme rature
test. This test is for supplemental cooling airflow that flow directly through an
equipn-mt system The te~rature, hwity and mass flow rate can be determined
froman axlalysis as outlined in 1-3.2.2 of procedure 11. If such an aAa~ytiiS is not
available, t,he levels in table 520.1-V and combined as shown in table 520.1-VI and
figure 520.1-5 are reconmmnded.

1-3.2.3.4 Electrical stress. Unless otherwise defined, use the electrical
conditions outlined in 1-3.2.2.9.1 and I-3.2.2.9.2 as applicable.

I-3.2.3.5 Test item operation. The item shall be operated throughout each tist
except Aen being exposed to minxmn and mininum temperatures that occm in equipmmt
bays or the cockpit. If separate tests are conducted, the test item shall be turned
on and off using the S- schedule as if the test environments ~re all conbined.

I-3.3 Test duration

a. Procedure I. The test should be conducted so that the test item experiences
300 to 600 mission hours of stress exposure. The rate of occurrence of defects in
conjunction with schedule and cost generally determines the duration of an
engineering development test. If fewor no failures are occurring, little new
information is being generated as to how or were to inprove the test item and the
test should be terminated.

b. Procedure II. Test duration shall be sufficient either (1) to give the
tester confidence that enviromntal factors will not cause significant
problem dwing the flight test program or (2) to resolve a problem that arises
during flight or operational testing.

c. Procedure III. Procedure III shall be conducted for ten test cycles per
figure 520.1-5, or its equivalent (40 environmental stress hours with 30 hours of
equipment turned on). This is so-at arbitrary. but reflects the duration of
previous temperature-altitude-humidity tests.

I-4 SPECIAL CONSIDERATIONS

1-4.1 Test interruption. In the event of an unplanned test stoppage due to an event
such as a facility failure, the following is reco-nded. If the itemh- not failed
and there is no apparent damage to the test item, the test continws. If the test
item w damaged when the unplanned event occurred, testing should not be resuned
until it can be determined whether the stress cotiinations during the unplanned event
are likely to occur in the deploymmt environment. Testing should be resumd at the
point of interruption and failed test article(s) renmved before beginning the next
phase, unless the nature of the failure precludes any useful equipnxmt operation.

M71’’HOD520.1
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I-4.2 Failure criteria. All incidents -ere the test item does not met
equipment operating requirennts sha 11 be analyzed to determine the cause and
inpact of such occurrences. Corrective actions shal 1 be pro~sed or inplenmted
as required to met equiprmmt performance requirenmnts.

I-4.3 Chamber/sensor tolerances. The accuracy required in General Requirenmnts
applies for each stress =~urenent system The ability of a given test chamber
to contro 1 to the specified stress conditions is a function of the chauber’s
design and appropriate p 1acermnt of transd~rs. Thus, in evaluating the test
to 1erances for any given conibinedenviromnt test, the test plan should clearly
identify the placement of the stress measurawmt transducer relative to the test
itern.

I-4.4 Test profile tolerances. The to 1erances for each stress in each phase of
procedure II can be derived from design specifications. For e~le, the
design specification may call for a phase of cruise betwen 20,000 and 30,000
feet. For the test mission, this can be translated into an altitule of
25.000 feet with a tolerance of ~5,000 feet.

a. Sevy, R.W. Comuter Program for Vibration_pred iction of Fiflhter
Aircraft Eauivmnt. AFFDL-TR-77-101. November 197’7.

b, Hall, F,St Vibration Test Level Criteria for Aircraft Fm iumnt. AIWIAL-TR-
80-3119. Decetir 1980.

c. Lloyd, A.J.P., G.S. Duleba, and J.P. Zeebenm, Environmmtal Control
System (ECS) Transient Analysis. AFFDL-TR-77-102. October 1977.

d. Dieckmann, A.C., et al. Develovmnt of Integrated b vironmsntal
Control Systems @sign fop Aircraft. AF’FDL-TR-?2-9. ky 1972.

e. Quartz, I., A.H. Samels, and A.J. Curtis, g Stuiy of the Cost
Benefits of Mission Profile Testing. AIWAL-TR-81-302B . 1981.

f. Burkhard, AM, et al. ~ Evaluation Profiram Final wrt. &UWiL-TR-82-
3085.

),,

/3. F-15 AFM’&E High-Teme rature Desert Test and Climatic Laboratory
Evaluation. ~-TR-75-19. October 1975. M’IC Nunber AD B011345L.
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NEI’HOD 520.1

TEMPERATURE, HUMIDITY, VIRRATION. ALTITUDE

SECTION 11

II-1 APPARATUS. The combined environment test chamber(s) shall be capable of
producing the required combinations of temperature, altitude, humidity, random
vibration, and cooling air mass flow. All instrumentation shall be able to -et the
accuracy specified in section 4 of General Requiremmts.

II-2 PREPARATION FOR TEST. Select which test procedure shall be implexmnted.
Identify if the test shall be a combined environment test or a series of single and
appropriate environmental combinations tests. Select which of the follovnng steps
are appropriate for the environmental stresses being included in the test of
interest.

Step 1. For vibration testing in Procedure I or 11, the ~ndiv~dual equipmnt
test item(s) should be subjected to random vibration in either the aircraft
vertical or lateral axis, whichever seem to offer the greatest potential from
defect disclosure. If neither axis seen to offer a distant benefit, the test axis
my be selected to suit facility convenience. When practical, diagonal vector
vibration (vibration applied diagonally at a test item corner through its center of
mass , rather than along a single orthogonal axis) nay be applied to provide nnlti-
-is excitation using a single test setup.

)

For Procedure III, conduct vibration
test in accordance with mthod 514.4.

Step 2. For tests that do not incltie vibration, rmunt test items In their
nor!ral orientation with the ground plane -en the carrying aircraft 1s parked on
ground. ~

Step 3. For Procedures I and II, nmunt at least tvm vibration pickups to
nmasure the vibration environment for each test itetn Follow practices for the

the

acceleroxmter nxwnting, output averaging, and data analysis techniques outlined in
mthod 514 of this standard.

Step 4. For test itenw that require supplemental cooling air, measure mass flow
rate, hunidity, and tenqnmature. Mount instrumentation so that these values are
known as close as possible to where the air enters the test item(s).

Step 5. Bay air conditions around the equipmnt shall be measured as specified
in General Requirements, 5.3.2. The air temperature around the equipmnt under test
shall be used to control this environnwntal stress.

Step 6. Mount humidity sensor to
nm-ure!mnt is adequate as long as the
bulk conditions around the test item.

xrmsure bay
xm-uremnt

air humidity. A single-point
point is not shielded from the

METHOD 520.1
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II-3 P~

11-3.1 Procedure I - fiineerinf! development

Step 1. Mount test item in accordance with II-2.

Step 2. Confirm that the test item is operational.

St,ep3. Start test and test to conditions specified in test plan developxi
as outlined in 1-3.2.1.

Step 4. Conduct test and nmnitor perfornwwe of test item against failure
criteria.

Step 5. Continue test until malfunction occurs (see I-4.2)

Step 6. Analyze failures and take corrective actions.

Step 7. Documnt malfunctions per II-4 H I-4.3.

Step 8. Continue test until a Buitable n-r of hours of environmental
exposure have been achieved (see I-3.3a).

Step 9. Repeat steps 1 through 0 for each single stress or combination of
stresses until all the stresses have been combined.

Step 10. ~nt entire test per II-4.

II-3.2 -1+ rt teBt.

Step 1. Mn.xnt test item in accordance with II-2.

Step 2. Confirm that test item is o~rational.

Step 3. Start test cycle with a cold-day park simlation and continue the
sequence as shon in table 520.1-IV.

Step 4. Mmitor test item performance throughout enviro~ntal exposure.

Step 5. Continue test until a test item malfunction occurs.

Step 6. Analyze and docummt ndfunction per II-4 and I-4.3.

Step 7. Continue test until a suitable nunber of hours of environmental
exposure have occurred on at least one specixmn (see I-3.3b) .

.- )

Step 8. Docwn2nt entire test per II-4.

IvEI’HOD520.1
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II-3.3 Procedure III - Qualification test

step 1.

Step 2.

step 3.
step 4.

Step 4.

Step 5.
mmmnti

step 6.

hkmmt the test item and instrumentation per II-2.

Start the test cycle developed from I-3.2.3.

Function the test item while being exposed to environmental stresses in

Expose the teat item to the number of test cycles decided on pr I-3.3c.

Check the test item for functioning in accordance with General
4.5.

Repeat steps 1 through 5 for each of the single or combined environnmt
tests specified in I-3.2.3 unless they were conducted as one test that combines all
the environments.

Step 7. Docvmmt test results as given in II-4.

II-4 INFOIWATION ‘N BE REC ORDED

a. Test item identification

) b. Pretest, during test, and

(manufacturer, serial nunber, etc.).

post-test perfornmnce data according to General
Requirenmnts,

c. Teat

d. Teat

and the individual test specification andlor test plan.

cycle, including environmental conditions applied.

tim history of each failure occurrence.

e. Nature of failure,

f* DC ripple voltage,
each test cycle.

incltiing environmental effects

as applied during the mission simlation portion of

13* AC voltage variation, as conducted during the mission-sirmlation portion of
each test cycle.

h. Type, location, and orientation of stress-nmsuring sensors.

i. Description and calibrations status of data recording and analysis equipnmnt,

//

kETHOD 520.1
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j. Voltage nmdulation, as applied during the m.ission-simlation portion of each
test cycle.

k. Frequency mdulation, as applied during the mission-siwlation portion of
each test cycle.

1. Electrical stress induced by mission-related transients within the electrical
sys tern.

m. Prior test history of test item.

n. Corrective action proposed.

NETHOD 520.1
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SECTION I

1-1 PURPOSE. The icing/freezing rain test iS conducted to evaluate the effect of
icing produced by a freezing rain, mist, or sea spray on the operational capability
of mteriel. This xmthod also p~ovidea tests for evalt.mting the effectiveness of

~ deicing equipmnt and techniques, including field expedients.

) I-2 ENVIF#NMENTAL EFFECTS. A buildup of ice occurs in three principal =YS: from
rain falling Qn an item tioae temperature is below freezing (O°C), from freezing rain
falling on an itemat or near freezing, or from sea spray tiich coats equipmnt ~en
te~ratures are below freezing. MIL-STD-21O identifies twm conditions commnly
encountered: (clear) glaze ice and (granular) rinw ice. (31aze ice occurs when rain
or drizzle freezes on objects, and it is nearly as dense as pure ice. Rime ice
occuxw when fog droplets or drizzle falls on mrfaces colder than O°C. It iS
-ite and, since it is saturated with air, is -h less dense than glaze ice. Since
glaze ice is xxmre difficult to rexmve and has a density approximately four tires
greater than rin’e Ice, it is a more significant factor and will be the focus of this
test. ‘The Synopsis of Background Material for MIL-STD-21OB” (reference f, p.104, p.
149) identifies extrenms for ice accumulation. These extrems may be used for
calculating design and structural evaluations but are not euitable for establishing
tegt condition. Ice formation can inpede equipnumt operation and suwival and affect
the safety of operating personnel by creating the following proble~:

a. Binds nmring parts together.

b. Mds might to radar antennas, helicopter rotors, etc.

NETHOD 521.1
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c. Increases footing hazard.

4,

d. Interferes with clearances bet-en roving parts.

e. Induces structural failures.

f. Reduces airflow efficiency.

t?. I-es visibility through windshields and optical devices.

h. Affects transmission of electromagnetic radiation.

i. Leads to increased probability of d~ge to equipmnt from the
enploymnt of mechanical, manual, or chemical ice remval nmasures.

I-3 GUIDELINES FOR DEI’ERKINING TEST PROCEDURES AND TEST CONDITIONS

NOTE: The tailoring process as described in Section 4 of this documnt should be used
to determine the appropriate tests and test variables.

a. Armlication. This rmthod is applicable to rmteriel which may be
exposed to icing or freezing rain conditions dwing nornd use.

b. Restrictions. This mthod does not sinulate snow conditions, nor
does it simlate ice buildup on aircraft flying through supercooled clouds.

c. Secrue nce. (See General Requirenmnts, 5.1.4) The possibility of
structural damage to the test materiel due to the icing test should be considered tien
determining test sequence. This test should follow the rain tests (nmthod 506.3) and
precede the salt fog tests (mthod 509.3) and mchanical tests (such as 513.4 through
519.4) so that parts will not be loosened before the icing tests.

d. Test variations. The freezing rain teat contains one test procedure that is
applicable for lmst equipnxmt. All test variables should be e~cified in the test
plan before actual testing is initiated.

1-3.1 Choice of test Drocedure

a. Test objective. This nmthod is designed to determine if the
materiel and ancillary equipmnt (umunted so that it is directly exposed to the
environnmnt) can operate after ice acc~lation from rain, drizzle, fog, splash, or
other sources. Where ice renmval is required before operation, the use of the
integral deicing equiprwnt or expedients normlly available to the operator in the
field will be enployed. Deicing equipmnt and expedients will be eval~ted to
assess their effectiveness and the potential for damage that nELydegrade
performance.

NE3’HOD 521.1
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b. Test mmcedure. When an icing teat is deenmd necessary, the procedure

included in this =thod is considered suitable for mat test item. Since natural
icing conditions will be the s- for all materiel located out-of-doors on land,
the s- test is applicable for all such equipnt. This tegt involves a 6nzn layer
of ice followd by a 13 m l~er of ice. For nmrine materiel which xmy be exposed
to sea spray, a third thickness of 75 ran is suggested.

I-3.2 Choice of ~elated test condition. The test variables are configuration,
texqerature, rain rate, rain delivery mthod, droplet size, and wind velocity. The
values chosen for the variables are primarily dependent on the intended use of the
test item, and the level of severity desired.

a. Configuration and orientation. The followlng factora are to be considered:

(1) All equipment will receive icing on all sides and on top.

(2) Equipnmnt nust be in the configuration that it wmuld be in when
deployed. If required, duplicate tests may be perform?d in the shipping or
outside storage configuration.

(3) Some equip~nt covered with ice will be expected to operate inmdiately
without fi~st undergoing deicing procedures; other equipnmt vmuld not be expected
operate until some form of deicing has taken place (e.g., clearing windshields).

(4) Ice renmval will involve acotiination of the built-in ice-remval

) system together with e~ient XWMM tiich could be expected to be enployed by
military personnel in the field.

to

)

b. Test te nverature. Teat te~ratures are reco-nded in the test procedure
that may be used to produce the required environmental conditions. If extrewa
other than those shovm are know, they ~hould be used instead of the recoumwmded
val~a.

del . rate. ‘I’herain delivery rates identified in the test procedure
nndata=vweed for previous testing (I-5a and b). These rates are considered

representative of the spectrm encompassing both typical and vmrst-case conditions.
Rain delivery rates are furnished as suggestions only. The objective is to produce a
clear, uniform coating of glaze ice. Variations in delivery rate that produce
uniform coatings of glaze ice are acceptable.

d. Rain-delivery- thod. Rain delivery in the form of a uniform spray can be
achieved by any of the arrangenmnts described below:

(1) Nozzle arrays directing spray to the top, sides, front, and rear of the
test item.

(2) Nozzle arrays that direct spray straight dom onto the test item
Sidespray coverage is achieved by using wind or m.nual !mthod.

-D 521.1
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(3) A single, hand-held nozzle directing the spray over the surfaces of the
test item.

e. Droplet size. Droplet size is not considered to be of any particular
significance; ho~ver, fine spray (1.0 to 1.5 mn nominal droplet size is suggested)
my be necessary to produce the icing.

I-4 SPECIAL CONSIDERATIONS

1-4.1 Failure analysis. (See General Requirements, 5.2.7)

a. The test item shall be considered to have failed the test if:

(1) For ~ipsmmt that umst operate without ice reumval, the perfornmnce of
the test item has been degraded below that specified in the requirenmmts doctxm?nt.

(2) For equipmnt that can await ice remval before operation, the
performance of the item has been degraded below the specified require~nts after
nor-l ice-renmval efforti have been undertaken or if ice rermval damages the
equipmnt.

(3) A nonapparent hazardous situation has been created.

b. The failure of a test item to satisfy its operational and maintenance
require~nts nmst be analyzed carefully, and related information rm.natbe
considered, such as:

(1) Degradation allowd in operating characteristics following the freezing
rain conditions.

(2) Necessity for special kits or special operating procedures.

1-4.2 Sutl’smry of test infor~tion r- ‘red. The following information -t be
provided in the test plan for the adequate conduct of the tests of
Section II:

a. Test item configuration.

b. Test temperature conditions.

c. Rain delivery mthod.

d. Wind velocity (if applicable).

e. Ice thickness.

NEITIOD 521.1
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ICING/~ING RAIM

SE2TION II

II-1 APPARATUS

11-1.1 Test facilities

a. The required apparatus consists of a chamber or cabinet with auxiliary
equipmnt which has the ability to establish and ~intain the test conditions
specified. The chamber nmst be equipped so that est conditions within the cbdxm can
be stabilized within a reasonable tim after the test item is loaded. Mater delivery
equip!mnt (nozzles and drains) shall be arranged to precl~e the collection of p-dies
in the chanber. The chamber ehall be equipped with instruwmtation capable of
maintaining and continuously xmnitoring the test conditions: (See General
Requirements, 5.1.2)

b. The thickness of the ice and the temperature during equipnmnt operation are
the i~rtant parameters. The precise -thods for depositing the ice on the equipnmmt
are not irportant. (See I-3.2d)

11-1.2 Controls. Before each test, critical Paramterg shall be verified. A spray
pattern wide enough to guarantee uniform iupingenmnt for all test wind velocities
shall be assured. Suggested techniques for spray calibration (if specified or
considered essential) can be found in reference I-5j. Unless otherwise specified in
the equiprmnt specifications (or other docunmnts), if any action other than test item
operation (such as opening the chanber door) results in a significant change in the
best item or chanber air temperature (nmre than PC (3.6°F)), the test item will be
restabilized at the required temperature before continuation. If the operational
check is not conpleted within 15 minutes, reestablish the teat item te~rature
conditions before continuing.

11-1.3 Test interr~tion. (See General Requiremmts, 5.2.4)

Undertest interruption. Interr~tion of a freezing rain test is mlikely to
gener~te any adverse effects and normally the test shall be continued from the point
of interruption once the test conditions have been reestablished.

b. Overtest interruption. Any interr~tion that results in nmre extre=
exposure of the test item than required by the requ.lre~nts documnt or equi~nt
specification should be folloti by a coxplete operational and physical check. 1! no
proble= are encountered, the test item ahall be restored to its pretest condition and
the test reinitiated.

II-2 PREPARATION FOR TEST

11-2.1 Preliminary steps. Before initiating any testing:

lWTHOD 521.1
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a. Determine from the test plan the test item configuration and other test
paramterti.

b. Determine from the test plan the operational requirements.

c. Clean all traces of oil and grease from all outside surfaces of the test
item wMch are not oily in the nor-l operating mode. Even thin film of Gil OP
grease will prevent ice from adhering to the test item and change the test
Pi?aultB.

d. To facilitate xmasurermnt of ice thickness, copper bars or tubes 2.5 cm in
diameter and at le-t 60 cm in length shall be mn.znted in a horizontal position in
places Mere they will receive the SanE general rainfall as the test item Other
thickness nmasuremnt techniques may be used if they can be shown to accurately
=asure and indicate the ice thickness.

NWTE: Structures with large height variations, such as antenna rests, should have test
barg placed at the different heights, since artificially produced freezing accretion
rates tend to depend upon the distance bet~en the test item and the spray fram.

e. Water ued in the spray system should be cooled to between 0° and 3°C (3@F.)
When chilled wter cannot be obtained, unchilled -ter will produce acceptable
remits. The xain factor affected by the -mer water temperature is the ice buildup
rate.

\
]

II-2.2 ~etest~tandard anbient checkout. All test item require a pretest standard
anbient checkout to provide baseline data. Conduct the checkout as follow:

step 10 Insert the test item into the chanber and stabilize the test item at
standard anbient conditions per General Require=nts, 5.1.

Step 2.

Step 3.
and required

Step 4.
plan .

Step 5.

Conduct a conplete visual examination of the test itexn

Prepare the test item in accordance with General Wquiremnts, 5.2.2,
test item configuration (I-3.2a).

Conduct an operational checkout in accordance with the approved test “

Oprate any integral deicing equipmnt, mch as defroster, wipers, etc.,
to asmre satisfactory operation.

Step 6. Record the results for compliance with the require~nts documents.

hE1’HOD 521.1
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Step 7. If the test item operates satisfactorily,

If not, resolve the problem and restart at step 1 above.
proceed to Procedure 1 (II-3).

Repeat steps 1 through
6 until the test item operates acceptably.

11-3 ~ocedure I - Glaze ice. The following test procedure provides the basia for
collecting the necessary infor~tion concerning the test item in a freezing rain
enviro~nt.

Step 1. Stabilize the test item temperature at approxi~tely 2 ~l°C.

Step 2. Deliver a uniform rain spray of precooled ~ter for one hour (although a
te~rature of 0° C to 3°C is ideal, a =ter tenprature of 5*C (41°F) at 2.5 cdhr has
proven satisfactory). Delivery can be any convenient ~thod per I-3.2d.

Step 3. Lower the chanber air temperature to -lO°C (+14°F) Or a8 specified and
mintain the rain rate until 6 nxn of ice has accumlatad on all sides and on the upper
surface. Wind or a side spray xmy be used to accumlate ice on the sides.

NOTE: For tests representing sea spray on rmrine equipnmmt, increase the ice deposit
to 37 mm, and use 75mmin step 7.

Step 4. Adjust the charber air te~rature to -6°C (+21%) for t~ to six hours.
Atten@ to operate the test item and all subsystem at -6*C.

Step 5. If step 4 has resulted in failure or if the specification allo- ice ),
rexmva 1, remnve the ice. If not, got to Step 7. Limit
plus sinple, expedient, and obvious nmthods. Note the
techniques.

Step 6. Attenpt to operate the test item and all
for safety hazards.

Ice x%nmval to integral nmthods
effectiveness of ice rewval

subsyste- at -&C and examine

Step 7. Repeat steps 1 through 6 with a 13 IUOcoating of ice (75 = for soa
spray) .

Step 8. Return the chamber temperature to ambient and restabilize the test item
temperature. Perform a post-test o-rational checkout.

Step 9. Dommmt (with photographs if necessary) the results for comparison
with those obtained in 11-2.2.

II-4 INFORMATION ‘N)3E RECO RDED

a. Test item identification

b. Previous test mthods to

-D 521.1

(manufacturer,

which the test

serial nmber, etc.).

item has been subjected.

521.1-8
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c. Results of each per for~ce check, vis=l examination (and
photograph t if applicable), and comparison with the failure criteria.

d.

e.

f.

h.

i.

j.
tests .

k.

(1) Pretest.

(2) During teat.

(3) Po8t-test.

Length of tinm required for each perfor~ce check.

Status of the test item for each visual examination.

Defects noted” during visual examinations.

Clothin$ and special equiprmnt wed to set up or dis~senble the test item.

Test teuperat-s.

Duration of each expoa-.

Appropriate anthrop=tric masuremnts of personnel performing manipulation

Tenqxarature-tim-versw data (test item and c~r).

)

1. Initial analyais of any failure.

NEI’HOD 521.1
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1-1.1 Objective. This mthod seeks to reproduce the combined te~rature, vibration,
and other operating stresses as needed, that an externally-carried aircraft store will
experience during in-service flights.

I-2 ENVIIU3N!@NI’AL~

1-2.1 Observable effects. Possible effects of a combination of vibration, acoustic,
and high temperature stresses include all those effects ~ich each of these factors
can cause tieparately (see =thod 501, 514, 514). Also, the cotiined environments
may interact to give effects vhich are not predictable from the results of single-
environmnt test8, but which do occur in actual service use.

I-2.2 Effect ~ chanisns

1-2.2.1 Relative inzm Ftance. All environmental stresses do not contribute equally to
deterioration of store reliability. Analysis of service failures caused by aircraft
environmental stress (reference b) has identified the four xrwst significant stresses
causing aircraft equip-nt failures. These are operation, temperature, vibration and
nmisture. Other environmental stresses nay produce failure ties in a given type of
store and should be investigated for their possible relation to service failurea.

I-2.2.2 Te nmerature. The source of the heat that causes reliability problem in
electronic conponenta of aircraft stores will generally be an external surface. Thi8
heat in -ination with the heat generated within the electronics causes decreased
ope~ating life or Mean-Tirm-to-Failure (MITT). Another stress aspect of the
tenperatme environment is rapid tenpmatme change (thermal shock). A therml shock
or transient registered at the outside surface of the store does not appear as a
shock to coqnents so-what thermlly isolated within. Intermal conpments
experience therrmle shock when the unit is turned on and quickly wwirm up to operating
temperature.

~D 523.1
523.1-1
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The temperature of the external surface of the store tends to beco~ that of the
boundary layer air, due to high convective heat transfer at flight speeds. Boundary
layer air tenprature is primarily a function of flight speed and altituie. An
expression relating this te!rperature to flight conditions is:

Tr = Th
( )

~ l r(k-1)#
2

Where:

Tr = adabatic recovery temperature (Kelvin)

Th = tiient air temperature (Kelvin) as a function of altituie

R = recovery factor

k = ratio of specific heats (1.4 for air)

M = Mach number

When the expression within the brackets, the aerodynamic heating factor, is evaluated
for atmospheric air brought to rest by friction along a store with a cylindrical
surface, it reduces to a function of aircraft velocity alone. The equation for a
store with a cylindrical surface is:

Tr = Th (1 + 0.174 h?)

Higher Mach nunber flights tend to occur at higher, thus colder, altitudes and there
is a corresponding tendency for the velocity-dependent heating effect to camcel the
effect of decreasing tenqwrature with altitude. When the above expression is
evaluated for normal mission profiles, flown in a standard atnxxphere, 90% of the ti~
the skin temperature will be within the temperature band -15°C to 35°C.

Temperature patterns at points deep within the store will depart considerably from the
corresponding skin temperature patterns, due to therml lag in conduction from the
skin and internal heating sources such M electrical or electronic components. A
themml mdel of the store can be generated to calculate internal temperature
patterns.

An additional thermal paraxmter needed to satisfy mission conditions is that of
clinatic departure from the standard atnmsphere, vhich depends on the global and
seasonal variations of atmospheric temperatures (the Th in the TR fornda above).

I-2.2.3 Vibration. Experi-ntal evidence has showm that captive flight vibrations
are due largely to aero-acoustic loads (reference 3). This acoustic forcing function,
typically consisting of broad-band random noise, is modified as it is trarwnitted
through the store structure to the component. Men there is sufficient

MH’HOD 523.1
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transmission of frequencies causing resonances
structural mechanism, a vibration failure can
reverberant acoustic chamber, tries to ciupllcate the dlrectlonal, spatial and spectal
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of the unit or its components or
occur . Environmental testing, using

distributions of vibration expected throughout the store during captive flight._

The turbulent boundary layer is the xmst significant source of aero-acoustic loads
because it is al-ys present during flight and acts on the total surface
frequencies of electronic coupnents and structural parts. The intensity of the
t~bulent boundary layer pressure fluctuation and resulting store vibration
prinarily depends on flight dynamic pressure, q, a function of flight speed and
altitude:

kP&

Where:

q =

k =

‘h =

M =

l L

q=

2

dynamic pressure (pounds per sq. ft.)

ratio of specific heats ( 1.4 for air)

ambient pressure as a function of altituie (pounds per sq. ft.)

Mach nunber

Store vibration also includes lowr frequencies (w~lly less than 100 Hz)
I nwchanically transmitted from the aircraft through the store’s support mchanism Low,

frequency vibration is discussed in I-3.4.2.

1-2.2.4 Cberat infi stress. Operating stresses are usually esti~ted because the
service conditions (e.g., on-tim/off-ti~, aircraft powr fluctuations) are seldom
rmasured and recorded. This stress cannot be omitted unless the store has
no operating mde ~ile carried on aircraft.

I-2.2.5 Moisture. In combined environrmnts testing, rmisture often condenses on the
test item during transitions from low to high te~ratures. Its presence, although
uncontrolled, is useful as a-test condition to indicate leakage or sensitivity to
misture. Where htidity or corrosion problem are expected, separate tests are
advised .

.

I-3 GUIDELINES FORI)~NIm TEST PROCEDURES ANDTEST CONDITIONS

m: The tailoring process as described in section 4 of this documnt should be used
to determine the appropriate tests and test variables.

a. ~lication. This mthod applies to reliability-related testing of
externally carried aircraft stores (table 523.1-1).

MWHOD 523.1
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b. Restrictions. This mthod is intended primarily for the electronics and
electro-mchanical assetilies within the store.

c. Seuue nce. This =thod applies to the environmental stresses occurring in the
final phases of the store’s logistic cycle. and when wed in cotiination with other
test mthochs, should follow these rmthodg.

d. Test variations. Unlike the other =thods in this standard, this nmthod
contains no step-by-step procedure for generating valid test data. The
vibro/acoustic/teuqxrature environment is
applications too great, for awh detailed
this ~thod provides guidance for writing
unique for the item under consideration.

1-3.1 Bactiround. ~ri-nts have she-

too co~lex, and the variety of equipmmt
instructions to k given here. Instead,
a test procedure which will be mre or less

(ref a) that the only w to reproduce the
service failure distribution is to reprodwe the service stress distribution. stress
distribution ia a range of stresses, in proper proportion, of level and durations
determined by mission profiles. The proportioning is applied to vibration,
temperature, therxml shock and electrical stress. Procedwe I uses conbinationg of
temperature, acoustic vibration, -chanical vibration, and store operating patterns
to simlate in-service missions.

I-3.2 General. Military aircraft service use w be characterized by a set of
specialized missions, with a dwation and relative frequency assigned to each mission
type. Each mission type is described by its “mission profile- and idealized mission
history which specifies altitwie, velocity and operating state as a function of ti~;
and -ich locates the occurrence of stressful events a-h as special rmneuvers,
gunfire and landings. From such mission profiles, corresponding mission enviro-nt
higtories (e.g., vibration levels, skin temperatures) can be constructed. Data from
instrunmted flights lmy be used in this construction. By treating the mission
environnmnt profiles probabilistically, sumnlng the durations of each stress
level in each mission, and wighting by the relative frequency of each mission, a
serviee distribution function for each stress my be obtained. A conpmite
envlronmmt profile my then be constructed for each atresB of interest. This
conposite environnmmtal profile i~ a sequence of stress levels constructed to
simlate the service environment profiles fop the diffe~ent missicms taken together.
Its total duration should ~ no longer than a fewmlssions, it nmst repreBent
realistic flight conditions, and it nxst reflect the calculated cotiined service
distribution ftmction for the stress. A co-site mission profile consists of the
combination of couposite environmental profiles for each environxmnt, so coordinated
that the mixture of stress levels at any point in tim represents the typical service
condition being 8inulated. Siwlation of typical (5th to Q9th percentile) values
is emphasized. If extrenm values ~re used similar to qualification test levels,
the results muld not correlate with field experience.

,)

MZ’I’HOD523.1
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lMYllIOD521.1

ICING/FREEZI= RAIN

SECTION II

-)

11-1 APPAIUl~

11-1.1 Test facilities

a. The required apparatus consists of a chanixr or cabinet with auxiliary
equipmnt vhich has the ability to establish and xmintain the test conditions
specified. The chanber rmst be equipped so that test conditions within the chanber can
be stabilized within a reasonable ti~ after the test item is loaded. Water delivery
equiprm?nt (nozzles and drains) shall be arranged to precluie the collection of pwidles ‘.,

in the ch~r. The chanber shall be equipped with instr~ntation capablo of
>

maintaining and continuously nxmitoring the test conditio~. (See General
Requiremmts, 5.1.2)

b. The thickness of the ice and the temperature during equipnmnt operation are
the iqortant paramters. The precise mthods for depositing the ice on the equipnmmt
are not inportant. (See I-3.2d)

11-1.2 Controls. Before each test, critical par~ters shall be verified. A spray
pattern wide enough to guarantee uniform inpingenmnt for all test wind velocities
shall be assured. Suggested techni~s for spray calibration (if specified or
considered essential) can be found in reference I-5j. Unless otherwise specified in
the equipmnt specifications (or other docwmmts), if any action other than test item
operation (such as opening the chaxber door) results in a significant change in the
test item or chamber air temperature (mre than 2°C (3.6°F)), the teat itexnwill be
~estabilized at the required teqerature before continuation. If the operational
check is not conpleted within 15 minutes, reestablish the test item temperature
conditions before continuing.

11-1.3 Teat interruption. (See -neral Requirements, 5.2.4)

. Undertest interruption. Interruption of a freezing rain test
gener~te any adverse effects and normally the teat shall be continued
of interruption once the test conditions have been reestablished.

is unlikely to
froxnthe point

b. Overtest interrwtion. Any interruption that results in wre extre~
expsure of the test item than required by the require~ntg docummt or equipmnt
specification should be folloti by a conplete operational and physical check. If no
proble~ are encountered, the test item shall be restored to ita pretest condition and
the test reinitiated.

11-2 PREPARATION FOR TEST

11-2.1 Preliminary steps. Before initiating any testing:

IWTHUD 521.1
521.1-6
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TABLE 523.1-11. Relative freauency of mission t-s.

MISSION TYPE a A/C TYPE aI I % OF SOKI’IES t1
,

* I
* Fighter A *I 1 50 aI
# 1. Patrol Mission I 1I * @8 88
II #I Fighter B 9# 30 :

I
Q : Fighter A # 20 I8 I
b1 2. Patrol Mission II i ** I!
II : Fighter B I 20 I9 I

# 1
1 Fighter A II 30 :
tb 3. Strike Escort Mission: @I II
t I4 I Fighter B tI 30 $I

I

: 4. Strike Mission 8
1 Fighter B 20 I

I

TABLE 523.1-111. Mission Phase analsmis (fighter B, strike mission) .

1 MISSION II MACH ; ALTITUDE : DURATION : ADDITIONAL ; DUTY CYCLE;
II PHhSE ;NuMEER : (m : (MIN.) I FACTW?S : OF SR3RE;

#
I Takeoff & Climb t I v

I
1

$ Catapult II I off :
a oI II I o# # #hock? Q# I to Ready :

: ‘lkavel I
:

I
I

#
I # : Ready :

8
0 Refuel * l I

t I

: Ingress : : I
I : on I

1

D t

IzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1

I I
s

:
8

I I (radiate)!
I Maneuver 8I tI #t 4

* * Buffet? :Ready:

*
I Return I

D :

I
I Descent and Land; t 9I Io Landing tI 8 off :
1 1 1

I

I

I I

1

I t Bhock ? I: I

NE3’HOD 523.1
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With a conposite frequency distribution of temperature levels at hand, a conposite
mission temperature profile may b constructed by arranging the conposite temperature
level durations in segments ordered to simlate a typical mission or a few missions.
Such a stancbmi conposite mission te~rature profile is sho~ in figure 523.1-3.
Uhen the te~pature profiles of the various missions are dissimilar, segments -y be
separated into groups of similar characteristics and the composite profile
constructed to include a mission or mission phase requirennts for each of the groups.
Total duration at each temperature level mst still reflect the distribution function
calculated.

The standard coqosite mission te~rature profile nmst nowbe adjusted for cli=tic
temperature variations since the standard atnmsphere, based on the ‘standard day-,
represents only an abstract cli-tic condition. Temperatures both higher and
lower than ‘standard day” values are conmmly mt due to seasonal or geographical
change8 in mission operations. Preparation of temperature versus altitude
information to cover all likely climatic mission situations would become too
involved for practical consideration. Therefore, judgrnmt of the relative
frequency of expected occurrence of te~ratures within this range, is normally
resorted to. Temperature extremes (frequency of occumence 5X or less) my be
omitted. A climatic atlas is helpful at this step.

Climatic ten’gxmature estimates may be incorporated into the test by selecting a
representative group of fixed teqxrature offsets which add to or subtract from the
standard conposite mission temperature profile. By having these offsets represent
equiprobable temperature intervals, a full climate set of these temperature profiles

1 can simlate the dole temperature system which the store could experience. A
sanple conposite mission tenperatme profile climatic set is shown in figure 523.1-
4. Note that the profiles are clustered around the standard value to reflect the
higher frequency of operations in nmre temperature climtes. For practical test
operation, each test cycle (one conposite mission) will trace a conposite
tenperaturw profile, starting and ending at a resting temperature. The resting
period bet-en consecutive test cycles should be sufficient to allow internal store
temperature to stabilize, thw si~lating the ground tie occurring bet~en service
missions. A climatic set of test cycles will consist of a sequence of test cycles
(usually 6 to 15) in *ich the co!!posite mission te~rature pattern is offset
stepwise upward and dom~d from zero offset. Figure 523.1-5 illustrates a typical
offset sequence for an 8-cycle climatic set. To provide uniformity and consistency
from one test to the next, it is iuportant that several full climate sets be
conpleted before the expected Mean-Tim-to-Failure of the store is reached. A test ~
mini- of five sets is reconxmnded.

IWTHOD 523.1

1-3.4.2 Vibration Drofile. A conposite mission vibration profile my be generated
by determining the dynamic pressures during each stable segmnt of aircraft flight
(see I-2.5). A rough profile can now be constructed. The periods of changing
temperature will usually also be periods of changing q since both are dependent on
aircraft altittie and velocity. However, since vibration in the laboratory may be

523.1-9
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changed alnmst instantaneously (not with lag, llke temperature) and is.mne easily
controlled at fixed levels, the q profile is usually lald out as a series of steps.
Figure 523.1-6 she- a typical conposite mission dynamic pressure profile matching
the corresponding figure 523.1-’7temperature profile. Data from instrumented flights
are used to determine the spectral envelope for various mission phases and the
translation fromq to vibration level.

The simplified vibration profile show intensity only. The spectrum envelope and the
spatial distribution (including directivity) of the vibration are additional variables
that, when uncontrolled, can cause error in the sinmlation process. Experin’mtal
adjustrmnt should be done in the test chamber so as to achieve a reasonable
correlation betueen acceleronmter vibration records from captive-flights and from the
store under test.

1-4 S~IAL CONSID&ATIONS. None.

I-5 References

a. Nbeker, D.B. and A.G. PierSol,
Vibracoustic En vironxmi]ts, Reliability
AMD-VO1 9, New York, NY 1974.

b. Dantowitz, A., G. Hirschberger,

Accelerated Rellabllltv TestlnK Under
Design for Vibracoustic Environments, ASME

and D. Pravidlo, Analvsis of
Aeronautical ~ip-nt Environmental Failures, Air Force Flight Dynamics Laboratory,
TR-71-32, &y 1971.i

c. Meeker, D.B. and W.D. Everett, U.S. Navv Experience on the Effects
of Carrier-Aircraft Environment on Guided Missilesu AGARD conference proceedings No.
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~D 523.1

VIB~-ACOUSTIC, TEMPERA-

SECTION II

II-1 APPARATUS

—--)
1

11-1.1 ~.. The facility lmst incluie a large acoustical noise test ~r
capable of approximate 1y a 1!35dB intensity level and associated air-conditioning
equipnmnt to provide contro 1led, fixed air tenperat~s and rapid te~rature changes
(4°C per minute) in the range -40°C to +85%. Mechanical or hydraulic shakers capable
of stressing the store(s) under test nwiyalso be required. Adequate Instr-ntation
for control 1ing, nmnitoring, calibrating and recording the environment variables WI 11
be needed.

11-1.2 Test chadmr. Chanber shape and dimmsions shal 1 provldo for diffusion and
uniform distribution of the acoustic field, and support reverberation of acoustic
frequencies of 150 Hz and above. Ports xust be provided for introduction of the
acoustic energy, for pressure stabilization (exit of mdulator air), for entry and
exit of temperature-conditioned air and for access by nultiple electrical cables and
waveguides, light beam, anechoic ducting, etc. as applicable. Son= stores my
require specialized test apparatus such as artificial targets, r-f anechoic sthroti,

or visible gages ~ich mist be incorporated without compromising the conbined
environnmnts.

11-1.3 Vibration eaui vmnt. A suitable acoustic energy field shall k provided by an
acou8tic po-r source controlled to reproduce the acoustic mission profile. ~ical
apparatu consists of a constant-pressure compressed air source such as a
reciprocating co~ressor with pressure regulator feeding an air nmiulator that is
acoustically cowled to the chauber through an exponential horn. The air uodulator is
excited electrical ly by an anplified atriiosignal. Corwiderable acoustic po-r is
needed to reach required leve 1s, often 10 to 30 KW nultiple mdulator-horn Unitg tmy
be necessary to reach desired intensities.

)

To provide low-frequency vibration below about 100 Hz, electrodynamics or hydraulic shakers
rmy be used to a~nt the acoutic field. Such shakers ~ also be used to provide 1imlted
mechanical shock Inpulses. To maintain access to the stores by the conditioned air and
acoustic energy, suspended stores can be vibrated at low levels using a rod and CO1 lar
awrange-nt to conduct the v ibrat ion fran the shaker(s)- PPocedure VI of I lM2thod 514.3 will
furnish sonm guide1Ines for this procadm. A possible amange-nt is diagmmmd in figme
523.1-7

NETHDD 523.1
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Tenve rature equilxmnt. Temperature conditioning of the store(s) under test
accomplished without adversely affecting the acoustic environment. One
for accomplishing this is to duct high velocity conditioned air across the

stores by mans of thin flexible shreds that are acoustically transparent. They can
be supported by light mtal franmwmrks.

Thin silicone rubber and rip-stop nylon sheetings have been found to be suitable
shroud materials. Te p~ovide the rapid tempe~ature changes required, one mthod uses
insulated tanks or hot and cold fluids tiich are punped through heat exchangers as
~lred to temperature-condition the blo~r-driven air. By increasing the blo~r
speed or by narrowing the circumferential gap bet-en the surface of the test item and
the shroud usually bet-en 2 and 4 cd, the boundary air velocity can be raised to
provide the needed rapid heat transfer to or from the store to simlate the captive
flight conditions. A ~ssible arrangement is diagrarnmd in figure 523.1-7.

11-1.5 Electrical stress eauirmmt. Basic electrical stresses always present in
electrical or electronic circuits are produced by power on/off transients and
resulting localized-thermal shocks, and also by hot spots acconpanylng the full pover
condition. A switching system is normally used to form typical patterns of store
operation during the conposite mission test cycle. The use of equipment to mdify the
power source to the store(s), to sinmlate likely variations (voltage, frequency,
transients, ripple, noise, etc.) mt during mission operations, is optional.

11-1.6 Instrumnt.ation and control

) 11-1.6.1 Functional nmnitorinfl of the store. The operating stores should be
adequately nmnitored to indicate failures when they occur. Son form of manual or
auto=tic test performd at intervals (at least once for each composite mission cycle)
can be used. Fa$lure criteria, based on equip-nt specifications and functional
requirenxm ts, -t be clearly defined. Functional nxnitoring nust be accomplished
without adversely affecting the environmental simlation. Functions vhich can only be
rmasured outside the environmental dh~r should be checked at intervals uhich are
short conpared to the equipmnt’s man-tirm-to-failum.

11-1.6.2 Vibration nmnitorin~

11-1.6.2.1 Acoustic stinulus. The acoustic signal source is normally a pre-recorded
- tape or the shaped output of a noise generator. Filters are used as required to

control spectral distribution. Intensity level is nmnitored by calibrated
microphones. Microphone place-nt should conform with 11-2, step 6, mthod 515.3
unless other placement can be justified by ~asurennt and analysis.

11-1.6.2.2 Mechanical t“mlus.~ The shaker input signal is normally a pre-recorded
tape or the shaped output of a noise generator. Filters are used as required to
control spectral distribution. Intensity level is
accelero~ters nmunted on or in the store(s) which
11-1.6.2.3). The shaker frequency range is limited
feedback control is unnecessary.

nnnitored by calibrated
m?asure the vibration response (see
(typically <200 Hz) so that
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11-1.6.2.3 Vibration resmnse. Calibrated accelerometers nmunt- in and on the
store (s), when used with appropriate analysis equipmnt, provide the needed response
nmnitoring for both acoustic and =chanical stirtuli. Accelero=ter positions in and
on the store, at least during setup, should be as close as possible to those used to
obtain captive-flight data. Accelerometer placement should aim to provide coverage
for possible directional variation (e.g., longltuiinal, lateral and vertical -es) and
for possible extension or radial variation (e.g., fore, mid. aft, external, internal).
PO-T Spectral Density C’SD) xneasuremnt or display (g2/Hz units) plus intensity
readings (grn@ units) furnish the needed information for conparing test chamber and
captive-flight v~bration paramters (see (II-2.4)-

11-1.6.3 Te nmerature nmnitoring. Te~rature sensors on the surface of the store(s)
provide the best location for nmnitoring and feedback control. (Figure 523.1-7).

11-1.6.4 Humidity xmnitorin~. Although hunidity is not a controlled variable for
procedure I, the ducted airstream!my be continuously mnitored for =iatme content,
either by dewpoint or relative humidity sensing. It should be notd that nmisture can
collect on a store’s surface *en it has reached and holds a cold teqerature that is
below the dewpoint of ~rnsr air following in the mission cycle. This itia norxml and
expected condition.

11-1.6.5 Electrical input mnitorinl?. All electrical inputs to the store(s) should
be nmnitored *ether or not they are mdified to represent expected mission
irregularities.

II-2 PREPARATION FOR-TEST

11-2.1 Test Plan. A test plan shall be prepared to docunent tests using this -thod.
The following areas should be addressed in the test plan:

a. SCOW and ~umose. Test procedures differ with different test goals (see
table 523.1-1). A design qualification test might require demonstration of a specific
Mean-Time-to-Failure (MITF), a quantitative value. A Test, Analyze, and Fix (TAAF)
during development muld & qualitative in nature since its primary purpose is the
identification of failure ties to be expected in service.

b. Test tire. The items to be tested mst be clearly identified. Their service
designation, source, and exact configuration should be recorded. Drawing n-rs or
other specific documentation should be referenced.

P- . Performance paramters. List those to be used in the test.

d. Failure criteria. These mst be clearly stated and be based on the perforxmnce
nmnitoring system to be used.
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e . Failure analysis. Indicate how failures are to be analyzed, classified and

reported. FOII example, failures can be classified by cause (suspected stress),
subsystem or unit involved, effect on store operation, or respowibility (i.e.,bad
conponent o~ material, poor umrkmanship, inadequate inspection, deficient design,
etc.) .

f. Mission Profile. Information nmst be supplied that will anew the mission
profile to be properly charted for the particular test item The needed information
may be provided through the referencing of relevant documents or by inclusion in the
test plan. The information should include:

(1) The particular envirom=nts that are to be controlled. Tenperatue md
acoustic energy environments are always used. Shaker vibration and/or shock stresses
are optional additions.

(2) Data on all operational missions using the test item in the aircraft
captive-carry tie. Needed information inclties types of aircraft used, length of
missions, aircraft flight paths and patterns, aircraft velocities in different
operational ties, theater of expected use and percent-of-ti= estimates for the
various categories.

(3) Climatic and atmospheric data. Mrld-wide seasonal altitude-versus-
tenperature tables or charts are needed.

& Measured store responses to environments used in determining test stresses.

I h. Test data. List specific performance and environmental paramters to be
recorded before, during, or after a test cycle and whether recordings should be
continuous or made at stated intervals, Explain how data are to be handled and specify
recording rmthods. If analysis is required, methods should ~ referenced= All raw
test data should be sorted, labeled and stored for possible later use in analyses or
for graphic illustration (gee II-4.).

i. Test rem rting. State how results are to be
and reconm?ndations are to be inclmied.

j. Test mocedures. Critical operations should
for step-by-step procedures stated (see II-3).

reported and &ether conclusions

be pointed out and requirements

II-2.2 safety Drod!ram Vial’1. A safety program plan shall be prepared which shall
incorporate all safety policies, practices and regulations applicable to the
preparation and conduct of the test. Safety policies and directives of the facility
conducting the test, contractual safety requirements where applicable, safety
precautions applying to the stores under test, and special hazards involved unth the
test apparatus shall be treated. The plan shall require that operating procedures
prepared for this test method shall be even-sequenced and contain suitable warnings

NETHOD 523.1
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and precautions to be taken by, operators %erever and ~enever potential hazards
exist. MIL-STD-882, Requirements for System Safety Program For System and Associated
Subsystem and Equipmsmt, shall be used as a guide for preparation of the Safety
Program Plan. After approval by proper authority, the Safety Program Plan shall be
strictly followed during preparation and conduct of this test xmthod.

II-2.3 Como site mission test cycle

11-2.3.1 Test cvcle. A test cycle consists of a single sinula ted coxqmsite mission.
A climtic set is a fixed number of test cycles (usually 6 to 15, as called out in the
test plan) in which the tenpe~ature profile ig offset by a fixed te~ratme
difference predetermined for each test cycle of the set. A conplete Conposite Mi8aion
Cotiined Enviro~nts Test consists of a nunber (usually five or amre) of repeated
climatic sets of test cycles.

II-2.3.2 fivironmnt wofile charts. For each of the controlled environments,
prepare a chart plotting stinmlus level versus ti~ that best represents the coqosite
mission. Each chart should be based on a standard atnmsphere and the tim perimi for
the conposite mission. Theee plots define the basic environmmt profiles that
constitute a single test cycle and provide the patterns for controlling the
environmental test apparatus. Methods for generating conqxxite mission environnmntal
profiles are discussed in I-2.3

II-2.3.3. Climatic offset table. Prepare a table or chart indicating the temperature
offsets applying to consecutive test cycles in a climtic set of about 6 to 15 cycles
(refer to figure 523.1-5). The offsets are chosen so that one climtic set will
represent the predicted mixture of climates expected in operational missions. This
procegs is digcusaed in 1-3.4.1.

11-2.3.4 Combined enviro~nts control directions. Provide directions for
adjusting each of the controlled environments throughout each conplete climatic
set of test cycles. Levels are obtained from the conposite mission environnmmt
profile with the temperature pattern for each cycle of the climatic set offset
according to plan. These directions should not be finalized until test setup is
conpleted (see II-2.4).

II-2.,4 Test setup

11-2.4.1 General. Using instrumented (but not necessarily operable) stores, assenble
test item and environmental apparatus, with accompanying instrmmmtation and
controls, into the planned configuration. After sensor calibrations, test each
environment separately to check ability to reach test levels and rate-of-change
requirexnsnts. With individual enviro~nts checked out, run combined environnmmts
through a test cycle. Correct problem as necessary. The general accmacy and
tolerance requirements of section 4 of this standard shall be followxl ~ere
applicable.

MI?I’HOD523.1
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II-2.4.2 Vibration checkout. Adj~tnmnt of the vlbratlon sources to provide

the best simulation of in-flight vibration response is an essential part of—
test setup. Vibration response sirmlation can involve the following types of
error: spatial (relative distribution of levels anmng variou locations and

in different directions in or on the store), spectral (fr*ncY spectr~

shape at any location and direction in or on the store), and Intensity (peak
and r= values). An iterative process of ~justing vibration stirmlw
variables (inte~lty, spectrai envelope, limited directivity~’stcre

positioning) and observing responses is conducted to minimize these errors.

The goal is to find the stimlus adjustrwmts for each test level which will
optimize the correlation of test setup with corresponding captive-flight total
vibration responses. Optinum values are noted and made part of the Conbined
Environrmnts Control Directions (II-2.3.4).

II-2.5 Operational checkout. Replace instrumented stores vath one or nmre operable
‘practice- stores. Provide input powr as required and use performance nmnltoring
system at room environment and then, if r~ired, during one or nmre mission test

cycles of combined environments. Debug s necessary.

II-3 PROCEDURES

11-3.1 General. Written step-by-step procedures shall be prepared as called out in
the test plan.

II-3.2 Smcific Drocedwes. The following operations should be considered as
candidates for written procedures:

a. Pre-test visual inspection and checkout.

b. hunting and connection of test units in the chamber.

c. Calibration of instr-nts and apparatus.

d. Functional testing of the store(s).

e. Controlling the test cycle enviromnts.

f. Post-test operations.

II-4 INFORMATION TO BE RECORDED—— -

11-4.1 General. The test information to be recorded shall be Included in the
test plan.

METHOD 523.1
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11-4.2 ExamP les of information to-be recorded

11-4.2.1 Test operat~on information. For each test cycle, starting with nunber 1:

a. Starting and ending times.

b. Any deviations from specified time limits or environment patterns, or
alternately, preservation of all continuous envlronmnt response records.

c. Operators on duty.

d. Pertinent conmamts.

II-4.2.2 Test item information. For each item under test:
\

a. Test item identification (manufacturer, serial number, etc.) .

b. Specific identification.

c. Results of pre-test, inspection and checkout.

d. Position occupied in test chamber, if rmre than one used.

e. Tim when Item lnst.ailed in chamber and number of the test cycle first
encountered.

g. Reason for renmval.

h. Results of post-test inspection nd checkout.

i. Disposition of item.

II-4.2.3 Special lnformt~on for non-conforming itern
.

a. Tim non-conformance was noted and number of test cycle in or after which it
was discovered.

b. Evidence indicating non-conformance.

c. Confirmation of failure If failure suspected and explanation of how it
was confir~d.

d. Failure analysis and diagnosis.

e. Disposition of item.

f. Failure report nunber.

g. Names of operators providing the above information.

METHOIJ 52.3.1
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