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FOREWCRD

MIL-STD-810 (USAF) *Envirommental Test Methods for Aerospace and Ground
Equipment? was prepared by the Environmental Criteria Branch, Envirommental
Division, Directorate of Engineering Test, Deputy for Test and Support under
Project 1309, Task 130906 to satisfy an urgent need for one standard environe
rental test dooument for USAF weapon systems, The Project Enginser on this
effort was Mc, V, J, Junker of the Envirommental Criteria Bransh,
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ABSTRACT

This report acquaints the user of MIL-STD-810 with the background,
preparation, application, and problem areas encountered in the pramulgation
of the Standard, Charts are provided which illustrate the transition from
environmental tests specified in MIL-T-5422 *Envirommental Testing for
Adroraft Electronic Equipment®, MIL-E-§272 *Envirommsnial Testing, Aeronautical
and Asgociatrd Equipment®, MIL-E-4970 "Envirormental Tes%ing, Ground Support
Equipment®, and MIL-A-~26669 *Asoustical Noise Tests for Aeronautical &
Associated Equipment® to like tests in MIL-STD-810, Problems associated with
‘space envirommental testing and combined envirormental testing are alsc
discussed.
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ENVIRONMENTAL TESTING STANDARDIZATION VIA MIL-STD-810

SECTION I

INTRODUCTION

MIL-STD-810 (USAF) "Exvirommental Test Methods for Aerospace and Ground
Equimment®, has been prepared to bring together into one document, yrocedures
and guidance for the envirommental testing of future generations of aerospace
and ground equipment.

The general provisions of MIL-STD-810 incluile standard laboratory test
methods for determining the envirormental suitability of military hardware
vhen used under similar service conditions, guidance to the system or equip-
ment engineer formulating an envirommentsl test program, and guidance for
those preparing the envirommental test portions of detail specifications.
Contained in the standard are eighteen basic test methods with a total of
twenty-six detailed test prccedures, Excluded are tests for airframe structures
and primary power plants, Tests required for theses items, as well as design
factors for broad coverage areas such as the suppression <« radio frequency
interference, effects of corrosive fuels &nd oxidizers, etc., which in a
general asense constitute enviromments, are either adequately covered by
existing specifications or, by their nature and complexity, must ds treated
separately,
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SECTION II

BACKGR OUND

Over the past several years, numerous complaints have been heard
regarding the envirormental test procedures contained in various military
specifications., These complaints have ranged from .comments that the military
hgs failed to lead the state of the art in envircumental criteria and testing
to charges of redundancy, conflict, and inconsistencies in the performance of
tests among various specifications, The problem is traceable, in part, to
the gradual evolution of the system corncept as implemented by the Air Force,
It became increasingly apparent as system contractors began integrating
various equipments, tested against different specifications, into highly
complex flight vehicles, each with its own peculiar envirommental prorile,
The growing problem of adequate envircmmental testing techniques and
facilities was fUrther hastened by breakthroughs in rocketry and the race for
supremacy in space, Deficiencies in the overall envirommental program, when
viewed from the system level, became more and more apparent.

A study was subsequently initiated to determine what measures could be
taken to bring about the standardization of environmental testing to support
the system concept. Attention wes focused on five specifications: ML-T=5422,
Envirommentel Testing for Aircraft Electronic Equipment; MIL-E-5272, Environ-
mental Testinz, Aeronautical and Associated Equipment; MIL-E-4970, Environ-
mental Testing, Ground Support Equipment; MIL-A-26669, Acoustical Noise Tests
for Aeronautical and Associated Equipment; and MIL-S-27507, Shock Test, Saw
Tooth Pulse, which was about to be published. The result of the study clearly
indicated the need for up=grading test procedures and e¢riteria and establishing
a-single standard envirommental test document. The decision was made to
continue the effort by preparing a completely new environmcntal test document,
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SFCTION 111

T} FTARATION OF DOCUMENT

In preparing the goneral framework for the firet draft of the etendard
it was deoided that only general guidance, philosophy, end other oriteria
eomnar t0 the ma jority of test methods would be placed in the basio portion
of the doaunant, &ince some tests are likely Lo require frequent changes to
keep pace with the atate of the art, ezoh test wns assemnbled as a separaote
‘method®, This arrengement permits revisiona to a partioular test method
vithout disrupting the entire dooument,

Huving esteblishsd the format, the organization of the individual test
mathods was noxt approached, Specifications MIL.T-5,22, MiL-E«5272, MIL-E=4970,
MILaA~26669, and MIL-S-27507, whioch may be cailed donor specifications were
rexszomtled by envirornment es raw data and eritically analyzed, This "weading
out process” not only revealed discrerancies in and among the various tests
for the simm environment or condition, but also brought to light sertain
methods and tests whioh were still geeared to pre-wWorld War II teohmology. In
SHis analysis the rav data were required to satisfy the following questions:

1, Were the environment and the purpose for conducting the test adequately
desoribed?

2. Vere specialized apparatus, control of environmental conditions, and
hanédling and mounting problems peculiar to the test item clearly defined?

3. Vas the test itself presented in a clear and logical manner?

4. Were the technical parameters of the test "scientific® in the sense
that the test engineer could rely on the results obtained? In most instances
.the raw data failed this test, The developmant of each test method was
aprroached with caution and some apprehension regarding extensive changes to
the technical organization and stress levels of the tests. It was assumed
that the raw data derived from the donor specifications were essentially correct,
This assunmption eventually proved false ‘n many cases,

After some months the first draft of the standard was ready for
coordination.with a request for comments and suggestions, A sincere engineering
evaluation was wanted from the military and from the aircraft, aerospace, and
eleotronic industries, as well as independent testing laboratories. A large
response was not anticipated to this ivvitation for comments., Again, this
¢rmplacency was engendered by the assumption that the donor data were correct,
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Over two hundred copiee of the draft were oiroulated, One hundred and eleven
{ndividual replies containing numsrous conmente were returned; this was a most
rewarding reeponse, The majority of theee raplies, partioularly from industry,
urged ths continuation of the effort for one standard envirommental dsoument,

A number of activities, both military and industrial, wovided as wmny as four
or five pages of dstailed technical conment, Thess ocomments predominansly
pointad ous engineering defioienciee and other weaknoesee in the test mocedures,
the data for whioh, almost without exgsvtion, were irherited fyrom the donor
epacifications,

As was expeotad, eome replies ware recsived wvhich challenged or repudiated
the basio {ntent of the effort, It wae euggeeted that better uss de mads of
man~hours by ravising the donor speoifications, that the introduction of still
another environnental document would only add to the general confusion, These
allegations are answersd thus, Fatching up the old epecifications was not
oonsidersd raalistic or expediant, Since they are related to specific items,
i1.0., aircraft sleotronic and ground eupport squipment, it was bdelieved that
any attempt to introduce into them advanced requirements at the ovarall
systens level would pose serious problems, PFurtier, the procsdures involvad
in acocomplishing routine ohanges for Jjust one epecification are most time-
oonsuming, Considering the number of spsoifications involvad and the need for
resolving many techniocal differences, ths attempt to catoh up would have deen
infinitely perpetuated,

The months that followed ware devotsd to setting things in order, Based
on the comments received, and on in-house engineering, each test was again
analyzed, re-engineered, and re-edited many timeas, Not ons test derived from
the donor specifications remained completely unchanged, Some test methods
underwent extensive engineering effort. Typical of these are teste in the
dynamics area, especially vidbration and acceleration, The datails of each
individual test method will not be discussed hore, but it is worthy to note
that through the joint effort of dynamics engineers, both in industry and in
the military, the dynamics portions of MIL-STD-810 reflect significant and
improved technology. Although it is now obvious that additional progress still
can and must be made in this area, the overall cooperative effort clearly
illustrates what can be done when military and industrial envirommental
ongineers are afforded the opportunity t> communicate informally and resolve
mutual roblems,
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T™a result of thia affors {5 reflested in MIL-ET~810 {n {88 preoeant
form, Those vho may feel ocongern or alarm that MIL-ATN=810 teats may net
nov suit Sheir partfeular requirements are invited $o compare a test from
She nev etandard with a like teat from ene of the donor epesifieations, I¢
vill be found that the: MIL=STD-810 teats wovids more j=aitive guilanes and
fast technology than heretofore.,
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SEOTION 1V

AVILICATION

The environmental atress levels stated in the test methods of MIL-STD-B810
represent what ia generally ovhsiderad to be the extreme oonditiona which
usually constitute ths minimum acceptable conditiony for world wide military
use, wever, when designing to &specific requirements where it is known “hat
ths environmental stress conditions are mora severs or less savere than those
given in the standard, the tsst limits may be ad justed as necessary. These,
and other such details, must be determined by ths sngineer and included in
the detail specification, It is not intended nor should it be expected that
this doocument, prepared to cover the hroad fisld of environmental testing, de
a substitute for the engineer's deojsion-making responsibility and knowledge
of known envirommental stress conditions peculiar to his specific equipment
or aystem,

In referring to spesifications, it is pointad out that MIL-.STD-810 is
not a specification, nor is it intanded to be, The contsnts of this document
do not constitute the necessary ingredients for a specification, By military
desoription a speoification {s the governing document for an item of hardware,
It states the minimum acceptable requirementas to insure that the item will do
exactly what it is intended to do along with those acoeptance tests and
quality assurance provisions peculjar to the item, Since MIL-STD-810 is not
applicable to any one specific item, or sven a claass of olowsely related items,
it can not be considered a specification,

MIL-STD-810 should not be applied in retrospect. It §s fully realized
that the donor specifications are listed as applicable documents in many
military procurement specifications., The irntended application of MIL-STD-810
is for envirommental testing related to new systems engineering and design.
It may ve assumed, however, that as MIL-STD-810 is more widely applied, these
other specifications will gradually fall into disuse,
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SIOTION V
THANSITION JROM °*DONGR BPECIFICATIONS® TO MIL-8TD810

Oonfusinn and uncertainty in performing the transition from those tests
apesoified in ML-T=5,22, MIL-E-5272, and MIL-E~4970 to the tests outlined {n
MIL-5TD-810 may be expsoted, In oonsideration of this fact, transition charts
for seoh of the donor apecifications ars grovided in tabdles I, II, and III,
The tests stated in MIL-A-26669 are inoluded in their entirety in MIL-STD-810
as Mathod 515. Specifisation MIL-A-~26669 has been ocanoeled,
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TARLE 1
Tranaition from MIL.T-5422 to MIL-8TD-810

M_ Mi=3T2-010
Pgra. lir. | Eoyiromant — Mathod. Frodedurs. or Teble
bad Temp., - Altitude Method 504
4@ Vidtrasion Part 1 Mathod 514, Table 514=I, \F), Step 1
(dessgner must seleot (deaigner must select G Level)
G level)
Vibration Pars I1 Method 514, Table S14-I, 1B1, Stey 2
b3 Shook Method 516
4.3.2,1 | Equipment Procedurs I (basic design test)
4.3.2,2 | Mounting (erash safety) Frooedure IV (crash safety test)
44 Humidity Method 507
LS Salt Spray Mathod 509
4.6 Explosion ‘Mathod 511
b7 Sand and Dust Method 510
4.8 Fungus Mathod 508
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TARLF 11

Transition from MIL.E.5272 to MIL.STD-810

{Mk=E-3072 NIL-91D-810
| otliod, Proosd

bl High Temperature Method 501

Le2 Low Temperature Method 502

4e3 Temperature 8hook Vathod 503

Lol Humidity Method 507

4.5 Altitude Method 500, Progedure II
4e® Salt Spray Mathod 5C9

L7 Vibration Method 514

4e7.1 Discont'd, Use Prooc, XII | N/A

4.7.2 Proa, II Table 514-I, 1A1E to 500 ops only
473 Proo, III discont'd, N/A

Use Proc, XIII

uo?.h PI‘OO. v Table 51‘*-1. 1C1A

beT:5 Froe, V Table S14-I, 1ClA

4e7.6 Proc, VI.discont'ad. N/A
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Yibratjion Cont'ad,
UeTe7 Proo, V11 Table 5141, 1ALXE
478 Froo, VI1II Tabdle 5141, 1ALE
R X Proo, 1X discons'd, Use N/A
1*000 X11
447,10 Iroo. X diacont'd, Use N/A
Prooe, XI1
47011 Proo, X1 discont'd, Use N/A
Proe, XIZ
4eT.12 Proe, X11 Table 514-I, 1A1,B,C,D or E
1B1,B,C,Dor E
1BlA
Le7413 | Proc, XIII Table 514-I, 1C1A
CheTedl Froe, XIV
Alroraeft Table 514-I, l1ALE
Rooket (test now obsolete) |Sse criteria for Air launched & Ground
Launched Miosiles Table S14-I, Equip
Class 3 & 4.
4.8 Rungus Method 508
4.9 Sunshiue Msthod 505
4.10 Rain Method 504
ASTEWC 1M 36-1 10




411 Fund and Dusd, FProe, I, 11,

111
4.12 Inseyeion Msthod 512, Proo, I
4,13 ‘prloﬂon Mathod 511
4edl Temperature - Altitude, Method 5C.

F\-oa. 1412
h-U shoo k
4e25,.1 oo, I discont'd, Use N/A

Yoo, IV
4el5.2 00, II disoont'd, Use N/A

[* ) v
44153 oo, IIX Obaclete, not carried forward in
MIL-STD=-810
Lal5ely o0, IV Method 516, Froo, V
4.15.5 o0, V Method 516 aa belew
4ed5e5ed uipment Method 516, Proo. I (basic design test)
4.15.5»2 uipment, Crash Safety Mathc))d 516, Froe, IV (orash safety
teat

416 Acceleration
46,1  Proc, I Method 513, Proo. I A& II

ASTEVC. TM 36-1

11




=E- ML-STD-030, —
_Tara, Ny, Fovirorment Mathod, Frogedure, or Table |

Apceleration Cont'q,

4:16,2 |Proo, II discont'd, Use |N/A
Proo, I1I

4a16.3 Froo, III Method 519, Froo. I & II
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TABLE III

Tranaition from MIL-X-4970 to MIL.STD-B10

K Mi=1D-010
LAre. Moo | Fovironmant, Mathod, Irogsduxa. ox Table
4l High Temperature
4e.d.1 Proo, I Method 501
4e1,2 Proe, 11 Method 501
4.1.3 Proe, 111 Mathod 501
b2 ' Low Temperature
42,1 Froo, 1 Method 502
4.2,2 Pros, 11 Mathod 502
4'4.2.3 HOO. III Vothod 502
4.3 Humidity
be3.) Preco, I Method 507
I Low Fressure
beholsd Proc, I NMethod 500, Froc, I
be4ole2 | Proo, II Nethod 500, Pros. I
45 Salt Fog Mathod 509
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Mﬂ? MIL=STD-010
| Envirooment \ Yethod. Progedure, or Teble |
4.6 Vibration
4.6.1 Prog, I.discont'd, Use | N/A
Froo, 1V
h.b.;’ Proo, 1I disoont'd, Use | N/A
Proo, V ‘
L.6.3 Proo, II1I discont'd, Use | N/A
Il'oc. vI
4.6.6 Pros, IV Method 514, Table Sl4-I, 5-5A
4ebs7 Proc., V Method 514, Table 514-I, §5-5B
4.6.8 Proo, VI Method 51k, Table 514=I, 6-6A
4.6.9 Pros, VII Method 514, Para, 5.5
All ground equipment gets transyorta-
tion test Method 514, Table 514-I,
7-6A, See Fara 5,7,
4e7 Fungus, Froc, I Method 508
4.8 Sunshine, Pros, I Method 505
4.9 Rain, Proc, I Mathod 506
4.10 Sard and’ Dust, Proc, I Method 510
and II
41l Explosion. Method 511
ASTEVC TM 36-1 1y




[ MIL-E- 1970 MIL-STD=810
Peva, Nr, | Environment Method, Progedure, or Table
k.l2 Shock Mathed 516
4.12.1 Proc, I : Proc, I
4.12,2 Proc, II Pree, II or III
4.12.3 Proc, III discont'd, Use {N/A
Froc, VII
412,14 Proc, IV Proc, I
4.12,5 Proc, V discont’d, Use N/A
Froc, IV
4.12,6 Proc, VI Proc, VI
4.12,7 Proc, VII Proc, III
4.13 Immersion, Proc. I Method 512, ¥roe., I
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SECTION VI
DEVELOPMENT OF FUTWRE TEST METHODS

Procedures for complete envirommental testing to the requirements for
space vehicles, and meaningful test methods for combined envirommental testing
should be introduced into NIL-STD-810 as quickly as the technology can be
developed,

A. Spece Environment Testing, Tests and facilities designed to simulate
conditions encountered by earth-orbiting and spacs vehicles involve sophisti-
cated combined enviromments of the highest order. Facilities or ®space"
chemmbers capable of generating the entire gamut of space conditions do not
presently exist and may never be achieved in ecarth-bound laboratories,
Examples of conditions which present formideble simulation probdblems are weight-
lessness and the velocities required to sismulate hits by meteoroids., Although
not impossible, the effects on both vehicle and occupant resulting from cosmic
and nuclear radiation will be difficult to simulate, The life history of a
space vehicle may be divided into four basic categories as follows:

1., Earth Euviromments.

2, Earth-Orbiting Enviromments.

3, Space Flight Environments.

4. Entry and Landing Enviromments (Earth and Other Bodies).

* The four basic categories may be further recuced with those environments parent
to each phase, as follows:

1, Earth Enviroomeants
a. Transportation, Handling, and Storage Fhase
(1) Pressure
(2) FEigh Temperatire
(3) Low Temperature

(4) Temperature Shock
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(5) Sunshine
{6) Rain
(7) Humidity
(8) Fungus
(9) Salt Fog
(10) Sand & Dust
(11) Acceleration
(12) Shock
(13) Vibration

b, Launch Fhase
(1) Acceleration
(2) vVibration
(3) Shock
(4) Explosion
(5) Acoustical Noise
(6) Temperature
(7) Fressure

¢, Transition Fhage
(1) A1l erviromments parent to launch phase plus:
(2) Rain
(3) Hail

(4) Wind
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(5) Turbulence
(6) Iaing
(7) Geomagnetism
(8) Ozone

2. Earth-Orbiting Envirooments

a,
b.
*c.
d.
e.
of.
8e
h.

*i.

Low Fressure

Van Allen Radiaiton

Cosmic & Solar Radiation
Sputtering and Sublimation

Low Tamperature

Weightlesaress

Explosion

Vibration (marginal importance)

Meteoroid Hits

3. Space Flight Environments

*a,
&b,
*c,
d.
e,
; g

8e

Weightlessness

Cosmic, Solar, and Nuclear Radiation
NMeteoroid Hits

Explosion

Low Fressure

Temperature

Vivration (marginal importance)
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A
o

4. Entry and Landing Zoviromments (Earth and Other Bodies).

a, Shock
t. Vidration
¢, Deceleration

. 4, Ion Sheath
e. Re-entry Temperature (Skin Heating)
f. Ablatioa
g Atmosphere of the Body.
h, Surface Characteristics

*Those environment$ marked with an asterisk indicate conditions which will be
extremely difficult, if not impossible, to simulate in an earth-bound facility,
Although many of the environments may be simulated singly or in simple combina-
tions, a true combined reproduction of all concurring environments will de
highly complex.

It is recognized that environments. other than those listed al. ‘e. exist
in both natural and induced forms, The conditions listed constitute, in varying
degrees, the more significant environments, The concurrence and resulting
interactions of these natural and induced enviromments pose the true prodlem in
developing a test progran,

The selection of realistic stress levels for the space enviromments is
particularly difficult. That the article is being "overtested" or "undertestei"
ts a commonly-heard claim, How then should the test be organized and numbers
for stress levels be determined? MIL-STD-810 can provide only a degree of
guidance, Some of the stress levels are the result of analyzing measured data;
others were determined empirically. In organizing the test, users of the
document should consider only those test enviromments that reflect actual
anticipated service conditions, Those conditions which would adversely affect
the itex or most probably induce a malfunction should be given emphasis.

An approach to 'space envirommental testing is presented in Method 517,
"Low Fressure-Solar Energy" of MIL-STD-810, Although the guide lines are
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nebulous and numbers for the total environment are lacking, the test does
represent a sincere attempt to present the means for bridging the gap between
the Earth's enviromments and the enviromments of space.

B, Combined Environmental Testing. Enviromments, both natural and induced, in
vurious combinations and varying degrees of severity prevail throughout the
Universe, The most coumon of these are temperature and rressure, Considering
these as basic, more and more enviromments may be added until the number of
possible combinations exceeds all sensible liuits. Agein, the test must be
organized so that the more probable and demaging envirorments are combined,
This philosophy is, for the most part, contrary to the present organization

of envirommental testing for qualif.cation approvai, first article, and
reliability testing, In such tests, the test item is subjected to single tests
of increasing damage potential for the admitted purpose of obtaining the "most
mileage® from the test item.

To date, discussions with military, and especially industrial environ-
mental epgineers, indicate a passive resistance or general reluctance to
include combined tests in MIL-STD-810, The cost of combined ervirommental
test facilities and, as previously discussed, the develomment of a meaningful
test program contribute largely to this feeling., The correlation and comparison
of single vs. combined environmental testing should be brought under intensive
study. Until such time, the subject will remain controversial, and ignorance

will prevail,

To a limited degree MIL-STD-810 does contain tests for combined eavirone
ments. These enviromments by test method are illustrated in table I, Although
some tests are conduscted at room temperature, room pressure, uncontrolled
huridity etec., which do not constitute accelerated stress conditions as com-
bined with the stressed enviromment, they are shown to bring the degree of
combining the environments into true focus,
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TABLE IV

EXTENT OF CCMBINED TFSTS AVAILABLE IN MIL-STD-810

Test from MIL-STD-.810

Enviromments in Combination

Test No, Title Controlled Room Ambient
Environment or Uncontrolled
of Concern Environment

500 Low Fressurs Low Pressure Temperature
Humidity
501 High Temperature | High Temperature Pressure
Low Humidity
502 Low Temperature Low Temperature Humidity
= Fressure
503 Temperature Shock { High & Low Temperature Humidity
Cycling Fressure
504 Temperature- Low Temperature Humidity
Altitude Cycling | High Temperature (except where
Low Pressure specified)
Humidity (where reg)
505 Sunshine Solar Radiation Pressure
Humidity
506 Rain Rain Temperature
Pressure
Humidity
507 Humidity Temperature Pressure
Humidity
508 Fungus Fungus Culture
Temperature Pressure
Humidity
509 Salt Fog Salt Solution Fressure
Temperature Humidity
510 Sand & Dust Sand & Dust
Temperature Fressure
Humidity
511 Explosion Fuel Mixture Humidity
Temperature
Low Fressure
512 Immersion Immersion Liquid
(Leakage) Temperature
Pressure
513 Acceleration G level Temperature
Pressure
. Humidity
Cont'd. on next page
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TABLE IV Cont‘d.

Test No, Title Controlled Room Amtient
Environment or Uncontrolled
of Concern Environment

514 Vibration G Level & Frequency Temperature
High or Low Tenperature Pressure
where specified Hunidi ty

515 Acoustical Noise | licise Level LTemperature

Pressure
Humidity
516 Shock G-Level Temperature
Pressure
Humidity
517 Low Pressure- Low Fressure Humidity
Solar Energy Low Temperature
Solar Energy
ASTEVC TM 36-1 22




SECTION VIX

SUMMARY

Together the military and industry have resolved many environmental problems
in the development of MIL.STD-810, FHowever, when considering the broad scope of
this effort, some differences of opinion are bound to prevail, Some controvere
sial points may never be r esolved.

In an organization such as the Aeronautical Systems Division with its many
systems project offices and their responsible system develorment contractors,
enviromental problems arise almost daily, especially in the initial phase when
the system environmental compatibility for a new flight vehicle is being
developed, It is essential that constant surveillance and liaison across this
vast military-contractor effort be maintained so that MIL-STD-810 can be kept
up to date, If, through the use of this standard, deficiencies are noted, or
if new criteris and methodology are developed for which there is a general need,
it is suggested that recommendations be made for upgrading the standard, The
importance of this team effort can not be minimized,

It is recognized, with no apology intended, that MIL-STD-810 in its present
form is not a panacea for every problem associated with envirommental testing,
The contents of the test methods are not based on any newly performed basic
research program or revolutionary findings which would challenge the state of
the art, It does bring together, in one document, standard test methods that
are at least current with the state of the art,
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