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FOREWORD

MIL-STD-810D has been revised to require more careful attention to environments
throughout the development process. A course of action for determining and
assessing the environments to which an item will be exposed during its service
life has been added to section 4, General Requirements. The additional General
Requirements aid in preparation for design and preparation for test. Document-
ation requirements for the design and testing procese have also been added to
section 4.

The bulk of the standard remains devoted to test methods. Each individual
method has been revised to encourage more accurate determination of the
environmental stresses that an equipment will encounter during its service
life. Guidance for accelerated or aggravated testing during the design process
is included in some caaes. Each test method has been divided into two
sections: Section I providea guidance for choosing and tailoring a particular
test procedure; Section II includes step-by-step test procedures. In some
methods, net only the test values, but alsc the sequence of steps is
tailorable.

The result cf this revision will be that this standard cannot be called out cr
applied as a fixed, relatively simple routine. Instead, an environmental
engineering specialist will have to choose and alter the test procedures to
suit a particular combination or sequence of environmental conditions for a
specific equipment application.

The methods c~ this standard are not intended to satisfy all safety compliance
testing requirements. Safety compliance testing may require tests not covered
herein.

Technical questions may be addressed to the following offices:

Air Force Wright Aeronautical Laboratories
AFWAL/FIEE
Wright-Patterson AFB, Ohio 45433
Telephone: Commercial (513) 255-5082

Autovon 785-5082

Hq US Army Test and Evaluation Command
DRSTE-AD-M
Aberdeen Proving Ground, MD 21005
Telephcne: Commercial (301) 278-3677

Autcvon 283-3677

Naval Air Engineering Center
ESSD Code 9313
Lakehurst, NJ 08733
Telephone: Commercial (201) 323-7458

Autcvon 624-7458
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● 1.

1.1

●

SCOPE

~. This standard provides:

a. Guidelines for conducting environmental engineering tasks to tailor
environmental tests to end-item equipment applications.

b. Test methods for determining the effects of natural and induced.
environments on equipment used in military applications.

1.2 Application of this standard early ‘inthe development phase
of the acquisition process ie encouraged. Selected application at other points
in the acquisition process may be appropriate. The methods of this standard
are not all-inclusive. Additional environments or combinations of environments
should be included in the environmental test specification when appropriate.
The test methods of this standard are intended to be applied in support of the
following objectives:

a. To disclose deficiencies and defecte and verify correctiveactions.

b. To assess equipment suitability for its intended operational
envirotiment.

“c. To verify contractual compliance.

.3 Limits W.
t.

This standard purposely does not address the fol owing:

a. Electromagnetic interference (EMI).

b. Lightning and magnetic effects.

c. Nuclear weapons and nuclear weapone’ effects.

d. Piece parts, such as bolts, wires, transistors, and integrated
circuits.

e. Tests of basic materials.

f. Certain aspects of the safety testing of munitions, such as rough
handling tests.

2. REFERENCED DOCUMENTS
?

.2.7 ~

2.1.1 ~ sta~. The following documents of
8 the issue listed in the current Department of Defense Index of Specifications

and Standards (DODISS) and the
of this standard tO the extent

supplement thereto
specified herein.

(if applicable , form a part
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SPECIFICATIONS

MILITARY

MIL-S-901

STANDARDS

MILITARY

MIL-STD-16-7
MIL-STD-21o

I MIL-STD-781

.. —--- . ..-
MJ.L-W’IJ-1105
MIL-STD-1540
MIL-STD-1670

MIL-STD-45662

PUBLICATIONS

AR 70-38

S1’ANAG2831 :

SfANAG 3518AE

:..’
Shock Tests, H.1..(High Impact), Ship Machinery,.’Equipment
And Systems ,. ...

t,

,,

Mechanical Vibrations Of Shipboard Equipment:
Climatic Extremes For Military Equipment
Reliability Testing For Engineering Development,
Qualification And Production ,:;’
Glossary Of Environmental Terms
‘TestRequirements For Space Vehicles
Environmental Criteria And Guidelines For‘lir-Launched: -
Weapons ,.

Calibration System Requirements

Research, Development,‘TestAnd Evaluation Of Materiel :
For Extreme Climatic Conditions . .-

Climatic EnvironmentalConditions AffectingThe Design
Of Materiel For “UseBy NATO Forces Operating In A Ground ‘:’
Role .,

Environmental Test Methods For Aircraft Equipment And
Associated Ground Equipment

,.

(Copies of specifications, standarda, handbooks, drawings, and publications
required by manufacturers in connection with specific’acquisition functions
should be obtained from the contracting activity or as directed by the .“
contracting officer.)

2.2 Qrder of Drece_. In the event of a conflict between the text of this
gtandard “ad the references’cited herein, the text of this standard shall take
precedence. , .;..,..,

... ..

3. DEFINITIONS ,.... .,, , ,,

3.1 The following definitions shall apply: ,.,,

a. ‘Acceleratedtest. A test designed to shorten the teat time by
increasing the frequency or duration of environmentalstresses that would’be ‘
expected to occur during field use.

....,

b. &uzravated test. A test in which one or fJIOr~conditions are set at a
more stressful level than the test item will encounter in the field in order to
reduce test time, reduce sample sizes, or assure a Margin of SafetY.

c. envmomwk. The conditions (e.g., temperature and.humidity)
characterizing the air or other medium thatsurrounds materiel. :“..

., :...,,..

d. Environments1 conditions. (see Forcing function).

‘\
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e. onmenta1 engineering sDecialist. One whose principal work
assignment lies in the tethnical area of’natural and induced environments and
their relation to military equipment. A person who has expertise in measuring
and analyzing field.environmental conditions, formulating environmental test
criteria, specifying laboratory simulation of environments, and evaluating the
effects of environments on equipment.

f. functlfm. A climatic or mechanical environmental input to an
item of equipment that affects its design, service life, or ability to
function. (Also referred to as en environmental condition or an environmental
stress.)

..
g. Hermetic seal. A permanent air-tight seal.

h. Xk3uced environment. A local environmental condition that is
predominant1y.man-made or.equipment-generated. Also refers to any internal
condition that results from the combination of natural forcing functions and
the physical/chemical characteristics of the.equipment.

i. Life cvcle history. A time history of events and conditions
associated with an item of equipment from its release from manufacturing to its
ultimate removal from service. The,life cycle should include the various,
phases that an item will encounter in its life, such as: handling, shipping,
and storage prior to use; mission profileq,.whilein use; phases between
missions; such as stand-by.or storage, tranafer to and from repair sites and
alternate locations; and geographical locations of expected deployment.

j. Ii&3ion Drot2.L.e.“That portion of the life cycl’eassociated with a .
specific operational mission.

k. Uat.fwI. Any vehicle, surface, o-r“mediumthat carries the equipment.
For example, an aircraft is the carrying platform for internally installed
avionics equipment and externally mounted stores. The land is the platform fcr
a ground radar set, and a man for a hand-carried radio.

1. ‘Platform.environment. The environmental conditions an equipment
experiences ag a result of being attached to or loaded onto a platform. The
platform environment is a result of forcing functions induced or modified by
the platform and any on-board.environmental control systems.

m. Ta iloring. The process of chocsing or altering test procedures,
conditions, values, tolerances, measures of failure, etc., to simulate or
exaggerate..the effects of one or more’forcing functions to which an item
will be subjected during its life cycle. The.tailoring process, broadly
speaking, also includes the engineering tasks and preparation of planning
dccuments to assure proper’consideration of environments throughout the life
cycle.

,.

n. T= t’ level. Tbe value at which a test condition is set.

0. Test method. The criteria and procedures used to formulate-an
environmental test. Test ❑ethods.are identified by environment (or?
combinations) in section 5 of this document.

3
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P. Test Drocedure. A sequence of actions, the correct performance of
which will result in a valid test of an item’s response to a particular forcing
function or combination of functions. Within each teet method there are one or ●
more test procedures.

4. GENERAL REQUIREMENTS

4.1 General. This standard describes a series of engineering tasks and
supporting documentation to assure the.tailoring of environmental test
conditions to individual equipment applications. An environmental engineering
specialist should be utilized to effectively apply this standard.

b

4.2 Iailoring

4.2.1” f)biective of tailorin~. The objective of tailoring, as applied in this
standard, is to assure that military equipment is designed and tested for
resistance to the environmental stresses it will encounter during its life
cycle. Figure 1 illustrates the environmental tailoring process. Figure 2
shows generalized environmentallife cycle histories that may be used in
developing a life cycle profile.

4.2.2 ~ine tasks. It is necessary to give proper consideration to
environments throughout the development process in order to obtain a quality
product. To assure such consideration, environmental management plans shall be
formulated that require the following engineering tasks: determination of life.
cycle environmental conditions; establishment of environmental design and test
requirements, including a test plan; and collection and analysis of field data
for verification of environmental design and test criteria. Proper attention
to each of these tasks insures that the correct environments are identified for ●
teat, that engineering development as well as qualification tests are phased
properly into the item’s acquisition program, that environmental teat
conditions are traceable to life cycle conditions realisticallyy encountered,
and that testing is appropriate for the item application. The following plans,
tasks, and documentation are established to facilitate the tailoring process.
Each shall be prepared directly by the procuring activity or by the contractor
as directed by the procuring activity.

4.2.2.1 Environmental Man&ze❑ent Plaq. The overall purpose of this plan is to
develop a viable and cost effective progrsm to assure that military equipment
will be designed and tested for all pertinent environmental conditions to which
it will .besubjected during its life cycle. The overall management of the
environmental program shall include consideration of manpower requirements,
scheduling, life-cycle environmental conditions, test tailoring, test
performance, analysis of results, corrective actions, and collection of data 0

about, and analysis of, actual field environments. Plans for monitoring,.
assessing, reporting and implementing the entire environmental program shall be
addressed. The environmental management plan shall be documented according to
DID DI-R-7123. ●

4.2.2.2 UC%. 1 ir t A life cycle history of events and
associated environmental conditions for an item from its release from manufac-
turing to its retirement from use shall be determined. The life cycle shall
include the various phases an item will encounter in its life, such aa:
handling, shipping or storage prior to use; phases between missions, such as ●
stand-by or storage or transfer to and from repair sites; geographical
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locations of expected deployment; and platform environments. The environments
and combination of environments the equipment will encounter at each phase
shall be determined. All potential deployment scenarios should be described. o

Figure 2 shows generalized environmental life cycle profiles that may be “used
as a baseline to identify the environments most likely to be associatedwith
each life cycle phase. The information DreSented in the fifnme does not
necessarilyy-include all ‘environmentsor combinations of
materiel will be exposed. The following factors should
account:

I
a.

b.

c.

d.

e.

f.

g.

h.

Configuration of the hardware.

Environment that“is encountered.

Platform with which the hardware interfaces.

Interfaces with other equipment.

environments to which
also be taken into

Absolute and relative duration of exposure phase.

Number of times phase will occur; intermittence of phase,

Probability of occurrence of environmental conditions.

Geographical location..

b

I

i. Any other information which will help identify any environmental
conditions which may act upon the item. *

The life cycle environment profile shall be documented according to DID
DI-R-7124.

Q.2.2.3 and Test Plm. This plan shall define
the specific environmental design and test requirements and include an environ-
mental test plan. Data obtained under provisions of 4.2.2.2 above shall be
utilized, along with the individual environmental test methods listed in
section 5 of this document. Consideration”should be given to the following:

1 a. Probabilityy of environmental occurrencei‘alone or in combination.

I
b. Expected effects and failure modes.

c. Effect on hardware performance.and mission success.

d. Likelihood of problemts disclosure by the test ‘methods,

e. Occurr&ce of similar environmental stress in ❑ore than one life
profile phaae.

f. Experience gained from other equipment similarly deployed.

-..

●

-’.

This plan shall be documented under DID DI-R-7125.

6
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4.2.2.4 Ooerational Environmenta1 Ver~on P
. . . la~. This document shall

include plans for obtaining data on actual operating or field environments to
which the test item will be ‘exposed,for comparison with design and test
criteria. It will provide the basis for the analysis of the adequacy of the
‘erivironmentalprogram. The Operational Environmental Verification Plan shall
be documented according to DID DI-R-7126. ,.

4.3 ~. Field data used in these methods should meet all
of the following:

a. -merit slmllari
. . tv. Whenever practical, measurements shall be made

on (a copy of) the test item or on the same platform type as that which will
carry the equipment to be tested. This ideal situation is often unattainable
early in the development of new equipment. Therefore, it is sometimes
necessary to derive data ,fromappropriately similar equiPment Or carrYinR
platforms. Under such circumatancea, exact equivalence shall not be expected
or required. It is important to note that equipment may be functionally ,
dissimilar and still be considered aa similar for evaluating ‘environmental
stress conditions.

b. Mta au-. The following minimum standards should be satiafied
before field lata ia considered suitable for substitution into the test
procedures, Supporting information should include:

(1) A description of the equipment or the carrying platform.

(2) The location on the hardware or carrying platform at which the
measurements were made.

(3) The environmental and operating conditions under which the
measurements were ❑ade.

(U) The type and calibration status of data recording and analysis
equipment and inatrumentation.

In addition, the measured data should.be analyzed and formatted to be
compatible with the specific test procedure for which it is being considered.

c. Rata man tity. Sufficient data is needed to adequately describe the
conditions being evaluated, but the requirement for sufficiency will vary with
the environmental conditions, physical and performance characteristics of the
hardware type, and program needs, Consideration shall be given to:

Some
when

4.4

(1) The number and nature of the data measurement pointa.

(2) The number and scope of triala conducted to record data.

engineering judgement may be required to asseas the applicability of data
constraints limit the number and location of measurement points.

Test c~.
. .

Unless otherwise specified herein or in the equipment
specification, measurements and teata shall be made at the following
conditions:

9
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a. ~dard ambim. Ambient measurements and checks (e.g., pre- and
post-test) are conducted at room ambient conditions as follows: :

0
Temperature: 25°C 2 10°C (77°F t 18°F) ., ‘“:

..

“ Relatife humidity: ‘“ Uncontrolled room ambient ~~,‘;:’ ::’
,..

Atmospheric pressure: Site pressure

b. CmLrOlled ambti. When the ambient conditions must be closely ‘”
controlled, the following shall be maintained:

s

Temperature: 23°C : 2°C (73°F t 3.60F) ‘ ,.,

Relative Humidity: 50 percent f 5 percent
\

Atmospheric Pressure: 96.45 ~~~ Okpa
.,

4.4.1 ~ces for t& conditions. Unless otherwise specified, tolerances ‘
for teat conditions shall be as follows:

a. ~. The test item shall be ‘totallysurrounded by an envelope
of air (except it necessary support points). The temperature of the test o
section measurement system and the temperature gradient throughout thi+
envelope, which is measured close to the test item, shall be within f 20c
(~ 3.6oF) Of the test temperature and shall not exceed 1‘C Per meter ,Or a
maximum of 2.2°C total (equipment nonoperating).

b. Yressure. When pressure is 1.3 x 10-3 Pa or higher, it shall be
measured with an accuracy of -~ percent of the measured value.

c. Low ureasure. When pressure is lower than 1.3 x 10-3 Pa it shall be
measured with an accuracy of :10 percent of the measured value.

d. Humiditv. Relative humidity at the chamber control sensor shali be :5
parcent of the measured value.

Sinusoidal: ~10 percent
Random: See method 514.3

f. Yibration Vibration frequency shall be measured with an *
accuracy of 22 percent, or fl/2 Hz belOw 25 Hz,

.,:.

g. A.. tiQQ.

h. w. Elapsed

Acceleration shall be measured to within 310 percent.

time shall be measured with an accuracy of ~1 percent... ● “

..

10
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4.4.2 ~ci.lracvof.test ins rum‘t entation calibratiou. The accuracy.of
instruments and test equipment used to control or monitor the test parameters
shall be verified prior to and following each teat and then calibrated in
predetermined intervals and shall meet the requirements of MIL-STD-45662 to the
satisfaction of the procuring activity. All instrument? and te?~ equipment
used in conducting the teats specified herein ehall:

a. Be calibrated to laboratory standards whose calibratioriis traceable
to the National,Standards via primary standards,

b. Have an accuracy of at least one-third the tolerance for the variable
to be measured. In the event of conflict between this accuracy and a require-
ment for accuracy in any one of the test methods of this standard, the latter
shall govern.

4.4.3 Stabilizat~ of test temuera~

4.4.3.1 ~ item oDeratin~. Unless otherwise specified, temperature
stabilization is attained when the temperature of the operating part of the
test item considered to have the longest thermal lag ia changing no more than
2.00c (3.6oF) per hour.

4.4.3,.2,T~QQQoDe ratin~. Unless otherwise specified, temperature
stabilization is attained when the temperature of the operating‘partof the
test item considered to have the longest thermal.lag reaches a temperature
within test,tolerances of the nominal test temperature,except that any
critical component (e.g., battery electrolyte for engine ‘startingtest) will be
within 1°C (1.8°F). Structural or passive members are not normally considered
for stabilization,purposesf When changing temperature, fOr”many teSt iteDIS,,.
the temperature of the chamber air may be adjusted beyond,the test cond+t.ion ,
lirnitato reduce stabilization time, provided the extended temperaturedoes.nOt
induce response temperature in a critical component or area of the test item
beyond the test temperature limits for tbe test item.

~.4.4 ~. Experience has shown definite advantages to performing
certain tests immediate y before, in combination,with,or immediately fOllOWing
other tests, Where these advantages have been identified, guidance has been.
put in I-3c of the test methods and shall be followed. other sequences and
combinations consistent with,1.2 and 4.2.1,of .GeneralRequirements may be used
with the permission of the procuring agency.

4.4.5 ~. Guidance for choosing among the procedures of a method
is found in section I of each ❑ethod.

4.4.6 Test condl Ions.t. .
Whenever practical, specific test levels, ranges,

rates, and durations shall be derived from measurements made on actual or
appropriately similar equipment (see 4.3). When specific measured data are not
available, the test characteristics shall be tailored using tbe guidance found
in section 5.

,., ,
4.5 k! ~

4.5.1 Jretest ‘uerformane rc ecord. Before testing, the test item should be
operated at standard ambient conditions (see 4.4) to obtain and record data for
determining compliance with the requirements document(s) and for comparison

11
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with data obtained before, during, and after the environmental test(s). The
identification and environmental test history of the SPeCifiO test item(s)
should be documented for failure analysis purposes. ●
4.5.1.1 Jre-test recocd.. The pre-teat record shall include (as applicable):

a. The functional parameters to be monitored during and after the test.if
not specified in the equipment specification or requirements document. This
shall include acceptable functional limits (with permissible degradation) when
operation of the test item is required.

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

4.5.2 Inatanation of test item in test facilitv. Unless otherwise specified,
the test item shall be installed in the test facility in a manner that will
simulate service usage, with connections made
necessary.

and instrumentation attached as &

a. Plugs, covers, and inspection plates
servicing, shall remain in place.

b. Electrical connections normally used
provided with electrical connectors having

not used in operation, but used
in

in service but not in test shall
dummv cables with DrOtf3Ctedbe

terminations. Such mechanical connections shall aiso be protected.

c. For tests where temperature values are controlled, the test chamber
shall be at standard ambient conditions when the test item is installed or as
specified in the individual methods. ●

d. The test item shall be operated according to the applicable technical
order or technical manual, when available, to determine that no malfunction or
damage has resulted from faulty installation or handling. The requirement to
operate the test item after its installation in the test facility applies only
when the item is required to operate during the test.

e. Test items shall be positioned at least 15 cm (6 inches) from each
other or from walls, floors, ceilings, etc. to allow for adequate circulation.

f. If the item to be tested consists of several separate units, these
units may be tested separately provided the functional aspecta are maintained
as defined in the requirements document.

4.5.3 Performance che~mu test. When operation of the test item is
required during the test exposure, suitable tests shall be performed to G

determine whether the test exposure ia producing changes in performance when
compared with pretest data.

4.5.4 Dted tests. Unless otherwise specified in the individual ,
methods, the following procedures shall be followed when a test is interrupted.
Any deviation from this guidance shall be explained in the test report.

4.5.4.1 In-tolerance interruDti~. Interruptions during which the prescribed
test tolerances are not exceeded shall be considered as part of the total test
duration. (No allowance is necessary if exposure to the proper test levels was o
maintained.) >-

12
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a-

.

4.5.4.2 ‘Mthods 503.7. 506.7. 510.7 514.3. 516.3 and 51q.3. (See511.?.
figure 3.)

a: JJndertest. If test tolerances have been ‘exceededresulting in an
undertest condition, the test may be resumed from the point at which tolerances
were exceeded following reestablishment of prescribed conditions (except as
noted”in the individual ❑ethods)
test cycle ie achieved’.

, and extended to insure that the prescribed

b. SWertest. If an overtest condition occurs, the preferable course of
action ia to stop’the test and start over with a new test item. However, if
any damage ie a direct result of the overtest conditions and will not affect
otherteat item characteristics, or if the item can be repaired, the teat may
be resumed’and extended as in the undertest.condition. If an item failure
occurs during the remainder of the test, the test results shall be considered
invalid.

4.5.4.3 .Mthods 500.?. 501.7. 512.7. 513.3. 570 Q
andJ&LQ. Each of these methods contains guidance for handling out-of-
tolerance test interruptions. Any such interruption must be carefully
an>lyzed. ‘Ifthe decision ia.made to continue testing from the point of
interruption, to restart the last successful y completed test cycle, or to
restart the entire test with the same test item, and a failure occurs, it is
essential to consider the possible effects of the interruption or of the

,

extended length of the test.

4.5.5 Cs?!Q@d test& Combinations of tests may produce a more realistic
representation of the effects of the environment than a series of single tests
can, :Combined testing is encouraged,

4.5.6’ Post-test data. At the completion of each environmental test, the test
item shall be inspected in accordance with the equipment specifications, and
the results shall be comparad with the pretest data obtained in accordance with
4.5.1. Post-test data shall include:

a. Complete identification of all teat equipment and accessories.

“b. The actual test sequence (program) used.

c. Deviation from the planned test program.

d. The room ambient test conditions recorded periodically during the test
period.

);

e. Test item operational data.

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

g. Other data as specified in the individual methods or equipment
requirements document(s).
.,’
.. . ...

13
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kz-1
SEE 1+ No Interruption?

I

‘EE’--=2J2J
‘E’’---++
‘EE2b~

--+

Yes 1Yes

SEE 2a NO Item SEE 2a
Repairable?

Yes

SEE 2b

NOTES:

1. Continue test (see individual methods); extend test time if necessary.

2. Alternatives:

a. Restart at the beginning.

b. Complete the test with undamaged or repaired test item.
(NOTE: Test results will be invalid if an item failure occurs.) F

FIGURE 3. Inte uDte test cvcLe lo~ic =_Hethod~JzQ6&s
~ -a%d~l.%-l.

14

-



MIL-STD-81OD
19 July 1983

● ✎4.5.7 Mlure criteria. Failure of the test item to meet any one of the
following conditions shall constitute a test item failure.

a. Deviation of monitored functional parameter levels beyond acceptable
limits established in 4.5.1 and specified in the requirements document.

NOTE: Certain types of equipment (e.g., propellants and electrically
driven devices) are often expected to demonstrate lesser
performance at an environmental extreme, particularly low
temperature. A failure would occur only if degradation is more
than permissible.

b. Nonfulfillment of safety requirements or the development of safety
hazards.

d
c. Nonfulfillment of specific test item requirements.

d. Changes to the test item which could prevent the equipment from
meeting its intended service life or maintenance requirements. (For example:
Corroded oil drain plug cannot be removed with specified tools.)

e. Deviation from &tablished environmental requirements.

f. Other (see 4.5.8).

●
4.5.8, “ “ 1&UJ.QQQa or different failure criter~. Any additional or different
failure criteria shall be as specified in the equipment specification.

4.5.9 Environmental test reDort. An environmental test report shall be
completed according to DID No. DI-R-7127.

4.6 .flimaticreaions. For the purposes of this document, three climatic
regions are defined to which equipment may be designed and tested: hotldry,
hotlhumid (or !Ibasic”), and cold.

4.6.1 mu of climatic reaio~. Figures 4a and 4b show land areaa where the
various climatic regions exist.

4.6.2 D~.lim tati ~. t.
tvDea. The climate types are

distinguished primarily by temperature, and secondarily by humidity.

a. Hot climatic re~i~. This region includes most of the low-latitude
.. deserts of the world. During summer in these areas, temperatures above 43°C

(110°F) occur frequently, but except for a few specific places, temperatures
will seldom be above 49°C (120°F). In winter, temperatures are likely to be in
the same range as for the ‘Fbasic??climatic region. If materiel is designed

. only for the hot climate, a specially tailored
should be sought. Small portions of this area
high absolute humidities, although the highest
dewpoints do not occur at,the same time.

low temperature design v~lue
are sometimes subject to very
temperatures and highest

-----
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b. ~. These regions include the most densely
populated and heavily industrialized parts of the world as well as the humid
tropics. The entire”.range of basic design conditions doea not necessarily ●
occur in any one place. Each single condition (high temperature, low
temperature, high humdity) occurs in a wide area. When taken together, the
design ‘valueastiouldprovide for satisfactory equipment.throughout”the.aiea~
Tropical areas‘are included in this cli@iatetype because their temperature is”
quite moderate, and their humidity’levels are equalled in the mid-latitudes.
The feature of the tropics most important for equipment destgn.is the
persistence of high humidity over long periods of time. This conditicm not “
only promotes corrosion but ia an excellent enviro~ment for insect and
microbiological damage.

>

c. Q&i and severe cold Climtic mziom..- These areas include northern
North America, Greenland, northern Asia, and Tibet. In the cold area,
temperature during the coldest month in a normal year may be colder’than the b
basic cold extreme of -32°C (-25’%?). In the severe-cold areas, temperature
during the coldest month in a normal year may be colder than the cold extreme
of -46°C (-50°F), but colder than -51°C (-600F) no more than 20 percent of the
hours in the coldest month of the coldest part of the area (northern Siberia,
where absolute minimum temperatures as low as -68°C (-90°F) have been
recorded). Because the extreme low temperatures are not controlled by a daily
solar cycle, they persist for a long enough period of time for materiel to
reach equilibrium at a temperature near the minimum.

5.

5.1

6.

6.1

,.

TEST METHODS

Individual methods for environmental teating follow section 6. ●
NOTES

~. The purpoee of this standard is to standardize the design
I and conduct of testa for assessinz the abilitv of militarv eauinment to

withstand environmental streaees it will enco~nter during”it; life cycle, and
to insure that plans and test results are adequately documented.

6.2 Mta re~. When this standard is used in an acquisition, the data
identified below shall be delivered only when the task paragraPh(s) applicable
to a specific DID is applied in a contract and the applicable DID ie specified
on the DD Form IU23, ‘Contraat Data Requirements List (CDRL).‘1 When the DD
Farm 1423 is nat used and DAR 7’-lO4.9(n)(2)is cited, the data identified belaw
shall be delivered in accordance with requirements specified in the contract or
purchase order. Deliverable data associated with
standard are cited in the following paragraphs.

Para=raDh t& Data Reouirement Title

U.2.2.I Environmental Management
4.2.2.2 Life Cycle Environmental

Profile Plan

the requirements of this .

&,@&aJ21e R.lQ

Plan DI-R-7123 .
DI-R-7124

4.2.2.3

4.2.2.4

Environmental Oesign Criteria DI-R-7125
and Test Plan

Operational Environmental DI-R-7126
Verification Plan

U.5.9 Environmental Test Report DI-R-7127

18
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0 (Copies of.DIDs required by contractors in connection with specific acquisition
functions should be obtained from the Naval Publications and Forms Center or as
directed by the contracting officer.)

6.3“ ‘~ ameemm t. ,Certainprovis~ons of this
standard are the subject of’international standardization agreement STANAG
3518 AE. When amendment, revision, or cancellation of this standard is
proposed which affects or violates the international agreement concerned, the
preparing activity will take appropriate reconciliation action through
international standardization channels including departmental standardization
offices, if required.

6.4 ~. Asterisks or vertical lines are not used in
this revision to identify changea with respect to the previous issue due to ttie
extensiveneea of the changes.

. ..

Cuetodiane:
Army - TE
Navy - AS

●
Air Force - 11

Review activities:

Army - NI, ME, AV, GL, TE, MT, AT, CE, AR
Navy - SH, OS, YD, EC
Air Force - 10, 18, 19, 69

Preparing activity:
Air Force - 11

Project No. ENVR-0013

International interest (see 6.3)

.-

.
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METHOD 500.2

Low PRESSURE (ALTITUDE)

U&e

SECTION I
I-1 PURPOSE . ....... . . . . . . . . . . . . . . . . ...500.2-I
I-2 ENVIRONMENTAL EFFECTS . . , .“. . . . . . . . .,. . . . 500.2-1
I-3 GUIDELINES FOR“DETERMININGTEST

PROCEDURES AND TEST CONDITIONS . . . . . . . . . . . 500.2-1
1-4 SPECIAL CONSIDERATIONS . .
I-5 REFERENCES . . . . . . . .

SECTION II
II-1 APPARATUS . . . . . . . . .
II-2 PREPARATION FOR TEST . . .
II-3 PROCEDURES . ... . . . . .
11-4 INFORMATION TO BE RECORDED

. . ‘...,.. . . . . . . . 500.2-5

. . . . . . . . . . . . . . 500.2-5

. . . . . . . . . . . . . . 500.2-7

. . . . . . . . . . . . . . 500.2-7

. . . . . . . . . . . . . . 500.2-8

. . . . . . ..4. . . . . 500.2-9

SECTION I

1-1 ~. Low-pressure (altitude) chamber tests are performed to determine
if materiel can withstand, and operate in, a low-pressure environment.

1-2 ~. Examples of some problems that could occur
result of exposure to reduced pressure are:

a.

b,

c.

d.
corona.

e.

f.

g.

h.

Leakage of gases or fluids from gasket-sealed,enclosures.

Rupture or explosion of sealed containers.

as a

Change in physical and chemical properties of low-density materials.

Erratic operation or malfunction of equipment resulting from arcing or

Overheating of equipment due to reduced heat transfer.

Evaporation of lubricants.

‘Erratic atarting and combustion of engines.

Failure of hermetic seals.

I-3

NOTE: This teat method should be applied at the end of the tailoring process
described in section 4 of this standard. \

METHOD 500.2
19 July 1983
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a.
~. ~.

This method is intended to be used for the following
applications:

(1)

elevation~~)

(3)

Air shipment of materiel in cargo aircraft.

Equipment designed for installation or operation at high ground

Explosive (rapid) decompression due to aircraft damage.

b. &2atrictioM. This method is not intended to be used to test
equipment to be installed in and operated in aircraft, missiles that fly at
high altitudes (i.e., above 4,570m (15,000 ft)), external stOres, Or space
vehicles, since such equipment would be subjected to method 520. This altitude
test would be a duplication of effort and a less effective test for such
equipment.

c. ~. (See General Requirements, 4.4.4.’) Thie method is
considered to be the least damaging of those included in this document for most
typea of equipment and therefore may be one of the first to be conducted.
Other teeting may contribute significantly to the effects of low pressure (see
I-2) on the test item and may have to be conducted before this method. For
example:

(1) Low-temperature and high-temperature testing may affect eeals.

(2) Dynamic tests may affeet the structural integrity of the test
item.

d. Test variatio~. Before conducting these tests, determine any
required variation of the test procedure(s). The choices for varying the test
procedure(s) are extremely limited. The primary variations involve the test
altitude. altitude chanRe rate. and test duration, aa outlined in I-3.2. Other
environmental combinations, such as low temperature and low pressure,
addressed in this method but may be considered.

I-3.1 -Choiceof DrOCedUre(a>test

a. fme rational DUrDose of the test item. From the requirements
document(a), determine the functions to be performed by the”equipment.
low-pressure environment and any limiting conditions.

Tes obiectivea. The”primary objectives of the low-pressure
(alti~~de) t~st are to determine if:

(1) The test item can
sites.

.(2) The test item can
shipping/atoiage configuration.

,. (~) The test item can
determine if it will damage the

METHOD 500.2
19 July 1983

be stored and operated at high ground

are not

in a

elevation

be transported by air in its normal

survive a rapid decompression and, if not, to
aircraft or present.a hazard to personnel.

500.2-2
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c.
included
Based on

Selec mn of the test DPOc@iwa.@.
~.

Three test procedures are
within this methDd: storage, operation, and rapid decompression.
the test data requirements, determine which of the test procedures or

combination of procedures is applicable.

.(1) Prmedu= I - storage. Procedure I is appropriate if the test ,
item is to be stored at high ground elevation or tranSpDrtated in its
shipping/storage configuration.

(2) Procedure II - ODera~. Procedure II is used to determine the
performance of the test item under low-pressure conditions and can be preceded
by prDcedure 1, procedure III, or both. If there are no low-pressure storage
or explosive decompression,requirements, this prooedure can stand alone,

(3) Procedure III d decomm~. Procedure III is used to
determine if a rapid decrease in pressure of the surrounding environment will
cause a teat item reaction that would endanger nearby personnel or the aircraft
in which it ia being transported. After the rapid decompression test, a
potential safety problem could exist that is not obvious. Caution should be
exercised during the post-test operational check. This procedure can be
preceded by either the storage or the Operational test.

I-3.2 moics of rslatsd test cond-. After the test procedure(a) is
chosen, the test altitude(s), altitude change (climb/descent)rate, duration of
exposure, test item cmfiguration , and any additional appropriate guidelines
must be determined.

a. T-t al Ihuk.
t.

Base determination of the specific teet altitudes on ‘
the anticipated deployment or flight profile of the test item. If this
information is not available, use the following guidance to determine the test
altitude:

(1) World mound areas. The highest elevation currently contemplated
for ground military operations (equipment operating and nonoperating) is 4,570m
(15,000 ft), 57 kpa (8.3 psia) (reference a).

(2) . Table
500.2-I provides the minimum cargo compartment pressures for variousaircraft
used to transport cargo. These pressures can occur as a result of failure of
the automatic pressurization system. Redqndant systems prevent rapid loss of
pressure unless explosive decompression occurs. Testing to the 4,570m (15,000
ft) equivalent altitude will assure that the equipment shipped by air will
successfully withstand the low-pressure environment.

500.2-3
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TABLE 500.2-I. Minimum.carRo co Dar ent Dressum tm re~.

Aircraft

G130

C-141

C-5A

DC-8/707/DC-9-80

DGlo/-r47/Kc-lo

L-1011I767

c-160 Transall

A-300/C

Minimum Cargo
Compartment Pressure

(psia) (kPa)

8.29 57.2

8.63 , 59.5
.,

8.8; . 60.7

8.29 57.2

8.29 57.2

8.29 57.2

8.63 59.5

10.71 73.8

Equivalent Altitude
(reference c).

(ft) (m)

15,000 4,570

~ 14,000 4,270 .,,

.13,500 4,110
,.. .,

15,000 4,570

,. 15,000 u,570

., 15,000 4,570

‘14,000 4,270

.8,000 2,400

(3) Maximum fl.i.gbtal ltude for”
~. exDlosive decomnression testing:.“12,200m

(40,000 ft) (18.84 IcPa). When it is known that other altitudes will be
encountered, teat the equipment for the known elevation.

b. ~e rate. If a epecific rate of altitude change
(climb/descentrate) is not known or speoified in the requirements document,
the following guidance is offered: In general, and with the exception of the
explosive decompression test, the rate of altitude change should not exceed 10
m/s (2,000 ft/min) unless justified by the anticipated deployment plstform, In
a full military power takeoff, military transport aircraft normally have an
average altitude change rate of 7.6 m/a (1,500 ft/min). To conserve fuel, the
present”procedure is to have a 3.8 to 4.1 m/s (750 to 800 ft/min) altitude
change rate, normal practice for commercial aircraft operations. The value of
10 m/s will also be used for ground deployment teata (for standardization
purpoeee) unless otherwise specified.

c. -id decomcx-essionrate. Thene are several conditions for which
the rapid rate .ofdecompression may vary. These include:

(1) Massive damage to the aircraft, but the aircraft survives and
decompression is virtually instantaneous.

(2) Relatively small holes caused by foreign objects through which
decompression could occur at a slower rate than in (1) above.

(3) Relatively gradual loss of pressure due to loosening of aircraft
structure.

I

The decompression in procedure III should be accomplished as quickly as
possible but shall not take more than 15 seconds.

MRTHOD 500:2
19 JUIY 1983
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● d. Tk&QwaQw . For prooedure 1, the test duration should be
representative of the anticipated service environment, but a test duration of
at least 1 hour is considered adequate for most equipment. Procedures II and
111 do not require extended periods at the test pressure, once it haa been
reached and any required funotions are performed.

e. lest item confLswLbn. Configure the test item in a manner that
is characteristic of its normal configuration, i.e., operational for high
ground elevation simulation,,in its shipping/atorage 00ntainer for air
tranaport, etc.

-.

f. . Review the equipment specification and
requirements documents, Apply any additional guidelines neceaaary.

I-Q.1 ~. Failure criteria for procedures I and II are aa
described n General Requirements, 4.9.

+
For procedure III, the teat item fails

only if rap~d decompression causes a hazard to the aircrSft or to the.
personnel; the test item need not show satisfactory peat-test performance
unless otherwise specified.

1-4.2 &.umnarvof teat information re~~. The following information is
required in the test plan for adequate conduct of the tests of section II:

o a. Test procedure.

b. Test altitude(s).

c. Altitude change ratea.

d. Test duration.

e. Test item configuration.

f. Additional guidelines used.

I-5 E.E+CES /

MIL-STD-21O, ~atio
/

Extremes for ~.
. 15 December

1973.a”
/,

/
.3 b. s of lal

tarv ~ m Bedford, MA: Air Force Cambridge Research
Laboratories, 19’/4. D;IC number AD-780-508.

/~.’

/
.. c... t@idbOOk Of Gwr@iiks and S.PaceEnvironmw. Bedford, MA: US Air :’

Force Cambridge Researoh Laboratories, Office of Aerospace Research, 1965. ~

d. ~: 1976. NOAIVMSAIUSAF , 1976. ./”
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MRTHOD 500.2

LOW PRESSURE (ALTITUDE)
,. .’,.

SECTION II

II-1 UEAWXLS -

11-1.1 E@ famhki.
. .

The required apparatus consists of a chamber or,,cabinet
and auxiliary instrumentation capable of maintaining
monitoring the specific conditions of low pressure.
facility shall be capable of providing decompression
period.

11-1.2 Cm trek

a.
10 mls

b.

c.

and centinuously
For procedure 111, the
in the prescribed time

Unless otherwise specified, the.altitude change rate shall not “exceed
2,000 ft/min).

Continuous recordings of chamber pressure shall be taken if require’d.

Readout charts should be capable of being read with a resolution
within 2 percent of full scale.

11-1.3 Ii@ interruotion. (See General Requirements, b.5.Q.) TO achieve the
desired effects, the test item must be subjected to the low-pressure (altitude)
environment without interruption.

a. uLl rruutio . Any occurrence that causes the teat section
preseure to deviate more than 10 percent of the measured value (in meters or
feet) toward ambient atmospheric conditions shall be followed by a repeat of
the entire test.

b. Qva’test interruDti.om Any occurrence that results in a pressure
decrease of more than 10 percent Df the measured value below that cited by the
requirements document should be followed by a complete physical examination and
operational check (where possible). Any evidence of deterlOratiDn should
result in a retest. Reinitiation of the entire test with a new test item is
allowed. If no deterioration is detected, the entire test shall be repeated.

II-2.1 lreli inarv stew.m Before initiating any testing, determine from the
test plan:

a. Which test procedures are required.

, b. The low-pressure operation and storage requirements.

II-2.2 fretest standard ambient checlwut. All items require a pretest
checkout at standard ambient conditions to provide baseline data. Conduct the
checkout as follows:

\
,MSTHOD 500.2.
1,{July 1983
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Step 1. Insert the test item in the test chamber.

Step 2. Prepare the test item in its operation+ configuration in
accordance with General Requirements, 4.5.2.

Step 3.

Step 4.
possible, and

Step 5.

Step 6.
4.5.1.

Record the standard ambient condition.

Conduct as complete”of a visual examination of the teat item as
document the results.

Conduct an operational checkout in accordance with the test plan.

Record the results for compliance with General Requirements,

H-3 mxERmEs. The following test procedures, alone or in combination,
provide the bases for collecting the necessary information concerning the test
item in a low-pressure environment. Specific steps are included in the test
procedures to combine the test procedures to get the necessary test data.
Unless otherwise sDecified. the chamber temperature shall be maintained at
standard ambient conditions.

II-3.1 Procedure I Sto ~r

Step.1: Adjust the test
or transit.

item’s configuration to that required for storage

Step 2. With the teet item in the chamber, adjust the chamber air
pressure,’at the rate specified in the test plan, to the required test
altitude.

Step 3. Maintain the conditions for a minimum of 1 hour unlessotherwise
specified in the test plan.

Step 4. Adjust the chamber air pressure to standard ambient atmospheric
conditions at a rate not to exceed that specified in the test plan.

Step 5. Conduct a complete visual examinationand an operational checkout
of the test item in accordance with test plan, and document the results.

Step 6. Compare these’data with the pretest data.

Step 7. If an operational test is required, proceed to step 1 of
procedure 11; if a rapid decompression test is required, proceed to step 1 of
procedure III.

II-3.2 PrOcedure II - ODeratiw

Step 1. Adjust the test item to its operational configuration.

Step 2. Adjust the chamber air pressure to the required equivalent
operational altitude at a rate not to exceed that specified in the teat plan.

MSTHOD 500.2
19 ,july1983
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Step 3.
with the test

Step 4.
conditions atI

Step 5.

Conduct an operational checkout of the test item in accordance
plan, and document the results.

Adjust the chamber air pressure to standard ambient atmospheric
the rate specified in the test plan.

Conduct a comDlete visual examination and an operational checkout
of the test item in accordance with the approved teat plan, and document the
results.

Step 6. Compare these data with the pretest data.

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

s
II-3.3 Procedure III decomm~

Step 1. Adjust the test item configuration to that required for storage
or transit.

Step 2. With the test item in the chamber, reduce the chamber air
pressure at the rate specified in the test plan to the maximum equivalent
altitude of the anticipated aircraft.

Step 3. Reduce the pressure to an equivalent altitude of 12,200m (40,000
ft) (18.8 kpa), or as otherwise specified in the test plan, ae quickly as
possible but in not more than 15 seccnds. Maintain this stabilized reduced ●
pressure for at least 10 minutes.

Step 4. Adjust the chamber air pressure to standard ambient atmospheric
conditions at the rate specified in the test plan.

Step 5. Conduct a complete visual examination of the test item, and
document the results. NOTE: Be alert for potential safety problems.

Step 6. Conduct an operational checkout of the test item in accordance
with the test plan.

Step 7. Document the results.

Step 8. Compare these data with the pretest data.

Step 9. Proceed to etep 1 of procedure
required following this procedure.

II-4 ~. Test data
General Requirements, 4.5, and shall include

II if an operational test is
c

shall be recorded as specified in
the following: “2

a. Previous test methods to which the specific test item has been
subjected.

b. Results of each operational check and visual examination (and
photographs, if applicable). ,0

METHOD 500.2
19 July 1983
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d.

e.

/’-’-
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(1’) Pretest.

(2) During test.

(3) Post-test.

Time-versus-pressure data.

Room ambient conditions.

Initial failure analysis.

---
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METHOD 501.2

HIGH TEMPERATURE

.2.

.

I-1
I-2
I-3

I-4
I-5

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

!,

&s.Q

SECTION I
PURPOSE . . . . . . . . . . . . . . . . . ...501.2-1
ENVIRONMENTAL EFFECTS . . . . . . . . . . . . . 501.2-1
GUIDELINES FOR DETERMINING TEST
PROCEDURES AND TEST CONDITIONS . 501.2-2

SPECIAL CONSIDERATIONS . . . . . : : : .: : : . 501.2-11
REFERENCES . . . . . .’. .. . . . . . . . . . .501.2-12

SECTION II,,
APPARATUS.........”. . . . . . . . .501.2-13
PREPARATION FOR TEST 501.2-14
PROCEDURES.....::::: ::; :::: ;501.2-15
INFORMATION TO BE RECORDED . . . . . . . . . . 501.2-17

SECTION I

I-1 lUEpilX. High-temperature chamber tests are performed to determine if
materiel can be stored and operated under hot climatic conditions without
experiencing physical damage or deterioration in perfOrIIIance.

@
I-2 ~. High temperatures may temporarily or permanently
impair the performance of the test item by changing the physical properties or
dimensions of the material(s) composing it. Examplea of some other problems
that could occur as the result of high-temperature exposure are:

a.

b.
flow of

c.

d.
binding,

e.
,s

f.

g.
i

h.

Psrta binding from differential expansion of dissimilar materials.

Lubricants becoming less viscous; joints losing lubrication by outward
lubricants.

Materials changing in dimension, either totally or selectively.

Packing, gaskets, seals, bearings and shafts becoming distorted,
and failing causing mechanical or integrity failurea.

Gaskets displaying permanent set.

Closure and sealing stri~s deteriorating.

Fixed-resistance resistors changing in valuea.

Electronic circuit stability varying with differences in temperature
gradients and differential expansion of dissimilar materials.

●
❉✎Transformers and electromechanical components overheating.

j. Altering of operating/releasemargins of relays @ magnetic or
thermally activated devices,

501.2-1
METHOD 501,2
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k. Shortened operat.ing lifetime.
.,

1. Solid pellets or grains separating.
..

m. High internal pressures oreated within sealed cases of projectiles,
bombs, etc”. ‘

..

n. Burning of explosives or propellants accelerated.

I o. Cast explosives expanding within their cases.

I P. Explosives melting and exuding.

q: Organic materials tending to discolor, crack, or oraze.

I-3 FOR ~ AND ~ .. . .

NOTE: This test method should be applied at the end of the tailoring process
described in sections 1 and 4 of this standard.

,,,,..

a. This method is used when the test item ia likely to be
deployed in areas where climatic conditions will induce high temperature ‘
within the teat item. These procedures will be used when it is judged that the
test item performance can
temperature and that the
during other tests (e.g.,

b. ~:
are to determine if:

be verified by chamber exposure to controlled air
high temperature effects have not been identified
temperature-altitude, solar radiation).

.

The primary objectives of the high-temperature teste
. ... 0

(1) The test item will operate’without degradation in, or after
storage in, a climate which induces high temperatures within the test item.

,...,. ....’

(2) The test item can be oPerated and handled without affecting its .,
integrity.’ ,..

,. .,.

(3) The test item is safe during and following high-temperature
exposure.

c. ‘&atrictiou. ” This method is not applicable for: ,,
,,. .....

(1) Evaluation of equipment in a high-temperature environment where
solar radiation contribute to differential heating or actinic (photochemical]
effects. For such an environment, use method 505.2:

.s

(2) Identification of time-dependent performance degradation which
occurs during long-term storage in or exposure to high temperatures. (Such
testing would require extended test exposures.) Selection of test durations ‘>

and conditions for such extended exposure wOuld ‘have to be based uP?n”a
specific test program requirement and ,consideration given”to natural environ-
mental testing.

(3) Equipment to be installed where the influence of altitude ‘or
cooling air may be.significant. ●
METHOD 501.2
19 JUIY 1983
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d. SQQL@CQ. (See General Requirements, 4.4.4.) The high-temperature
teat is usually scheduled early in the test sequence following initial dynamic
transportation tests. This test may contribute significantly to the results of
low pressure testing of seals.

Test v=iathns. This method provides a choice of two subtests:
Prooe%res I (Storage)

(1) The teat

(a) The

(b) The

and II (Operation).

procedure selection is baeed upon:

operational purpose of the test

natural exposure circumstances.

test data reauired to determine

item.

(c) The
purpose of the test item has been m&.

whether the operational

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

(a) The anticipated temperature and
geographical deployment area.

humidity ranges of the

(b) Test item response temperature(s) (oritical ccmponent
temperature):~/

(c)’ The anticipated duration of exposure at the deployment area.

(d) Test item configuration (operational and stOrage).

(e) Additional guidelines as appropriate.

I-3.1 e of teat DrOce@rQ /

1-3.1.1 mm ooerauuuauume of the test iteel. From the requirements
document, determine the functicn to be performed by the test item in, or
follcwing exposure to, a high-temperature environment.

I-3.2 ~. FrDm the requirements document,
determine what high-temperature,climaticexposure“the test item is likely to
experience during the storage and operational phases of its life cycle. Alsc
consider whether the item will be:

a. Under cover in an enclosure.

b. Directly exposed to sunlight.

1/ Critical components of the test item directly affect the functioning of
equipment. The temperatures that these component experience are of prime
ccncern, regardless of the ambient conditions or gkin temperature of the test
item. The response temperatures) is the result of the exposure which ia
achieved from the temperature cycle, duration, and thermal/physical properties
of the equipment.

METHOD 501.2
19 July 1983
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,c. Exposed.

d. Stacked.

to reflected solar radiation. . ...
,.

e. Wind ventilated.

I f, Above, on, or under

1-3.1.3 ~e(s) .- Two test.procedures are included

the earth’s surface.

within this method: storage and operation. Determine the procedure(s) to be
used. :..:. s,:,.’

.,..,.’,.,.. ,,y
I-3.1.3.1~ ~edure I - Storaae. Procedure I is used to determine”how storage
at hi=h temperatures affects the test item’s safety and Performance. This test
proce~ure”i~cludes exposure to high temperatures (and low humidity where
applicable) that may be encountered in the test itemh storage situation. The
test conditions and duration can be established from field measurements or can
be derived from information provided within this procedure: There are two
climatic areas (figures 4a and 4b, section 4) where high storage temperatures
are typically encountered: Hot and Basic Hot. In each of these climatic
areas, the maximum response temperature of.the test item may be higher than the
maximum ambient air temperature because the heating from solar radiation is
greater on material than it is on the ‘freeatmosphere. The storage situation
must be evaluated with respect to:

a. Exposure to solar radiation: Is this exposure directly on the test
item, shipping container, protective package, shelter, etc.?

b. Climatic area of concern.

c. Analysis of the path of heat transfer from the ambient air and solar
radiation to the test item.

1-3.1.3.2 Procedure II - ODera
t.

Procedure II is used to determine the
performance of the test item during exposure to high-temperature conditions.
In most cases, this procedure shall be preceded by procedure“I,unless the-test
item is not intended to be stored in a high-temperature environment. The
operational test differs from the storage test in that the test item is
conditioned to temperatures determined to be applicable to or resulting from
exposure in its operational configuration. Once brought tD this temperature,
the test item is operated to determine performance characteristics. The.
operational phase can be accomplished by:

a. Exposure to cyclic chamber conditions with the test ‘itemDperating
either continuously or during the period of ❑aximum.response.

b. Exposure to constant temperature where the test.item will be operated
following temperature stabilization. The temperature level for thig exposure
will either be given by the requirements documents, derived from the field
data, or,derived,from the response to the cyclic chamber conditions.

I-3.2 _Cl@ce of related test cond.. . Having determined the operational
purpose, the natural exposure circumstances, and the test procedure(a), it is
necessary to select the type of exposure, test.t.emperat.ure(s),.test.duration,
test,:item configuration, and any additional appropriate guidelines.

tf3THOD501.2
19 July 1983 501.2-4
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a. lvDe of exu~. In order to determine the

o

way in which the test item is exposed to heat must be
exposure conditions that mu.Stbe considered include:

MIL-STD-810D.;
19 July ‘1983

test temperatures, the
determined first. The

(1) Ambient air conditions. Of interest are the most severe
conditions that materiel, which could be deployed in any climatic area of the
world, wculd experience when under cover in fully ventilated locations such as
open cabins, sun-shaded areas, and underside regiona of aircraft where the test
item is.shaded from direct solar heating. Ambient air temperature and humidity
conditions are those measured in standard meteorological shelters at a height
cf 1.2 to 1.8 meters (4 to 6 feet) above the ground. If field data are not
available, the conditions for this exposure may be approximated from’tables
501,.2-1and 501.2-II. Table 501.2-III gives a summary of high-temperature.
diurnal cycle.ranges for different areas cf the world.

(2) Induced conditions. These conditions are from the same regions
as the ambient air conditions but with an allowance made for the effect of
solar heating. These are typical conditions to which materiel .isexposed while
under cover where there is little or no ventilation and where the effects of
solar heating on the cover causes a rise in the air temperature adjacent to the
materiel. Examples of where these conditions cccur are:

(a) Inside

(b) Within

o

(c) Within
heating.

(d)” Inside

unventilated enclo?urea.

enclosed vehicle bodies.

aircraft.sections having surfaces expcsed’to solar

of tents.

(e) Under olosed tarpaulins.

These conditions are not the temperatures attained by equipment, but rather the
air temperature observed irivarious locations.where materiel is operated or
stored. The cycling conditions for this exposure are given in tables 501.2-I
and 501.2-II and are to be.used only if,appropriate field measured data do not
exist.

,.
(3) Extreme induced conditions. These conditions are induced but

involve temperatures as high as 70° to 850c (1600 to 18s°F), making greater
d10WSIICf2for the effects of solar radiation, Applicable conditions for such
testing include equipment that is employed in the cpen (for which method 505.2
should be used) and in enclosed compartments having glazed or transparent
panels (aircraft ccckpits, vehicle compartments, etc.). Another consideration
is the location of equipment near heat-producing devices which influence or’
intensify the air temperature surrounding the test item. These extreme induced

. conditions would be applied by.extending the levels of the temperatures given
in tables 501.2-I and 501.2-11.

b. Iest temDerature(s). Determine the test temperature(a). If field
measurements of actual exposure and response are available, the chambar

o

conditions shall be derived from t.besedata. Without availability of field
measurements, the chamber conditions will be derived from the following
information and evaluations.

501.2-5 ‘
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Table 501.2-I. Ho@ /

Ambient Air Conditions Induced Conditions
Time Temperatu?’e Humidity, Temperature Humidity,
of Oc (°F) % RH Oc (OF) s RH

Day )

0100 (95) 6 35 (95) 6.
0200 :: (94) 7 34 (94) ,’ 7
0300 3U (93) 7 3Q (94) 7
0400 33 (92) 33 (92) 7.
0500 33 (91) : 33 (92) ‘1
0600 32 (90) 8 33 (91) 7
0700 33 (91) 8 36 (97) 5
0800 35 (95) 6 40 (104) 4
0900 38 (101) 6 44 (111) 4
1000 41 (1o6) 5 jj (124) 3
1100 43 (110) 4 (133) 2
1200 44 (112) 4 63 (145) 2.
1300 w (116) 3 69 (156) 1
1400 48 (118) 3 70 (158) 1
1500 48 (119) 3 71 (160) 1
16OO 49 (120) 3 70 (158) 1
1700 48 (119) 3 67 (153)
18OO 48 (118) 63 (145) ‘;
1900 46 (114) : 55 (131) 2
2000 U2 (1o8) 48 (118)
2100 41 (105) ; 41 (105) ;
2200 39 (102) ‘6 39 (103) 6
2300 38’ (100) 6 37 (99) 6
2400 36 (98) 6 35 (95) 6

0

2

.

0

II AR 70-38, 1 August 1979
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Tabie 501.2-II. Hikh t~ Derature cvdeg ~ “climaticCateuorv - basic hodm /

‘AmbientAir Conditions Induced Conditions
Time‘“ ~”Temperature Humidity, Temperature Humidity,
of Oc (OF) % RH Oc (OF) % RH
Day

0100 33 (91) 36 33 “(91) 36
0200 32 (90) 38 (90) 38
0300 32 (90) 41 :: (90) 41
0400 31 (88) 44 31 (88) 44
0500 (86) 44 30 (86) 44
0600 :: (86) 44 31 (88) 43
0700 (88) 41 34 (93) 32
0800 ;i (93) 34 38 (101) 30
0900, 37 (99) 29 42 (110) 23
1000 (102) 24 45 (113) 17
1100 :7 (106) 21 51 (124) 14 ‘
1200 42 (107) 18 57’ (134) 8
1300 43 (109) ’16 61 (142) “6
1400 43 (110) 15 63 (145) 6
1500 43 (110) 14 63 (145) 5
1600, 43 (110) 14 (144)
1700 43 (109) 14 :; (140) :.
18,oo 42 (1OT) 15 57 (134) 6
1900 40 (104) 17 50 (122) 10
2000 38 (loo) .20 44 “(111) 14
2100 36 (97) 22 ’38 (101) 19
2200 35 (95) 25 35 :;;; 25
2300 34 (93) 28 34 28
2400 33 (91) 33 (91)33 ., 33

.

J-/ AR 70-38, 1 Ausust 1979
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Table 501.2-III. Smnarv of JWh te nerature d~-m /

Category Location Ambient Air’ Induced .2/

‘C (°F) ‘C (°F)

Hot (Al) Northern Africa, Middle 32-49 33-71”
East, Pakistan and India, (90-120) (91,-160)
Southwestern United States
and Northern Mexico

Basic Hot (A2) Many parts of the world,
extending outward from hot (::-;1!: (::-;4:?
category of the United States,
Mexico, Africa, Asia, and
Australia, Southern Africa,
South America, Southern Spain
and Southwest Asia.

i

..

-1/ The exact diurnal cycles for temperature and humidity are given in
tables 501.2-1 and 501.2-11.

z/ The term “induced” refers to temperatures.resulting in large part “o
from manmade or equipment-made environmental factors.

METHOD 501.2
19 July 1983

501.2-8



1
\

\,

\●

. ..

.

0

.

●

MIL-STD-81OD,
19 Julyl1983

(1) Storage test: The test temperatures for storage test exposures
should include cyclic conditions that are derived from the natural diurnal
cycles. The cycles provided in tables 501.2-I and 501.2-II and information in
I-3.2a(3) are the extreme meteorological and induced diurnal cycles for major
w6rld areas. The temperature extremes given are based on a frequenty of 1% of
the’hours during the most severe month in the most severe part of the area
encompassed by the climatic region of interest. The map in General Require-
ments, figure 4, shows the boundaries of the areas of concern. The chamber air
temperature and humidity conditions can be derived or calculated from the
analysis of the storage situation (1-3.1.3.1) and the cycles provided in tables
501.2-I and 501.2-II and in paragraph I-3.2a(3). The values given in the
tables represent the conditions of air within the storage place or adjacent tc
the test item. Derivation of the actual test temperatures must consider the
thermal path to the test iteui,type of heat transfer, mass of the test item in
relation tc the mass of the Surrounding air, and other empirical and thermal
properties of the test item.

(2) Operational test: The chamber air temperature for the
operational test can be derived f“roman analysis similar to that performed for
the storage teat. Conaideration of all of the probable exposure situations
must be based on the operational purpose of the test item. Again, the major
contributing factor to be considered ia.the effect of solar heat~ng on the
exposed materiel and the expected response of the test item to the conditions.
The heating mechanism or thermal path affecting the test item as a whole or ita
critical component(s) must be determined. If the thermal path is a form of
convective heat.transfer free of the effects of solar radiation, then the
ambient conditions of tables 501.2-I and 501.2-II and of paragraph I-3.2a(3)
could be used to derive the chamber air temperature and humidity test
conditions/cycles. Operational testing should occur with the test item
experiencing the maximum response to the established exposure. This exposure
can be accomplished by operating the test iteemduring the temperature cycling
period. Such op&at ion would also provide information on the operational
ability of the test item experiencing a limited internal thermal gradient.
Equipment for which the operational testing cannot be accommodated with cycling
conditions’shall be exposed to constant temperature. The temperature level
used for this exposure would be the extreme value measured or obtained from
field measurements or obtained from the response of the test itemwhen exposed
to the temperature cycles derived from tables 501.2-I and 501.2-II and from
paragraph I-3.2a(3). When the test item or its critical components are
configured ao that their temperature cannot be monitored, the estimate of the
value must be based upon thermal path, mass, and other properties of the teat
item. Figure 501.2-1 may be used aa a guide.

c. Duration of exoosure. Determine the test duration. The duration of
high-temperature exposure may be as significant as the temperature itself.
Because procedures I and II expcse the test items to cyclic temperatures, the
number of cycles is critical. (Cycles are 24-hour periods unless otherwise
specified.)

(1) Storage. The number of cycles required is that which will
satisfy the design requirements. Since little is known about how to time-
compress this test, the number of cycles for the storage test is set et a
minimum of
of extreme

aeven to coincide with the 1% frequency of occurrence of the hours
temperatures during the most severe month in an average year at the

MSTHOD 501.2
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most severe location. (The maximum temperature occurs for approximate y 1 hour

“o

in each cycle.) When considering extended storage, critical test items, or
test items determined to be very sensitive to high temperature, the number of
cycles should be increased to asaure that the design requirements are met.

(2) Operation. The minimum number of cycles for tbe operational
exPosure test is three. This number should be sufficient for the test item to
reach its maximum response temperature. A maximum of aeven cycles ia suggested
when repeated temperature response ia difficult to obtain.

d. Determine the test item configuration. The
anticipated configurations ) of the test item during storage and operation
should be used during the teat. As a minimum, the following configurations
abould be considered:

(1) In a shipping/atoragecontainer or transit case.

(2) Protected or unprotected (under canopy, enclosed, etc.).

(3) In its normal operating configuration (reali-sticor with
reatrainta, such aa with openings that are normally covered).

(4) Modified with kits for special applications.

liumdltv.
.

e. LOW relative humidity (RH) may occasionally have a
significant effect on some material during high-temperature testing. In such

●
instances, consideration must be given to controlling RH as indicated in tables
501.2-I and 501.2-II.

f. @itical item comuona. Components of a test item that.are known or
suspected to be sensitive to the effects of high temperatures And whose failure
will affect the overall performance of the test item are referred to as
ncritical item components.” These components should be identified and
thoroughly evaluated before tbia test to eliminate testing exposures that would
not realistically be encountered by tbe test item during its life cycle.

s. ~.
. .

Review the equipment specificationsand
requirements documents. Apply any additional guidelines necessary.

I-4 ~“

I-4.1 wure analvti. The failure of a test item to meet the requirements

c.
of the equipment
information must

a. Results
the storage test

specifications must be analyzed carefully, and releted
be considered, such as:

of nondestructive examination (if any) of materiel following
may be conducted at the extreme temperatures.

.
b. Degradation or changes in operating characteristic allowed at the

high extreme temperatures.

c. Necessity for special kits or special operating procedures for high

o

temperature exposure.

501.2-11
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d. Evidence of improper lubrication and assurance that the lubricants

I
specified for the environmentalcondition were used.

I-4.2 Storaue modes. The studies conducted on stored materiel indicate that
military equipment is stored in a variety of modes. These modes range from
those that provide the greatest protection, such as controlled temperature-
humidity warehouses, to those that are the most severe in terms of bigh-
temperature stress, such as in open dump storage.

1-4.3 Summarv of test i~f. The following information is “”;
required in the test plan for the adequate conduct of the tests of sect,ionII:

a. Test procedure.

b. critical components, if applicable. .,

c. Location of temperature sensors.

d. Test
derived.

e. Test

f. Test

,.,

temperature(s) or temperature cycle and how the temperatures were
,.

duration. /

item configuration.

g. Relative humidity control requirements (if necessary). .

h. Additional guidelines.

I-5. ~“

a. AR 70-38, DeveloDment. Test and -t ion of Materiel for
&treme Climatic c~ . 1 August 1979.

/
b. MIL-STD-21O, C.j&maticExtremes for Mili arv ~.t 15 Dectimtier

1973.

c. Material for MIL-STD-21OB.
~. t.

Extreme~
for Militarv ~. Bedford, MA: Air Force Cambridge Research
Laboratories, 24 January 1974. DTIC number AD-780-508.

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

e. NATO STANAG 2831, aimatic Environmental Condl
.t.

ns Affectiruzth?
of Materiel for Use bv~ Forces Ooera m?

t. a Ground Rol?..,

,

●

✞

✎
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.
HIGH TEt&ERATURE i“.!. ..~. . . . ... ;.,

..,.,.”*,f.,.’”<, .’. . . :;.
SECTION II

II-1 ~ ,.’., ,,...,. .,
..

II-1.1’‘~
,.

a. The required apparatus consists of a chamber or cabinet together with
auxiliary instrumentation capable of maintaining and centinuously monitoring
the required conditions of high temperature (and humidity, where required)
throughout an envelope of air surrounding the test item(a). (See General
Requirements, 4.4.1.)

.
b. Air velooity in the vicinity of “the test item shall not’exceed ,1.7mls

(325 ft/min) unless justified by the teat item platform environment to prevent
unrealistic heat tranefer in the test item.

c. Continuous recordings of chamber and test item temperature
measurements shall be taken if required.

11-1.2 Gmf@2LS

a. Temperature. Unless otherwise ,specifiedin the test plan, if any
action other than test item operation (such as opening the chamber door)
results in a significant change of the test’item temperature (more than’2°C
(3.6oF)) or chamber air temperature, the test item will be restabilized at the
requiredtemperature before the test continues. If the operational check is
not”completed within 15 minutes, reestablish test “itemtemperature/RH
conditions before centinuing.

b. Unless otherwise specified, the
exceed 10oC (180F) per minute.

II-1.3 mt interrut)
t.
m. (See General

a. JJ@ertest lnterrurition

rate of temperature change shal1 not

Requirements, 4.5.q.) ‘

(1) Cycling. lf a cyclic high-temperature test is being conducted
when an unscheduled interruption occurs that causes the test conditions to fall
out of ,allowabletolerances toward “standardamb,ienttemperatures, the test must
be reinitiated at the end of the.last successful y completed cycle.

(2) Steady-state; If a steady-state (noncyclic) test is being
conducted and an unscheduled interruption occurs that causes the test condi-
tions to fall out of allowable tolerances toward standard ambient conditions,
the test item shall be restabilized at the required test temperature and the
test continued from the point where test condition were left. Duration of
initial and final test periods shall be recorded.

METHOD 501.2 ;
19 JuIY-1983
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b. @2rtest interr~. Any interruption in a cyclic or steady-state
test that results in more extreme exposure of the test item than required by
the equipment specifications should be followed by a complete physical o
inspection and an operational check (where possible) before continuation of
testing. This is especially true where a safety problem could exist, such as
with munitions. If a problem is discovered, the preferable course of action is
to terminate the test and reinitiate testing with a new test item. If this ie
not done and a test item failure occurs during the remainder of the test, the
test results could be considered invalid because of the overtest conditions.
If no problem has been encountered, reestablish pre-interruption conditions and
continue from the point where the test tolerances were exceeded.

,

11-2 ~

II-2.1 ~. Before starting the test, determine from the test
plan:

a. Which test procedures are required~

b. The high-temperature operation and storage
accompanying temperature cycles and durations.

c. If relative humidity is to be controlled.

d. The location of temperature sensors.

e. The test item’s test configuration.

requirements and

II-2.2 tietest standard ambient them. All items require a pretest ●
standard ambient checkout to provide baseline data. Conduct the checkout as
followe:

Step 1. Install temperature sensors in, on, or around the test item as
required by the test plan.

Step 2. Insert the test item into the chamber and stabilize the test item
at controlled ambient conditions (General Requirements; 4.4b).

Step 3. Conduct a complete visual examination of the test item with
special attention to stress areas, such as corners of molded casee.

Step 4. Document the results.

Step 5. Prepare the test item in accordance with General Requirements,
-.

4.5.2, and required test item configuration.

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

Step 7. Record the results for compliance with General “Requirements,
4.5.1.1.

Step 8. If the test item operates satisfactorily, proceed to II-3. If
not, resolve the problems and restart at Step 1 above. o
METHOD 501.2
19 July 1983
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II-3;. ~. The following test procedures alone, or in combination,
provide,the.basis for collecting the necessary infOrmatiOn concerning the”test
item in a high-temperature environment. Proceed to the first teat procedure as
determined by the test plan.

/.;.
11-3.:1~ ‘ProcedureI - Storm ...
.,”. “.

Step.1. Install the required temperature sensors on, in, and around the
test item and chamber,..

,,...,::, ...
Step 2. Place the test item in its storage configuration.

Step 3. Adjust the chamber environment to the initial test conditions as
specified in the test plan.

,..
Step 4. Expose the test.item to the temperature (and humidity,”if

applicable) conditions of the storage cycle for at least seven cycles (a total
of 168 hours) or as epecified in the test plan. If applicable, monitor the
temperature of the critical item components and document.

Step 5. At the completion of the last cycle,“adjustthe chamber air
temperature to controlled ambient conditions and maintain until temperature
stabilization of the test item has been achieved.

“-Step 6. Conduct a complete vieual and operational checkout of the test
item and record the results.

II-3.2 Procedure II - OBerat&n

Step 1. Place the test,item in the’chamber in ita“operational
configurateion.

Step 2. .Fromthe test plan, determine the operational temperature
extreme(s), whether constant or cyclic, and whether the temperature(e)was:

a.. Specified by the requirements documents: Proceed to Stap 7 for
constant temperature exposure or Step 12 for cycling exposure.

b. Derived from field measurements: Proceed
temperature exposure or Step 12 for cycling exposure.

c. Cyclic and derived from paragraph I-3.2:

to Step 7 for constant

Proceed to Step 12.

Constant and not provided or determined elsewhere: Perform Steps
3 throughd~.

Step .3. With the test item placed in the chamber in ite operational
configuration, inStall the temperature aensora necessary to measure the
temperature throughout the test item, insuring that the critical components or
areas .ofconcern are included. /.

Step 4. Adjust the chamber air conditions to the initial temperature (and
humidity,,if applicable) levels of the prescribed operational cycle.

METHOD 501.2
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Step 5. Expose the test item to the temperature (and humidity, if
applicable) levels specified for the operational cycle for”at least three
cycles, or as necessary to obtain repeated teat item response (22°C); A “’
maximum of aeven cycles is suggested if repeated response is difficult to’
obtain.

Step 6. From the exposure data, determine the maximum critical-
component temperature or response temperature of the test item. This will be
the operational temperature for Step 7.

I Step 7. ~tant temperature exn~. With the test item in the”chamber
in the operational configuration, adjuat the chamber air temperature to the ..

operational temperature and, if required, adjust the humidity to the
appropriate level of the cycle. Maintain the chamber in a steady-state
condition until temperature stabilization of the test item has been achieved
(General Requirements, 4.4.3).

Step 8. Conduct as complete a visual examination.of the test item as
possible considering chamber access limitations.

Step 9. Document the results. .,
.

step 10. Operate the test item until temperature stabilization of the
test item haa been achieved. Conduct an operational checkout of the test item
in accordance with the approved test plan and document the results.

Step 11. Proceed to Step 15.

step 12. ~. With the test item in the chamber ●
in its operational configuration, adjust the chamber air temperature (and
humidity, if applicable) to the initial conditions of the operational cycle
appropriate for the test item deployment.

Step 13. Expose the test item to at least three cycles or the number of
cycles necessary to assure repeated test item response. Conduct as complete a
visual examination of the test item as possible considering chamber access
limitations. Document the results.

Step 14. Operate the test item during the maximum response period of the
exposure cycle.~/ Repeat until a complete operational checkout’of the test
item has been accomplished in accordance with the approved test plan and the
results have been documented.

.

l./ The maximum response period may not coincid: with the maximum temperature
cycle conditions because of thermal lag of the test item. -

MSTHOD 501.2
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●
Step 15. With the test item not operating, adjust the chamber air

temperature to controlled ambient conditions and maintain until temperature
stabilization of”the test item has been achieved..

Step 16. Conduct a complete visual examination and an operational
checkout in accordance with the approved test plan and document the results.

Step 17. Compare these data with the pretest data.

II-4 TO BE ~

J
a. Previous tests to which the test item has been subjected.

.b. Results of each performance check and visual examination (and
photographs, if applicable) and comparison with the failure criteria:

.

(1) Pretest.

(2) During teat.

(3) Post-test.

c. Record of
time coriditions.

chamber temperatures (and humidity if applicable) versus

o d. Record of the test item temperature-versus-timedata for the duration
of the test.

e. Initial failure analysia.

.

~.

501.2-17
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METHOD 502.2

LOW TEMPERATURE

SECTION I
I-1 PURPOSE . . . . . . . . ...” . . . . . . . . . . .
I-2 ENVIRONMENTAL EFFECTS . . . . . . . . . . . . . . .
I-3 GUIDELINES FOR DETERMINING TEST

PROCEDURES AND TEST CONDITIONS . . . . . . . . .
. I-4 SPECIAL CONSIDERATIONS . .

I-5 REFERENCES

SECTION II
II-1 APPARATUS .
II-2 PREPARATION
II-3 PROCEDURES
II-4 INFORMATION

. . . . . . . .

. . . . . . . .
FOR TEST . . .
. . . . . . . .
TO BE RECORDED

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . . .

Easf ’

502.2-1
502.2-1

502.2:2
502.2-’/
502.2-8

502.2-9
502.2-10
502.2-10
502.2-13

SECTION I

● I-1 ~. Low-temperature chamber tests are performed to determine if
materiel Can be stored. manipulated. and oDerated under t)ertinentlow-
temperature conditions’witho~t experiencing physical da~ge or deterioration in
performance.

1-2 ~. Low temperatures have adverse effects On almost
all basic materials. As a result, exposure of test items to low temperature
may either temporarily or permanently impair the operation of the test item by
changing the physical properties of the material(s) composing it. Therefore,
low-temperature tests must.be considered“wheneverthe test item will be expOsed
to temperatures below standard ambient. Examples of some problems that could
occur as the result of expoaure to cold are:

a. Hardening and embrittlement of materials.

... b. Binding of parts from differential contraction of dissimilar materiala.
and the different rates of expaneion of different parts in response to
temperature transients.

c. Loaa of lubrication and lubricant flow due to increased viscosity.

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

502.2-1
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e. Changes in performance of transformers

I components.
..

f. Stiffening of shock mounts.

! & “Cracking of explosive solid pellets or
nitrate.

and electromechanical

.,.
grains, such as ammonium

I h. Cracking and crazing, embrittlement, change in impact strength, and
reduced strength.

i: Static fatigue of restrained glass.

j.. Condensation and freezing of water.

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

1. Change of burning rates.

I-3 S AND ~

NOTE: This teat method should be applied at the end of the tailoring process
described in aeotion 4 of this standard.

a. This method ia used when the teat item is likely to be
dep10yed in a low-temperature environment during ita life cycle and the effects
of low temperature have not been determined during other teats (such as the
temperature-altitudetest).

b. ~. This method is not intended for testing equipment to be
installed in and operated in aircraft, since such equipment would usually be
tested aacording to method 520.

C. ~. (See General Requirements, 4.4;4.) Becauae this test
(except for the physical manipulation procedure) is less likely to permanently
damage the test item, it is normally scheduled early in the test sequence.
This teat may significantly alter the performance of aeala during the low-”
preaaure testing of 500.2.

d. This method is composed of three low-temperature
subtests: Procedures I &itorage), II (Operation), and III (Manipulation).
Before the.tests are conducted, a choice of one or.more test procedures must be
made. In addition, the variablea for each test must be determined.

‘(1) The choice of test procedure(a) depends on the likelihood of the
test item being:

(a) Opefated~ at low temperatures.

,,

1/ Operation is the excitation of the test item with a minimum of contact by
personnel. It does not include handling (manipulation).

METHOD 502.2
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(b) Stored at low temperatures.

(c) Manipulated at

.-.(2)The test
by:

(a) The

(b) The

(c) The

conditions

low temperature.

that are used during the test are determined

expected temperature at the deployment location.

expected duration at the deployment location.

test item configuration.

(d) Additional guidelines as appropriate.

1-3.1 ~ce of test DrOCedU

a. the test lta. From the requirementa
documents, determine the functions to be performed by the equipment in a
low-temperature environment and any limiting conditions, such aa storage.

b. The primary objectives of the low-temperature test
are to determine if:

(1) The test item can meet the performance specificationsafter
storage or during operation in a cold environment.

(2) The test item can be operated safely during or folIowing low-
temperature exposure.

(3) The handling (manipulation)required,to make the teat item
operational can be conducted without affecting its functional performance.

Based on this information and the purpose of the test item, determine what test
data are necessary to ascertain to what extent the teat item will satiafy its
low-temperature requirem”ents.

c. i3electi0nof the test Drocedure(d. Three test procedures are
included within method 502.2: storage, operation, and manipulation. Baaed
the teat data requirements, determine which test procedure, combination, or
eequence of procedures ia applicable. In most cases, all three procedures
should be applied.

on

(1) Procedure I is appropriate if the test
item is llkely to be stored at low temperatures during its service life.
Procedure I is used when it is necessary to determine how low-temperature
storage affects the test itemts safety or performance.

(2) IXocedure II - ODeca.td.m. Procedure II is L!Sedto determine
the performance of the test item at low temperature and can be preceded by
procedure I , procedure III, or both. If the test item is to be stored-at low

METHOD 502.2.
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temperatures before use, procedure I is conducted before procedure II. If a
manipulation test is required, procedure III can pr’ecedethe operational test.
If the test item is not intended to be stored at low temperature or manipulated
before use, procedure II is conducted directly.

(3) lrocedure III - m~. Procedure III is used to
determine the ease with which the test item can be set up and disassembled by
personnel wearing heavy, cold-weather clothing. Storage testing, operational
testing, or both can precede the manipulation teat if required.

I-3.2 ~oi e of related teat conditti. After choosing the test
procedure(s~, choose the test temperature, teat duration, teat item
configuration, and any additional appropriate conditions.

a. Test temDer-. The specific teat temperatures are preferably
aelected from the requirements documents. If this information is not
available, determination of teat temperature a) should be based on the world
areas in which the test item will be used, plus any additional considerations.
The information below provides guidance for choosing the test temperatures for:

- Selected regiona.
8

- Worldwide use without extended storage.~

- Worldwide uae with extended storage periods.

(1) Sse. Table 502.2-I and the map in General
Requirements, figure 4, can be used to determine the test temperature when the
teat item is to be used at specific regiona only. The air temperature extremes
shown in table 502.2-I are baaed on a frequency of occurrence of the houra
during the most severe month at the moat severe location within the
geographical area encompassed by the climatic region, except for severe cold,
which is baaed on a 20 percent probabilityy of occurrence. The v+ues shown
represent the range of the diurnal cycle. For this method, the lowest value in
each range is usually considered.

(2) mldwide use. When the test item ia to be stored or operated
throughout the world, temperature selection must include not only consideration
of the abaolute cold, but also of the frequency of a given cold cOnditiOn.

O,.

,
Unless frequency is considered, it is possible to create an overtest condition.
In terms of frequency, the probability-of-occurrencevalues shown below refer
to the percent of total houra, in the most extreme month and area in the world, =

ZI Extended storage is defined as etorage for 2 years or longer.

METHOD 502.2
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TABLE 502.2-I. Sxmnarv Of low temKIerature diurna1 cvole te Derature ranu%m .il
\

. .

Temperature
Climatic ‘Region Location Operational . Induced

Mild Cold (CO) Coastal areas of -607 to -19!Jc -Iooc to -21OC

Western Europe under (219F to -2°F) (lboi?to -60F)
prevailing maritime
influence, southeast
Australia, lowlands
of New Zealand

Basio Cold (Cl) Most of Europe -Zjoc to :31OC -25°C to -33°C
Northern contiguous US (-60F to -240F) (-13°F to -2i’°F)
Southern Canada
High-latitude coaats
(e.g.,.southern coaat
of Alaska)

. High elevations in
lower latitudes

Cold (C2) Northern Canada -37°C to -46°C -370c to -460c

Ala:ka (excluding the (-350F to -510F) (-35°F to -51oI?,)
interior)

Greenland (excluding
the “cold pole:)

Northern Scandinavia
Northern Asia (some
areas) :
High Elevations
(Northern and Southern
Hemispheres)

AlPs
Himalayas
Andes

Severe Cold (C3) Interior of,Alaeka -51Oc -51OC

Yukon (Canada) (-600F) (-600’F)
Interior of the
Northern Ielands
Greenland Ice Cap
Northern Asia

●
~ From AR 70-38, 1 August 1979.
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during which the given temperature is equalled or surpassed. For example, the
20 percent probability of occurrence of a temperature of -51‘C means that”-51°C o
or lower temperatures may be expected to occur 20 percent of the hours during
the most extreme month in the most extreme cold area of the world (excluding
Antarctica).

-51OrJL/ (-GoOF) 20%
-540c (-650F) 10%
-570C (-710F) 5$
-610c (-780F) 1%

The 20 percent probability of occurrence is used for most applications with
normal development cost consideration; however, other values may be choeen to .’
satisfy specific applications or test requirements.

(3) Liorldwideuse with extended s oraae oeriOd&t If materiel is to
be stored for extended periods (years) without shelter or protection in areas
that experience very low temperatures, such ae the “cold pole” of northeast
Siberia or central Greenland, there is an increaeed chance that the test item
may experience much lower temperature (approaching -650C.(-850F) or less).

,CSuch prolonged exposure to extreme low temperatures can affect the safety of
items such as munitions, life support equipment, etC.

b. of exDosure to lDW Le-atureti. The period of time that
the low-temperature exposure exists may be a factor.

o

(1) rdous or non-safetv-related (non llfeDoort tVDe~-’-

Meet materiel in this category (in a nonoperating mode), with the
possible exception of organic plastice (1-2h“and I-3.2b(2)), will not
experience deterioration following temperature Stabilizatim of the test item
at low temperatures. FDllOWing temperature stabilization of the test item, a
storage period of 4 hours will be used for this materiel if no other value is
available.

(2) Explosives. mun1 DhS t.
s. ate. These items may “’

cmtinue to deteriorate following temperature stabilization; consequently, it
is neceaaary to test them at lDW temperatures for 10ng periDdS Of time. A
minimum storage period of 72 hours is recommended, since extreme temperatures
have existed for at least that length of time.

~

Y Corresponds to Severe Cold condition.

METHOD 502.2
19 JUIY 1983

502.2-6



MIL-STD-810D
19 July 1983

..

..

....

(3) Ms&diud z ass Glass, ceramics, and glass-type products
(such as those used in optic~l s~stems, laser syetems, and electronic systems)
that require mounting or restraining in specific poeitions may experience
static fatigue. A more extended period of low temperature may be required to
induce this phenomenon. A 24-hour exposure usually gives an 87 percent
probability of uncovering this type of design defect.

c. MssaKaiL?n . The configuration of the test item is an
important factor.in how temperature affects it. Therefore, the “anticipated
configuration of the test item during storage or use should be used during the
teat. Aa a minimum, the following configurations should be considered:

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

(2) Protected or unprotected.

(3) Deployed (realisticallyor with restraints,’such as with
openings that are normally oovered).

,.

(4) Modified with kits for special applications.

d. ~
. . .

mndeti. Review the equipment specificationsand
requirements documents. Apply any additional guidelines necessary.

1-4.1” Failure analvsia. The failure of a teat item to meet the requirements
of the equipment specification must be analyzed carafully, and related
information must be considered, such as:

a. Nondestructive test/examination following exposure to low
temperature may be conducted at the low test temperature.

b. Degradation allowed in operating characteristics when at low
tem’pertiturea.

c. Necessity for special kita or special cold-weather procedures.

d. Evidence of improper lubrication and assurance that lubricants
speoified for the environmental condition were used.

e. For starting failures on internal-combustion engines, assurance of
the presence of proper fuels and deicers, if appropriate.

f. Condition and adequacy of the power source.

I-4.2 &I ti rmati ired. The following information is
required in the test plan for adequate conduct of the tests of section II.

a. Test procedure(s).
,.

b. Test duration. .“

METHOD 502.2
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I c.

I
d.

..

I

e.

f.

Test item configUratiOII. ,.

Location of temperature sensors (if required).,

Test temperatures and time-versus-temperaturedata.

Additional guidelines.
. .

1-5 EEUIW@S ‘“
.,

a. AR..7o-38,~eloument. Test and Efaketion of Me&sriel for
Ettreme ~. 1 August 1979.

b. MIL-STD-21O, Climitic Extreqs2sfor F&.12tarvEgu.@@&a
. ..-

,15December
1973. 1,

.

1 for MIL SXUIQE..-- Climatic Extrem=
Bedford, MA: Air Foroe Cambridge Research

Laboratories, January 1974. DTIC number AD-780-508.

d. NATO STANAG 2831, ~al co~ Affec&.@J&i
-m of M&arial for Use bv~ Forces Owatinu in a Ground Es&a.

!,

● ✌
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METHOD 502.2

LOW TEMPERATURE

SECTION II

H-1 AnMHL!s

11-1.1 EaUkiWY
>

a. The required apparatus consists of a chamber or cabinet and auxiliary
instrumentation capable of maintaining and continuously monitoring the required
conditions of low temperature throughout an envelope of air surrounding the
test item(s) (see General Requirements, 4.4.1a).

Air velocity.inthe.vicinity of the test item shall not exceed 1.7 mls
(325 ;~/min) unless justified by the test item platform environment, to prevent
unrealistic cooling (heat.transfer) in the test item.

11-1.2 Ibnkch

a. ~. Unless otherwise specified in the test plani if any
action other than test item operation (such as opening the chamber door)
results in a significant change of the test item temperature (more than 2°C

o

(3.6oF)) or chamber air temperature, the test item will be restabilized at the
required temperature before centinuation. If the operational check is not
completed within 15 minutes, reestablish the ‘testitem temperature conditions
before centinuing.

b. ~. Unless otherwise specified, the rate of
temperature change shall not exceed 10°C (18°F) per minute.

c. ~. Temperature sensor instrumentalion is
required on or in the test item to establish temperature stabilization data.

d. ~. Continuous recordings of the chamber and test
item temperature shall be made if required.

II-1.3 Yest int~ (See General Requirements, 4.5.4.)

- ~. An interruption which allows test
temperatures to fluctuate outside allowable tolerances toward ambient:
conditions should be”followed by a complete physical inspection and operational
check (where possible). If no problems are encountered, restabilize the test
item at the test temperature and continue from the point of the interruption.
Any problems should constitute test item failure, eince no extreme conditions~
were encountered.

b. ~. Any interruption that results in more extreme
exposure of the test item than required by the equipment specification should

●
be followed by a complete physical examination and operational check (where

502.2-9
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I

possible) before any continuation of testing. This is especially true where’a
eafety problem could exist, such as’with munitions. If a problem is ●
discovered, the preferable aourse of action is to terminate the test and
reinitiate testing with a new test item. If this is not done and test item
failure occurs during the remainder of the teat, the test results could be
considered invalid becauee of the overtest condition, If no problem has been
encountered, reestablish preinterruption conditions and continue from the point
where the test tolerances were exceeded.

11-2 &wmuQum
11-2.1 &reliminarv s-. Before initiating any.testing,,determine from the
test plan:

,’ .-

a. Which test procedures are req&ed. i

b. The low-temperature operation and storage “requirements.

II-2.2 tietest’~d ambien~. All items”require a pretest
standard ambient checkout to provide baseline data. Conduct the checkout as
follows (change of step sequence may be required for large test items): ‘

Step 1. Install temperature sensors in or on’the tea?.item as required to
determine the test item temperature(s).

Step 2. Insert the test item into
at standard ambient conditions (General

Step 3. Conduct a complete visual

the chamber and stabilize.the test item
Requirements, 4.4a). 0

examination of the test”‘item,with
special attention to stress areas such as corners of molded cases.

Step 4. Document the results.
. . .

Step 5. Prepare the test item @ accordance with General Requirements,
4.5.2, and required’test item configuration.

Step 6.
test plan.

Step 7.

Step 8.
not, resolve

Conduct an operational checkout .inaccordance with.the approved

Record results for compliance with Generel Requirements, Q.5.1.

If the test item operates satisfactorily, proceed to II-3. If
the problems and restart at step 1.

,..

11-3 lUXEWF@. The following test procedures, alone or in combination,
provide the bases for collecting the necessary information concerning the test
item in a cold environment. Operational checkouts should be conducted after ~.

storage and after manipulation to verify successful completion of both
procedures. Proceed to the first test procedure as determined from the test
plan.

o
If3THOD502.2
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FYooedure I - Storaae

Step 1. Adjust
in the test ohamber.

Step 2. Adjust
plan for storage.

the test item to its storage Configuration, and inetall it

the chamber ‘airtemperature tiothat specified in the test

Step 3. Following temperature stabilization of the test item (General
Requirements, 4.4.3), maintain the storage temperature for a period as
speoified in the test plan.

Step 4. Conduot a visual examination of the test item and compare,the
results with the pretest’data. Record any pertinent physical changes or the
fact that there were no obvious changes.

Step 5. If low-temperature operation is required, proceed to II-3.2;
otherwiee, proceed to step 6 below.,, .

Step 6. Adjust the chamber air temperature””to’standard ambient and
maintain until temperature.stabilization of the test item has been achie~ed.

Step 7. Conduct a complete visual examination of the test item, an!
document the results. .

Step 8. Conduct an operational checkout of the test.item, and document
the results.

Step 9. Compare these;data

II-3.2 Ercxedure II - 0Der@42D

‘Step1. With the test~item
‘temperatureto the low operating

with.the pretest data.

in the test chamber, adjuet the chamber air
temperature of the test item as.specified in

the-test,plan: Maintain-until temperature stabilization.of ,theteet item has
been achieved.. ,,

Step 2. Conduct as complete a visual,examination of the test item as
chamber access limitations will.allow. ,,

Step 3. Document the results.,,

step u. ;Conductan op+ati’onal checkout of the test item as in II-2.2,
step 6.

Step 5. Document the results.

Step 6. If manipulation of the test item is required at low temperature,
proceed to’step 4 of 11-3.3. If not, proceed to step 7 of this procedure.

.

Step’7. Adjust the chamber air temperature to standard ambient-and
maintain until temperature stabilization of the test item has been achieved,

METHOD 502”.2
19 July 1983
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Step 8.

Step 9.

Step 10.

Step 11.

I Step 12.

Conduot a complete visual examination of the test item.

Document the results.

Conduct an operational checkout as in II-2.2, step 6.

Document the results.

Compare these data with the pretest data.

●

I II-3.3

Step 1. With the test item in the test chamber, adjust the chamber air
temperature to the low oDerating temperature of the test item, aa determined
from the test plan. Maintain f;r 2 hours following temperature stabilization

>

of the test item (to assure stabilization).

item
Step 2. While maintaining the low operating temperature, place the teet
in its normal operating configuration by using the options of “step4.

Step 3. Reestablish the temperature to that used in step 1; above.

Step Q. Baaed on the type of test chamber available, select one of the
two following options:

a. Option 1 - To be used when a ‘walk-in” type chamber is available:
With personnel clothed and equipped as they would be in a low-temperature o
tactical situation, disassemble the test item as would be done in the field, ‘“
and repack it in ita normal shipping/storagecontainer(s), transit case~ or
other mode and configuration.

b. Option 2 - To be used when small o,hambere(non-walk-in)are used:
Perform the option 1 procedure, except that the disassembly and packing will be
performed by personnel reaching through chamber access holes or the open door
while they are wearing heavy gloves such as would be required in the,natural
environment. NOTE - Opening of the chamber door may cause frost to form oh the
test item in addition to a gradual warming of the test item. Manipulation
neaessary to perform the required setup or teardown ehould be’limited to
15-minute intervals, between which the temperature of step 1 above should be ‘
reestablished.

Step 5. If operation of the test item is requir6d at low temperatures, =
repeat step 2, above, and then proceed to step 1 of II-3.2. If not, proceed to
step 6 of this procedure.

Step 6. Conduct a complete visual examination of the test item. *

Step 7. Document the results for comparison with the pretest data.

Step 8. Adjust the chamber air temperature to standard ambient and
maintain until temperature stabilization of the test item has been achieved.

o
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step

II-4

Step 9.

Step 10.

Step 11.
6.

Step 12.

Step 13.

Conduct a complete visual examination of the test item.

Document the results.

Conduct an operational checkout of the test item aa in II-2.2,

Document the results.

Compare these data with the pretest data.

TO BE

a. Previous test methods to which the

b. Results of each performance check,
photographs, if applicable),,and comparison

o c.

d.,,

e.

f.
it.ern.

8“.

, h.

i.

(1) “Pretest.

(2) During test.

(3) Post-test.

test item has been subjected.

visual examination (and
with the failure criteria.

Length of time required for each performance check.

Statua.of the test item for each visual examination.

Defects noted during

Clothing and special

,.

Test temperatures.

visual examinations.

equipment used to set up or disassemble the test

Duration OF each exposure.

Appropriate anthropometric measurements of personnel performing

.s

manipulation tests. ,.

j. Temperature-time-versusdata (test item and chamber).

k. Initial failure analysis.

.+

●
✎
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METHOD 503.2

TEMPERATURE SHOCK

g%se

SECTION I
I-1 PURPOSE . . . . . . . . . . . . . . . . . . . .. ’. . -.503.2-1.
I-2 ENVIRONMENTAL EFFECTS . . . . . . . . . . . . . . . . . 503.2-1
I-3 GUIDELINES FOR,DETERMINING TEST

PROCEDURES.AND,TEST CONDITIONS . . . . . . . . . . . 503.2-2 ‘
1-4 SPECIAL CONSIDERATIONS . . . . . . . . . . . . . . . . 503.2-9
I-5 REFERENCES . . . . . . . . . . . . . . . ..~ . ...523.2-9

SECTION II
II-1 APPARATUS . . :........ . . . . . . . . . . .. .503.2-10
II-2 PREPARATION FOR TEST . . . . . . . . . . . . . . . . . 503.2-11
II-3 PROCEDURE . . . . . . . . . . . . ... . . . . . . . .503.2-12
II-4 INFORMATIONTO BE RECORDED . . . . . . . . . . . . . . 503.2-12

SECTION I

I-1 ~. Temperature shock tests are conducted to determine if materiel
can withstand sudden changes in the temperature of the surrounding atmosphere

●
without experiencing physical damage.or deterioration in Performance.

1-.2 ~. As a result of exposure to sudden temperature
changes, operation of the test item may be affected either temporarily or
permanently. Examples of problems that could occur as a result of exposure to
sudden changes In temperature are:

a. Shattering

b. Binding or

c. Separation

d. Changes in

e. Electronic
formation.

,,
of glass, vials, and optical equipment.

slackening of moving parts.

of constituents.

electronic components.

or mechanical failures due to rapid water or frost

f. Cracking of eolid pellets or graine in explosives.

6. Differential contraction or expansion of dissimilar materiala.
s_
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h. Deformation or fraoture of ‘components,

i. Cracking of surface coatings. :‘ <

j. Leaking of sealed compartments.

I-3 TEST PRO~

NOTE: Th,i?test method should be applied at the end of the tailoring process
described in section 4 of this etandard.

.

a.’ A@&aL@. This method is”applicable toequipment which may ex- ..

perience ‘extremerapid temperature changes in its anticipated are= or mode of
deployment~ ‘Theseinclude:

,,...,,

,...,’ ,..

(1) Ascent from a desert airfield (high’temperature)”to high altitude
(low temperature) in unheated aircraft compartments or stored externally. This

...

includee equipment such as aircraft external stores (~electricalequipment pods,
guided bombs, etc.), stores installed in bomb bays, and optioal equipment. ‘:

(2) Air delivery/airdropfrom high altitude’(low-temperature)to a
desert environment (high temperature).‘ ,., ,., .

(3) Transfer of (ground) equipment tO and from heated~areas within a
low-temperature environment (includes air delivery’to a coldenvironment).,.

This method may also be used as a screening test to reveal potential flaws in
equipment exposed to less extreme ‘conditions.

,, “o

b. ~.’ This method is not intended for equipment that will m
experience’sudden extreme temperature changes because of its packaging,~‘‘
installed location, etc. This is not to be used to assess performance char-
acteristics after lengthy exposure to extreme temperatures, as are methods
501:2 and 502.2. Additionally, this method”does not address.the temperature
shock experienced by equipment which is exposed to warm air and solar- “ ‘ ‘
radiation heating and is then immersed.in cold water,”or’the thermal.shock
caused by rapid transient warmup by engine compressor bleed air.

,. :,. ,,”.

c. &eUm!2e. (See General Requirementsi 4.4.4.) This test
method ehould follow the high- and low-temperature“test?where 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. .. -,..

-+

d. This method -tiasone ‘procedurefor which.there are
several variations in application (temperature range). Before conducting the
test, a determination must be made as to which test condition’ are appropriate.
The test conditions that are used during the test are determined by: ..

METHOD 503”.2
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,...

,.

..>.

(1) The expect+ e.xmure tewerat-f+.
c.

(2) The teat itemte logistic configuration.

(3) The test item’s deployment configuration.

(4) The teat item*e extreme storage temperature.

(5) Additional guidelines as appropriate.
,.

1-3.1 Gl@ce of teat ~

a. ~.’ From the requirements
documents, determine the function to be performed by the equiPment and the
deployment or deployment location which could result in exposure to sudden
changes in ambient temperature.

b. ~. The primary objectives of the temperature shock
are to determine if:

(1) The test item can satisfy its performance requirements after
exposure to.eudden changes in temperature of the surroundingatmosphere.

test

(2) The test item can be aafely operated following’exPosure to’the
sudden ohanges in temperature of the surrounding atmosphere.

0. ~. Several exposure situation are
addreesed within this method: aircraft flight expoeure, air delivery - desert,
end ground transfer or air delivery - arctic. Based on the anticipated
deployment; determine which teet variation is applicable. The meet extreme
expoeure range should determine the test oonditiona, but test levels may be
extended to detect deeign flaws.

(~) ~. This is appropriate if the test item
is to be exposed to deeert or tropical ground heat and,,a few minutes late r,.
exposed to the extreme low temperature associated with high altitude.

(2) verv d-. ‘“Thisis appropriate for equipment which
le delivered over desert t“errainfrom unheated, high-altitude airoraft.

(3) er or air dsliverv - arctk. This is intended to
teat equipment for the effects of movement to and froniheated storage, mainte-
nance, or other enclosures or a heated cargo compartment in cold regiona.

(4) “~. This is used to detect marginal design
workmanship praotioes.

or

.-
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I-3.2 e of re~ted test o~. After’ohoosing the‘test expoeure

I
variation, eelect the test temperatures, test durations, teet item configura-
tion, and any additional appropriate variablee. Values other than those”sug-
geeted may be used if realistic.

j! ,..

a. The test temperatures are preferably selected from
field data or from the requiiemente documen’ta. If this information is not
available, the test temperatures can be determined from the anticipated
deployment ,applicationor world areas in which’the teat item will be deployed,
or from the most extreme nonoperating temperature requirements. ...,,

(1)
...

~. .~hethermal
stresses that equipment will experience during exposure to this operational
environment are dependent upon the ambient conditions; flight”conditions, and
performance of the ohboard environmental control syste,ms.– ~

., ...

(a) The ,temperatureand humidity at various altitudea can be
found in’MIL-STD-21O.

(b) Table 503.2-I,shows temperatures typical at ground level in
hot olimates.’ The temperatures ehown are,baaed on frequency of occurrence and
correspond to a l-percent frequency of occurrence at or close to the ‘
geographical boundary between the category of interest and the next-more- :
severe category. The,probability of.occurrence incrbaa,es,ae the distance,from
this line into the category’”area increases. Table 503’.2-11and figure 4 “‘
(General Requirements) can be used to determine test temperature? for the
anticipated deplp~ent 10cation9.

,. ‘..’.

(z) ~.

.0

The test conditions for this exposure,are
based upon the conditions that will probably exist in the cargo compartment of
the aircraft and on the ground at the point of impact. The lower,temperature
extreme should assume an unheated, unpressurized aircra’ft‘c’argocompartment
with the airoraft at ‘analtitude of 8 kilometers (26,200 ft). This ia the ~‘ :
limiting altitude for cargo aircraft becau.qeof oxygen-preaetirerequirement+
when the aircraft cargo compartment is unpressurized immediately before.airdrop
operation. The temperature at this altitude over a desert can be’found in “’
MIL-STD-21O. Thie high temperature eurface extremee ,shouldbe determined
according to 1-3.2a, from tables 503.2-I and 503.2-II, or.from method 501.2.

,-

(3) /air @JJverv - arctQ. The condition developed
for heated inclosurea located in cold regions are 21‘C.(70°F) and 25 per-
cent relative humidity. These conditions were selected to roughly corres- .
pond to normal heating practices in the Arctic and on”aircraft. Selection of
theouts;de ambient conditions.,should be based upon the climatic categories or

.-.

areas listed in table 503.2-III.
,, ...:..

,[
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TABLE 503.2-I. ~
.

Hot-dry Basic hot

:Ambient ~Induced Ambient Induced
Temperature Temperature Temperature Temperature

Time .°C,, .oF OC ‘F Oc oF ‘oC oF
.

0100 35 95 35 95 3’3 91 -.33 ’91
0200 34 94 94 32 90 “ 32 91
0300 34 93 ‘z 94 32 9(3 32 90
“0400 33 92 92 ,.88 88
0500” 33 ;; ‘ :: 86 Y 86
0600 32 ;: ‘ 33 ;: 30 86 31 88
0700 ’33 91 36 97 31 88 34 ,;: ..’
0800 35 95 40 104 34 93 38
0900 38 101 ,44 111 37, .99 42 107
.1000 41 106 51 124 “39 102 45 113
1100 43.. 110 .56 133 ‘ 41 106 51 124
1200 44- 112 63. 145 42 107 57 134
1300 47 116 69 156 “43 109 61 142
1400 48 118 70 158 43 110 63 -145
1500 48 119 71 160 43 110 63 145
1600 49 120 158 43 110 62 144
1700 48 119 0 153 43 109 60 140
1800, 48 118 63 145 42 107 57 134
1900 46 114 55 131 40 104 50 122
2000 42 108 48 118 38 100 44 111
2100.. 41 105 41 105 35 97 38 101
2200 39 102 39 103 34 95 95
2300 38 .1;; 37 99 34 93 .:? 93,
2400. ,37. 35 95 33 91 33 91

503.2-5
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TABLE 503.2-II. ~ature ~ ..

Category~/ Locat$or@/ Operational Induced
‘C (oF) oC (oF)

Hot Dry (Al) Northern Africa,
Middle Eaet, Pakistan, 32 - 49 ;;l- 7J
India, southwesternUnited (90 - 120) - 16o)
States and northern Mexico. 8t03%RH 7 to 1% RH

Baeio Hot (A2) Extending outward from the hot- 30 - 43 30 -63
dry cetegory of the United (85 - 110) (86 - 145)
States, Mexico, Africa, Asia, 14 to 14% RH 44 to 5Z

RH
and including Auetralia,
southern Africa, South America,
southern Spain and aouthweat
Asia.

U See table 503.2-1 for the diurnal temwratureihuidity cycles of these
olimatic categories.

,.
~ See General Requirements, figure 4, for locations.
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TABLE 503.2-III. jow-temperature aeo~.

,, Climatic Conditions

Category ‘~; Looatio~i Operational Induoed

!ildCold (CO) Coastal areas,of -60 to -190C ,-100 to +loc

Western Europe under (210 to -Xl+) (140 .to-60F)
,.

ptieiailingmaritime
influence, southeast
Australia,“lowlands of ‘

“. New Zealand...-

)flSiCCold (Cl) Most of Europe, -210 to -31OC -250 to -33°C
northern contiguous US (-60 to -240F) (-130 to-27°F)

southern Canada,
High-latitude coasts, ,,

e.g., southern coast
of,Alaska
High elevations in,” . :,.’
lower latitudes .

bld (C2) Northern Canada, -370 to -460c -370 ,to -460C

Alaaka (excluding the (-350 to -51°F) (-35? to -51OF)

interior),
, Greenland (exoluding

the ‘cold pole”),
northern Scandinavia,
northern Asia (some areas),
Tibet,
High Elevations . ,.
(Northern and Southern.
Hemispheres): ,.

AlPs
Himalayas ,.
Andes ,..,

,..
.“ .

3evere Cold”(C3) interior of Alaeka -51Oc -51OC

Yukon (Canada), (-60’3F) (-600F)
interior of the . ,-
Northern Islands,
Greenland ioe oap, .,
northern Asia

3/ See General Requirements, figure 4, for leoations.

●
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(~) ~. The test conditions should reflect the
extreme anticipated storage conditions.

b. “~ item temo~. The information in I-3.2a is intended to
describe the air temperatures to which equipment will be exposed during various
types of operations. Determination of the actual equipment.temperatures will
be based on time of expected exposure and type of exposure. Actual onboard
aircraft equipment temperatures can be calculated during a thermodynamic
analyais as in method 520, estimated based upon expected flight durations, or
assumed to be In equilibrium with the surrounding’air conditions. Actual
response temperatures achieved when equipment is exposed to the climatic
conditions of the various ground climatic categories could be obtained from the

..

test results of high- and low-temperature exposure (methods 501.2, 502.2, and
505.2) for either the operational or storage configuration. The latter
assumption must take into account the induced effects.of “solartiadiatio~during
storage and transit in various climates. .

c. ~. An item is likely to experience the
highest heating during storage in the sun in the Hot Dry and Basic Hot cli-
mates. Therefore, transitions from hot to cold will be conducted with the test
item stabilized at ita high-storage temperature. Transitions from cold to hot
will be conducted with the high-temperature facility air temperature at the
maximum storage ‘temperatureof the appropriate cycle. Immediate y following
this transfer, the high-temperature facility will be cycled through the
appropriate diurnal cycle (table 503.2-I) from the beginning of the hour at
which the maximum air temperature is experienced‘until the test item response
temperature is reached. Other teats, such as electronic“screening,may require
even more extreme temperature. o

d. ~. The objective of this test is to determine the
effect of rapid temperature changes.onthe test item. Therefore, the test item
must be exposed to the temperature extremes for a duration equal to either the
actual operation (i.e., actual flight time) ‘orto that requi,redto achieve
temperature stabilization.

e. ~. The configuration of the test item strongly
affects teat results. Therefore, the anticipated configuration of the item
during storage, shipment, or use should b,eused during the test.. As a minimum,
the,,followingconfigurations should be considered:

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

(2) Protected or unprotected. <

(3) Deployed (realisticallyor with restraint?).

(4) Modified with kits for epecial applications. .G

(5) Packaged for airdrop.
.. ... .... ...
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●

19 July 1983
503.2-8



\

i

o
141L-STD-8IOD
19 July 1983

f. ~. The relative humidity (RH) during portions of this
test could be a factor in the resistance of the test item to temperature shock.
Equipment with a high moisture content could be affected by freezing of the
moisture. In most cases, the RH may be uncontrolled, but specific RH values
may be required when RH must be taken into consideration.

I-4 ~

1-4.1 wure an-. The failure criteria of General-Requirements,4.5.7,
apply.

I-4.2 lest c~. The test conditions as presented in this procedure are
intended to be in general‘agreementwith other extremes described in this
‘document’.The primary purpose in e.5tablishingthege levels is to provide
realistic conditions for”the traverse between the two temperature extremes.
Thus, the temperatures at which”the item is stabilized before’transfer must be
the most realistic, or possibly the most extreme,’that would be encountered
during the specific operation.

I-4.3 Sdmmarv of test inf~. The following information is
required in the test plan for adequate conduct”of the tests of section II:.,

a.

b.

c.

d.

init;al

f.

Test item configuration.

Teat temperature extremes.

Duration of exposure at e~ch temperature.
,,. .

Test item response temperature (fromMethod 501.2).

The high-temperature cycle,”the test item response temperature, and the
temperature for the temperature cycling.

Additiorial‘guidelines. ‘
,,,

1-5 hUEEIUS ,.,.

a. AR 70-38, ch. Deve~. Testand EvQu&kn of ~ for
~; dated 1 August 1979.:.

b. MIL-STD-210, ~ for Militarv Mu.QmmL , dated 15
December 1973.

:

c. s of Background M&et2Ql for MIL “STD71OB.-- ~

~. Bedford,‘MA: Air Force Cambridge Research Laboratories,
24 January 1974. DTIC number AD-780-508.

d. NATO STANAG 2831, ~ Environments Con~ Affe~1
of Forces ODeratinu in a Groun4_B@2.

●
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METHOD 503.2 ‘ .,

TEMPERATURE SHOCK

SECTIO.NII ‘
,.

. ,,.

11-1 ~,.’. .. .
...

II-1.1 ~

a. -The,required apparatus consists of-two chambers or cabinets in which
the test conditions can be established and maintained. Unless otherwise
spe~ifled, the chambers must be equipped,so that, after trsnsfer of the ‘est ~

item, the test conditions within the chamber can be stabilized within 5
minutes. Material-handling equipment gay be necese?qy for tranager of the teat
item between chambers.

b. The chambers shall be equipped with auxiliary,instrumentation capable
of maintaining and centinuouely monitoring the test.conditione throughout an
envelope of air surrounding the test item(s). (See General Requirement,
4,4.1a.).

11-1.2 QX&CQla

a., ~. Unless otherwise epecified in the test plan, if any
action other than test item operation (euch ae opening of the chamber door”,
except at transfer time) results in a significant change (more than 2°C.
(3.60F)) of the test item temperature or chamber air temperature, the te?t item
will be.stabilized at the required temperature before continuation.

b. ~. Air velocity in.the vicinity of the test item shall not
exceed 1.7 mls (325 ft/min) to provide standard teeting conditions, unlese
Justified by the test item platform environment.

c. -er tiu@. Transfer the test item between the two environments
(high and low temperatures) as rapidly ae possible but in no more than 5
minutes (unless the test item ie large and requires handling,6quiPment).

11-1.3 ~ (See General Requirements~ 4.5.4.)

a. ~. If, before the temperature change, an un-
scheduled test interruption occurs that caueee the test conditions to exceed
allowable tolerances toward standard ambient temperatures, the test,must be
reinitiated at the point.of interruption and the test.item .reestabliehedat the
test condition.. If the interruption occurs during the tranefer, the test item
must be reestablished at the previoue temperature and then transferred.

.. ,.. .

● ’

,.

:.
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Any interruption that results in more extreme
reaufred by the eauivment specification should●

b. ~.
exposure of the test item than
be followed by a complete physical examination and operational cheek of the
teat item (where possible) before any continuation of teatins. This iS
especially true where a safety problem oould exist, suoh as with munitions. If
a problem is diaoovered, the preferable c0ur96 of aotion is to stOP the test
and start over with a new teat item. If this is not done and test item failure
ocours during the remainder of ,thetest, the
to the overteat condition. If no problem is
preinterruption conditions and continue from
tolerance were exceeded.

II-2 FOR -

teat results oould be invalid due
discovered, reestablish
the point where the test

.

11-2.1 “@Q@,lac.c&; Before initiating any testing, from the test plan:

a. Determine the test temperature levels.

b.. Determine the test item configuration.

c. Determine the operational requirements.

d. Estimate the time required at each temperature. (Install temperature
sensors if necessary.)

11-2.2 ~. All test items require a pretest

o

checkout at standard ambient conditions so that baseline data can be estab-
lished. Munitions and other items, where applicable, shall alao be examined by
nonrieatructiveexamination methods. Conduct the checkout as follows:

Steo 1. Stabilize the test item at stbdard ambient conditions (General
Requirements, 4.4a),.

Step 2. Conduot.a complete visual
cial attention to stress areas such as
between different Materials.,.

Step 3. Document the resulta.

examination of the teat item with.spe-
cornera of molded areas and interfaces

Step 4. Prepare the test item in accordance with General Requirements,
4.5.2, and required teet item configuration.

Step 5.
teat plan.

Step 6.

Step 7.
procedure 1.

Conduct an operational”checkout in accordance with the approved

Record results for compliance with General Requirements, 4.5.1.

If the teat item operates satisfactorily, proceed to step 1 of
If not, resolve the problems and restart at step 1, above.

METHOD 503.2
19 July 1983
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II-3 ~. The following procedure provides the basis for collecting
the necessary information concerning the test item in a severe
temperature-shock environment: ●

Step 1. ‘With the test item in the chamber, adjust the chamber air
temperature to the low-temperature extreme specified in the teet plan.
Maintain this temperature for 1 hour or until the’test item has’been
stabilized, whichever is longer.

, ,.

Step 2. Transfer the test item to the high-temperature environment (as
speoified in the test plan) in no more than 5 minutes. Chamber control shall
be such that after insertion of the test item, the chamber temperature shall be .-:

within the specified test tolerance after a period of not more than 5$ of the
exposure time. Cycle t,hechamber through the appropriate diurnal cycle until

~

the test item reaponae temperature (from the test plan) haa been reached.
Maintain this temperature until the teat item has stabilized. (See General
Requirements, 4.4.3.)

Step 3. Tranafer the test item to the low-temperature environment as
above, and stabilize it at that temperature.

I NOTE: If the test procedure is interrupted becauee of work schedules, etc.,
the test item can be left at the test temperature or returned to standard
ambient conditions for the time required. Before centinuirigthe teat, the test
item must be restabilized at the temperature of the last successfully completed
period before the interruption (see II-1.3). . .

Step 4. Repeat steps 2 and 3.

Step 5. Repeat step 4.

Step 6. Return the test item to controlled ambient conditions (General
Requirements, 4.4b) and stabilize.

Step 7. Operate and inspect the test item and obtain results-in accordance
with General Requirements, 4.5.6. Compare these data with the pretest”data.

11-4 ~

a. Previous test methods to which the test item

b. Results of each Performance check and visual
comparison with the fail~re criteria.

(1) Pretest.

(2) During test.

(3) Post-test.

METHOD 503.2
19 July 1983
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●
~ ..c.:.Length of time required for.each performance check.

d. High and low test temperatures.

---

e. Transfer times.

f. Duration of each exposure.

8. Teat interruptions.

h. Initial failure analysis.

... .

,<

,.2

$,

,,!
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SOLAR’RADIATION (SUNSHINE)

IaKQ

SECTION I
I-1 PURPOSE . : . . . . . . . . . . . . . . . . . . . ...505.2-1
I-2 ENVIRONMENTALEFFECTS . . . . . . . . . . . . . . . . . 505.2-1
I-3 GUIDELINES FOR DETERMINING TEST

PROCEDURES AND TEST CONDITIONS . . . . . . . . . . . 505.2-2
I-4 SPECIAL CONSIDERATIONS . . . . . . . . . . . : . . - . 505.2-8
I-5 \ REFERENCES . :........ . . . . . . . . . . . . 505.2-8

,.i
SECTION 11

II-1 APPARATUS . . . . . . . . . . . . . . . . . . . . . . .505.2-10
II-2 PREPARATION FOR TEST . . . . . . . . . . . . . . . . . 505.2-13
II-3 PROCEDURES . . . . . . . . . . . . . . . . . . . . . .505.2-14
II-4 INFORMATION TO BE RECORDED . . . . . . . . . . . . . . 505.2-1’7

SECTION I

I-1 ~. This test ii conducted to determine the effects of solar
radiation on equipment that may be exposed to sunshine during operation or

●
unsheltered storage on the earth’s surface or in the lower atmosphere.

I-2 ~

I-2.1 ~ effect&. The heating effects of solar radiation differ from
those of high air temperature alone in that the amount 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 between
dissimilar materials, ohanges in the intensity of solar radiation may oause
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 501.2, some other examples of heating effects include:

,..

a.

b.

c.

d.

e..2,

f.

g.

●

Jamming or loosening of moving parts.

Weakening of solder joints and glued parts.

Change in strength and elasticity.

Loss of calibration or malfunction of linkage devices.

Loss of seal integrity.

Changee in electrical or electronic components.

Premature actuation of electrical contacts.

505.2-1 -
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i

h.

I
i.

.i.

I k.

Fading of colors of color-coded components.

Changes in characteristics of elastomers and polymers.

Blistering and peeling of paints and other finishes.

Softening of potting compounds.

1-2.2 ~. In addition to the heating effects of I-2.1, which are
caused by the infrared portion of the solar spectrum, certain degradation from
solar energy may be attributable to other portions of the spectrum,
particularly the ultraviolet. Since the rate at which these reactions will
occur generally increases as the temperature rises, the full spectrum must be
used to adequately simulate the actinic effects of solar radiation. Some
examples

a.

b.

c.

of deterioration caused by actinic effects are:

Fading of fabric color.
~.>

Checking and fading of paints.

Deterioration of natural and svnthetic elastomers and oolvmers through
photochemical reactions initiated by sh&ter wavelength radiation.”

I-3 S AND

NOTE: This test method should be aoolied at the end of the tailoring process
described in section 4 of this standard.

a. ~. This method is used when the test item is likely to be
●

exposed to solar radiation in the open in hot climates during its life oycle,
and the effects mentioned in I-2.1 and I-2.2 are of concern. In most cases,
this method should replace method 501.2 (high temperature).

b. &WdJQC&This method is not to be used to simulate the heating
effects that result from enclosed or covered storage conditions. The solar
spectrum and energy levels are those that are received at sea level. ‘The
ultraviolet portion is simulated only in a general way, but is considered
adequately representative of levels in most geographic areas.

c. ~. (See General Requirements, U.Q.U.) The solar radiation
test may be applied at any stage in the teat.Program.

d. lest variat-jans. This method is composed of two solar radiation
tests: procedures I (cyclic) and II (stsady state). .

(1) The choice of test procedure is based on the following:

(a) The anticipated exposure circumstances.
,J

(b) The expected problem areas within the test item.

(c) The duration ‘ofexposure to solar radiation.

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

METHOD 505:2
19 JUIY 1983 505.2-2
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(a) ‘l’he

(b) The

anticipated areas of deployment.

test item configuration.

(c) Additional guidelines as appropriate.

1-3.1 &oice of teet D ooetir

MIL-STD-81OD
19 July 1983

a. Operational DU Dose Of the test itew.r FI’DIUthe rEquireIUentS
documents, determine the function(s) to be performed by the teat item during or
after exposure to direct solar radiation. .,

b. lest oblect~. The primary objective of the test are to determine
if:

(1) The test item can satiefy its operational requirements during and
after exposure to solar radiation.

(2) The Physical degradation which occurs,during exposure produces
adverse effecte on the test item. Based on this information and the purpose of,
the test item, determine what test data are necessary to evaluate the required
performance of the teat item during and after exposure to solar radiation.

c. ~. Two test procedures are included
with this method. Based on the test data requirements, determine which of the
test procedures.is applicable.

(1) Procedure I - CVCUIIS fOr best effecta. This test procedure is
uged if the teat item is expected to withstand the heat from expoeure in the
open in hot climates and still be able to perform without degradationboth
during and after exposure. The solar radiation test (as opposed to the high
temperature test, method 501.2) should be used when the test iternoould be
affected (see I-2) by differential heating or when the heating caused by solar
radiation is unknown. After the induced temperature and temperature effects
have been determined to be comparable to the temperature and temperature
effects that could be produced by method 501.2 (high temperature), the latter
could (for economic reasons) be substituted for this solar radiation test.

(2) actj.n.l~t-a. This
procedure ia used when the principal concern is the possibilitythat long
periods of exposure to gunr+hinewill result in detrimental actinic effects.
Becauge actinic effects do not usually occur unless the exposure is prolonged,
it is inefficient to uae the cycling teat of procedure 1, which could
conceivably take months to conduct. The approach, therefore, is to use an
accelerated teat which is designed to reduce the time to produce integrated
effects of long perioda of exposure. The key to using this procedure
successfully is maintaining enough cooling air to prevent the teat item from
exceeding temperatures that would be attained under natural conditions (such as
the cycling test simulates), so that there will not be an exaggerated test

METHOD 505.2
19 JUIY 1983
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which unfairly penalizes the test item. However, there should not be enough
cooling air to produce unrealistic coolirig. Since the actinio effects’’are
highly dependentupon the solar radiation spectrum.(as well aa intensity and
duration), the spectrum must be as close as possible to that of natural
sunlight:” -- ...

,... .,

The 4-ho&r ‘flightsoffot‘periodof each 24-hour cycle allows for ‘testitem
conditions (physical and chemical) to return toward riormaland pFovides’some
degree of thermal stress exercising. ~~‘ ..’ ..

I-3.2 QQiCe of related test CQ51WSUW After choosing the test procedure,. !
choose the diurnal cycle, test duration’,test item configuration, and any
additional appropriate conditions.

a. ~nal CVCI.Q. For procedure,I“,two high-temperature diurnal cycles
are provided in table 505.2-I, with the saoiasolar radiation conditions for
both. The first cycle’(Hot Dry) has a peak temperature of 49°C (120°F) and “
1120’W/m2 (355 Btu/ft2/h) and represents’the hottest cOnditio~s, exceedid nOt
more than.1 percent of,the hours in the””’’rnostextreme month at the most severe
locationa under consideration. This cycle ia used when there”is a requirement
for the test item to perform aatisfactorily worldwide.’.The second cycle (Basic
Hot Dry) ia less severe and peaka at an air temperature of 44°C (111‘F) and a
solar radiation intensity of 1120 W/m2. This cycle is used when there is a Y
requirement for the teat item to perform without degradation in many ,
geographical areaa of the world that extend outward from the Hot Dry regions Of
the United Statea, Mexico, Africa, Asia, Australia, South Africa; South f
America, southern Spain, and eouthwest Aafa. (See method 501.2 for area
descriptions.) This cycle ia also used when special precautions are taken to
provide protection against the aun in hot, dry areas (such as with munitions).

!.

b. ~ ,.
,,

(1) ~.’ (See figure“505.2-1.) The test item‘shall be “
exposed to continuous 24-hour cycles of controlled simulated solar radiation”
and dry-bulb temperature aa indicated in table 505.2-I or as specified in the
requirements documents. The number of cycles performed shall be the minimum
neceaaary to produce the peak reaponae temperature caused by the stacking :
effect of the test item (within 2°C (3.60F) of the peak‘responsetemperature
achieved during the previous 24-hour cycle) or three continuous cycles,
whichever is longer. For most applications, the maximum teat duration should
be aeven cycles.

(.2) uQcsuLu. “.(See figure 505.2-2.) Procadure II will give an.
acceleration factor of approximately 2.5 aa far as the total energy received by
the test itei is concerned. Eight‘hoursof exposure to 1120 W/m2 (355
Btu/ft2/h), as in the steady-state teat, is equal tO 24 hours Of the cY@lins
test (20 hours of light and 4 hours of no light per cycle). A duration of ten
24-hour cycles la suggested for equipment which is occasionally used outdoors,
such as portable test items, etc. For equipment centinuously exposed to
outdoor conditions, a test duration of 56 cycles or longer is suggested.
Increasing the Irradiance above the specified level is not recommended, because
of the danger of overheating, and there is presently no indication that
attempting to accelerate the test in this way gives results that correlate with
equipment response under natural solar radiation conditions.

MSTHOD 505;2 -
19 July 1983””
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TABLE 505.2-I. ~.u

.,.

Solar Radiation
Hot-Dry Baaio Hot (See Figure 505.2-1)

Time Oc ‘F RH (~) Oc OF RH.(h Ulmz Btu/,ft2/hr

0000 37. 98 6 33 0
0300

.0
93 7 ;: :?

:: 90
0

z 86 44
0

0600 18
0900 38 101 ‘: 99 29
1200

7;:
44

231
112 4 :: 107 18 1120 355

1500 48 119 3 ‘“’ 110 14
1600

915 291
49 120 $: 110 14 730 231

18oo 48 118 : 42 107 27o “ 85
2100 41 105. 5 36 97 :; o 0
2400 37 98 6 33 41 33 0 0

nax .“49 120 44 110 44 1120
Min 32 90:

355
30 86 14 o .0,

U Seleotion Of temperature conditions dependa on the requirements dooument(a)
and the oondition to whioh the particular item will be subjeoted during normal
usage.

METHOD 505.2
19 Jllly1983
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c. ~. The test item configuration should be the’same as .ibs
configuration during exposure to solar radiation. The orientation of the teat
item relative to the direction of radiation will have a significant”impact on o

the heating effects, as will its ❑ounting (on supports or on a substrate of
specified properties, e.g., a layer of ,concreteof specified thickness or a
sand bed of certain reflectivity).

any

I-4

d. ~. Review the “requirementsdocument(s). Apply
additional guidelines appropriate.

~. ..

I-4.1 Efd.l,ureanal&La (See General Requirements, 4.5.7.)

a. Proced@. Both at peak temperature and after return to standard
ambient conditions, the performance Characteristic of the test item will not .>.

be altered to the extent that the test item doea not meet ita requirements.
Actinic effects that do not affeet performance, durability, or required
characteristics will be recorded as observations only.

b. ~edure II. The performanceand characteristics (such as color or
other surface conditions) of the test item will not be altered to the extent’
that the teat item doea not meet requirements. Actinic effects that do not
affect performance, durability, or required characteristics will be recorded as
observations only. The fading of colors could result in higher heating levels”
within the test item.

e

.

I-4.2 ~. The fOllowing information is
required in the teat plan for adequate conduct of the teata of section II.

a.

b.

c.

d.

e.

f.

8.

h.

i.

Test item configuration

Teat procedure.

Location of temperature

Number of cycles.

and orientation.

sensors.

Appropriate diurnal cycle (for procedure I).

Spectral radiation of the source.

Test item preparation (aee 11-1.2b).

Test item operational requirements (see II-3.1, step 2).

Additional guidelines.
,:

1-5 ~

Devel~ of MaLeriel fQc
1 August 1979.

●
MSTHOD 505.2,
19 JU~Y 1983
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emes for Ml itarv ~,1

for u STD 210B~--
Bedford, MA: Air Force Cambridge Research

Laboratories, January 1974. DTIC number AD-780-508. ....

d. Draft STANAG 2895,
ForcW, 13 September 1977.
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ial for Use ~ Forces ODer~nu in a Ground Rol&.
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METHOD 505.2

SOLAR RADIATION (SUNSHINE)., .’

SECTION II ‘

!.

11-1 AUAUTUS
,,

... .

II-1.1 Yest ‘fac~ .,
... ‘:: ,... -.,._ ,-

a. The required facility consists of a chamber or cabinet, auxiliary
instrumentation, and a solar lamp bank. Thie apparatus must be capable of
maintaining and monitoring the required conditions of temperature, airflow, and
irradiation. ,..>

b. For prooedure 1, the possible cooling effects of airflow over the test
specimene must be considered. An airflow of as little ae 1 m/s can cause a
reduction in temperature rise of over 20 percent. It is essential, therefore,
to control and measure the rate of airflow, which should be as low as possible
consistent with achieving satisfactory control of temperature. Adjustments of
the temperature within the enclosure and control of chamber gradients by
suitable heating and cooling of the walls of the enclosure eliminate the need
for high air velocities. The air velocity shall be maintained between 0.25 and
1.5 m/s (50 to 300 ft/min).

c. The volume of the test chamber shall be a minimum of 10 times that of o
the envelope volume of the test item.

d. The solar radiation source area shall be such that the length and width
of the test item shall be no more than one-half the same dimensions of the lamp
bank and may be composed of either radiant heat-producing lamps (for procedure
I) or lamps that simulate the solar spectrum (for procedure II or both I and
II).

e. The Irradiance shall have a maximum intensity of 1-120W/m2 (*1O%),and
the radiation falling on the test item shall be uniform to within ~10% of the
desired value, with the spectral distribution given in table 505.2-II. Where
thermal effects only are to be assessed, deviation from this spectral distri-
bution is permitted, but the irradiance must be adjusted to give an equivalent
heating effect. In order
know:

.’.. (1) The spectral
surfaces, and

(2) The spectral
used (and also the effect

to calculate this adjustment, it is neceseary to

,

reflectance or transmittance of the irradiated

energy distribution of the particular lamps being z

of any associated reflectors or glasses). The
radiation shall be directed onto the test item and shall irradiate the entire
surface of the test item facing the solar radiation source. The value of 1120

MST’HOD505.2
ig JUIY 1983
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●

✎

●

✎

0

U/m2 shall include any radiation reflected from the test chamber walls”and
received by the test item, but it should not inclu’delong-wave infrared
radiation emitted by.the chamber walls. The radiation-measuringdevice ,sh.all
be calibrated in the wavelength range of the test pource,radiaticna.

“.

TABLE 505.2-II. ~ectkal wav distribw and nermitted t~.

.SpectralRegion

CHARACTERISTIC ULTRAVIOLET VISIBLE INFRARED

Bandwidth 0.28 to 0.32 to 0.40 to.,0.78u ❑ 0.78 to
o.32p M 0.40Vm 3.00pm

Irradiance 5 U/m2 63 ii/m2 517 to 604 U/m2 492 W/m2

Tolerance -5% S?5s *10% *20$

●NOTE: The amount of radiation wavelength shorter than 0.30y m reaohing
Earthfs surface is insignificant.

f. The radiation source shall be looated at least 76 cm,(30 inches) away
from any other surface of the teat item.

6. LuhLmwQ

(1) Tests conducted for degradation ariddeterioration of.materiala
due to actinic effects, as well as heat buildup within the test items, must
satisfy the full spectrum of table 505.2-11 and may use one of the fcl+owing
acceptable radiation sources:

(a) Xenon arc or mercury xenon arc (used singly) with suitable
reflector.

(b) CombinatIon of high pressure sodium vapor and improved
mercury vapor with suitable reflectors.

(c) High-intensity multivapor, mercury vapor (with suitable
reflectors), and incandescent apot lamps.

(d) Carbon arc lamps with suitable reflectors.

NOTE: Other combinations of the lamps listed above and in II-1.lg(2) below
may be used if it is proven that the ccmbination produces the spectrum
of table 505.2-II. ,

(2) Teats in which it is not sought to,reprcducethe”sun’s spectrum
may ise the appropriate lamps from:

MRTHOD 505.2
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1
.t,

(a) Mercury vapor lamps (internal :eflecto~ tYPe onlY).“” ‘

(b) Combination of incandescent spot lampa and.tubular-type
o

~ mercury vapor lamps with external reflectors. -

(c) Combination of incandescent,spot,lamps and mercury vapor

I
lampa with internalreflectors.

,.

(d)

(e)

,’ ‘“(P)
!’

(g)

This list is not
technology.

11-1,.2 QoLcszh

Metal halide.

Mercury xenon arclamps with suitable reflectors.

MultivaDor (clear or coated bulb) with suitable reflectors.

Tungste.nfilament lampa.. -4

intended to exclude new lamps made available by advanced

. ..

-’..

a. ~. Chamber air temperature shall be maintained in
accordance with General Requirements, 4.4.la, and measured (with adequate
shielding from radiated heat) at a point or points in a horizontal plane O
50 mm below’the prescribed irradiation plane, at half the ‘distancebetween
test item and the wall of the chamber or ‘at Im from.the test item, whichever is
smaller. This ia to insure reasonable control of the envelope of air
surrounding the test item. ●

to
the

b. ~.” Dust and other surf’acecontaminantion may
aignifi.cantlychange the absorption characteristics of irradiated surfaces.
Unless otherwise required, apecimena should be clean when’they are tested.
However, if effecta of surface contamination are to be asseased, the relevant
apecification should,include the necessary information on preparation of sur-
facea.

c. ‘mWE@$L@’

nEl!l NLEMiwE “]
Pyranometer or pyrheliometer” Total irradiation (“directaid scattered).

to .@~ W/m2 (*14 Btu/ft2/h)~
I v

Spectroradiometer or filtered fig of reading. ~
pyranometer ...

I

NOTE: ‘Valuea ma; be aashmed to represent plus or minus two.sthnd?rd
deviations; thus, the stated tolerances should not be e~ded in more

-..

than 1 measurement out of 20. Solar radiation intensity shall be
meaaured with a pyranometer or pyrheliometer’..Spectraljdistribution Of
irradiance as a function of wavelength shall be meaeured with a spectraL
radiometer or filtered pyranometer.

. . .

0
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d. ~. Because of the variety of permissible lamps
and chamber designs, it is particularlY important that the chamber be cali-
brated’to assure that the proper levels of radiant infrared energy are
impacting the teat area when heat,alone is of concern and that the proper
intensity and spectral distribution of solar radiation are impacting the test
area when actinic effects are of concern. Over the area covered by the test
item, the radiation intensity must be within ~lOf . As the lamps age, their
spectral output changee. To insure that solar radiation chamber; meet estab-
lished specifications, a check on spectraldistribution, intehsity, and uni-
formity shall be performed at intervals not exceeding 500 hours of operation
to insure that the facilities continue to meet established specifications.
This value is based on the manufacturer1s guarantee for minimum bulb life.

11-1.3 ~ (See General Requirements, 4.5.4.)

(1) ~. The test rationale ia based on the total
cumulative effect of the solar environment. Any ~ndertest interruption should
be followed by restabilization at the specified conditions and continuation of
the test from the point of the interruption.

(2) >rocedure 1. If an interruption occurs after 18 hours 20 minutes
of the last cycle of procedure 1, the test shall be considered complete. (At
least 92 percent of the test would have been completed, and the probability of
a failure is low during the remaining reduced levels of temperature and,solar
radiation.)

b. ~e. Any overtest conditions must be followed by a
thorough examination and checkout of the teat item to verify the effect of the
overtest. Since any failure following continuation of testing will be
difficult to defend as unrelated to the overtest, a new test item should be
used.

II-2.1 ~. Before initiating any testing, determine from the
test plan:

a. Uhich test procedures are required’.

b. The diurnal cycle to be used,

●

c. Other variables, such as number of cycles, etc.

11-2.2 ~. All items require a pretest
standard ambient checkout to provide baseline data. Conduct the checkout
as followe:

Step 1. Install the teet item in the chamber and stabilize it at standard
ambient conditions (General Requirements, 4.4a) and in a manner that will
simulate service usage, unleaa the storage configuration ia specified.
Position the test item in accordance with the following:

M3THOD 505.2
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a. As near ,the center of the ‘teatchamber as practical and so
that“the surface of the item is not closer than O.3m’(1”ft) ~0 anY wall or
O.76rn(30 in.) to the,radiation source when the source is adjusted to the
cl&est position it will assume during the test”.:

.,

~

b. Oriented, within realistic limits, to expose its most vulnerable parts
to the solar radiation, unless a prescribed orientation sequence is to be’
followed.

c. Separated from other items that are being teated simultaneous y, to
! insure that there IS no mutual ehading or blocking of airflow. ..

Step 2. Conduct a visual examination of the test item with sPeCial
attention to stress areas, such as corners of molded.casea:.

.,.,

Step 3.
,6.

Document the results.
,,

Step 4. Prepare the.test item in accordance with General Requirementsj
b.7.2~ and required test item configuration (see I-3.2c), with the temperature
sensors necessary to determine test item response. “.

Step 5. Conduct an operational.checkout in accordance,with the approved
test plan’. ,.

Step 6. Record tiestiltsfor complfanoe with,Gen”eralRequirements, 4.5.6.

Step 7. If the test item operates satisfactorily, place it in its test
oconfiguration (if other than operational). If not, resolve the problem and

restart at step 1. Position the test item in accordance with the following and
proceed to the first test as specified in the test plan.

a. As near the center of the test chanber as Practical., (See 11-1.1c and
d.)

b. Oriented, within realistic limite, to expose its most vulnerable parte

1 to the solar radiation,
followed.

c. Separated from
ie no mutual ehading or

unless a prescribed orientation sequence is to be

other items that are being tested to insure that there
blocking of alrflOW. “”

II-3 ~. The following test procedures, alone
provide the bases for evaluating the perfo,rmanc.eof the
radiation environment.

I
Procedme I - CVQ.UOR for kaLUS@a

..
11-3.1

I

I

or in combination,
test item in a solar *

...

Step 1. Raiae the chamber air temperature to the 0000-hour temperature of
table 505.2-I.

M3THOD 505.2
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Step 2. Expose the te,stitem to continuous 24-hour cycles of controlled
simulated solar radiation and dry-bulb temperature.as indicated in table
505.2-II or as speoified in the equipment specification. The number of cycles
performed shall be whichever of the following is longer:

a. The,minimum necessary to insure that the peak response temperature of
the mo9t critical area of the test item achieved during a_cYcle is within ti°C
(&l.6°F) of the peak response temperature
cycle, or

b. Three centinuous cycles.

Increase and decrease the solar radiation
‘uP’and fOUr steps down to approximate the

achieved during-the previous 24-hour

intensity in a minimum of four steps
curve’of figure 505.2-3 (table<.

505.2-I). The test item may-or may not be operated throughout the test, at the
option of the equipment specification. When an evaluation of the heating
effects .isImportant, operation at least”at p-eaktemperature ahpuld ‘be
specified. For certain one-shot items (e.g., rockets), thermocouplesaffixed
to critical portions of the test item should be used to determine the time and
value of peak temperatu~e. The time of operation shall coincide with peak
temxrature., . .

Step 3. Continue cycling until the peak response temperature (measured’at
representative locationa) achieved during a cycle is within &?oC (~ .60F) of
the peak response temperature achieved during the previous 24-hour cycle, or
during T cycles, whichever comes ffrat.

“

..

Step 4.
step 5.

‘.Step 5.
and maintain
achieved.

Step 6.

Step 7.

Step 8.
step 5.

..

Step 9.

Step 10.

.Con$qctan operational checkout of the test item as in II-2.2,

Adiust the chamber air temperature to standard ambient conditions
until temperature stabilization of the test item has been

Conduct a complete visual examination of the test item.

Document the results.

Conduct an operational

Document the results.

checkout of the tes”titem as in II-2.2,

Compare these data with “thepretest data.

II-3.2 Procedure II - Steadv state for urobw@aXhiC effecti

Step 1. Adjust the solar radiation source to a radiant energy rate of
120 ~ 47 W/m2 (355 ~ 14 Btu/ft2/h), or as specified in the equipment
specification, and a temperature of 49°C (120°F).

METHOD 505:2
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Step 2.

step 3.

Step 4.

Step ,5.

Step 6.

Maintain these conditions for 20 hours.1/

Measure and record the test item temperatures.

Turn off the solar radiation source for 4 houre.

Repeat steps 1 thru ,4for the number of cycles specified in the
test plan.

Conduct a performance check and visual examination as in II-2.2,
steps 2 and 5 and document the ..results.

11-4 ~

a. Previous test methods to

b. Test procedure.

which the

c. Results of each performance check.

d. Results of each visual examination

e. Location of temperature sensors on

test item has been subjected.

(and photographs, if applicable).

the test item.

f. Test item temperatures and expoetireperiods.

s. Solar’lamp bank identification.

h. Additional data as required.

j.1 If required, operational checks should be conducted during the last
4 hours of each 20-hour exposure when test temperatures are maximized,

●
505.2-17
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● c. ~. (See Ge,neralRequirements, 4.4.4.) This method is
applicable at any etage in the test program, but its effectiveness as a test
method is maximized if it is performed after the dynamic tests.

The leakage test (method 512.2) is normally considered to be more severe than
the rain test for determining the penetrabilityy of the test item. Equipment
that pasaes the leakage test may not require exposure to the rain test if ite
configuration is unchanged and the effects of penetration are the main.concern.

.
d.’ ~. This method is comprieed of three rain-related test

procedures. Before the test ie ccnducted, a determination muet be made of
which test procedures and teat conditions are appropriate. Determination of
related test conditions that are ueed during the test are based on:

(1) The test item configuration.

(2) The operational Durpoee of the teet item.

1-3.1 ~
.,

a. k&AkW3W The primary cbjectivea of the rain teet are to
determine if:

(1) Rain can penetrate the enciosure of the test item while it is in
its operational or storage configuraticn.

o
(2) The test item.can meet it? performance specification during and

after exposure tc rain.

.

(3) Rain causes physical deterioration of the test item.

(4) The rain and collected rainwater removal systems are effective.

b. .SeleciOn of the test Droceduret . Three teet prcceduree are included
within methcd 506.2: blowing rain, drip, and watertightness. Select the
procedure that preeents the mcst severe exposure anticipated for the test item.

(1) -edure I - BIo~. Prccedure I is applicable for
equipment which will be deployed.out-of:doors and which will .beunprotected
from blowing rain. The accompanying wind velocity can vary from almcst calm to
extremely high. Test items which cannot be adequately tested with this
procedure because.of their large eize should be considered for testing under
procedure III.

(2) re 11 -. Procedure II is appropriate when equipment
is normally protected from rain but may be exposed to falling water from

&- condensation or leakage from upper surfaces.

(3) l.c@@ure III - Wat~. Procedure III should be
ooneidered.when large (ehelter-size)equipment is to be tested and a blowing-

0
rain facility .isnot available or practical.
simulate natural rainfall but will provide a
watertlghtnees of a piece of equipment.

506.2-3

This procedure.is net intende~ to
high degree of confidence in the

MSTHOD 506.2
19 July 1983



1.. MIL-STD-81OD
. . . . . . . .
ly July .lyc$j

I-3.2 i2h0iceof related test condi.tiw. Variables”under each test~procbdure
include the test item configuration, rainfall rate, wind veloc”ity;tes~ item ●
exposure surfaces, water.pressure, and any additional appropriate’g“uideliriesin
accordance with the requirements document. .-

. . .
a.,

est Item con~. The test item should be”tested in’all the
configurations-in which it can be placed-dui’ingits life cycle:’ AS ‘a”min”imum,~
the following’configurations should be considered: ‘ ‘-” ““’‘‘ 2

I (1)

(2)

(3)

(4)

In a shipping/storage container or transit c&e.
,,. :.. ..

Protected or’not protected. ,,. . .. ,-,
.,,.,

In its operational configuration. :,, ,,. ,

,: .,,: ,, .?
Modified with kits for special application.

b. ~1 rate. The rainfall rate used in procedure 1:pay be tailored
to the anticipated deployment locale and duration. An instantaneous rainfall ‘,
rate equivalent to O.8o mm/min .(1.89 in./h) occurs commonly in areas,of heavy
rainfall, but a”minimum rate of 10 cm/hr ‘(4in./h) is recommended, since it is “-
nOt an uncommon occurrence and.would provide a reasonable degree of confidence
in the test item. Asia, for example, is known to have high rainfall
intensities. The highest recorded intensity for 1 minute occurred in Maryland
and was 31.2 mm/min (1.23 in./rein). For testing purposes,.the foliowing table’
of rainfall rates (from MIL-STD-21OB) for worldwide expected durations’of ,,
exposure (~E) from 2 to 25 years is more realistic. a

TABLE 506.2-I.
..

~ected rainfal1 rates for different
~osure .durat~.

,.
EDE Rate
(yr) (in./h) (cm/h) ,,

2 4.0 10
5“ 4.7 12”

,:,

I 10 5.2 13
25 5.8 15

.,

C. ~. Nominal’drop-size spectra exist for instantaneous
rainfall rates, but, according to MIL-STD-21OB, for the long-term rainfall”
rates they are meaningless, since rates are made up of many different““ ‘‘
instantaneous rates possessing different spectra. For these tests, droplet
sizes should not be smaller than approximately 0.5 mm in diameter,,1/”’which’
considered.to be.mist or drizzle rath6r than rain (reference e.), or larger
than 4.5 mm.

,,.

,.
,..

.,. ,. .\

1/ Observationa Show that there are no drops of less than roughly0:5 mm
diameter during intense rains (reference c):

!.

METHOD 506.2
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d.,,..,,Mind velocity. High rainfall intensities accompanied by winds of 18
&s (40 mph) are not unoommon during storms. Unless otherwise specified, this
velocity ,is,recommended for procedure I tests. Winds of 33 m/s (75 mph) are
the threshold for hurricane-force winda.

e. -~. Wind-driven rain will usually have more
of an effect on vertical surfacea than on horizontal surfacea, and vice versa
for ‘verticalor near-vertical rain. All surfaces onto which the rain could
fall or be driven must be exposed to the test.conditions.

f. M&LWi&Q. Procedure III relies on pressurized water. The
pressure may be varied according to the requirements documents, but a minimum
value of 377 kpa (40 psig) nozzle.pressure is given as a.guideline based on
past experience. This value will produce water dropleta traveling at
approximately 64 km/h (40 mph) when a nozzle as specified in paragraph II-1.1e
ia used.

.4. ~. Review the requirements documents for any
additional guidelines.,

1-! ~’
1-4.1 ~

1-811.1 ‘~ reaumementa.
.

The failure of the test item to satisfy the
re’qui”rementsof the equipment specification must be analyzed carefully, and
related information must be considered, such.as:

,.2

a. Degradation allowed in the performance characteristic because cf
rainfall exposure.

b. Necessity for special kits for special operating procedures.

c. Safety of operation.

1-4.1.2 Mater Denetrati~. Based on the individual test item and the
requirements for its nonexpcsure to water, determine if.one of the following ia
applicable:

a.
.“

~1 fail=. Any evidence.of water perietraticninto the
test item enclosure follcwing the rain test shall be considered a failure.

,.

b. &&Dtab e water Dene1 tratioq. Water penetration of not more than 4 ;
cm3 per 28,000 cm3.(1 ft3) of test item enclosure z/ shall be acceptable,
provided“the following conditions are met: . . .,

2/ This quantity of water,(4 cm3) is approximately the quantity required to
raise the relative humidity of 1 cubic foot of air at standard ambient ccn-
ditiona (5o% RH at 21°C (70°F) to saturation at 49°C (120°F)). zhe 49°C
value is realistic for equipment exposed to higher temperature and.solar
radiation effects.

t.fSTHOD506.2
19 July 1983
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I
(1) There is no innnediateeffect of the water on the operation of the

test item.

(2) The test item in its operational configuration (transit/storage
case open or removed) shall successfully complete the induced temperature/
humidity procedure of method 507.2 for the geographical area in whioh it is
designed to be deployed.

I-4.2 ~. Experience has shown that a temperature differential “
between the test item and the rainwater can affeet the outcome (leakage) of a
rain test. It is recommended that whenever possible, the test item temperature
be at least 10°C (18oF) higher than the rain temperature at the beginning of
each 30-minute exposure period to produce a negative pressure differential
inside the test item.

I I-4.3 Sxnmarv of test informat~ reauired. The following information is
required in the test plan for adequate conduct of the test= of section II:

a.

b.

c.

d.

e.

f.

s.

h.

i,.

Test procedure(s).

Test item configuration.

Rainfall rate.

Test item preheat temperature.

Exposure surfaces/durations.

Wind”velocity.

Water pressure.

Water temperature.

Additional guidelines.

a. AR 70-38, -arch. Dev-ent. Test ~ tion of Materiel for
~treme Climatic ~, 1 August 1979.

b. MIL-STD-21O, Umatic Extremes ~, 15 December
1973.

c. s of dMe terial for ~ Clima-- tic Extremes
for Mill arv ~.

.
t Bedford, MA: Air Force Cambridge Reeearch

Laboratories, 1974. DTIC number AD-780-508.

d. Army Materiel Command Pamphlet AMCP-706-

METHOD 506.2
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● e. ,Huschke,R.E. (cd.). Gk2asa~ 0 . Boston: American
Meteorological Society, 1970.

f. MIL-S-55286,:Melter. Electrical EauiD 28o( )/G.;.:- ment S-

g. MIL-S-55541, 1She ter. Electrical Eq&inment S-?50{ )/G.,

.<.,

,-,

h. RTCA/DO-160, Environmental Condl ~ Test Procedures fort .t.

AirbOrne E@.E@@&, January 1980.

..’
... !. .,.

.! ,(

,.,. r

\

.,

‘,

,’. ...
! ..

,L

. .

,,

,.

,-

,.
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METHOD 506.2

RAIN

SECTION II

II-1 MEMAXQS

11-1.1 ,.

a. For prooedure 1, the rain faoility shall have
duoing falling rain accompanied by wind blowing at the
The facility temperature shall be uncontrolled, except

the capability of pro-
rate specified herein.
as regulated by water

introduced as rain. The rain shall be produced by a water distribution device
of such design that the water is emitted in the form of droplets having a dia-
meter range predominantly between O,5 and 4.5 millimeter:.(see I-3.2c). The
rain shall be dispersed completely over the test item when accompanied by the
prescribed wind.

b. The wind source shall be positioned with respect to the test item so
that it will cause the rain to beat directly, with variations up to 45° from the
horizontal, and uniformly against one eide of the test item. The wind source
shall be capable of producing horizontal wind velocities equal to and exceeding
18 mls (40 milh). The wind velocity shall be measured at the position of the
test item before placement of the test item in the facility. No rust or
corrosive contaminants shall be imposed on the test item by the test facility.

c. A water-soluble dye such as fluorescein may be.added to the rainwater
to aid in locating and analyzing water leeks.

d. For procedure II, the test setup should.provide a vol~e of water
greater than 280 (+30, -O) L/m2/h (7 gal/ft2/h) dripping from a dispenser with
drip holes on a 25.4 mm,pattern, “asshown in figure 506.2-1.

e. For procedure III, the.nozzlee used should produce a square spray
pattern or other overlapping pattern (for maximum surface coverage) and droplet
size predominantly in the 2 to 4.5 mm range at a proximately 3’75kFa (40 psig).

;At least one nozzle should be used for each 6 ft of surface area and should be
positioned 19 ~ 1 in. from the test surface.~/

11-1.2 ~

a. For procedures I and II,
immediately before each test.

b. For procedure 1, the air
each test.

,,.

the rainfall rate““shallbe verified

velocity shall be verified immediately before

c. For procedure III, the nozzle spray pattern and pressure shall be
verified before each test.

3/ From MIL-S-55286 and MIL-S-55541.

MSTHOD 506.2
19 July 1983 .

506.2-8

●

✎

a

.

●



MIL-STD-810D
19 July 1983

WATER INLET

OVERFLOW
WATER
LEVEL

----

/q

1.5mm (DIMPLES)

HEIGHT

ADJUSTABLE
WATER DROPLETS

●

.

1.5DEEP DIMPLES PRESSED
INTO 0.8mm BRASS PLATE
WITH 4.8mrn MILDSTEEL
ROD WITH A 5mm END RADIUS

MOLES (0.33mm DIA)
DRILLED THROUGH

DIMPLES INL18mm

BRASS PLATE
VIEWA-A

FIGURE”506.2-I

DETAILS OF DISPENSER FOR DRIPPROOFNESS TEST

,..
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d. Unless otherwise SDeCified. water used for rain tests can be from local

—

water supply sources.

11-1.3 Test interruo
t.

(See General Requirements, 4.5.4.)

a. LLi@r est.Interrupt@.t
..

Interrup~ion of ,a rain test is unlikely to
generate any adverse effects, and normally the test shall be continued from the
point of interruption.

b. Overtest interrurkion. Any interruption that results in more extreme
exposure of the test item than required by the equipment specification should be
followed by a complete operational and DhYSi.2alcheck. If no DI.OblWIsare
encountered. the test item shall be rea~o~ed to its pretest condition and the
test restarted at the point of interruption.

11-.2 ~

11-2.1 Preliminary eteD&. Before initiating
test plan:

a.

b.

c.

II-2.2

Which test procedures are required.

,-

any testing, determine from the

. .

The rainfall rate and wind velocity for procedure 1.

The other variables applicable to the desired procedure.

lretest standard ambient che~ t. All test items require a pretest
standard ambient checkout to provide baseline data. Conduct the checkout as
follows:

Step 1. Stabilize the test item.at standard ambient conditions per General
Requirements,.4.4a, in the teat chamber, if applicable.

Step 2. Conduct a complete visual examination of the test item.

NOTE: No sealing, taping, caulking, etc., shall be used except ae required in
the teat item drawings.

Step 3. Document the results.

Step 4. Prepare the.test item in accordance with General ,Requirements,
4.5.2, and required teat item configuration. .

Step 5. Conduct an operational
teat plan.

Step 6. Record the results for

checkout in accordance with the approved

compliance with General Requirements, 4.5.6.

Step 7. If the test item operates satisfactorily, proceed to II-3. If not,
resolve the problems and restart at step 1.

II-3. ~. The following test procedures provide the baeis for collect-
ing the neceaaary information concerning the test item’s watertightneas.
Proceed to the first procedure as specified in the test plan.

METHOD 506.2
19 July 1983
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●
11-3.1 Procedure I - Blow~

Steo 1. With the test item in the faoilitv and in its normal oDeratinR—
position; adjust the rainfall rate as specified-in the test plan. (~he seaied
test item shall be heated to a higher temperature than the rain water (see
I-4.2) and restored to its normal operating configuration immediately before
testing.)

Step 2.
maintain for

Step 3.
operated for

SteD 4.

Initiate the wind at the velocity specified in the test plan and
at least 30 minutes.

If an operational check is required, the test item shall be
the last 10 minutes of the 30-minute rain.

Rotate the test item to exmse to the rain source anv other side
of the teat item that could be exposed

Step 5. Repeat steps 1 through 4
accomplished.

Step 6. Examine the test item in

t: blown rain in its deploy~ent cycle.

until all possible variations have been

the test chamber, if possible; otherwise,
remove the test item from the test facility and conduct a visual inspection. If
a noticeable amount of free,water has penetrated the teat item, judgment must be
used before operation of the test item. It may be necessary to empty water from
the test item to prevent a safety hazard. Measure the volume of water.

●
Step 7. Measure and document any free water found inside the protected

areas of the test item.

step 8. If required, operate the test item for compliance with the
requirements document.

Step 9. Document the results.

11-3.2 Procedure II -.

Step 1. Install the test item in the test facility in accordance with
General Requirements, 4.5.2, in its operational configuration with all
connectors and fittinga engaged. (The sealed test item shall be heated to a
higher temperature than the rain water (see I-4.2) and restored to its normal
operating configuration immediately before testing.)

Step 2. With the test item operating, subject it to water falling from a
height of approxititely 1 meter (3 feet) at a uniform rate (as produced by a
75-mm-hish water level in the dispenser) for 15 minutes (see figure 506.2-1).
The test setup shall be arranged ao that all of the upper surface gets droplets
on it at some time during the test. Test items with glass-covered dials shall

~ be tilted at a 45° angle, dial up.

Step 3. At the conclusion of the 15-minute exposure, i’emovethe teat item
from the test facility and remove sufficient panela or covers to allow the

●
interior to be seen.

Step 4. Visually inspect the test item for evidence of water penetration.

METHOD 506.2
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Step 5. Measure and document any free water inside the test item.

Step 6. Conduct an operational check of the test item as specified
test plan, and document the results.

II-3.3 &ocedure III - Ha ertiahtnesst

Step 1. Install the test item.in the test facility with all doors,
louvers, etc., cloeed.

Step 2. Position the nozzles as required by the test plan or as indicated
in 11-1.le. .

Step 3. Spray all exposed surfaces of the test item with water for not
less”than 40 minutes per face.

Step 4.
.-

After each 40-minute spray period, inspect the interior of the ..’
test item for evidence of free water. Estimate its volume and the probable
point of entry and document.

Step 5. Visually inspect the test item for evidence of water penetration,,
‘,

SteD 6. Conduct an operational check of the test item as aDeCified in the
test

11-4

plan, and document the results.

a. Previous test methods to which the test item

b. Results of each performance check and visual
photographs, if applicable).

(1) Pretest.

(2) During test.

(3) Post-test.

c. Length of time required for each performance

has been subjected,

examination (and.

,,

check.

d. Status of the test item for each visual examination. ‘

e. Exposure durations.

f. Rainfall rate.

g. Wind velocity.

h. Water and test item temperatures.

i. Water preseure (if applicable).

j. Surfaces of the test item eubjected to rainfall.

EETHOD 506.2
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HUMIDITY

SECTION I
1-1 PURPOSE . . . . . . . . . ... . .
I-2 ENVIRONMENTAL EFFECTS . . . . . .
I-3 GUIDELINES FOR DETERMINING TEST

.s PROCEDURES AND TEST CONDITIONS
~-~..’” SPECIAL CONSIDERATIONS . . . ~. .
I-5 REFERENCES . . . . . . . . . . .

,
..

use

. . . . . . . .. . . . 507.2-1

. . . . . . . . . . . 507.2-1

. . . . . . . . . . . 507.2-2

.
. . ... . . .. ”’’.... 507.2-11
. . . . . . . . . . . 507.2-11

SECTION II
II-1 .APPARATUS . . .’.’......’. . ... . ’.....-.. 507.2-13
II-2 PREPARATION FOR TEST . . .“... . . . ... . . . . . . . 507.2-14
II-3 PROCEDURES . . . . . . . . . . . . . . . . . . . . . .507.2-15
II-4 INFORMATION TO BE RECORDED . . . . . . . . . . . . . . 507.2-17

● SECTION I ,.,

I-1 ~. The humidity tests are performed to determine the resistance of
materiel to the”’effectsof a.warm, humid atmosphere. ‘“

1-2 ~. Moisture can cause physical and chemical deteri-
oration of materiel. Temperature changes and humidity may cause condensation
inside of equipment. Typical problems that can result from exposure to a warm,
humid environment are: ~

a. Swelling of materials due to moisture absorption.

b. Loss of physical strength.

c. Changes in mechanical properties.

d. Degradation of electrical and thermal properties “ininsulating
materials. ,.

e.

f.

s.

●
“h.

i.

Electrical shorts due to condensation.

Binding of moving parts “dueto corrosion or fouling of lubricants.

Oxidation and/or galvanic corrosion of metals.

Loss of plasticity.

Accelerated chemical reactions.

507.2-1
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j. Chemical or electrochemical breakdown of organic surface coatings.

k. Deterioration of electrical components.

1. Degradation of image transmission through glass or plastic optical
elements.

m.

n.

o.

Absorption of moisture by explosives and propellant.

Accelerated biological activity. >

Deterioration of hydroscopic materials.

I-3 S FOR ~ TEST ~
a

NOTE: This teet method shculd be applied at the end of the tailoring process
described in section 4 of this standard.

a. Iirah=tkn. This method is used when the teat item ia likely to be
deployed in a warm, humid environment. Such conditions can occur year-round in
tropical areaa and seasonally in midlatitude areas.

b. kdxkd&m. Now.
/

c. .@a!w&& (See General Requirements, 4.4.4.) The test procedures of
this method are potentially damaging. The place of this method in the eequence
of a test itemta life cycle is illustrated in General Requirements, figure 2.
The humidity test should follow the initial logistic dynamio exposure of the

●
test item (after arrival at its initial point of disembarkation). It iS
generally inappropriate to conduct this test on the same test sample used for
salt fog or fungus teeta.

d. lest varia.kkc.a. The most “importantways the test can vary are in
duration, temperature-humidity cycles, and ventilation.

I-3:1 tice of teSt DrOCedUreW. This method consists of three procedures.

a. re I - N~. Procedure I simulates natural environmental
cycles and is conducted on test items which are open to the environment or
frequently ventilated.

b. lrocedure II - LoQu2fA. Procedure II simulates unventilated
conditions that may occur during storage or tranait and is appropriate for
sealed.iteme or items enclosed in sealed iteme. For the purpose of this test,
a sealed item is one that could have a relatively high internal level of
humidity and lacks continuous or frequent ventilation. It does not include
hermetically sealed items. The internal humidity may .be cauaed by these or
other’mechanisms:

(1) Entrapped, highly humid

(2) Presence of free water.

METHOD 507.2
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● ... (3) Penetration of moisture through test item seals.

(4) Release of water or water vapor from hydroscopic material
within the test item.

- c. Eromdure 111 - kmiva ted. Procedure III exposes the test item to
more extreme temperature and humiditv levels than ‘thosefound in nature but for
shorter durations. It is used to re~uce the time 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 mo~w
.t. .

Related test conditions depend on
the climate, duration, and test item configuration during shipping, storage,
and deployment. The variables common to all three procedures are the

b temperature-humiditycycles, duration, and configuration”. These are discussed
below.,,.Requirements documents may impose.or imply additional test conditions.
The worst-case conditions should form the basis for selecting the test and test
conditions to use.

a. I.e@ite Deram ture-hum&. The specific’test temperature-humidity
values are ielected preferably from the requirements“documents. If this
information is not available, determination of the test temperature-humidity
valuea for procedures I and II can be based on the world geographical areas in
which ‘the test item will be used, Plus any additional considerations. Table
507,,.2-1includes the temperature and relative humidity conditions for three

o

geographical categories where’high relative humidity conditions may be.of
concern, and two related categories of induced conditions. Figures 507.2-1“and
507.2-2 are approximations.of.the cycles and are to be used if chamber control
of table 507.2-I‘cyclesis difficultto achieve. The curves are constructed
with consideration of chamber limitations. A description of each category
follows.

(1) Hot-humid. Severe (high) dewpoint conditions occur 10”to 15
times a year along a very narrow coastal atrip, probably less than 5 miles
wide,’bordering bodies of water with high surface temperature, specifically
the.PersianGulf and the Red,Sea. Most of the year these same areas experience
hot-dry conditions. Due to the relatively small area in which these conditions
occur; ,mosttypes of equipment,need,not be designed t.owithstand this
environment. ,.

(2) ~tant high humi~. Constant high humidity is found most
often in tropical areas, although it occurs briefly or aeaionally in the

. midlatitudes. The conetant-high-humiditycycle occurs in heavily forested
area?.where near1y constant temperature and humidity may prevail during rainy
aeaaons with little (if any) solar radiation exposure. Tropical exposure in a
tactical configuration or mode is likely to occur under a jungle canopy.

.. Exposed materiel is likely to be constantly wet or damp for many days at a
time. World areas where these conditions occur are the Congo and Amazon
Basins, the jungles of Central America, Southeast Asia (including the East
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
month in the most humid areas of the tropics. The most significant variation
of this cycle is its frequency of occurrence. In equatorial areas, it occurs

METHOD 507.2
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TABLE 507.2-I. ~ .1/

Natural Induced
not- High Humidity Hot-
@mid

cyclic
Constant cyclic Humid High Humidity

Time (Cycle 1) (Cycle 2) (Cycle 3) (Cycle 4) (Cycle 5)

Temp RH Temp RH Temp RH Temp RH Temp
CF

RH
Oc s ‘F CC s ‘F CC % CF ‘C t CF w 1

0000 88 31 88 100?/ 80 27 100 95 35 63
0100 88 31 88

91 33 .68
100 80 27 100 95 35 67 91 22 69

D200 88 31 88 100 79 26 100 94 34 72 90 32 ‘70
0300 88 31 88 100 79 26 100 94 34 75 90 32 71
D400 88 31 88 . 100 79 26 100 93 34 77 88 31 72
0500 88 31 88 & 100 78 26 100 92 33 79 86 30 74
D600 90”32 85. :$ 100 78 26 100 91 .33 80 88 31 75
0700 93 34 80 98 81 27 94

us
97 36 70

D800 96 36 76
93 34 64

0 97 84 29 88 104 .40 54 101 38 54
0900 98 37 73 i%3 95 87 31 82. 111 44 42 107 42 43
1000 100 38 69 *al 95 89 32 79 124 51 31 113 45 36
1100 102 39 65

as
95 92 33 77 135 57 24 124 51 29

1200 104 40 62 %: 95 94 34 75 144 62 17 134 57
tug

22
1300 105 41 59 m.c 95 94 34 74 151 66 16 142 61 21
1400 105 41 59 cm

09 95 95 35 74 156 69 15 145 63 ‘2o
1500 105 41 59 95 95 35 74 160 71 14 145, ,63 19
1600 105 41 59 . ;$ 95 93 34 76 156 69 16 144 62 20
1700 102 39 65 ; 95 92 33 79 151 66 18 140 60 21
18OO 99 37 69 ; 95 90 32 82 145 63 21 134 57 22
1900 97 36 73 88 31 81 136 58 29 122 50 32
2000 94 34 79 ;: 85 29 >91 122 50 41 111 44 43
2100 91 33 85 100. 83 28 95 105 41 53 101 38 54
2200 90 32 85 100 82 28 96 103 39 58 95 35 59
2300 89 32 88 . 100 81 27 100 99 37 62 93 34 63

I/ Temperature and humidity values are Pcr ambient air.

2/ Fcr chamber ccntrol
but not leas than 95S.

purpcae, IOOS SS implies as clcse to 100% as pcssibl”e

i.
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LSee Note——--

L
0?. a lb Z4m Sa 4 4

Hours

Note: Relative humidity maintained above 85% during temperature drops.
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mo’nthly, year round. The frequenty,decreases as the distance from the equator
increases. The midlatitudes can experience these conditions several days a
month for 2 to”3 months a year.

(3) Cyclic high huEL&.&
. .

Cyclic-high-humidity conditions are
found in the open in tropical areas where solar radiation is.a factor. In
these areas, exposed items are subject to alternate wetting and drying, but the
frequency and duration of occurrence are essentially the same as in the
constant-high-humidity areas.

In addition to these three categories of natural high-humidity,conditions,
there are

hot-humid
air.

equipment
radiation

b.

two cycles for,induced conditions: ,’

(4) hot-..ed This condition exists when equipment in the
category receives heat from solar radiation with little or.no cooling

(5) Induced var~. This condition exists when
in the variable-high-humiditycategory receives heat from solar
with little or no cooling air.

~. The number of temperature-humidity cycles (total
test time) is critical in achieving the purpose of the test. It is preferable
to use the number of cycles given in the requirements documents for the
materiel. If this information is not available, use the following guidance

(ace table 507,2-11):

NOTE: “Anydegradation that could contribute to failure of the test item during
more extensive exposure peri”odsor during exposure to other deployment
environments, such ae’shock and vibration, shall be documented. Further”,
testing shall be extended for a sufficient period of time to evaluate the
long-term effect of its realistic deployment duration (deterioration rate
becomes asymptotic).

(1) Dt’OCeduW I Nat@

(a) ~. Hazardous test items are those in
which any unknown physical deterioration sustained during testing could
ultimately result in damage to materiel or injury or death to personnel when
the test item is used. Hazardous test items will generally require longer test
durations than nonhazardous teet items to establish confidence in the test
results. Twice the normal test duration is recommended (see table 507.2-II,
cycles 1 through”3). Each test can be terminated prematurely after the
quick-look level hag been reached if the materiel has failed the visual or
func,tional checkout.

(b) ~ teat iterns. N“onhazardotistest items should
be exposed from 10 to 60 cycles of conditioning, depending upon the
geographical area to which the materiel will be expoaed (see table 507.2-II,

I
cycles 1 through 3). Each test can be terminated prematurely after the
quick-lock level has been reached if it is determined that the test item has
alrsady failsd the test and furthsr testing is futile.

&THOD ,507.2
1? July 1983
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0 ,..
TABLE 507.2-11~ ~.

.

I NATURAL INDUCED

Hazardous Items Cycle 1 Cycle 2 Cycle 3 Cjcle 4 Cycle 5

Normal
Test Duratio~/ 20 120 90 30 30

.. ‘Quick Look~/ 7 15 12 -7 7

Non-Hazardous Items

Normal
Test Duratio~ 10 60 45 15 15

Quick Look~/ 5 15 12 7

0

7

W Operational checks are required at least once every 5 days,
but more frequent checks are recommended for early detection of
potential problems.

..

●

.

507.2-9
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(2) lf2stsemdoyirr

(a) test itenm. Hazardous test items will generally
require longer teats than nonhazardous items to establish confidence in teSt
results. Since induced conditions are much more severe than natural
conditions, potential problems associated with high temperature/high relative
humidity 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 normal periods) of conditioning, depending upon
the geographical category to which the materiel will be exposed (see table
507.2-II, cycles 4 and 5). Each test can be terminated after the quick-look ..

level has been reached if the materiel has failed the visual or functional
checkout or,if deterioration is obvious.

(b) dous test items. Induced conditions are much more a
severe than natural conditions and potential problems associated with high
temperatures/high humidity will thus be revealed sooner; and the results’can be
analyzed, in most cases, with a high degree of confidence. Nonhazardous test
items should be exposed to test durations as specified in table 507.2-II,
cycles 4 and 5, depending upon.the geographical category to which the materiel
will be exposed. Each test can be terminated after the quick-look level has
been reached if it has been determined that the test item has already failed
the test and additional testing is futile, or if deterioration is ‘obvious.

(3) Test emDlovti DrOcedure III - ~ Based on“past
experience, a minimum of 10 cycles is recommended to reveal potential test item
problems. For the test items incorporating seals to protect moisture- ●
sensitive materials, e.g., pyrotechnic, longer test durations may be required.

(4) Quick-look. After a relatively short period of testing haa
elapsed, the test item may be given a visual inspection and operational
checkout, and a decision may be made to continue or atop the teet. The time
after which a quick look can be made is different for each test cycle and is
specified in table 507.2-II. Termination at this time (or at any time before
completion of the specified test durations) should be considered if a failure
or ‘Ino-test”is accepted. A comDlete test cycle is still required but is not
recommended on the same test item.

c. &t item c~. During performance of the temperature-
humidity procedures of this method, the teat item will be configured as
specified below or as specifically outlined in the requirements documents.
Test item configuration must be selected to reproduce, as closely as
technically possible, the configuration that the test item would asiume when
deployed. The following configurations should be considered, but the
worst-case situations are usually used.

(1) In its

(2) out of
deployment mode.

NETHOD 507.2
19 July 1983

assigned shipping/etorage container. .

its shipping/storage container but not set up in its

,.

“o
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(3) In its operationalmode (realistically or with restraints, such
openings that are ,normally covered)., .

d. ~. Review the requirements.dooument9. .Apply
any additional guidelines necessarY. .. ,,. ,

I-4.1 ~. The failure of a test item to meet the requirements
of the equipment specification must be analyzed carefully, and related
information must be considered, such as:

a. Degradation allowed in operating characteristics when the test item
is exposed to the test levels of temperature and humidity.

..
b. Neceaaity for the use of special operating.procedures or special

kits during exposure to the teat levels of temperature and humidity.

c. Deterioration of any kind in any area of the test item must be
completely described and evaluated aa a potential failure or failure mode.

NOTE: The failure mechanism of this test combines the effects of both high
temperature and high relative humidity.

I-4.2 -arv of test ~. The following information is

●
required in the test plan for adequate conduct of the tests of section 11.

a. Test item configuration and orientation.

b. Test procedure and oategory.

.

c.’ Test cycle parameter.

d. Test item temperatures

e. Test duration.

f. Any sealed areas to be

“~. Additional guidelines.

1-5 MMREWES

and relative humidities.

opened during testing.

a. AR 70-38, ~. Develw, Test and ~ of Materie1 for
Eitreme ~,

. . 1 August 1979.

. b. NIL-STD-21O,~tremes for M
. .
~, 15 Decemberm

1973.

c. 1 for~. -- Cli~
. .

● -

Bedford, MA: Air Force Cambridge Research
Laboratories, 24 Janua~y 1974. DTIC number AD-780-508.
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~* 13 September 1977. ●

e. NATO STANAG 2831, ~
ial for Use bv_tiAZOForc~ in a Grw.nL8QQ
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.
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MSTHOD 507.2

HUMIDITY

SECTION 11

11-1” AUAEUUS

11-1.1

a. The required apparatus consists of a chamber or cabinet, and
auxiliary instrumentation capable of maintaining and continuously monitoring
the required conditions of temperature, and relative humidity throughoutan
envelope of air surrounding the test item(a). (See General Requirements,
4.4.1.)

b. Unless otherwise speoified, the test volume of the chamber or
cabinet and the accessories contained therein shall be constructed and arranged
in such a manner as to prevent condensate from dripping on the test item(s).
The test volume shall be vented to the atmosphere to prevent the buildup of
total pressure and preve~t centamination from entering. Relative humidity
shall be determined by employing either solid-state sensors whose calibration
is not “affectedby water condensation or by an equivalent method, such aa
fast-reacting wet-bulb/dry-bulb sensors or dewpoint indicator. Sensors that
are sensitive to condensation, such as the lithium chloride type, are not
recommended for tests with high relative humidity levels. A data collection
system separate from the chamber controllers shall be employed to measure teet
volume conditions. A recording device shall be mandatory for the data
collection system. If charts are used, the charta shall be readable to within
~0.6oc. If the wet-wick control method is approved for use, the wet bulb and
tank shall be cleaned and a new wick installed before each test and at least
every..30 days. Water used in wet-wick systems shall be,of the same quality as
that used to produce the humidity. Water bottle, wick, sensor, and othqr
components making up relative humidity measuring systems shall ba visually
examined at leaat once every 24 hours during the test. The velocity of air
flowing across the wet-bulb sensor shall be not less than 4.5 meters per second
(900 feet per minute), and the wet wick shall be on the suction side of the fan
to eliminate the effect of fan heat. The flow of air anywhere within the
envelope of air surrounding the test item shall be maintained between O.5 and 2
meters per aacond (98.to 394 ft/min).

c. Relative humidity within the envelope of air surrounding the test
item shall be created by steam or water injection. Water used in either method
shall be distilled, demineralized, or deionized and have a resistance of not
less than 500,000 ohms. Its quality shall be determined at periodic intervals
(not to exceed 15 days) to asaure its acceptance. If water injection ia used
to humidify the envelope of air, the water shall be temperature conditioned
before its injection to prevent upset of ths test conditions.and shall not be
injected directly into tbe test section. Condensation developed within the
chamber test volume during the test, shall be drained from the test velume and
discarded.

MRTHOD 507.2
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d. No material other than water 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 rust or corrosive contaminants or any
material “otherthan water shall be introduced into the’chamber test volume.-

... , ,. .-.
e. Dehumidification, humidification, heating, and cooling of the air

enveloDe surrounding the test item shall be achieved by methods that ‘donot
change-the chemical‘compoeition of the air, water, or water
volume of air.

II-1.2 Qn@?h

a. k! ~. Unless otherwiseepecified in

vapor within that

,.

the requirements
documents, temperature and relative humidity measurements made during the teat
shall be “centinuoua if measurementa are in analog form, or at.intervals of 15.
minutes or lees if measurements are in digital form.

.

- b. All instrtimentationused with the selected test chamber shall be
capable of meeting the accuracies, tolerances, etc., of‘General Requirements,
4.4.1 and4.4.2. .

II-1.3 Mt interrti (See General Requirements,‘4.5.4.) ‘. . ‘

a. Il@2rtest ~. An undertest interruption may.be best
handled by keeping the chamber closed”in an effort to maintain tolerances. ‘As
long aa the tolerances are maintained, testing may be resumed by reestablishing
the prescribed conditions and continuing from the point of the interruption.
If an unscheduled interruption occurs that“causes the test’conditions.to exceed ●-

the allowable tolerance toward staridardambient temperatures, the test mtistbe
reinitiated at the end of the laat successfully oompleted cycle. Any test item
failure that occurs shall be treated as a failure: . .

b. Overtest interruotioua. An interruption that results in exposure of
the test item to conditions more extreme than required by the requirements
documents should be followed by a complete physical examination and operational
check of the test item (where possible) before any continuation of testing.
This is especially true where a safety problem could exist, such as with
munitions. If a problem is discovered, the preferable course of action”is to
terminate the test and reinitiate testing with a new test item.. If this is not
done and test item failure occurs during the remainder of the teat, the test
results may be considered invalid. If no problem has been encountered; .
reestablish preinterruption conditions and continue from the poi’nt”where the
test tolerances were exceeded. ,, ,..,

!,

.s1-2 ~
.

11-2.1 ~. Before initiating any testing:’ ,. .

a.””Determine from the test-plan which test procedures are.required.

b. Determine from the test plan the temperature-humidity operation and
etorage requirements and corresponding temperature-humidity cycle(s) from table
507.2-I. ●
METHOD 507.2
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c. The test chamber should be operated and its proper operation
verified before the actual test is begun.

II-2.2 ~. All items require a P’etest
checkout at controlled ambient conditions (General Requirements, 4.4b) to
provide baseline data. For procedure 1, this checkout should‘be conducted
before step 1. Conduct the pretest checkout as follows:

Step 1.

Step 2.
configuration in

Stev 3.

Insert the test item into the test chamber.’

Prepare the test item in ite required operational
accordance with General Requirements;.4.5.2.

Adjust the chamber to controlled ambient
Requirements,’4.4b)‘and maintain,for 24 hours.

Step U. Conduct a complete vieual examination of
.!

Step 5. Document the results. .

conditions (General

the test item.

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

Step 7. Record results for compliance with General Requiremente, .
4.5.1.

II-3 ~. The following test procedures provide the neceesary
information concerning the test item in a warm-humid environment. Proceed to
the first test procedure as specified in the test plan.

II-3.1 re I - Natti

Step 1. With the test item in the chamber in ite operational
configuration, adjust the chamber conditions to those given in table 507.2-I
for the time 0000 of the ep.ecifiedcycle.

Step 2. Perform a 24-hour cycle with the time-temperature-humidity
values specified in the appropriate cycle or the approximated curves of figure
507.2-1.

Step 3. Perform an’operational checkout of the test item at any
convenient time in the 24-hour cycle during which test conditions are conetant
and at maximum temperature and RH levels. Operational checks should be
conducted at least once every five cyclee.

Step ti. Repeat steps 2 and 3 for the number of cycles indicated in
table 507.2-11 unless otherwise directed by the requirements documents.

Step <.
maintain for at

Step 6.

Step 7.

Adjust the,chamber to controlled ambient
least 24 hours.

Conduct a complete visual examination of

Document the results.

conditions and

the test item. ,

507.2-15
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Step ‘8. Conduot .anoperational checkout of the test item.in accordance
with the approved test plan. .> ●

I II-3.2

Step 9. Document the results. ,
... . . ,“

Step 10.”Compare these data with the pretest data.
,,’. ,.

I’m.cedureII - In-
:?

Step 1. Insert the teat item into the chamber.
.:. ,..

If specified, open.any sealed areas (other than hermetically
.

Step 2.
sealed) of the test item.

Step 3. Adjust the chamber temperature~~and relative humidity to those
ehown in the appropriate induced category.oftable 50’/.2-I for time 0000. ,

-

,.

Step 4. Cycle the chamber air temperature and RH with time as shown in
the appropriate cycle of table 507.2-I (or in the approximated curves of figure
507.2-2) through the 24-hour cycle.

,.

Step 5. Repeat step 4 for the number of times indicated in table
507.2-II for the appropriate cycle unless other guidance is provided by the
teat plan.

Step 6:
maintain for 24

.

.

II-3.3

Step 7.

Step 8.

Step 9.

Step 10.

Step 11.

Step 12.

. . ,-

Adjust the ohamber to centrolled ambient conditions and
hour% following stabilization of the test item.

. .

Conduct a complete visual checkout of the test.item.

Document the resulte.

Put the test item in its normal operating”configuration.

Conduct a complete operational checkout of the test item.

Document the results. .“ “ -’ ‘ .
. . .,,.

Compare these data with the pretest data.

e 111 Awzravated (See figure 507.2-3.)
,.

,

Step 1. Prepare the teat item in “accordancewith General Requirements, ;
4.5.2, and perform the pretest standard ambient checkout. . ..

Step 2. Gradually raise the interna~ chamber temperature to 600C
(140°F) and the relative humidity to 95% ~ 5% over a period.of 2 hours. ●

Step 3. Maintain the conditions of step 2 for not

Step 4. Msintain 85$ or greater relativ6 humidity
internal chamber temperature in 8 hours to 30°C (860F) and
humidity.

METHOD 507.2
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O . Step 5. Maintain the 30°C (860F) and 95$ & 5$ relative humidity for an
additional 8 hours.

Step 6. Repeat steps 2, 3, and 4 for a total of 10 cycles (not less
than 240 hours).

Step 7. Near the end of the fifth and tenth oyoles, while still at
30°C (860F) and 951 relative humidity, operate the test item and obtain”and
reoord results in accordance with General Requirements.

. 11-4 ~

a. Previous test methods to which the test item has been subjected.

b.. Results of each performance check (pre-; during, and post-test) and
visual examination (and photographs, if applicable).

c. Length of.time required for each perfo?mance check.

d.””Procedure and test levels used.

e.. Exposure durations.

f. Time versus temperature and humidity.
,. !.

o
,,.

.

,507.2-17“:.
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SECTION I

I-1 ~.

●
The purpose of’‘the fungus chamber teat is to assesa the extent

to which the,test item will support fungal growth or how the fungal growth may
affeot performance or uae of the test item.

1-2 ~. Fungal “growthimpaira the functioning or uae of
equipment by ohanging its physical properties.

..
I-2.1 Detrimental effecti. The detrimental effects of fungal growth are
summarized as fol1’OWS: .’.

a. Uect attack on materi~. Nonresistant materials are susceptible to
direct attack as the fungi break the material down and use it as food. This
results,in deterioration affectingthe physical properties of the material.
Examples of nonresistant materiala are:

..

(1) Nattu . (Producte of natural origin”are most sus-
ceptible to this attack.) ,

(a) Cellulosic materials (e.g....wood, paper, natural fiber
textiles, and cordage).

(b) Animal- and vegetable-based adhesives.

(c) Greaae, oils, and many hydrocarbons.

(d) Leather.

METHOD 508.3
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(a) PVC formulations (e.g., those plasticized with fatty acid
esters).

(b) Certain polyurethanea (e.g., polyesters and some polyethers).

(C) Plastics which contain organic fillers of laminating
materials,

(d) Paints and varnishes which contain susceptible constituents.

b. ~k on materials. Damage to fungus~resistant materials
results from indirect attack when:

(1) Fungal grcwth on surface deposits of dust, grease, perspiration,
and other contaminants (which find their way onto equipment during manufacture
or accumulate during service) causes damage to the underlying material, even
though that material may be resistant to direct attack.

(2) Metabolic waate products (i.e., organic acids) excreted by fungi
cause corrosion of metala, etching of glass, or staining or degrading of
plastics and other materials.

(3) The products of fungal growth on adjacent materials which are
susceptible to direct attack come in contact with the resistant materials.

1-2.2 ~. Physical interference can occur as follows:

a. ~. Damage to electrical or electronic
systems may result from either direct or indirect attack. Fungal growth can
form undesirable electrical conducting paths across insulating materials or may
adversely affect the electrical characteristic of critically adjusted ‘
electronic circuits.

b. ~cal svstema. Damage to optical systems results primarily from
indirect attack. The fungal growth can adversely affect light transmission
through the optical system, block delicate moving parta, and change nonwetting
surfaces to wetting surfaces with resulting loss in performance.

I-2.3 factu. Fungal growth on equipment can cause
physiological problems (e.g., allergies) or be ao esthetically unpleasant that
the users will be reluctant to use the equipment.

I-3 AND ~
.—

NOTE: This test method should be applied at the end of the tailoring process
described in section Q of this standard.

METHOD 508.3.
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a. Since microbial deterioration is a function Of tem-

perature and humidity and ia an inseparable condition of hot-humid tropics and
the midlatitudes, it must be considered in the design of all standard, general-
purpose materiel (reference a). This method is used when an item is to be
tested to determine if fungal growth will occur and, if so, how it will affect
the use of the test item. .’

b. Res rlcw
t.. .

This test is desfgned to economically obtain data on
the susceptibility of materiel. It should not be used for testing of pa,sic
materials since various other test procedures, including soil burial, pure
culture, mixed culture, and plate testing, are available.

c. SQQL@UX. (See General Requirements, U.4.4.) This method should not
be conducted after a salt fog test (method 509.2) or a sand and dust test ‘
(method 510.2). A heavy concentration of salt may affect the germinating
fungal growth, and sand and dust can provide nutrients, thus leading to a false
indication of the biosusoeptibility of the teat item.

d. leiiitvar~.
. . In addition to an optional operational teSt at the,

end of the fungus test, test variables include duration of test and test item
configuration.

1-3.1 Xest ob.iectiv~. The primary objectives of the fungus test are to
determine:

a. If fungi will grow on the test item (see II-3.1.2a for the types of
fungi).

.

b. How rapidly fungi will grow on the test item.

,9

c. How any fungal growth affects the test item.

d. To what extent the fungi will affect the mission of the test item.

e. If the test item can be stored effectively in a field environment.

f. If the test item is safe for use following fungal growth,

e. If there are simple reversal processes, e.g., wiping off fungal‘
growth.

..’

I-3.2 Choice of related test c~. Once a determination has been made
as to whether or not an operational requirement exists, the next decision must
concern test duration and test item configuration.

a. Test duratio~. Twenty-eight days is the minimum test period to
allow for fungal germination, breakdown of carbon molecules, and degradation of
material. Since indirect effects and physical interference are not likely to
occur in the relatively short time frame of the fungus test, extension of the
exposure period to 84 days should be

o certainty-(less risk) is-required in
fungal growth.

considered if a greatar degree of
determining the existence or effect of

508.3-3
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b. &et. item c~u uratti. The test item configuration is an ,irnportant
factor. Even though equipment is to be proteoted by a container, the container e
could leak and entrap moisture. A,aa minimum,,the following testing.,config-
Urations should be considered:

,,, .!’.,, ,, .:
(1) In its’normal shipping/storage container or transit‘cage’;””

.(2) IJnderrealistic storage or use .conditioqs. ~ :,~..

~‘.(q) With restraints (such as with openings”that are’normally ~,
,’,.

.$,!.
covered). 4. . ...’ . .. .......

c.., ill uuld.QulQ& Review the equipment specifications and
requirements documents. Apply any additional..guidelines necessary..

..,’ ,..,-! . . . ...}
1:3.3 -e of test fund: Five species ‘oftest fungi are listed in “‘“ -

.

11-3.1.2a. These organisms,were selected because of their ability to degrade
Inaterlals,.their worldwide .distribution, and their.stabili.ty. They must,:be... ..
used in all.method ,508..3tests. ., .,, ., :...

,,, ........
Because the test item is not sterile before testing, ‘other

.,,,..:.
a.

microorganisms will.be present on the surfaces. When the test item is
inoculated.with the five test fungi,,bcth these and the other organisms will, ..:
ccmpete for available nutrients. It.is not surprising to see:organismsother:L
than the test,fungi.growing on the,test item at the end Of the teSt. ‘ :. ~

:,, .

b. Additional species of fungi may be added to those required in this ●test method. However, if additional fungi are used, their selectionshall.be
based on prior knowledge of specific material deterioration. For example,.,: ~~

~ can be employed because of its known specificity for
degrading paints. . ... ..... . ....!.

I-4~. ... .. . ‘.

1-4.1 ~ ,.. .

a. Any fungi on the test item must be analyzed to determine if the growth
ia on the test item material(s).or on contaminant. ::..’. ,,- ..

., ...

b. Any fungal growth on the test item material(s), whether from the
inoculum or other sources, must be evaluated by qualifiedpersonnel for:

(1) The extent.of growth on the compon&t (s)“supportinggr~wth.
Table 508.3-I can be used as a guide for this evaluation.

(2) .Theimmediate effect that the growth has on the physical
characteristics of the test item.“ .. ~

: (3) The long-range effect that the growth could have.ori.“tbe.:teit,‘ ~
item. ,,

.

I ,. . . . ,. ,

(4) The specific.rnater:al(s) “(nutrient(s))suppo~ting the :growth:~: .;.: ●
.. .. I

MET.HOD508:3
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0. Disturbance of any fungal growth must be kept to a minimum during ths
operational oheokout.

d. Human faotors effeote must be evaluated.
.,

I-4.2 ~
. . . -.

a. This method is designed to provide optimal olimatic conditions and all ‘
of the basic inorganic minerala needed for growth of the ~ngal. species used in
the test. The grOUp of fungal apeciea was chosen’for ite ability to attack a
wide variety of.materialg,oommonlyused in the construction of military
equipment. Optional speoiee may be added to the inoculum if required (aee
I-3.3).

b. This test muet be performed by trained personnel at laboratories
apeoially equipped for microbiological work.

,- ,.

c. The test.temperature and h&d.dity cycle selected for thie teat
involves a 5oC drop in temperature to allow moist.air go eriterthe test item
(breathing effeot) and the moisture to oondense onto or In the.internal
components, thue simulating an outdoor diurnal cycle.

,. ..’ ,,

d. The presenoe of moisture ie essential for spore germination and
growth. Generally, germination and growth’will start when the relative
humidity of the ambient air.exceeds 70%. Development will become progressively
more rapid as the humidity rlaes above this value, reaching a maximum in the 90
to 100s relative humidity range.

e. The specified temperature rangei 24° to 31°C (75° to 88%), is most
conduoive to the growth of ,thetest fungi.

f. Control items specified in II-3 are designed to: .

fungal

I-4.3

(1) Verify the viability of the fungal spores used in the inoculum.

(2) Establish the editability of the chamber environment to support
growth.

rv of test inf~. The following information ie
required in the test plan for the adequate conduct

a. Teat item configuration.

b. Teet duration.

of the ~eata of section II:

c. Optional pre- and post-teat operational requirements.

d. Additional guidelines.

I-5 ~

a. AT70-38,”I&swrs& Deve~ Test and
~, Chapter 2, Climatio Criteria.

b. MIL-STD-21O, ~ for ~.

508.3-5
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, ,, ... .! ..:::. ., .:,...

,,!. . . . . ,

..

TABLE 508.3-I. test evalua~ scheme.

Amount of ‘ .
Growth , ; ‘Grade ‘ Organic Substrates “4 ,’,T

,.
None .“. ‘ o ‘: .: Substrate ta.devoid of -microbial.

,. growth.’.:
,.., ,.“.

Trace 1 Sparse or very restricted micro-
... ..,<...., ~‘bial growth and reproduotion:

,,.

Substrate utilization minor.or :
inhibited. Little”or no chemioal,
physical, or Structural“change”~

,. .,”! ‘r ., ‘ detectable. .,. .. .. ,,
.:.,+ ... . ., .,..>.

Slight 2 Intermittent infestations or loosely
spread microbial colonies on substrate

,.. ..., surface and moderate reproduction.
,-, ,., $;...

.‘ Moderate 3. “ Substantial‘amountof microbial..growth

... ., ,, and reproduction: Substrate exhibiting
chemical, physical, okistructural”‘change’.

Severe ““u ‘ ““ Massive microbial growth or reproduction.
Substrate decomposed oh rapidly ‘
deteriorating.

.. . .. . .. .

,..
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SECTION II
. .

;11-1””~

‘II-1.1 I@JW-L&

a. The required apparatus consi;ta of chambers or cabinets, together with
auxiliary instrumentation capable of maintaining and monitoring the specific
conditions of.temperature and humidity, that oomply with 4.4.1 and 4.4.2,
General Requirements. ~

b. The chamber.~d accessories shall be constructed and arranged in such
‘amanner as to prevent,.condensation from,drippingon the test item. :

.C. The chamber shall be vented to the “atmosphere.to Prevent’the buildup
of pressure. ,:, : , . . ,.

11-1.2 ii&c&”” “’””’”’. ,“. .’ . ,.
a. Relative.humidity shall be’determined by employing either solid-state

‘sensors,whose,calibration is not affected by water condensation or by an

.approVed.!qui,valent method such aa fast-re??t.inswet-bulb/dry-bulbsensors.
Lithium chloride sensors are not recommended because of their sensitivity to
water.

(1) When”the wet-bulb control rnet’hodis used, the wet-bulbasaembly
aha”llbe cleaned,and a new ,wickinstalled,f.Oreach test. .-

(2) The
meters per second

(3) ,The
discharge side of
II-1.2a(2).

air velocity across the wet bulb shall not be less than 4.6
(900 feet per minute).

wet- and dry-bulb seneors shall,notbe installed in the
any local fan or blower used to create the requirement of

b. Provisions shall be.made for controlling the flow of air throughout
the internal test chamber apace so that the air velocity shall be between O.5
and 2 meters per second (98 to 394 ft/min).

c. Free circulation of air around the test item shall be maintained, and
the contact area of fixtures supporting the test item shall be kept to a
minimum. (See General Requirements, 4.5.2.)

d. Unless otherwise specified, the test chamber temperature and relative
humidity shall be recorded continuously.

e. Readout charts shall be readable to within *O.6°C (~1OF).

METHOD 508.3
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f. The desired humidity shall be generated by using steam or water having
nit less than 500,000 ohms resistance.

@

(1) Live steam ehall not be injected directly into the test chamber
working epace where it may have an adverse effect on the test”item and micro-
bial activity.

(2) Rust or corrosive contaminants shall not be imposed on the test
item by the test facility.

g. Unless otherwise specified:
,.

(1) All reagents shall conform “tothe specifications of the Committee
on Analytical Reagents of the American Chemical’Society, where such “
epecifications are available.

(2) References tc water shall be understood to mean diitilled water
or water of equal purity.

,,

11-1.3 ~. Every case of an interrupted test’shall be examined
individually in accordance with General Requirements, 4.5.4. Any deviation
from this pclicy ehall be explained in the test report. The fungus test,
unlike other environmental tests, invclves living organisme. If the test is .“.
interrupted, the fact that live organisms are involved must be considered.

a. If the interruption occurs during the first seven days of the test,
the test should be restarted from the beginning with a new test item or a
cleaned test item. o

b. If the interruption occurs late in the test cycle, examine the test
item for evidence of fungal growth. If the teet item ie biosusceptible, there
is no need for a retest. If there is no evidence of fungal groyth, follow the ‘
guidance given below. ,,,

(1) Lpwered teMD~. A lowering of the test chamber temperature
generally will retard fungal growth. If there is no evidence of mycological
deterioration and the relative humidity has been maintained, reestablish the
test conditions and continue the teet from the point where the temperature fell
below the prescribed tolerances.

.(~).EL&fated temDeratur~ Elevated temperatures may have a drastic
effect On’’fUngal gPDWth. A comple~e reinitiation of the test is required if:,“,

,. .,

(a) The temperature exceeds 400C (104DF), or
,.

,.. ..

(b) The temperature exceeds 31°C (880F) for 4 hours or more,’or

(c) There is evidence of deterioration of the fungal cclcniea cn ‘“
th”econtrol strips, or .,. ,

.

.

.. .

●
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● ““’”’elevated
(d) The relative humidity-drops below 50% during”the period of

temperature.

Otherwise,.,reestablish test.conditions and continue the test from the point of.
interruption.

(3). LOwared humiditv. A complete reinitiation of the test is
required if:

(a)

(b).

(c)

The relative humidity dropa below 50%, or

The relative hugidity drops below 70% for 4 hours .ormore, or

There is evidence of deterioration of the fungal oolon~es on
the control strips.

,.. ,.’,
Otherwise, reestablish test conditions and continue the teat from the point of
interruption.

,, .,
c. Although it is prefereabli to,uae a new test item, the same

test item.may be used: Any cleaning required must be conducted at least 72
hours before,reinitiation and must be in accordance with II-3.2..1.. New COttOn
control stripa shall be placed in the test chamber, and both the test item and
the controls will be reinoculated with ‘thetest fungi.

●
II-2 ~

II-2.1 ~ t. Before initiating any testing, determine from the
teat plan:-,,

a. The te~t duration(s).

b. The test item configuration(s).
.

c. Any other test variationa.

II-2.2 Pretest checkhut..” All test items require a pretest checkout to provide
baseline”data. Conduct the checkout as follows:

Step 1.’ Prepare the,test item in accordance with,General Requirements,
4.5.2, and the required test’item configuration as determined from the test.
plan.

Step 2. Conduct a complete visual examination of the test item with
special attention to discolored areas, imperfections, or the exiatenoe of any
other conditions that could be conducive to .fungalgrowth.

,.

step 3. Document the results of step 2.

508.3-9
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test

II-3

Step 4. Conduct an operational oheckout in accordance with the approved
plan if operation ie specified by the requirements document. ●
Step 5. Record results for compliance with General Requirements, 4.5.1.1.

11-3.1 lest ur~ t

11-3.1.1 ral Sw solutiQ?l
i

a. Using clean apparatus, prepare the mirieralsalts solution to contain
the following:

Potassium dihydrogen
orthophosphate (KH2P04) . . . . . . . . . . . . . . . . 0.7g

.

Potassium monohydrogen
orthophosphate (K2HP04) . . . . . . . . . . . . . . . . 0.7g

Magnesium sulphate heptahydrate
(MsS04.7H20) . . . . . ...’... . . . . . . . . .. O.7g

Ammonium nitrate (NH4N03) . . . . . . . . . . .. . . . . l.Og

Sodium chloride (NaCl). . . . . . . . . . . . . . . .’.’. 0.005g “o
Ferrous sulfate heptahydrate

(Fes04:7H20). . . . . . . . . . . . . . . . ...4..0.0026

Zinc sulfate heptahydrate
(Zti04.7H20). . . . . . . . . . . . . . . . . ... .. O.002g

.’!

Manganous sulfate monohydrate
(MnS04.H20) . . . . . . . . . . . . . .:. .’. . . ..o. oolg

Distilled water .:.... . ; . . . . ... . . . . . .. . 1000 ml
;..,

b. Measure the pH of the mineral salts solution. If it is not between
6.0’and 6.5, discard it and prepare i proper solution.

11-3.1.2
,, .,.

ration of xed sDore SUSDelMXUl

NOTE - PRECAUTIONS: Although the exact strains of fungi epecified for this
test are not normally considered t<.present a serious hazard to humans, certain
ppOple may develop allergiea or other reactions. Therefore, standing operating ~
procedures (SOPS) for safety should he employed. AlsD, the tests should be
conducted by personnel trained in microbiological techniques.

.!
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a. Using aseptic techniques,

least the following test fungi:

Table 508.
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prepare the spore suspension containing at

3-II. l.s.atfunai..

;

.

1-

‘Fungi Fungus Sources Identification No.

USD~/ ATC&’/
1

~ni&2r ‘ QM ,386 ATCC 9642

QM 380 ATCC 9643

xfmicOlor QM Q32 ATCC 11730

. .
~ $-lJQIOulosusl QM 474 ATCC 11797

QM 459 ATCC 6205

~/ US Department of Agriculture (SEA/FR)
Northern Regional Research Center
ARS Culture Collection
1815 North University Street
Peoria, Illinois 60604

(The fungi may be distributed in a lyophilized state or on agar slants.)

2/ American Type Culture Collection
12301 Parklawn Drive
Rockville, Maryland 20852

b. Maintain pure cultures of these fungi separately on an appropriate
medium such as potato dextrose agar, but culture CheetO iumm globosuston atrips
of filter paper overlaid on the surface of mineral salts agar.

c. Prepare mineral salts agar by dissolving 15.Og of agar in a liter of
tbe mineral salts solution described in II-3.1.1.

NOTE: Do not keep the stock cultures for.more than 4 months at
60 ~ 40c (430 ~ 70F); after that time, prepare subculturesand use them for the

new stocks.

d. Verify the.purityof fungus cultures before the test.

e. Incubate subcultures used for preparing new stock cultures or the
spore suspension at 300 + 1.4°C (86° ~ 2.5°F) for 14 to 21 days.

f. Prepare a spore suspension of each of the five fungi by pouring into
one subculture of each fungus 10 ml of an aqueous solution containing.O.05g Per

●
liter of a nontoxic wetting agent such as sodium dioctyl sulfosuccinateor
sodium lauryl sulfate.

,’
METHOD 508.3
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s. Use a rounded glass rod to gently scrape’the surface growth.from the
culture of the test organisms.

h. Pour the spore charge into a 125 ml.capped
45 ml’of water and 50 to ’75solid glass beads, 5 mm

i. Shake.the flask vigorously to liberate the
bodies and to break

j. Filter the
6 mm layer of glass

NOTE: This process

k. Centrifuge
liquid.

Erlenmeyer flask containing
in diameter. -,:,

sporee from”the fruiting
the spore clumps.

dispersed fungal spore suspension into a flask through a
wool contained in a glass funnel.

should remove large mycelial fragments”and clumps of agar.

the filtered spore suspension and discard the super~atant
,+ !.

1. Resuspend the residue in 50 mi of water and centrifuge. Wash the
spores obtained from each of the fungi in this manner three times.

.

Dilute the final washed residue with mineral-salts solution in such a
marine;”that the resultant spore suspension shall contain 1,000,000 t 200,000
spores per milliliter as determined witli‘a counting‘chamber..

n. Repeat this operation for each organism used in the test.

Perform a viability check for each organism in accordance with ~
11-3.~.3a.

P. Blend equal volumes of the resultant spore suspension to’obtain the
final mixed spore suspension.

.

NOTE: The spore suspension may be prepared fresh. If not freshly prepared, it
should be heldat 6° ~ 4°C (43°”~ 7°F) for not more than 7 days.

.. . .

11-3.1.3 01 itema. Two types of control’tests are required; Using the’
procedure of II-3.1.3a, verify the viability of the spore suspension and’its
preparation. By the prooedure of II-3.1.3b, verify the suitability of the
chamber

a.

sterile
of each

environment. ,,, .

tv of svore susnem \
.“. ,

(1) Before preparing the composite spore suspension,’inoculate ~~
potato dextrose agar plates with O.2 to 0.3 ml of the spore suspension
of the individual fungal species. Use separate potato dextrose agar

plates for each species.

(2) Distribute the inoculum

(3) Incubate the inoculated
(75°”to 880F~ for 7 to 10 days.

METHOD”508.3
19 July 1983
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., (4? After the incubation period, check the fungal growth.

NOTE: “The absence of oopious growth of any of the test organisma over the
entire,surface in each container will invalidate the results of any teats using
these spores. .,

..

b~ ~mber environmmt .+, -,

(1) Prepare the following solution:

.
+

(a) 10.Og glycerol.
,.

(b) 0.1g potassium dihydrogen orthophosphate (KH2P04).

(c) O.Ig ammonium nitrate (NHUN03).

(d) O.025g magnesium sulfate heptahydrate (MgS04‘7H20).

(e) 0.05g yeast extract.

(f) Distilled water to a total volume of 100 ml.

(g) O.005s of a nontoxic wetting agent such as sodium dioctyl
&lfosuccinate or sodium lauryl sulfate.

(h) HC1’and NaOH to adjust the final solution pH to 5.3.

(2) Dip cottoristrips conforming to MIL-T-43566A (Tape, Textile,
Cotton, General Purpose, Natural or .iflColors, Type la, Class 2, bleached,
white flat construction) into the above solution. After dipping, remove the
excess liquid from the strips and hang them to ,drybefore placing them in the
chamber and inoculating.

(3) Within the chamber, place the strips vertically close to and
bracketing the test items so that the test strips and test items experience the
same test environment. The ,length,of the .stripashall be at least the height
of the test item.

,,.

(4) These strips,are installed and’inoculated along with”the test
item to insure that proper conditions are present in the incubation chamber
promote fungal growth.

II-3.2 ~
,,

11-3.2.1

to

. .

a. Assure that the condition of the items subjected to testing is ,similar
to their condition as delivered by the manufacturer or customer for use, or as
otherwise specified. Any cleaning of the test item shall be accomplished at

-.,

least ‘f2hours before the beginning of the fungus test.

b. Install the test item in the chamber or cabinet on suitable fixtures
or suspended from hangers.

508.3-13
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Hold the test item in the operating chamber (at 240 to 310C (750 to
81)C’F)c&d 95 ~ 5% .RH) for at least”4 hours immediately before inoculation.

., .,

d. Inoculate the test item and tbe cotton fabric chamber control items”
with the mixed fungal spore suspension by spraying the suspension on the con- ‘
trol items and on and into the teat item(a) (if not permanently or hermetically
sealed)”in the’form of a fine mist from-an atomizer”or nebulizer.. Per&.onnel ‘
with appropriate knowledge of the test item should be available’to ‘aidin .“’ :
exposing its interior surfaces for inoculation.

NOTE: In spraying the test and’control items with composite spore suspension,
take care to cover all external and internal surfaces which are exposed during
uae or maintenance. If the surfaces are’nonwetting, spray until drops begin to
form on them.

,..

,:, .. .

e. Replace covers of the test items without tightening the fasteners (SO
that air can penetrate). .,

f. Start incubation immediate y following the inoculation... ,.

II-3.2.2 of the teat Item’

a. Incubate the teat ite”maunder”a daily cycle ‘of temperature”and humid-”
ity conditions consisting of 20 hours at a relative humidity of 95 t 5% and an
air temperature of 300 ~ 10C (860 A 2oF) followed by a 4-hour pe’riodin which
conditio of 95% (+5%, -O%) relative humidity at 25° A 1oC (77° ~ 2°F) are
maintained for at least 2 hours. ‘Upto a total of”2 hours of the 4-hour ‘period
will be used for the transitions of temperature and relative humidity.
Temperature and humidity conditions during the transition periods must be aa’
follows: temperature 240 to 310C (75°’to 880F) and relative humidity above
90%.

b. Repeat the 24-hour daily cycle for the test duration.

c. After 7 daya, inspect the growth on the control cotton strips to
verify that the environmental conditions in the chamber are suitable for
growth. At this time, at leaat 90 percent of the part of the surface area of
each test strip located at the level of the teat item should be covered by
fungi. If it is not, repeat the entire test with the adjustment of the
chamber required to produce conditions suitable for growth. Leave the control
strips in the chamber for the duration of the test.

d. If the cotton atrips show satisfactory fungal growth ‘after7 days,
continue the test for the required period from the time of inoculation aa
specified in the test plan. If there is a decrease in fungal growth on the”
cotton strips at the end of the teat as compared to the 7-day results, tbe test
is ‘invalid.

,:

.

.

,=

●
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● II-3:2.3 ~. At the end of the incubation period, ,inspectthe teSt
item immediately. If possible, inspect the item within”the chamber. If the
inspection is conducted outside of the chamber.aqd is not.completed in 8 hours,
return the test item to the test chamber or to a ‘similarhumid environment for
a minimum of 12 hours. Except for herme~ioally sealed equipment, open the’
equipment enclosure and examine both the.interior and exterior..of the test
item. ,Record the results of the inspection, including information listed in
II-4,’as applicable.

NOTE: Data shaIl be used for comparison.with..the.data obtained in 11-3.1.
.

.

II-3;3“ ~aE9 (to be cQ@ucted onlv if reauj.r@)-. If operation of
the test item is required (e.g., electrical equipment),,conductthe operation
in the period a? specified in II-3.2.3. Data shal1 be”recorded for comparison
with the baseline data obtained in.II-3.1. Personnel with appropriate knowl-
edge of the test item should be available to aid in exposing its interior
surfaces for inspection and in making operation and use decisions.

11-4 ~ ‘
,.

a. Presence of evidence of fungal growth at.the 7-day oheck and at the
end of the test.

b. ““Lo.catIon of fungi.. -

Q c. Narrative description of growth, including colors, areas covered,
growth patterns, density of growth, and thickness of growth (and photographs,
if necessary).

d. Test period.

e. Effect of fungi.on,,performance or use:

(1) As received from chamber.,

(2) After-use maintenance.

f. Test conditions.

g. Condition of test item at “timeof test.

h. All deviations’from

(1) Temperattire.

(2) Humidity.
.

(3) Time.

(4) Air velocity.

(5) Other.

specified test conditions:

METHOD.50,8.3
19 July 1,983
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,’i.

t.’

““k...

“ 1.

m.

Wi@,her’the test item arriveddirectly from the rnanufaotuier.
.,

TeSt item”history (previou9 teats)., ‘, ,:

Physiological or aesthetic considerations. ‘
.-

Types of fungi used.

ReSulta of performance checks: ,

(1) Pretest. ,:.

(2) Post-test. -
[, .

,.
,>

.
. . . . .

,.

,. . .

. .

.:

.,, .

,.. ,
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SECTION I
..

I-1 PURPOSE . . ... . . . . . . . . . . . . . . . . . .
I-2 ENVIRONMENTAL‘EFFECTS . . . . . . . . . . . . . . .
I-3 GUIDELINES FOR DETERMINING TEST

PROCEDURES AND TEST CONDITIONS . . . . . . . . .
I-4 SPECIAL CONSIDERATIONS . .
I-5 REFERENCES . . . . . . . .

SECTION II
11-1 APPARATUS . .’.......
II-2 PREPARATION FO’RTEST . . .
II-3 PROCEDURES . . . . . . . .
11-4 INFORMATION TO BE RECORDED

SECTION

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

I

Ea.Q

509.2-1
509.2-1

509.2-2
509.2-4
509.2-4

509,2-5
509.2-8
509.2-10
509.2-11

I-1 M.EEQSE. Salt fog climatic chamber tests are performed to determine the
resistance of equipment to the effects of an aqueous salt atmosphere.

1-2. ~. The effects of exposure of materiel to an
environment where there is an aqueous salt atmosphere can be divided into three
broad categories: corrosion effects, electrical effects, and physical effects.

I-2.1 ~

a. Corrosion due to electrochemical’reaction.

b. Accelerated etress corrosion.

c. Formation of acidic/alkaline solutions following salt ionization in
water.

I-2.2 ~ ‘“,

a. Impairment of electrical equipment due to salt deposits.

b. Production of conductive coatinga.\

c. Corrosion of insulating materiala and metals.

METHOD 509.2
19 July 1983
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I-2.3 E&sical eff et%e

a. Clogging or binding of moving parts of ❑echanical components and
assemblies.

,,

b. Blistering of paint as a result of electrolysis. ..

1-3. AND .~

NOTE: This test ❑ethod should be applied only after the end of the tailoring
process described in seotion 4 of this standard. :.

a. &@J.@&Q. Salt is one of the most pervasive chemical compounds in
the world, It is found in the oceans, the atmosphere, ground surfaoes, and
lakes and rivers. It is impossible to avoid exposure to salt. In coaetal
regiona, this exposure is intensified; in a marine environment,the exposure
reaches a ❑aximum. As a consequence.,all military materiel will be exposed to
some form of salt during its life cycle that may affect its performance.

b.

such aa:

Bestrictim

(1) The procedure in this method has deficiencies and limitations, ●
(a) The procedure may not duplicate the effects of a marine

atmosphere.

(b) It has not been demonstrated that a direct relationship
exists between salt fog corrosion and corrosion due to other media., ,

(c) It has not been demonstrated that withstanding the effects
of this test guarantees that the test item will prove to be satisfactory under
all corrosive conditions.

(d) This test has proven to be generally unreliable for
comparing the servioe life of different materiala or coating conditions.

(2) Salt fog may cause corrosion of susceptible materials. Humidity -:
and fungus can also cause corrosion; however, their effects differ from salt
fog effects and the tests are not interchangeable.

C. SewaKU. (see
procedure is potentially
test should be conducted
humidity (although it is
same test sample). Sand

General Requirements, Q.4.h.) The salt fog test s
damaging to materiel. In most cases, the ealt fog
after other climatic tests, especially fungue and
generally inappropriate to conduct these teet”aon the
and dust testing should follow salt fog testing.

●
METHOD 509.2
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d. Test variaU9.oiz. Before conducting this test, determine any required
variations of the test procedure. The choices for varying the test procedure
are primarily limited to the test duration, cycling of exposure and drying
periods, salt concentration, and test item configuration, as outlined in I-3.2.

I-3.1 fluaiseof teSt cn’ocedure. Procedure I should be used only as a
screening test. Its primary value lies in testing‘coatingsand finishes on
materiel. In a relatively short period of time, the procedure can be used to
locate potential problem areas, quality control deficiencies, design flaws,
etc., that result from exposure to a salt atmosphere.

I-3.2 ~

a. &ilt conc~. Concentrations exceeding 20% are not uncommon,
but a 5 ~ 1% solution is recommended, since this has proven to have the most
significant effect on material.

b. ~. The configuration of the test item during
the exposure period of the salt fog test is an important factor in determining
the effect of the environment on the test item. Unless otherwise directed, the
teat item shall be configured as it would be during its storage, shipment, or
use. The following represent the most likely configurations that military
equipment would assume when exposed to salt fog:

(1) In a shipping/storagecontainer or transit case.

(2) Outside of its shipping/storagecontainer but provided with an
effective environmental control system that partly excludee the salt fog
environment.

(3) Outside of its shipping/storagecontainer and set up in its ,
normal operating mode.

(4) Modified with kits for special application or to compensate for
❑ating components that are normally present but are not used for this specific
test.

c. ~. A minimum exposure period of Q8 hours is recommended,
followed by a 48-hour drying period. The exposure period may be lengthened to
provide a higher degree of confidence in the ability of the materials involved
to withstand a corrosive environment.

d. QK.UM. An alternative to the Continwus salt fOg expOsure periOd iS :
to subject the test item to alternating 24-hour periods of salt fog exposure
and standard ambient (drying) conditions for a minimum of four 24-hour periods.
This alternative provides more damage potential than does the continuous
exposure.

509.2-3
METHOD 509,2 :
19 July 1983



MIL-STD-81OD
19 July 1983

I-4.1 Failu e criterti.r In addition to the failure criteria of General
Requirements, 4.5.7, the following must be considered: Any corrosion must be
analyzed for its immediate or potential effect on the proper functioning of the
test item. Satisfactory operation following this test is not the sole
oriterion for pass/fail. .,:,; .. .

I-4.2 ~. The following information is: :
required in the test plan for the adequate oonduct of the test.of seotion II’. .

I-5

a. Test duration. ,:. ,

b. Test item configuration.
.. .

0. Cyolio conditions (if required).
,,

d. Salt concentration if other than 5%..: ......!

e. Additional guidelines. ,.

.,.,

,.
a. AR 70-38, Development. Teat ~ of Me&riel for

~.
,,, .-...:

b. MIL-STD-21O, ~emes for Mij,itarv~. ... ..““ o
,., .

Army Materiel CouinandPamphlet AMCP-706-I16, ~
Ji.ar@&, ~. .,. , ,. ’.,(

. ..

.:

,- .,.
. . .,

.,.

.“~. . . . . .
,-,

.,,

●
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METHOD 509.2

SALT FOG

SECTION II

11-1 AWAEWIS

11-1.1 ~. The apparatus used in performing the salt fog test in
this method shall include:

a. A teat chamber with: ..

(1) Supporting.racka designed and constructed so that they will
not affect the charaoteri~tics of “thesalt fog mist. All parta of the teat
chamber and tha supporting racks that aoma into contact with the teat item
shall ba constructed of material”or will be buffered with material that will
not cauae elactrolytic corrosion. Condanaation shall not be allowed to drip on
the test item. No liquid that comes,in contact with eith’erthe exposure
chamber or tha test ‘itemshall return to the salt solution reservoir. The
exposure ohamber shall be proparly vented to prevent pressure buildup.

(2) The capability”to maintain temperatures in the exposure zone
at 35°C’(95°F). Satiafactory methods for controlling the temperature
accurately are by housing the apparatus in a properly controlled constant-
temperatura room, by thoroughly inaulatIng the apparatus and preheating the air
to the proper temperature bafore the,atomization, or by jacketing the apparatua
and controlling the temperature of the water or the air upad in the jacket.
.Theuae of irmneraionheatars within the chamber exposure area for the purpose
of maintaining the temperature,within the axpoeure zone is prohibited.

b.. A salt solution reservoir made of material that is nonraaotive with
the salt solution, 4.g., glaas, hard rubber, ‘orplastic.

c. A meana for @ jecting the Salt solution into the teat ohamber.
Caution,muetbe exercised to prevent clogging of the nozzlea from ealt buildup.
Atomizers used shall be of such design and conatquctfon as to produce a finely
divided, wet, dense fog. Atomizing nozzles and the”piping eystem shall be made
of material that is nonreactive to the salt solution. Suitable atomization hae
been obtained in chambera having a ,volumeof leaa than 12 ft3 under the
following conditions: “‘

(1)

required rate.

(2)
.... diameter.

e

(3)
0.28m3 (10 ft3)

Nozzle pressure as low as practical to produce fog at the

,.
,

Or~ficea between O.5 and 0.76 mm (O,02 and 0.03 inchee) in

Atomization.of approximately 2.8 liters of salt solution per
of chamber voluma per 24 hours.

MSTHOD 509.2
19 July 1983

~o~.2-5



MIL-STD-810D
19 hly 1983

When chambers with a volume considerably in excees of O.34m3 (12 ft3), are used ●
the conditions specified may require rnodification.

NOTE: A filter fabricated of noncorrosive materials similar to that shown in
figure 509.2-1 ghall be provided in the SUPPIY line and i~ersed in the salt
solution reservoir as illustrated in figure 509.2-2.

.. ”-.,

d. Salt fog collection receptacles placed so that a clean receptacle
at any point‘in the exposure zone ‘willcollect from 0.,5to 3 milliliters of
solution per hour for each 80 square centimeters of .horiiontalcollecting‘area
(10 cm diameter)‘in an average
receptacles shall be used, one
from all nozzles: Receptacles
the test item and”will collect
sources.

11-1.2

test of at least 16,,.hours.A minimum of 2
placed.nearest to any nozzle and one farthest
shall b.ep.laoedso that they are not shielded by
no dropa of ‘solutionfrom th~etest item or other .,

,,, ‘,!.. . . . ...’.
.,,

,. ,.

a. The ealt aolition shall be~heated before injection into.the te~t
section to within ~60c (~1DoF) of the test section temperature at the ~irneof
‘injection.~~ ,.,

.’ b. All ‘waterused”during the Salt”fog’test(s) .ihallbe from ~tearnor
distilled, demineralized, or”deionized water with a resistance of not less-,than
500,000 ohmelcm.

.. ,.,, .,.

k c. Test section air circulation’:” @~ir,velocit,yin test chambers.

designed for only”procedure I shall be minimal (essentially z6r0). ,”

II-1.3 Test ‘~. (See General Riqulrements, 4“”.5’.4.) “ :

,,
a. Unaertest MmwU2ki. If an ug~cheduled tee’tinterruption

occurs that causee the test condition to exceed allowable tolerances toward
etandard ambient conditions, the teat itep shOuld be given a comPlete visual
examination, and a technical evaluation should be made of th? im’Pactof t,he
interruption on’the teet results. The test mugt bp ,reetartedat the point of
interruption and the teat ite~ ,qeatabilizedat the test conditions.

.!
. . ... . .

,. b. If an unscheduled test inter$uption”occura
that cauaea.the”test conditions to exceed allowable tolerarices,away from’
standard”ambient conditions, the test condition should be stabilized to within
tolerances and held at that.level until a complete visual examination and

.-.

technical evaluation can be made to determine ,theimPact .of”the interruption on.
test results. If the visual examination or technical evaluation restilta“ina

I conclusion that the teat interruption did nOt adversely.affect,the final test
results, or if the effects of the Interrtiptiohcan ‘be‘nullifiedwith ...

confidence, pre-interruption conditions should be reestablished and the

1’ . .. ,.

I lf3THOD509.2
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TO NOZZLES
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test continued from the point where the test tolerances were exceeded.

1 11-2.1 ~. Before initiating any testing, determine the
required test conditions (see I-3.2).

11-2.2 ~. The salt used for thik.test shall be
sodium chloride containing (on a dry basis) not more than 0.1 percent sodium
iodide and not more than 0.5 percent total impurities. Unless Otherwise
specified, a 5 ~ 1 percent solution shall be prepared by dissOlvinS 5’Parts by
weight of salt in 95 parts by weight of water. The solution shall be adjuated
to, and maintained at, a specific gravity (figure 509.2-3) by using .the
measured temperature and density of the salt solution. Sodium tetraborate
(borax) may be added to the salt solution as a PH stabilization agent in a .-
ratio not to exceed 0.7g sodium tetraborate to 7’5liters of salt solution.
The PH of the salt solution, as collected as fallout in the exposure chamber,
shall’be maintained between 6.5 and 7.2 with the ,aolutiontemperature at +35°C
(+95°F) . Only diluted chemically pure hydrochloric acid or chemically pure
sodium hydroxide shall be used to adjust the PH. The pH measurement shall be.
❑ade electrometrically or calorimetrically.

II-2.3 ~. Unless the chamber haa been ueed
within 5 days, immediately before the test, and wi,ththe exposure chamber
empty, adjust a“lltest parameter to those required for the teat. Maintain
these conditions for one 24-hour period. Continuously monitor all test
parameters to verify that the test chamber is operating properly. *

II-2.4 ~. All itema”require a Pretest
checkout at room ambient conditions to
checkouts follows:

Step 1. Prepare the test item in
with General Requirements, 4.5.2.

provide baeeline data. Conduct the

its required configuration in accordance

Step 2.

Step 3.
attention to:

Record the room ambient conditions.

Conduct a complete visual examination of tbe test item with

a. High-streae areas.

b. Areas where dissimilar metals are in contact.

c. Electrical and electronic components - especially those
having closely spaced, unpainted, or expoeed circuitry.

I d. Metallic surfaces.

MSTHOD 509.2
19 July 1983
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CONCENTRATION
.,
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e. Enclosed volumes where
Oocur.

I f. Components or surfaces
treatments for corrosion protection.

condensation has occurred or may

provided with coatings or surface

s. Cathodic protection systems;’mechanical systems’subject to ‘
malfunction if clogged or coated with salt deposits.

h. Electrical and thermal insulators.

NOTE: Partial or complete disassembly of the test item should be considered if
a complete visual examination is required. Care must be taken not to damage
any protective coatings, etc.

Step 4. Document”the results.

Step 5. Conduct an operational
test plan.

Step 6. Record the results ;or
4.5.1.1.

Step 7. If the test item meets
plan, or other applicable documents,
below. If not, resolve any”problems
checkout at the most reasonable step

I c. Insert the test item into the
4.5.2).

II-3 EI AG~

test chamber (General Requirements,

350c (950F) and

the salt fog.
condition

.. .

(Use photographs, if necessary.)

checkout in accordance with the approved

compliance with General Requirementa,
,’-

General Requirements, the approved test
proceed to step,1 of the test procedure
and restart the pretest standard ambient
above.

11-2.5 ~

The test item shall be given a minimum of handling, particularly on
the sign%icant surfaces, and will be prepared for $.estimmediately be,fore
exposure. Unless otherwise specified, test items shall be free of surface
contamination such as oil, grease, or dirt, whit’hcould cause a water break.
The cleaning methods shall not include the uee of corrosive solvents, solvent”s
which deposit either corrosive or protective films, or abrasives other than a
paste of pure magnesium oxide. Teat items having an organic coating shall be
cleaned with a solvent.

b. Arrange the teat item configuration aa specified in the test plan.

Step 1. Adjust the teat chamber temperature to
the teSt item for at least 2 hours before introducing

. .. ..

METHOD 509.2
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Step 2. Continuously atomize a salt solution of a composition as given

in II-2.2 into the test Ohamberfor,a’ period of .48hours or aa specified in the
test plan.& During the entire exposure period, the salt fog fallout rate and
PH of the fallout solution shall be measured at least at 24-hour intervals.Z/
Fallout ‘shallbe between 0.5 and 3 ml/80cm2/hr.

Step 3. Store the test item in a standard ambient.atmosphere for 48
hours, or as specified in the equipment specification, for drying.

Step 4. At the end of the drying period, unless otherwise specified, the
test item shall be operated and the results documented for comparison with
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 wash
in running water not warmer than 380c (lOO°F) may be used.

a. Previous test methods to which the test item was subjected.

b. Results of each visual examination and performance checkout performed
on the test Item.

c. Areas of the test item visually and functionally examined and an
explanation of their inclusion.

d. Areaa of the test item not visually and functionally
explanation of their exclusion.

e. Teat chamber operational information (interruptions,
etc.).

f. Test variables:

(1) Salt solution PH.

(2) Salt solution specific gravity..

1/ Cycling periods of 24 hours each (wet and
conatantwetting for 48 hours or longer.

2./More frequent intervals are recommended.
are not met, that interval must be repeated.

examined and an

time schedule,

dry) tiaybe required instead of

If fallout quantity requirements

509:2:11
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(3) Salt solution fallout rate (mUcm21hr).

(4) Resistance of initial water and type of water.
!., ,,.

g. Preliminary failure analysis. .,

.!

.:
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METHOD 510.2

SAND AND DUST

use

SECTION I
I-1 PURPOSE . . . . . . . . . . . . . ... . . . . . ...510.2-1

. I-2 ENVIRONMENTAL EFFECTS . . . . . . . . . . . . . . . .’. 510.2-1
I-3 GUIDELINES FOR DETERMINING TEST

PROCEDURES AND TEST CONDITIONS . . . . . . . . . 510.2-2
1-4 SPECIAL CONSIDERATIONS . . . . . : : . . . . . . . . . 510.2-5

. I-5 REFERENCES . . . . . . . . . . . . . . . . . . . . ...510.2-6

SECTION 11
II-1 APPARATUS . . . . . . . . . . . . . . . . . . . . ...510.2-8
II-2 PREPARATION FOR TEST . . . . . . . . . . . . . . . . . 510.2-10
II-3 PROCEDURES . . . . . . .. . . . .. ’...’ . ... . . . . 510.2-10,
II-4 INFORMATION TO BE RECORDED . , . . . . . . . . . . . . 510.2-12

SECTION,1

0 I-1 ~. This teat method is divided
small-particle prooedure (dust, fine sand)
ability of equipment to resist the effects
penetrate into cracks, crevices, bearings,
is performed to determine whether materiel
blowing sand (149 to 850 pm particle size)

into two procedures. The
is performed to ascertain the
of dust particles which may
and joints. The blowing sand teat
can’be stored and operated under
conditions without experiencing

degradation of ita performance, effactiveneas, reliability, and maintainabilityy
due to the abraaion (erosion) or clogging effeet of large, sharp-edged
particles.

I-2 ~. An,airborne sand and dust environment, associated
most often with the hot-dry reglona of Earth, exists seasonally in other
regions. Naturally occurring sand and dust storms are,an important factor in
the deployment of materiel, but w$th the increased mechanization Of Military
operationa, these cause leas of a problem than does sand and duet associated
with manta activities. Examples of some problems that could occur as a result
of exposure of materiel to blowing sand and dust are:

..

a.

b.

c.

d.

Abrasion of surfaces.

Penetration of seals.

Erosion of surfaces.

Degradation of electrical circuits,

51O.2-1
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e.

f.

s.

h.

Clogging of openings and filters.

Physical interference with mating parts.

Fouling of moving parts.

Exothermal reaction (thermite effects) of clay particles (with
aluminum oxide) at high temperatures, producing heat which could cause high-
temperature corrosion and produce extremely hard, erosive particles.

,,,

... .

NOTE: This test method should be applied at the end of the tailoring process
described in section 4 of this standard. ‘”

a-. ~. This method is applicable to all mechanical, electrical, -
electronic, electrochemical, and electromechanical devices for which exposure
to the effects of a dry sand- or dust-laden atmosphere is anticipated. I

Ii.’~. This method does not apply to any chemical reaction
that may occur in the presence of moisture.

., ,,

c. ~. (See General Requirements, 4.4.) This method can PrOduce a
dust coating on, or severe abrasion of, a test item, which could influence the
results of other MIL-STD-81O methods such aa Fungus (method 508.2), Humidity.
(507.2), and Salt Fog (509.2). Therefore, this ,methodshould be appliep
following such tests. Additionally, this method should follow method 501.2 ,
(High Temperature], since the temperature detiivedii used in this method’. ●,..

d. Test vari~. The variables aaso@ated with the blowing sand and
dust teat procedures include:

(1) Air velocity.
!

(2) Temperature.

(3) Test item configuration and orientation.

(4) Sand and dust oompositiori.

(5) Sand and dust concentration.

(6) Teat duration. .

(7) Additional guidelinea as appropriate.

1-3.1 ~. Two test procedures are included in this
method: Blowing Dust and Blowing Sand. Baaed on the test itemts deployment

-.

expoeure, and function, determine whether both procedures are applicable.

.,

METHOD 510.2
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I-3.2 ~. After choosing the test procedure,
choose the valuea of the test variables and decide whether or not the test item
la to operate during the test. The specific test conditions .to,beused in
these testa shouldrbe baaed.on field data (General..Requirements, 4.3). If
field data are not available, the teat conditions should preferably be selected
from the applicable requirements.documents. If this information ia not
available, the following may be used as guidance.

...! ,.,

a. ~. ‘“Unless otherwise specified, these testa “shouldbe
conducted at the operating or storage temperature obtained from the temperature
response of the teat item from method 501.2.

,. ,.

b. &!&j.yg humidif&..-High levels of relative humidity ❑ay cauae :. -.
caking of dust particles. Consequently, the test chamber RH should not:exceed
30%.

,,,

.. . 0. Air velocj&y ,,

(1) lumuuux The air velocities used ‘inthe blowing dust ‘“”
(small particle) test procedure include a minimum air velooity to maintain teat
conditions (1.5 m/s or 300 ft/min) and a higher air velocity typical of desert
winds (8.9 m/s or 1750 ft/min) that shall be used for !SOSt tests. Other air
velocities may be used, but test chamber limitation must be copaidered.
Excessively high air velocities may leesen the caking or C10&3ing caused by.
lower air velocities. :

(2) &U!@&W@ An air velocity in the range of 18 to 29 ❑la
(3540 to 57OO ftlmin) is sug~ested for most blowing aand applications.~/ Winds
of 18 m/a that would blow.the large particles are common, and guata up to 29
m/a are not uncommon. Other.air velocities may be used if the induced flow
velocity around the equipment in its field application is known.

,,.

d. ~. c, ,

(1) The small-particle (blowing dust) procedure may be conducted
with either of the followingidustcompositions,by weight.

(a) Red china clay is oommon throughout muoh of the world and
containa:

CaC03, MgC03, CaO, MgO,

Ferric oxide (Fe203)

Aluminum oxide (A1203)

Silicon dioxide (Si02)

U From MIL-STD-21O.

510.2-3

Na20, TI02,.etc. 5%

,, .10 *5%

2O*1O% “’

remaining percentage

METHOD “51O.2
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(b) Silica flour has been widely used in dust testing and

~
contains 97 to 99
size distribution

percent (by weight) silicon dioxide (S102). The following
applies to both red china clay and eilica flour:

100 percent shall pass through a 100 mesh screen.

98 ~ 2 percent shall pass through a -140mesh screen.
,.

90 ~ 2 percent shall pass through a 200 mesh screen.

75 * 2 percent ehall pass through,a~325 mesh screen.

..-.I (2) Unless otherwiee speoified, the sand suggeeted to be used in
the large-partiole test is silica sandz/ (at least 95% by weight Si02). The
amount 1.OS ~ 0.5% of the sand shall be retained by a 20 mesh screen (85o Pm) ,

I 1.7$ ~ 0.5% by .a30 meeh screen (590!.Im), 14.8$ ~ 1% by a 40 mesh screen
(420 !Jm),37.0% ~ lZ by a 50 mesh screen (2971.IzI),28.6$1 1% by a 70 mesh
screen (210 urn),12.7% ~ 1% by a 100 mesh screen (149 Mm) , and 5.21 + 1% shall

.

Dass a 100 mssh screen. The sand shall be of subangular structure with a mean
Krumbein number (roundness factor) equal to 0.2 and-a
mobs.

e. ~

(1)

maintained at
figure is not
chambers.

1
specified.(2)

The duet concentration for the blowinu

hardness factor of 7

dust test shall be
10.6 ~ 7 g/m3 (O.3 ~ O.2 g/ft3) unless-otherwise specified. Thie
unrealistic and is used because of the limitations of most

The sand concentration& shall be as follows unless otherwise
●

I (a) For test.items likely to be used close to aircraft (iu;h as
helicopters) operating over unpaved surfaces, 2.2 ~ O.5 g/m3 (O.0623 ~ 0.015
S[!%3).

(b) For test iteme never used or never exposed close to
operating aircraft, but which may be found near operating surface vehicles,
1.1 ~ 0.25 g/m3 (0.033 k 0.0075 g/t%3).

(c) For test items that will be subjected only to natural
conditions, 0.177 g/m3 (0.0065 g/ft3). ,.

f. ~. The configuration of the test item muet
reproduce, as closely as technically possible, the configuration that it would

.

a.$aumeduring storage or use, such as:

2/ Naval Weapons

3/ MIL-STD-210.

~ MSTHOD 510.2
19 JUIY 1983
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,.

‘‘(1) In ‘a shipping/storage container or transit case’. .~.:1,.,.“” ~.,~~
..

:(2) Protectedor not protected. ,..

~(3) Deployed realistically or with restraints, such as with openings
that are normally oovered.!

,..

. . ,,

g. ~. The test item should be so oriented with respect to the
blowing sand that:the.most‘vulnerablesurface(s) faces the blowing sand. The
test item may be reoriented at 90-minute intervale.

i,

h. ’~” .’ ”’”
,.

‘“”(1) For blowing sand tests, 90 minutes Per face fS cOri~i!ered’to “~~a
. minimum (seeI-3.2g) . : ‘ . .

. .“
. . (2) For blowing dust tests, 6 hours at 230C (73°F) and 6.houra at the

high storage ‘oroperatingtemperature are required. Add~tionally, 9ufficient
time must be allowed at the low air velocity to stabilize the test item at the
higher temperature. “

. .

NOTE: The period of time that the test item is exposed to the‘environmental
conditions may be as significant as the.conditions.themaelvea.,.The length of
time.spent at the extreme condition of each procedure should be at leaat long
enough to insure stabilization‘of the test item at’the.specified conditions’.

9

,.. -

i. ~. Operation of the test item during the test
period should be based on the uae requirements of the specific test ,item. For
example, environmental control equipment would be operated while exposed to
extreme ambient environments, whereaa certain equipment, although exposed to
severe environmenta, might’be operated only in an environmental y.controlled
shelter. If operation of the’test itemduring the teat is required by the
requirements document, the teat plan shall contain a schedule describing the
time periods of operation, the aettinga of controls, and the types and amounta
of stresses to be placed on the test itemduring testing. Th$a schedule ehall
contain at least one 10-minute period of continuous.operatiOn Or the test item
during the last hour of the test. -!. ,

.

~-~ ~
.,

I-4.1 ~. The failure of a test item to meet the requirement
of the equipment specification must be analyzed, and related information must
be considered, such aa: ,.

a. Degradation allowed in operating characteristics while at the
extreme conditions.

.

b. Necessity for use of special operating procedures or special kits
during extreme conditions. .,

●
✌✎c. The teat item shall be considered to have failed the dust (fine

aand) test when:’
. .‘..

METHOD 510.2 .
19 July ,1983
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(1) Dust has penetrated the test item in sufficient quantity to
oause binding or blocking of moving parts, nonoperation,of contacts or relays,
formation of elect:ically conductive bridgea with resulting shorta, clogging,
or the accumulation of dust which will act as a nucleus for the collection of
water vapor.

..

(2) The performance results obtained iriaccordance with.the test
plan are not within the tolerance.limits established.

,. ,..
d. The test item shall be considered to have failed the large-particle

test when:

(1) Abrasion of the test”item exceeds the emount descr$bed in its
requirements document.

(2) The test item does not perform safely or operate adequately as
described in its requirements document.

NOTE: ‘The test plan shall contain procedures for.determining the test item’s
degradation due to abrasion. These procedures shall ‘describeparameters (euch
ae amount of wear or leas of weight) or observable attribute (euch as change
of shape) which, if not within epecified limits, are indications that the test
item has failed because of.abrasion effects. .The permissible tolerance of the
parameters and attributes shall be provided..

I-~.2 “~.
required in the test plan for the to adequate
11.

,., ,
a. Test procedure.

,.

.b. Test temperature.

c. Relative humtdity.
,,.

d. Air velocity. “
.,

e. Sknd or dust composition.

f.. Sand or dust concentration.

,. s. ,Test item configurateion. ~‘
,.. ‘..’

h. Operational requirements.

.,

,,.
The following information is
conduct of the teats of section

.
. . . . .

... ...
,.,

,.

.-,

,,, . ... .

. .. . . .
...

... ,,, .,

~. Teet item orientation and time of exposure per,orientation.

j. Additional guidelines.
.,’

I-5 ‘IiEEEWW .,.., ..

a. Hafer, Carl A., A Wvev and S&QsLvOf the’Factors W Affeet’the
ver naurfaced errti

Southwest Reeearch Institute, Contract DA-23-072-ORD-1210 final report.’ ●
METHOD 510.2
19 July 1983
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~‘b.’ Kul+z, Edward, and Schafer, Howard, ~
Jlxik,Naval WeaPons Center Report NWC TP5170, August,19”71.

ItA.Q2tRJ& Penetrat&2n. WADC TR
56~55;:’ DTIC number AD-110-472.

d. .MIL-STD-21O,fUE@Ic Extremes for Mil~ , 15 December
1973.’

Material for~ ?10.--
Bedford, UA: Air Force Cambridge Research Laboratories,

January 1974. DTIC number AD-780-508.

f. ial Ven~l of R~, Committee on
Industrial Ventilation, P.’O.Box 16153”,Lansing,’MI 48901.

.,.

*
.,, . .,

,,
,“.

,.,,
,’

,.
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., . .
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H-1 AUMANLS

11-1.1 M+UWIU@

11-1.1:1 Rkwiu4M

‘METHOD 510~2 ‘.,

SECTION II
,-.. .. c.

SAND AND DUST
,,

. .. . . . .. . . . .
,..

. ..
,’ :“. ..,: s

.,. ,,:----,.1’!~

,. .,.
,.’

. .

,,

.

a.. The test facility shall consi.?tof “a’oh$rnber+nd:accessories to
oontrol dust conc,entration, velocity, temperature, and humidity Of dust-laden ,.
air. In order to”provide adequate Circulation of the duet-lagen.air, no more. ~
th~” 50 percent of the cross-eectional’area (normal to airflow) and 30 percent:
of the volume of the test chamber shall be occupied by the .t$Atitem(s). The ““’
chamber shall be provided with a means of maintaining and ve?ffYing the dust ,;
concentration in circulation. A minimum acceptable means for doing this is by
uae of a properly calibrated smoke meter and standard light sOurce.. % dust-
laden air shall’be introduced into the test space in such a manner as to allcw”’
the air to become approximately laminar in flow befOre it’strikes the test .,.“.
item.

WARNING NOTE: Silica flour may present a health hazard. When using silica
flour, assure that the chamber is functioning properly and not leaking; if a
failure‘ofcontainment is noted and “peoplemight have been exposed,,air .?amP>e?,.
should be obt,ainedand compared to the curr”tintth:,eshOl@ limit valuea of the’,.:.-
American Conference of Government and Industrial,Hygienists’.,Ch?mberrePair.. ,
and/or other appropriate action should be taken before continuing use of the~.:
chamber. Care should be taken during all atepi”where exposureof people .tothe”
eilica dust is possible. -,’.

b. The dust used in this teit ehall be as outlined in”I-3.2d(1).”

11-1.1.2 ,~
,,,,

a. The required apparatus ccnsists of a chaicberor cabinet, together
with,necessary air conditioning and circulation equipment with its auxiliary
control instrumentalion, sand storage and moving equipment, and sand. . ,, -.~.
concentration measuring equipment, cap’able‘ofmaintaining and continuously
monitoring the required condition throughout an envelope cf air surrounding “
the test item(s). (See General Requirement, 4.4.1.) Figures 510.2-1and :,
510.2-2 are schematic diagrams of typical facilities for this test”.

: ‘b. A data collection system,,eeparat~ from.the ch~b?r Controller?! :,.
shali be employed to measure test .spaoeconditions. Readout charts.+h?ll,be...,
readable to within at leaet 0“.6°C’(l°F).

METHOD’”51O.2 “
19 Jllly’1.983’
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c. Dehumidification, heating, and cooling of chamber test volume
sfr for control of test conditions shall be achieved by methods that do not
alter the chemical composition of the air, sand, or water vapor within the
chamber test volume air.

d. Test facility design considerations.

(1) The vibratory or screw type sand feeder shall be controlled
to emit the aand at the specified concentrateions. The feeder shall be looated
in such a manner as to insure that the sand.is uniformly in suspension in the
air stream when it strikes the test item, to simulate the same effects as in
the field.

NOTE: Uniform sand distribution is usually eaaier to obtain when the sand-air
mixture is directed downward, as in figure 510.2-1.

(2) Becauai of,the extrernely abrasive characteristlcs o!
blowing aand at high velocity, it is not recommended that the sand be ~
recirculated through the fan or air conditioning equipment. Instead, it should:
be separated Prom the air downstream from-the test chamber in a sand separator,
collected in a separate receiver, and reintroduced into the sand tank or
hopper. The fan should recirculate only the sand-free conditioned air. “

NOTE: The sand collected,inthe separator may be reused for other tests if,
after snalysia, it,still Conforms to the requirements of I-3.2d(2) of this
method.”

11-1.2 Q?nmQls

a. ~. Unless otherwise specified in the requirements
dooument, temperature and relative humidity measurements made during testing
shal1 be centinuous if measurements are in analog form, or .atintervala of one
every 15 minutes or leas if measurements are in digital form. All
instrumentation used with the test chamber shall be capable of meeting the
aCCUraCfea, tolerances, etc., of General Requirements, h.4.1 and 4.4.2. Any
aignlficsnt change of the test item temperature or ohamber conditions shall
result in the test item being reestablished at the required environmental
conditions before continuation.

b. lleja.tiveh~. Relative humidity in the te$t aeotion shall be
less than 30 percent throughout the conduct of the test.

‘C. ~: The test variables (temperature, air velooity, and
dust concentration) shall be continuously monitored during the test. .Humidity
shall be verified just before or during’each test.

II-1.3 ~. (See General Requirements, 4.5.4.)

a. =12i. The abrasion, penetration, and collection
of dust are cumulative effects that are not affected by interruption. The test
item shall be reestablished at the prescribed temperature and the test
oontinued from the point of interruption.

510.2-9
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b. Ove test inte ruDtia.r r Any interruption that results in more
extreme exposure‘of.“thetest item ,thanrequired by the equipment specifications
should be followed by a complete phygical examination and”operational-check
(where’oossible) before continuationof testing.; If a problem’ia encountered,”

o

the test should be reinitiated with a new test-item.

11-2.1 WAWmu@a. Be+oy Startim ay “test: “”

“a. Determine from the test plan.which test ‘procedureiS required.

b. Determine from the test plan the test variables to be used.

c. Operate the test chamber without the test i!e?:is +ke Sure it
working’p-ioperly.’

.. .,

11-.2.’2~. All test items require a pretest
checkout at Standard ambient conditions,to provide’baseline “data. ,Conduc”tthe
pretest checkout as follows:

,.
. .

St”ep1. Position the test’item in the test ‘chamb$r,as near t~e center of
the test section aa practicable. The teat item shall”have a minimum clearance “
of 15 cm (6 inches) from any wall of the test chamber and ,fromany other,teat
item (if more than one item is be:ng tested): Orient the,test item 90 as ,tO,
expoee the most critical’or vulnerable parts‘to’the sand or dust stream.

NOTE: The orientation Of the ‘testitem may be chanted during the test if, .,

required by the test plan. .,. o

Step 2. Prepare the test item in its operational,““configtiation in ~ ,,
accordance with General Requirements, 4.5.2~’ ‘~~ “.”,

...
,, ,.,

Step 3. Stabilize the teat item at standard ambient conditions (General
Requirementa, &;4a). ., ,. ... .,

,. .’d$

Step 4. Conduct a complete visual examination of the teat item ~ith ‘
special attention to Sealed areas and minute openings. ‘

.,. ... .,.

Step 5. ?ocument the results.
,.

.,..’. . . ..... ...

Step 6. Conduct an operational checkout in accordance ~ith the’approved
test plan.

Step 7. Record

Step,8. If the
the teat procedure.

I pretest checkout.

11-3 lFKXWUi

., ●✌✌

results for compliance with{“GeneralR“equirementsj4.5.1.,,

test item,,operates’satisfactorily;’,tirO!eed,to step,1,.o?
If not, resolve the problem and restart at “SteP“1.of“.,. s

...
.,... .. . . . ... ,.

.. ,.

11-3.1 ITocedure I - BIowin&d!,&. The”following te9t procedure provides:the”
basis for collecting the necessary information concerning the ‘test‘itemin a” ●
dust-laden environment.

METHOD 510.2
19 July.1983
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Step 1. With the test item in the chamber, adjust the test “section
ternperatuieto 23°C (T3°F) and the relative humidity to less than 30%. ‘“
(Maintain less,than 30% relative humidity throughout the test.).

Step 2. Adjust the air velocity to the required’value, determined from
the test plan. ‘

Step 3. Adjust the dust feed control for a.dust concentration of 10.6 ~
7 s/m3 (0.3 +.0.2 g/ft3).

,. ,1,

Step 4. Maintain the’conditions of steps 1 through 3 for at least 6
hours.

Step 5. Stop the @st feed, reduce the test section air velocity to that
required to maintain the olimitic conditions, and adjust the temperature to
that determined from the test plan.

. .
Step 6. Maintain the step 5 conditions at least until stabilization of

the test item temperature occurs”or for up to 16 hours.
.,. ..

Step 7. Adjust the.air velocity to that used in step 2 and restart the
dust feed to maintain the dust concentration.as in step 3.

Step 8. If required~,operatethe test,item in’accordance with the
approved test plan. Continue the exposure for at leaat 6 hours.

Step 9. Turn off all chamber controls and allo,wthe test item to return
to atanda+d ambient conditions.

,.. .
Step 10. Reupye accumulated dust from the test item by.brushing, wiping,

or shaking, taking care to avoid introduction of additional dust into the teet,
item. Do not remove dust by either air blaat or vacuum cleaning.

.
Step 11. operate thi test item “inaccordance with the approved test ,.

plan.

Step 12. Document the,re,sults.

Step 13. In~Pect the test item giving special attention to’bearings,
grease seals, lubricants, etc.

Step 14. Document the results.

II-3.2 e 11 - Bl~

.Step1. Adjust,the chamber.temperature to the high operating temperature
of the ‘testitem and maintain until temperature stabilization of the test item
ia achieved.

Step 2. Adjust the air velocity to that required by the test plan.

Step 3. Adjust the sand feeder to obtain the sand concentration
specified in the test plan, depending upon the application of the test item.

MSTHOD 510.2
19 Jldy 1983
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Step.4. Maintain the
specified in the test plan.

Step 5. If operation
perform an operational test

conditions of Steps 1 through 3 for the duration

of the test item during the test is required,
of the item during the last hour of the test and

document the results. If not, proceed to step 6.

Step 6. Turn off all chamber controls and allow the test item to return
to standard ambient conditions. Remove accumulated sand from the test unit by
brushing, wiping, or shaking, taking care to”avoid introduction of additional
sand into the test unit. ~4

Step 7. Conduct an operational checkout of the.test item’in accordance
with the approved teat plan. ~, ,.. 1::

,,. , ,,J ,*

Step 8. Document the results.

Step 9. Visually inspect the test item looking for abrasion and clogging
effects and any evidence of sand penetration.

Step 10. Compare.these “datawith the pretest data.

II-4 ~.

a. Previous tiestmethods to which the specific test item has been
subjected.

b. Orientation afidany change in orientation during test.

c. Results of each performance check (pretest, during test;
post-test).

d. Whether the second 6-hour test was performed immediately
teat item stabilized (see step 6 of small-particle procedure).

and

after the

e. Values of the test variables for each section of the test.

f. Results of each visual inspection.

l?. Duration of each section of test.

. .,, ,

?,.

●
METHOD 510.2
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~.,. m
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, ... ,
SECTION I . - ,. ,,-

.’. . . .

1.1 ~.
.1?

“Thistest is performed to demonstrate the ability of equipment
to operate in flammable.atmospheres without causing an.explosion, or to prove
that a flame reaction occurring within.an encased equipment will be contained
and will not propagate outside‘the,test item. ,, ,

....-

1-2 ~. “Low levels of energy discharge or electrical
arc from devices as simple as pocket transistor radios can ignite mixture.:.~f
fuel vapor-and air. A .,,,hotS.pOtM on the.aurfaceof a hermetically sealed,

apparently inert equipment ease !an ignite.fuel vapor and air”mixtures. Fuel.
vapors in compartments can be ignited by a low energy discharge like a spark
from a shorted flashlight cell,-switch contacta, etc.

.
I-3 ~ AND ~TLQNS

NOTE: This test method should be appli~.1at the end of the t?ilOrinS PrOcess
described in section 4 of this.standard.

,’
. ,.

air LQ?I. This method applies‘“toall military items designed for
use ‘in or near flight vehicles,-ground vehicles;or equ<Pmefitused tO mainta?n
fuel-handling or fuel-using.Vep:’tie?.

.

?. S&luacQ. ““It .isqecommeridedthat the ite& used’in this test first
undergo vibration arid/Ortemperature testing,, Vibration and temperature ‘
itresaes,may reduce the “effectivenessof seals, “thus.pr~du~ine fla~able ,.
atmosphere’sensitivities not observable on ,un~eateditems..:. ,

d. Xest va
r. tie”.: “- ‘“

The test variables are temperature, pressure,
humidity, test item configuration, and fuel-vapor mixture.

511.2-1
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1-3.1 mice of test DYOC~

1-3.1.1 Procedure I - Eg!daDment oDeratlon n flammable atmow. This ‘0
procedure is applicable to all types of sealed and unsealed equipment. This
test evaluates the ability of the test item to be operated in a fuel-yapor-
laden environment without igniting the environment.

s:
1-3.1.2 Frocedure II - EXDIOS1On ~ m. This procedure is used to
determine the ability of the test item’s case or other enclosures to contain an
explosion or flame that is a result of an internal equipment malfunction. .. ~

I-3.2 Wice of test c~. . .
The exploiive atmosphere test is a ..

conservative test. If the test item does not ignite the test fuel-air mixture,
there is a low probability that the item will ignite fuel vapor mixtures that
can”occur in actual use. Conversely, the ignition of the teat fuel-air mixture
by,the test item does not mean that the test item will always‘ignite fuel. :. .:
vapors that occur in actual deployment.

.,

I-3.2.1 Fuel for test. The fuel recommended for explosive atmosphere testing
shall be the single-component hydrocarbon n-hexane (i.e., normal hexane). This
fuel is used because its ignition properties for flammable atmosphere testing
are equal to or better than the similar properties of both 100/130 octane
aviation’gasoline and .JP-4jet engine fuel. Optimum mixtures of n-hexane and
air will ignite from hot-spot temperatures as low as 222.8oc (433°F) while
optimum JP-4 jet engine fuel-air mixtti”resrequire at least a 229”.4°C(445°F)
temperature level for autoignition and 100/130 octane aviation gasoline and air
requires 44o.60c (8250F) for hot-spot‘ignition. Minimum..spark energy inputs
for ignition of optimum fuel vapor‘and air mixtures are essential y “thesame
for n-hexane and for 100/130 octane aviation gasoline. Much higher minimum

0

spark energy input is required to ignite JP-4 jet engine fuel and air mixtures.

.!, .

I-3.2.2 ~. The fuel vapor mixture used.in the ,eXPIOSive ““‘:
atmosphere test shall be homogeneous. ...., ,..

I-3.2.3 “’&t temperature. The fuel’’v{por“mixture is heated to the hiihest “’”
ambient air temperature at which the test item is required to operate during
actual deployment. Heating the ambient air to this temperature gives the fuel
vaPor/air mixture its greatest likeliho~d of ,ignition..All testinK should’be”,
done at this maximum air temperature. For forced-air-cooled equipment, the ‘
test temperature shall be the highest temperature at which equipment per- ‘“
formance can be evaluated in the absence.of cooling air.

*
I-3.2.4. ~tv of fw. Unless otherwise,specified,,’the fuel used shall be~
n-hexane, either reagent grade Or 95 Percent.. The 95 percent n-hex$ne‘fuel ‘:
actually is ne&.lY 100 percent”hexane, becau9e the i%maihing 5 Percent cOns!sts,,
of hexane isomers.; Fuel weight calculated‘to total 3.8 percent by volume of
the test atmosphere represents 1.8 atoichiometric equivalents of n-hexane in

:.

air, giving a mixture needing only minimum en~rgY for ignitiOn.

,.

●
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a. Required information to determine fuel weight:

(1) Chamber.air temperature during the test.

.(2) Fuel temperature.“

(3) Specific gravity of ri-hexane(see figure 511.2-1).

(4) Test altitude: e.g., 6100 meters (20,000 feet). Atmospheric
pressure in pascals: 46.6 kFa (6.76 psia).

(5) Net.volume of the test chamber: free volume less test item
displacement expressed in liters or cubic feet.

b. Calculation of the“:.volumeof liquid n-hexane fuel for each test
altitude:

.

1) In metric units:

Volume of 95 percent n-hexane (ml) .
.,

(396x 10-6) c gravity, n-hexane

(2) In English units:

Volume of 95”percent n-hexane (ml) =

rcha ber cn-essure(D
specificmgravity of n-hexane

I-3.2.5 .ECfeotof hu~dltv on fla~~.
.

Humidity is always
present in an explosive atmosphere test. The effect of humidity upon the
fuel-air mixture percent composition need not be considered in the teat if the
ambient air dewpoint is 10°C (50°F) or less because this concentration of water
vapor only increases the n-hexane fuel concentration from 3.82 percent to 3.85
percent of the test atmosphere. If the atmospheric pressure is cycled from
1525.meters (5000 ft.) above the test leVel to 1525 meters below (a 34-perCent
change.in pressure), the volume of n-hexane will decrease from 4.61 percent to
3.08 percent. This decrease will compensate for the fuel enrichment effect
that results from water vapor dilution of the test air supply.

I-3.2.6 ~. The maximum altitude at which the test item will
be,exposed to fuel vapors during operation shall be the maximum test altitude,
unless otherwise specified. If the test facility is not at sea level and the
test,is for shipboard equipment, the test chamber shall be pressurized to
simulatesea level, unless otherwise specified.

511.2-3
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1-4.1 X.2stin erruD =.t
t.

If there is an unscheduled test interruption, the
chamber shall be returned to ground level and purged to remove the flammable
atmoshpere. The test shall be reinitiated from the point of interruption using
the same test item.

I-4.2 ~& Any interruption in the’test that results in a more extreme
exposure ,ofthe teat item than required by the equipment specification should
be followed by a complete physical inspection of the test -itemand an
operational check prior to continuation of test. An engineering judgment ehall
be mqde whether to continue testing with the specific item given the overtest,
to obtain a new item, or to consider the teat completed.

I-4.3 ~lure ~. All failures (see I-4.4) and incidents where the test
items do not meet the equipment operating requirements shall be ana~yzed to
determine the cause and impact-of such occurrences. Correctiveactions shall
be proposed or implemented as required to meet equipment performance
requirements.

I-4.4 l?ailurecr&2c&.

a. Procedure”I - Ignitioriof test “fuelvapor and air environment’
constitutesfailure of the test.

b. Procedure II - Propagation of flame to, or ignition or, a flanuoabie
atmosphere surrounding the test item when the test atmosphere tiithinthe
enclosure or case of the test item is intentionally ignited constitutes failure/
of the test.

,.
I-4.5 .SummervOf Inform io~. ”t The following information“isrequired
in the test plan for the conduct of the tests of Section II:

a.” Test altitudes “’
b. Test temperatures
c. Fuel volume snd/oi weight ‘
d. Test item configuration

EEmE@sI-5

Haskin, W.L. Proof Test~. 1963.
ASD-T%-62-1OE1 ~ DTIC number AD-400-483.

b. Zabetakis, M.G.,.A.~. Furno, and G,W. Jones. **Minimum Spontaneous
Ignition Temperatures of Combustibles in Air,w

,.

~ 46 (1954),2173-2178.
.

c. Washburn, E.W., ed. es of N~
~. VO1. III, New York: National Research Council/
McGraw-Hill, 1928. Pp 27-29~

d. Kuchta, J.M. Summarv~ltlon Properties of Jet Fuels and Oh
Aircraft Cx@ustible Flu. 1975. AFAPL-TR-75-70, PP 9-14. DTIC number
AD-Ao21-320.

e. ASTM E 380-79. rd for Metric Practice.
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METHOD 511.2

EXPLOSIVE ATMOSPHERE TEST

SECTION 11

~-l “&EAEAIM. A test chamber capable of producing the required test
conditions shall be used. Appendix A describes one type of chamber that may be
used.

11-1.1 J?uQ. Unless otherwise apecified, n-hexane (i.e., normal hexane) of at ..
least 95 percent purity shall be used.

II-2 FOR = The teat item shall be prepared in accordance with
General Requirements, 4.5.;.

11-2.1 ~

Step 1. The test item shall be installed in the test chamber in such a
manner that normal electrical operation is possible and mechanical controls may
be operated through the pressure seals from the exterior of the chamber.
External covers of the test item shall be removed or loosened to facilitate the
penetration of the explosive mixture. Large test items may be tested one or
more units at a time by extending electrical connections‘throughthe cable port
to the remainder of the associated equipment located externally.

Step 2. The equipment shall be operated to determine that it is
functioning properly and to observe the location of any aparking or high Q
temperature components which could cause an explosion.

Step 3. Mechanical loads on drive asaembliea and servomechanical and
electrical loada’on switches and relaya may be simulated when pecesaary if
proper precaution is given to duplicating the normal load in respect to torque,
voltage, current, inductive reactance, etc. In all instancea, it ia preferable
to operate the equipment as it normally functions in the system during.service
use.

Step 4. A thermocouple shall be ulaced on the moat massive comDonent of
the test-item. ,

Step 5. At leaat two thermocouples shall be placed,on the in’eideof
test chamber walla. These thermocouples (from stepa 4 and 5) should be
instrumented for m&itoring outaide the test chamber when the chamber ia
sealed.

.

II-2.2 dure 11 - ment test

the

...

Step 1. The equipment,”or a model of the equipment of the same volume and
-5

configuration, shall be placed within the caae and the caae i.natalledin the
explosion chamber. ...

●
MRTHOD 511.2
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Step 2.,, Make provision to circulate the fuel-air mixture into the case
being.tested. In the case of forced-air-cooled equipment, the cooling air must
contain the proper fuel-air mixture. For equipment not using forced-air
cooling it is necessary to drill the case for insertion of a hose from a
blower, take adequate precautions to prevent ignition of the ambient mixture by
backfire or release of pressure through the suPply hose. Any modification to
facilitate.the introduction.of ignitablevapor shall not alter the case by more
thin,t5%.. ,. . ,.. .,

Step 3. Provide positive means of igniting the explosive mixture within
the case, The case may be,drilled or tapped for a spark gap, Or a spark SaP.
may be mounted internally. Points of ignition should not be more than O.“5inch
from any vent holes or flame arresting devices, and as many of such ignition
sources.should be installedwithin the case as there are vent holes or flame
arreating devices. Where the design of equipment makes.,thisimpractical, use
as many points of i~ition aa are practical. ,

.,.
Step 4. A thermocouple in~erted into the case and attached,to a sensitive

galvanorneteroutside the test chamber may be used to detect explosions within
the caae. .

Step 5. Insure that the air within the test chamber has a”water vapor
dewpoint lower than 10°C (50°F)...

Ste; 6. If the site atmospheric Dressure at the test location is leas
than 633-mmwg, make provisions ~o pressurize the test chamber to at least 633
mmHg. Ground level pressures referred to in paragraph II-3.2 step 5 shall
consist of pressures from 633

Step 7. Perform stepa,4

11-3 ~..
,.

II-3:1.-~ I - oDera Ion in @“sive atmo~
t.

,.,..
,“itep1. perform preparation for test.. .. .

to 800 mmlig,inclusive.

and 5 of paragraph II-2,.1. ‘,..

, Step 2. Seal chamber with testitem mounted ineide.

Step 7. Operate the teat item. Operation shall be continuous from step
thru step 13. Make and break electrical contacts as frequently as reasonably
possible.

Step 3. Raise the ambient temperature of air inside the chamber to that
determined in paragraph 1-.3.1.3. Wait.until temperatures of test item and test
chamber inner walls come within 11°C of chamber,ambient air temperature.

.,

Step 4. Adjust the chamber air pressure to simu”latethe test altitude
plus 1500 meters, as given in paragraph I-3.1.5.

Step”5. Inject the required”quantity of n-hexane into,the test chamber,

Step “6. Circulate the,test atmosphere at least three, but not more’than ,
four, minutes to allow for complete vaporiz?tlon of fuel and the development of
a homogeneous mixture.

7

METHOD 511.2
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Step 8. Slowly increaae the air preaaure in the
air into the chamber. Simulate change of altitude at
meters per minute. . .

.!

Step 9. Stop air pressure charige’at 1500 meters
ground level, whichever is reached first.

test chamber by bleeding
a rate no fastefithan 100

,.

below””teataltitude or at

.,

Step 10. Check the potential explosiveness of the aii-vaPor mixture”by ‘ ,
attempting to ignite a sample of the mixture by a spark-gap or glow plug .‘
ignition source having sufficient energy to ignite ? 3.82-Percent hexane
mixture, If ignition doee not occur, retui% the chamber to ambient atmospheric
pressure, purge the chamber of the fuel-vapo~, and reinitiate the test”at the
most’recent test altitude.’

‘Step 11. If th6 lower limit of simulated altitude reached in steP’9 i?
3000 meters or greater above sea level, reduce the value of the test altitude

~ by 3000 meters. If the station ambient pressure altitude (i.e,, ground level)
was reached. KO to ateu 13. If the station ambient Dresatirewaa not reached,,- .-
return the simulatedaltitude to station ambient“pressure, purge the chamber to
remove all fuel vapor, and then evacuate the chamber to the new value of test
altitude.

.. .

Step 12. Using the new value of test altitude from step 11,“conduct steps
5’through 10. .: ,,

‘“Step13. Document test results per paragraph II-4. “ <;:, ,. !.

II-3.2 Yrocedure II - ~ent $test
... -,

Step 1. Perform preparation’for the teat as given in II-2.2.

Step 2. Seal the chamber with test item inside.

Step 3. Raise ths ambient.air temperature inaide chamber. .‘ -

Step 4. Wait until temperatures of test item and test
come within 11‘C of chamber ambient air temperature.

Step 5. Change chamber air pressure to 1500 meters of
above the ‘stationambient pressure (i.e., ground level).

Step 6. Inject the required quantity cf n-hexane into

chamber inner”wal

.

s

simulated altitude

the test chamber to
obtain optimum fuel-vapor/air mixture at station ambient pressure or as given
in I-3.1.4bfor n-hexane. ‘

:.-’,

Step 7. Circulate the test atmosphere for at least 3 but no more than U
minutes to allow for the complete vaporization of fuel and the development of a
homogeneous mixture within the test item and within the test chamber. ,.

.i st’eD8“( Bleed air into the chamber to return the Dressure.altitude to.-. . ..–. —.—
station ambient pressure (i.e., ground level).

,,

. . ...’.’.,
., ..

:.

.
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Step 9. Energize the internal oaae ignition source.

o ‘“ Step 10. Confirm the occurrence of an explosion within the test item
using the installed thermocouple. If no explosion occurs, purge the chamber
and.the test item of all air/fuel vapor and’return to step 2.

Step 11. If the explosion inside the test item’s case did not propagate
to the fuel-air mixture.outside the teat item, repeat steps 7 through 10 five
times if the.test item1s case,’isnot in excess of one fiftieth of the test
chamber volume. If the test item volume is.greater than one Fiftieth of the
chamber vOlume, Purge the chamber and test item of air/fuel vapor and return to

.. step 2.
,. .T

Step 12. Check the potential explosiveness of the air-fuel vapor mixture
by attempting to ignite a sample of the mixture by..a spark‘orglow plug. If
chamber sample doea not ignite, purge the chamber of all air/fuel-vapor
mixture;.and ,repeatthe entire test from step 2.

,.. . ....!
Step .13. Document the ‘testt’eSUlta. .,. .

,,.

11-4~” ‘. .:-..’
.,.

a. Testeprocedure number. ,;~~ ,.

..’,
b. Chamber pressure and.temperatures at each,test point (simulated

altitude); .
.

0 c. For Procedure II, the locations of glow plugs or spark gaps installed
inside test items.

d. For.Procedure II, energy requirement forthe glow plug or spark‘gaps
for operation.

e.. The quantity of fuel.required at each test point.

f. The offlon cycling rate for the teat equipment.

J,

,,

..
. . . ...“.

:....’ ,.

,.

,.. ,

511.2-9
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APPENDIX f!

METHOD 511.2
.’,

EXPLOSIVE ATMOSPHERE

., CHAMBER, PLAMMABLE ATMOSPHERE TESTING

A-1 This appendix describes one.test chamber capable of producing the
flammable atmosphere conditions required for this test method.

. .
A-1.1 Comooneritoarts. The facility shall consist preferably of a steel test ,
chamber and associated pumps, ignition system, fuel metering system, power
source, and.any other equipment necessary to meet the””requirements for test
method 511.2 for flammable atmosphere,testing. .’

!.. ,,

A-1.2, QQS@I and constructio~. The explosive atmosphere testing facility
,.

shall.be a portable self-contained unit.or a permanent iflStaUatiOn consisting
of a well-lighted test chamber equipped with .a’system”for mixing and
circulation of exploeive air-fuel vapor mixtures, a means of ignition of
air-vapor mixture, an explosion relief valve system (figure Al is a drawingof
a differential pressure explosion-relief valve), and a vacuum pump to permit
the simulation of altitude. Adequate controls and instrumentation shall be
provided. The facility shall be assembled on a chassis or frame and could be
mounted on pneumatic-tired wheels for portability... The design-may c“onformin
general to figure A2 and”shall be capable of compliance‘withthe requirements
~f this metho~.

,! .. .

A-1.2.1 ~. A practically ;ized test chamber should provide,aminimum a

clear working space 3 feet in diameter and 5 feet long and should be capable
of maintaining any desired pressure altitude within perfcu.mancelimits
specified in paragraph A-1.3.5 below.

A-1.2.1.1 ~.’ The chamber shall have pressure relief valves and shall
be capable of conformance with the applicable requirements of A-1.3 below.
Pressure-tight jacks for transmission of power to and from the test item shall
be provided, together with openings for the insertion of sealed mechanical
controls, as required. Observation windows shall be provided in both sidea of
the chamber.

A-1.2.1.2 EIA?Qc. A removable floor, having a minimum area of 0.75 square
meter ‘(8 square feet) and capable of supporting 488o kilograms per square
meter (100 pounds per square foot) within the chamber.

.

A-1.2.1.3 ~. The test chamber shall be lighted ‘withtwo 150-watt
lamps of explosion-proof design, one located at each end of the chamber, to
provide uniform illumination.

9
A-1.2.1.4 S.fx.ffinxboxa Two stuffing boxes shall be provided to facilitate
the penetration of cabling connectors and control shafts.

FfSTHOD511.2
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NeedleValveFor AutomaticControl
Of FacilityPressu.eRelia$eValve

This Valveis Designedfor the Releaseof Internal
FacilityPressureby the ControlledApplicationof a Negative,
Forcewhich Liftsthe ValveOff its seatvhe~ en ~lo~ion
Occurswithinthe TestFacility

FIGURE Al.
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A-1.2.1.5 ~ and circulation sv#&_m. A system shall be provided for the
mixing of air and fuel .toproduce flammable air-vapor.mixtures, and for the
circulation into the test chamber of the mixtures so produced. The system
shall consist of a closed-duct circuit of which the test chamber shall form a
part. The circuit shall be equipped with a mixing blower capable of producing
an air velocity in conformance with the performance limits of A-1.3.3 below.
An additional blower of similar capability shall be provided to insure thorough
circulation,of air-vapor mixtures within the test chamber. The system shall be
equipped with valves to permit safe and practical scavenging of the test
chamberand test.item, and to bring in outside air for mixing. The outside
incoming air port should be equipped with a drying chamber which contains
silica gel or some other drying agent: An air bypass system shall also be
connected to the downstream side of the drying chamber through a control valve
and into the chamber, to permit air to be bled into..the chamber during a test
run. The complete injection and mixing operation shall require not more than 3
minutes.

.,

,.
‘A-1.2.1.6 E!@ meter~ Svstern. A means shall be provided whereby fuel vapor
can be metered into the mixing and circulation system in controlled quantities
to produce explosive mixtures of any desired air-vapon ratio.

A-1.2.1.7 Fue1 vaDO&. A vaporizer shall be provided in the mixing
and circulation system to ‘vaporizeliquid fuel for mixing with air. The
vaporizer should consistofl a heat exchanger using water as an exchange media.
The water shall be heated by itmnersiontype heaters in order to warm the mixing
air Prior to initial contact between the air and the atomized fuel from the

● ‘
fuel injectors.

A-1.2.1.8 Et@osion rellef valvm.
.,

Three presgure relief valves (see an
‘exampletype in figure 1) shall be provided for the size chamber described
‘herein. The valves shall be designed to open at the minimum chamber operating
pressure and, when opened by an explosion, shall remain in that position until
released. Closure should.be either by manual actuation of hand valves or by
automatic preesure equalization”of the test.area and the.surrounding atmosphere
through suitable restrictive orifices. Each valve shall have a minimum cross-
iectional area of O.13 square meters (200square inches).

:..

A-1.2.1.9 ELI.& The explosion facility shall be capable of utilizing n-hekane
fuel to produce flammable vapor mixtures.

A.1.2.1.1O .J@&.@I svsterq. An ignition system shall be provided to permit
ignition of the atmospheres within the main chamber, the sampling chamber and
the case of the test item, as required. This shall be accomplished by spark
plugs installed in appropriate locations within the chamber and with leads
provided ‘forplugs installed in test item cases. Spark plugs shal1 be
positioned so as to eliminate any effect by wall conditions on spark
temperature.

511.2-13
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A-1.2.1.11 Ekctrical svstern. All electrical component, of this facility
shall be explosionproof and conform to the applicable portion of the National
Fire Underwriters Code. The chamber shall be equipped with sealed male ‘plugs
and female jack feedthroughs to transmit power as required through the chamber ●
wall to the item under test. For example:

12 - 150 tip. jack and plug terminals
12 - 75 SMP. jack and plug terminals . .

12 - 40 amp. jack and plug terminals
12 - 10 amp. jack and plug termina~s (male jack and,female plug).

Studs may be used through the chamber wall provided they are wired to jacks
located on a panel mounted on the facility. Jacks and plugs should be similar

-

to and interchangeable with existing laboratory equipment.

A-1.2.1.12 Yacuum DUmQ. A vacuum pump capable of producing and maintaining
within the test chamber any desired pressure altitude within the performance .

limits specified in A-1.3.2 shall be provided. The pump shall be mounted on
the same chassis as the chamber. Five minutes shall be the maximum allowable
time to produce any pressure altitude desired.

A-1.2.1.13 ~. A sampling chamber equipped with a blower and a
spark plug shall be provided. The blower shall be capable of mixture circula-
tion at the velocity specified.in A-1.3.3 and shall be appropriately located.
The volume oC.the sampling chamber shall be not less than 1 cubic foot and the
configuration symmetrical, to prevent end effects resulting from ignition o!
explosive mixtures. The sampling chamber shall be of a strength equal to that
of the main test chamber. A maximum pressure indicator shall be furnished for
the sampling chamber. The sampling chamber shall be external to the main cham- ●
ber but in.as close proximity thereto ae possible. The inlet side of the
sampling chamber mixing blower shall be provided with a flexible probe which
can be placed in the vicinity of any potential arcing sources on the test item.
Provision should be made to insure that sampling chamber wall temPerattirewill
be equal to main chamber wall temperature.

A-1.2.l.14~. A thermostatically regulated heater system capable
of controlling the air temperature in the chamber within performance limits
SDeCified in A-1.3.4 shall be Drovided. The heater system shall be built into
tie chamber walls-so that the &hamber air temperature-is controlled by heat
from the walls. The time required to attain any desired temperature shall not
exceed 1 hour”. Temperature fluctuations due to the introduction into the test
chamber of air-vapor mixtures shall not exceed 5.5°C (10.OoF) in magnitude,nor
2 minutes in duration.

A-1.2.1.15 ~.
*

The following instruments shall:be provided:
,.

a. Altimeter 0-25,000 meters (o-80 ,000 feet)

b. Maximum pressure indicators (2) 0-2400 psscals (0-350 psi)
.

c.’ Chamber air temperature indiCat6r 0-260°C (0-500°F)
,,

d. Chamber wall temperature indicator 0-2600C (0-500°F)

MSTHOD 511.2
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Fuel te,rnperatureindicator 0-40°C (O-lOO°F)

‘Vaporizer,air temperature indicator 0-z600C (0-500°F) .”. ‘

Vaporizer media”temperature indicator 0-2600C.(0-500°F)

Fuel quantity gage (calibrated for n-hexane of 0.659 sPecific gravitY
at 2130C ‘relative to water at, 40c and reading in milliliters Of fuel)

i. Fuel inert pressure indicator”o-700 kpa’(6.76 psia)

.j. Heater thermostat O-2600C (0-500°F) ,.,

A-1:2.1.16 &: The facility shall be provided with switches, valves,
etc. for control of all components and systems of the test chamber. Centrols
shall be mount”ed.so that their use.is ‘convenient. ,.., .

A-1.2..1.17 ..’.
S.afetvDbovlsAQM

A-1.2.i’.l7.l!Wcator 1~’. ‘Panel-mounted individual.lights shall be
provided and installed on the test facility in a location readily visible to .,
the operator, each light being indicative of the status or conditiOn of a
system or piece of,equipment not in an observable poeition. All conditions
involving operational safety shall be so indicated and any othera will be
included if specified by the,procuring activity.

A-1.2.1.17.2
. .

●
Safetv’interlock sxizLcLm.” An automatic mechanical or electrical

interlock device shall be provided<to prevent the premature actuation.of the
ignition system. The design of the system shall be such that all openinga to
the main test chamber, including the ma~n door, the explosion relief valves,
the circulation system inlet and outlet”ports, and the sampling chamber ports,
must be securely closed before energy can be transmitted from the ignition
system to the spark plugs. An audible signal shall“be provided to sound if :
actuation of the ignition system is attempted before all the above listed
chamber vents are closed.

K-1.2.1.17.3 tierue~ure relief de-. A rupture disk.or other.
suitable type of fast acting pressure reiief device shall be provided. The’
device shall be desi~ed to rupture or otherwise relieve, when ,subjectedto a
preagure in’excess of the chamber design pressure. The pressure relief device
shall be located on top of the test chamber and protected
prevent fragmentalion hazard.

A-1.3 ~

A-1.3.1 ml. The test chamber shal1
withstanding any explosion pre?sure up to and including 2
pounds per square inch). “’.

A-1.3.2 re altw. The chamber shall be capable
desired pressure altitude from sea level to 18,250 meters
within the limits specified in A-1.3.2.1.

by a vented dome to

be capable of
megapascals (300

of maintaining any
(0-60,000 feet)

●
511.2-,15’
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~-~.3.2.~ ~. With the vac,uumpimp turned off”;‘thechamber shall
be capable of maintaining any pressure altitude from sea level.to 300.0meters
(10,000 feet) for a period of 10 rninutea,and’any altitude from 3000 meters ●
(10,000 feet) to 18,000 meters (6o,000 feet) for a p.ariodof 20 minutes, with a
loss not to exceed 5 percent of the total pressure ‘altitudeduring either time.

A-1.3.3 air veloti. The bloifer”semployed for mixing and circulation
of air-vaoor mixtures within the ❑ixing circuit. the main chamber and the

I sampling~hamber shall be capable of p~oducing Outlet ai! veloc:!ie.sbetween
300 and 600 meters per rnintite(1,000‘and 2,000’feet per minute)’.

A-1.3.4 air temueru. The air”temperature”with”inthe teat chamber -.
shall be controllable between 20°C and 24ooc 23°C (700F and 450°F f5°F) at.all
points 1-1/2‘inchesor further from the chamber ;alls. Within the 20°C to the’
1200C (70°F to 250°F)’temperaturerange, no hot spot:.in excess of,40°C.(75°F)
over the thermostat setting shall exist in’the’chamber atmosphere. For the’
1200c to 24ooc (25ooF to 4500F) temperature range hot spot? in excess of 15°C

.*.

(25°F) above the thermostat setting are not permissible in the chamber”
atmosphere. Time required to raise the ambient air temperature from 20°C
(70°F) to any desired value-within’titie’specifiedrange shalk not exceed 60
minutes. .. ,.

.... .. ‘1 :..-.. ,, r.

A-1.3.5, ‘~ “. “
,.. , ,-. ,,

,,,,.r.., .

A-1.3.5.1 ~. Unle~i “otherwisespecified, instruments
and controls shall be accurate within the following limits:..),,,.,,.,

a. Temperature indicator (inclidink thermostats): Zl”c”(3?°F) ,.; ‘.
!. .,.,,. 0

b.
.-,,

Pressure indicator: S“kpa (:1‘psi) ,, .“’ ,’.,.

I
,.,.

c. Altimeter: ?1 percent .. ,.-

d. Thermostat: ~10C(~20F) “ ‘“ “ .,,.,’
.,...,;;,., ,., .,

1 A-1.3.5.2 ~ Unle.qaotherwise gpecif+:d; eny~ronmental conditions
induced within the cham~er’shall not,Vary in”~XceSs ‘ofthe ,f:llowinglimits:.

a. Air or ‘mixturevelocity: 1.5 percent ~li’mktetisper”minute) ‘““’

. b. Altitudes: :2 p’ercent(in meters)

c. Temperature: t3°C (-%°F) .. .,

NOTES
‘- ,“

1. ~. The explosion-proof testing chamber described herein”is .,,‘“
intended for use in the accomplishment of explosion-proof teste‘in.accordance .

with this standard.
,“,’. ...

,, ., ,,. .

.,. ,

METHOD 511.2
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2. ~tion -. An instruction manual should be available to provide

o

the fo,l,lowinginformation concerning the explosive atmosphere test chamber:

a. Operating instructions.

b. Maintenance instruction.

c. Assembly

d. List and

:.- e. Detailed

and disassembley procedure.

description of all replaceable parts.

aasembly drawinge.

f. Wiring ,diagrams.

3, 13aQlitv oiaabilitv dti. The following information should be stamped
data platea, which should be attaohed to the test facility at the location
specified:

a. Maximum chamber design pressure: By chamber pressure indicator.

b. Vaporizer mixing air velocity: By vaporizer control switch.

c. Outlet air velocities of blowers: On side of test facility in a
clearly visible location.

on

,1+ .,, ,.. -

0“:d. Emergency relief pressure: On dome of emergency pressure relief
device.

Identification by name and purpose of each instrument, control, or
indic~ting light: On or near the item concerned.

f. Explosion relief valve minimum opening pressure: On base of middle “’
valve.

s. Free-volume (in cubic feet) of main and sampling chambers: On sides
of chambers.

4. -v cal~ charts aDQ.@-@.
should be available as follow’s:

Calibration charta and other data

a. Calibration chart to correct the fuel quantity gage for use with fuels
of other than the gravity for which the gage was originally calibrated:

“

b. Calibration chart for altimeter.

c. Calibration charts for correction of scale error of various
. indicators.

METHOD 511.2
APPENDIX A
19 July 1983 -.,!
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t41ETH0D512.2

LEAKAGE (IMMERSION)

I-1
I-2
I-3

I-4
I-5

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

SECTION I
PURPOSE . . . . . . . . . . . . . . . . . . . . . . . .
ENVIR0Nt4ENTALEFFECTS . . . . . . . . . . . . . . . . .
GUIDELINES FOR DETERMINING TEST
PROCEDURES AND TEST CONDITIONS

SPECIAL CONSIDERATIONS . . . . . ~ : ~ ~ ~ ~ J ~ : ~ ~
REFERENCES: . . . . . . . . . . . . . . . . . . . . .

SECTION II
APPARATUS . . . . . . . . . . . . . . . . . . . . . . .
PREPARATION’FOR TEST . . . . . . . . . . . . . . . . .
PROCEDURE . . . . . . . . . . . . . . . . . . . . . . .
INFORMATION TO BE RECORDED . . . . . . . . . . . . . .

Pa!3e

512.2-1
512.2-1

512.2-1
512.2-4
512.2-5

512.2-6
512.2-6
512.2-7
512.2-8

SECTION I

I-1 EUMQS.E. Leakage (immersion) tests are conducted to determine whether
materiel is constructed sc that it can ,be immersed in water withcut leakage

a

cf the water intc the enclosure.

I-2 ~s. Penetration (seepage) cf water intc equipment
enclosures can result in problems such as:

a. Fouling of lubricants between moving parts.

b. Formation of electrically conductive bridges which may cause
electronic equipment to malfunction or become unsafe tc operate.

c?. Corrosion due tc direct exposure to the water or to the relati
high humidity levels caused by the water.

.vely

d. Diminishment of the burning qualitiea cf explosives, propellants,
fuels, etc.

I-3 FOR ~
.

NOTE: This test method should be applied at the end of the tailcring prccess
described in secticn 4 cf this standard.

. a. ~. This methcd is used when the teat item is designed to
be watertight and may be exposed to partial cr complete immersion in water.
This tast may, in some cases, be used to verify watertightneaa in lieu of a
rain test, prcvided that the test item configuration ie the same and erosion ia
net a problem.

o
,*

512.2-1
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b. Eestrlatlon.
. .

This method does not necessarily duplicate Service
conditions but is used to verify the integrity of the test item’s seals.

c. ~. (See General Requirements,’4.4.4.) This test should
be performed before and after structura~ tests such as shock and vibration
aid in determining the test item’s watertightness after dynamic tests.

,,. .,.

I d. M@ variaM2afi. This method consists of one test procedure with

to

~
several related test conditions that must be given values before the test is
initiated, such as:

(1) Test item configuration. ; ~~ .,, ..

. .. .,

: (2) Preheat temperature. .,,

.

(3) Depth of immersion.

(4) Duration of immersion.

‘” (5) Additional guidelines as appropriate. “‘’
.,

I-3.1 ~ce of test DrOCedurs2

a. X.setobtectiv?a. The primary objectives Df the leakage (imersion)
teat are to determine whether:

,.

(1) ‘fhetest item can be immersed in wateriithout penetration of
the water into the test item.

o

(2) The penetration of any water.into the test item dill cause
operational degradation of the test item.

(3) The test item can be operated safely following immersion.

(4) Other possible effects may be caused “bywater leaking into the
test item.

. ..,

Based Dn this information and tbe purpose of the test item, determine any
variations to ‘thebasic test that are required.

b. c lea-. This procedure is used to test
relatively small teat items (man-packed or man-portable for the most part) that
employ seals or gaskets to prevent water penetratim into the interior.1/ ..

1-3.2 Ct@ice Of related test con
d.

iou

! a. ~. The configuration of the test item is an
important factor affecting water penetration into the test item. The fol- .

lowing are examples of configuraticms‘t& consider:

(1) In a shipping/storage Container or transit case:

I
1/ Shelter-size test items may be subjected to the’fording tests of

MIL-S-55286 or MIL-S-55541.

MSTHOD 512:2
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.

(2) Sealed with protective covers, caps, plugs, etc.

(“3) Modified with kits for special applications.

. ~.(4) Normal ‘operatingconfiguration.
,..

.
,,

b.~. : ““ ‘This teat usually includes heating of the test item to
induce expansion of materials and, after cooling, to establish a pressure
differential to determine whether the seals or gaskets leak under relatively
low Dressure.

(1) The test item temperature of 27°C (49°F) above (At) the water
temperature is used to produce a pressure differential inside the test item
following immersion.

(2) The temperature of the water shall be 18° t 10°C (64° k 18°F).

(3) Duration. The test item shall be heated untii temperature stabi-
lization of the test item has occurred or for 2 hours, whichever occurs first
(a sufficient time to raiae the internal air temperature.to a value approach-
ing 45°C (113°F)).

.C. - of immersi~. The depth of immersion affects the pressure
differential that develops on the test item. Since this method is designed to
test the effectiveness of seals or gaskets, a l-meter test depth is suggeeted.
This, combined with the initial teat item temperature, should result in twice

●
the pressure differential of iuunersionto Im without heating. Other values
such as those shown in table 512.2-I may be used if appropriate..

TABLE 512.2-I. .Yater D~ures at various ~.

Head of Water Pressure Difference
(meters) (kPa)

(1“psi = 6.895 Ma)

0.15 ... . 14.7
0.91 ,~ 90
1.0 ~~ 98
1.5 , 147
4.0. 392
6.o . - “ 588 .
10.0 980

. NOTE: The equivalent head of sea water is 0.975 times the head of fresh
water for the same pressure difference.

d. ~. Just as the test item is heated for at least
; 2 hours before immersion to.insure thorough heating, the immersion period of

2 hours is considered adequate.to develop leakage if it is to occur.

●
512.2-3
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e. ~. Review the equipment specification and
requirementa documenta. Apply any additional guidelinea neceaaary.

~-~ .~

1 1-4.1 l?ailure~. Based on the individual teat item and the require-
ment for its leakage resistance, the following failure criteria apply:

a.

the teat
failure.

~. Determine which of the following is applicable:

(1) Unconditional failure. Any ‘evidence‘ofwater penetration into
item enclosure following the inznersiontest shall be a basic for

(2) Accep~able w~ter penetration. Water penetration of not more than

.

IIcm~.per 28,000 om~ (1 fts) of test item enclosure 2/ shall be
acceptable, provided the following conditions are met:

(a) The water has no Iigediate’effect on the operation of the .
teat item.

(b) The teat item in its operational configuration
(transit/atoraSe case open or removed) shall successfully complete the ihduoed
temperature/humidity (procedure II) of method 507.2 for the geographical area
in which it ie designed to be deployed.

b. Failure of the test item to satisfy its func-
tional requirements shall constitute an immersion teat failure.

o

c. ~. The test item must be safe to operate following the immer-”
sion teat.

I-4.2

a. When testin~ a shipping/storage container or tranait case
test items enclosed, all dunnage, packing, padding material, etc~,
abaorb water shall be removed, if possible, before the teat.

without the
that may

b. Extreme caution must be exercised when using the test item handlea,
protrusions, etc., to Pull the test item under the water. This could produce
unrealistic atress and leekage into the teat item.

1-4.3 rv of teat The following information is,
required in the test plan for adequate conduct of the testa of section II:

.,

a. Test procedure number.

I
21 This quantity of water (4 cm3) is approximately the quantity required to

raise the relative humidity of 1 cubic foot of air from 50% at 21‘C (70°F)
to saturation at 49°C (120°F). The 49°C value is realistic for equipment
exposed to high-temperature and solar-radiation effects.

●
MSTHOD 512.2
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Q b.’““Physical size of the test item’,(to determine test facility
requirements).

.4.,,.

c.

‘d.

e.

f.

.-..,,.g.

h..,.

Tiedown precaution (to prevent unrealistic stress).’ “
,.’

Test ‘item’configuration. .,. ,
,.

Conditioning temperature and duration. ...

Covering/immersiondepth.
. . .

DUr~tiOn Of i~e~sion.~ -1. . . . “,. ; .
..

I-5 EXEMWXS “’

,a. MIL-S-55286,

b. MIL-S-55541,

,,

,Additional.guidelines.
,, .,.

... ,.,/, -, .,.,,,-.!.
,.. . ,.. .

Sb.eIt.er.Electrim&-Eguio ment S-?80( ‘)/G ‘ -,.. , ... .. . . .

Shelter. Electrical Equ@uent S-?~O(.)IG

.. . .. ,. .

,’

.,

., -.
,; ,,,.

>. ,. - .,.

., !., .,. ,--,- . ,< ..:
.:,, . .

. .
.,, . . ,,.

.’ ,.

:,, ./’

> .

. . . .; ,,

MSTHOD”512.2
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LEAKAGE (It4MERS10N)

.J. :. .. .. . f. . .,, .. ..... ..
SECTION II -

..<, ‘..:!;.“ .,,.,

11-1 UPMML!S ,.... ..’ .1..-, *..;), .

11-1.1 ,., ....;....:!.,

a. The required test apparatua should inolude..a,watercontainer that can
.

achieve a covering depth of Im (3.3 ft) (or other required depths) of water
over the uppermost point of the test item and maintain the.t.es?.item at that
depth. Also required is a chamber or cabinet capable of heating the test item
to the required temperature. .>..T;..’.

b. A water-soluble dye:such as fluorescein may.be added to the water to
aid in locating and analyzing water leaks.

,.. .’ ..{
11-1.2 CQnkr9k ‘“

.< :

a. The temperature of the water shall be 180 ~ 10°C (64° ~ 18°F).

b. The temperature of the test item shall be 27° ~ 2°C (49° ~ 4°F) above
( t) the temperature of the water.

,.

c. The temperature of the water shall not change more than 3°C (5°F) e
throughout the’duration of the test.

11-1.3 ~ (See General Requirements, 4.5.4.)

a: Mertest intem@A2na. An interruption that results in less severe
conditions than specified should be ‘treatedas a ‘ho 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. S@2rtest interruDtisina. Any interruption that results in more
severe conditions than specified should be followed by a complete examination
of the test item and an operational check (where possible) before continuation
of testing. If no problem is evident, the test should be restarted,
preferably with a new test item..

11-2.1 ~. Before initiating any testing, determine from the
test plan:

=

a. The immersion depth and time and, if applicable, the
Dreheat temperature and duration.

●
:t@THOD.512.2
19 JuIY’;,1983

512.2-6



MIL~STD=810Di
19 July 1983 “,,,

b. The means to be used to secure the test item at the

● appropriate depth. ., ...,

0.

II-2.2
provide

The teet item configuration. .‘-’
,,

Elretest checw ‘.’;‘A1l‘test,items.re-qufre“apretest”check”outto
baseline data. Conduct the checkout as-follows:

Step 1:. Prepare.tke test item”in accordance with Gen$ral Requirements,
4.5.2. ... ..; :.. .“.. ..,,

,. Step 2. .Exaniinethe,test item for evidence:of free water. If ahy is
found, dry the test:item ‘completelybefore continuing. ,.,.F,!. .’/.

Step 3.
around seals.

Step 4.

Step 5.
document.

Step 6.

Visually examine the test item,

Document the’results.

Conduct an operational cheek in

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

Document the results.

giving special attention to areas

.~..,,.:,, ...., ,.

accordance with the requirements

,., .

.-
.

Proceed to step 1 if no DrObleIUaare found: otherwise. correctStep 7.
the problem and restart at :si,ep1 above. ‘. .,,

0 II-3 EI - .-

.

.,

Step 1. Three times, immediate y before the test;’open.and close’(or
remove and replace) any doors, covers, etc., that wouId be opened during normal
use to insure that any seals are functioning”.propei.lyand are not adhering.to
the sealing surfaces.

.. ..... . #-., .,

Step 2. Condition the test item as in I-3.2b. The test item!s sealed
areaa (where practicable) shall remain open throughout the heating cycle. “.
Also, equipment occasionally incorporates valves or venting devices which may
or may not be opened in normal service use. If the,test item incorporates suoh
a device, it should be opened throughout the heating portion of the test.

,., . ... ,. ......- .’., ‘ .

Step 3. Measure and record the immersion water temperature. If not in
accordance with 11-1.2b, adjuet as required.

Step.U. Close all sealed areas and valves, assemble the test item,in its
test configuration and, as quickly as possible, icmiersethe test item in’water
ao that the uppermost point of the test item is lm k O.lm (3.3 ft ~ 3.0 in)
below the surface of the water, or as otherwise required by the test plan.

Step 5. Measure and record the water temperature at 30-minute intervalg
following immersion of the test item.

METHOD 512.2L’:.’
19 ~Uly 1983 ‘“
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Step 6. The test item shall remain i~ersed for 120 t 5 minutes.

Step 7. Remove the.test item from the water. ,. ~

Step.8..,Wipe .,the,exterior surfaces of the.teat item d.rY,giy;ng sPecial
attention to areas ,aroundseal,aand relief‘valves. :::: ....

,.
Step...9. If applicable, equalize the air pressure inside.the test

container by activating any manual ,valve(s). ~ ~. ‘

Step 10..,Open the test item and examine the interior aid oontents for ~
evidence of and quantity of leakage and for probable areas where the leakage‘ ‘““’

.

occurred.
.
“Step 11. Document’the reaulta’.

Step 12. Conduct an operational

Step,13. Document the results.

,. ..: .,.,, ,, .,,
,..

,-.
.; .

check of the test item, i.fapplicable.

.. :. ..., .....,,. ,

Step 14. Compare,the results”with the baseline data obtained in II-2.2. ,
,.. .: ;. ::’.... . . .

11-4 “~ ‘,’
; ..:.+...... , ~~’ ,...
a. Previous test methods to which the.teat item has been subjected. :

b.””Amount of,leakage into.the test item. . . ~. :.. s:’
...,

a
... . ... ... . , ..c.> point(s).,ofleakage. “’,

. ,, ,.,.,, .!-..,..; ,.-
.,.d., Water and test ,item.temperatures. :. .: .. : . .-

e. Test item configuration. ,.
,., ,..,., , :....,. ;,,.

“f~,.,Dept.h of$imme~~i~~, . .,.,,.. : ,;,,. “.,.. “
.: ,!, . ,~t. ,
,:s. Duration of immer~ion:. ~ .. -., ... .. .... .. . . . .

.,.:.. ,., . .. .,, , . .. .. .,
h. Results”of performace checks (pretest and Post-test).

,.,

~.

.,. . . . . ....... . .. . -$’, ,..,
,.. ,.,,.,.,. ~..

,..

@
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METHOD 513.3

ACCELERATION

SECTION I
PURPOSE . . . . . . . . . . . . .
ENVIRONMENTAL EFFECTS . . . . . .
GUIDELINES FOR DETERMINING TEST
PROCEDURES AND TEST CONDITIONS

SPECIAL CONSIDERATIONS . .’. . .
REFERENCES . . . . . ... . . . .,

SECTION II
APPARATUS . . . . . . . . . . . .
PREPARATION FOR TEST . . . . . .
PROCEDURES . . . . . . . . . . .
INFORMATION TO BE RECORDED . . .

Iaa2
. . . . . 513.3-1
. . . . .,513.3-1

. . . . . 513.3-2

. . . . . 513.3-9

. . . . . 513.3-10

. . . . . 513.3-11

. . . . . 513.3-11

. . . . . 513.3-13

. . . . . 513.3-13

SECTION I

I-1 ~. The acceleration test ia performed to assure that equipment can
structurally withstand the g foroes that are expected to be induced by acceler-
ation in the service environment, and function without degradation during and
following exposure to these forces.

1-2 ~. Acceleration generally increases the forces acting
on equipment and the hardware used to mount the equipment. An exception 18
acceleration that induces foroes in opposition to gravitation forces, in which
case the equipment can approach or attain a atate of weightlessness and become
reverse loaded in excess of the opposing gravitational forces. The forces
induced by acceleration can cause:

a. Structural deflections that interfere wittiequipment operation.

b. Permanent deformations and fracturea that disable or deetroy the
equipment. ,.

c. Broken faateners and mounting hardware that cause equipment to become
loose 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 mechanisms to bind.

h. Seals .toleak.

i. Pressure and flow regulator to change value.

513.3-1
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j. Pumps to oavitate.

k. Spools in servo valves to be displaced and oauee erratic and dangerous ●
control system response.

I-3 ..‘- : ~.

NOTE:
,.:,.”.’ .’ ..’

This test method should be applied at the end of the tailoring procese
desoribed in section 4 of this standard. .,, -,

a. This test method ii applicable to equipment.and devices
that are installed in aircraft, helicopters, manned aerosDace vehicles, ..:
air-carried stores, and

b. Jk2atrlctu.

C. ~. The
acceleration.

ground-launched missiles. ,’ .,

None. ./..,..,. . .
,.

high temperature’test should be conducted prior to
.

,,

,d. I@t varla.k2aa. The tests vary in acceleration, axis of acceler- :
ation, duration, test apparatus, and on/off state of.itemT

,, ...!.
1-3.1 Q@ce of test DrocedUrQS There.are two test procedures, Procedure 1,.
(Structural Test) is used to dem~nstrate that equipment will structurally :
withstand the loads induced by in-service accelerations.. Procedure II
(Operational Test) is used to demonstrate that equipment will operate without
degradation during and after being subjected to loads induced by in-service
acceleration. Equipment to be tested should be subjetted to both Procedure I
and Procedure11. tests unless otherwise specified. ●

,. .,,.
I-3.2 _Cl@ce of test cwdaLLQM-

.
Acceleration values for individual equipment

items should be obtained from the aircraft structural loads analyseg. When the
applicable aircraft i,sunknown, the values of.tableg 513.3-I and 513.3-II and
the following paragraph may be used. .. .

,.
For the,purpose of these testa, the direction of forwardacceleration is always
considered to be the direction of forward acceleration of the host vehicle. ~
Tbe test item is tested in each direction along three mutually perpendicular
axes for both test.,proce,dures.One axis is aline”dwith the forward..
acceleration of the vehicle, one axis is alined with the apanwise direction of .’
the vehicle, and the third axis is perpendicular to the plane of the other two
axeg. Figure 5-13.3-1 shows the six acceleration test dir.ectiong.

Except for helicopters, the test levels for.the six test,directions are always ..

based on the forward acceleration of the vehicle. In the case of helicopters,
forward acceleration is unrelated t.oacceleration in the other directions.
Tables 513.3-I and 513.3-II list test levels for Procedure I (Structural Test)
and Procedure II (Operational Test),
test levels are:

a.

b.

Forward acceleration of the

Orientation of test item in

METHOD 513:3.
19 JUIY 1983

respectively. Factors which influence the :

vehicle, known or unknown?

‘\
the vehi’cle,known or unknown?

\
.. ●

.,
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●
c. For fighter and attack aircraft, acceleration loads induced by roll,

pitch, and yaw change maneuvers.
. ..... . ,,

These factors are accounted for as follows.

I-3.3 rd accelera Ion known and t.
~.

est item ori.en@LL 1 .. When the
forward acceleration of the vehicle is known and the orientation of the test
item is known, the acceleration test levels for Procedure ‘Itests are those
values that are obtained from table 513.3-I when the known.forward acceleration
ia substituted for A in the table. The acceleration test levels for Procedure
II teata are obtained in the same mannerusing table 513.3-II. For
helicopters,the test levels in the tables apply regardless of forward
acceleration.

I-3.4 Forward acc~ and test item orienta~. When the
forward acceleration of the vehicle is known and the orientation‘ofthe test
item is unknown, the acceleration test levels “forProcedure I tests are the
values obtained from table 513.3-1, which givea the highest test level when the
known forward acceleration is substituted for A in the table. Use this value
to test the item in each.o~ the six test directions. The acceleration test
levels for Procedure II tests are obtained in the same manner using.table
513.3-11. For helicopters, the highest,test level in each of the tables
aPPlies regardless of the forward acceleration.

I-3-5 EmiacLacceleratbbnknown and the test item orienta
t.

n knQMIA. When
the forward acceleration of the vehicle is unknown and the orientation of the

●
test item is known, the acceleration tests levels for Procedure I tests are
those values obtained from table 513.3-I when the probable forward acceleration
as listed in the table for tbe relevant vehicle category is substituted for A.
The acceleration teat levels for Procedure II tests are obtained in the same
manner using table 513.3-11. (Not applicable“to helicopters.)

I-3.6 Forward acceleration urkwn and the test item orientation un@2wn. When
the forward acceleration is unknown and the orientation of the test item is
unknown, the acceleration test level for Procedure I teets is the highest value
obtained from table 513.3-I when the probable forward acceleration as listed in
the table for the relevant vehicle category is substituted for A.’ Uee this\
level to test the item in each of the six directions. The acceleration test
level for Procedure II tests is obtained in the same manner using table
513.3-II. (Not applicable to helicopters.) ,.

I-3.7 F~C alrcraft. The test levels as ‘determinedfrom tables
513.3-1 and 513.3-IItare based on accelerations at the center of gravity (CG)
of the host vehicle. For fighter and attack aircraft, the test levels in
general must be increased for equipment that is located away from the vehicle
CG to account for loads induced by roll and pitch change maneuvers. Roll
impacts the up and down and lateral left and lateral right acceleration loads.“’
Pitch change impacts the up and down and fore and aft acceleration loads.

,,

METHOD 513.3
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FIGURE 513.3-1.
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.. TABLE 513.3-I ted G -levas for Prooedure I.,.- St uctural tesr t.

.

-.

●

✎

✘

Manned Aerospace I 6.o to 12.o
Vehicles 5/

KAircraftStores

Wing/
Sponson” ,,, 2.0
Mounted .“

Fuselage
Mounted 2.0 .

IMissiles I

Test Level

Direction of Vehio.leAooeleration

Fore

1.5A
-

4.0

1.5A

7.5A

5.25A :
-

“1:2A

(See figure 513.3-1)

, .,Lateral
Aft up Down

Left Right

4.5A 6.75A,, 2.25A 3.OA 3.OA

4.0 10.5 4.5 6.o 6.o
.

0.5A 2.~5A O.75A 1.6A 1.OA

7.5A 4.9A 5.6A9.OA 5.6A

6.OA .6.75A 4’:lA 2.25A 2.25A
.

0.5A 1.2A’ 1.2A’ 1.2A1 1.2A!
w 1/ 1[ II

Levels in this column”.should be used when .Coiia’rdaoceleratioriiS unknown.“ When
the forward acceleration“of the “vehicleis known, that value “shallbe used ,for.A.
For carrier-based aircraft, the minimum ,valueto be used for A is 4, ,fieprepenting
a basic condition associated with catapult launches.
For ,attackand fighter aircraft, add pitch, yaw, and roll accelerations aa
applicable.
For helicopters, forward acceleration is unrelated to acceleration in‘other
directions. Teat levels are based on current and near future helicopter design
requirements. . .
When,forw~d acceleration is,not know, the high,value of the acceleration range
should be used.
A is derived from the thrust curve data for maximum firing temperature- .
Where A‘ is the maximum maneuver,acceleration.
In some cases, the,maximum maneuver acceleration and ,themaximum longitudinal
acceleration will.occur at the same time. When this oc,curs,the teat item should
be ,testedwith the appropriate fsctora using the orientation and levels for,the
maximum (vectorial) acceleration.

.,

513.3-5
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TABLE.513’.3~11 ~ G levelsfor Procedure’.II - Ouer~ test.
. .

.
t: . . Test Level

.

i ~’.- .”’. Direction of Vehicle Acceleration
<.., Forward J “ (See’’figure513.3-1)

Vehicle .“ - Acceleration
. .

* ‘Category A ,,
-,

Lateral $
in gvsll : Fore Aft “ up Down

Left Right

Aircraft ‘2/;31
,.,. .2.(3 : 1.OA 3.0AL 4.5A ‘“1.5A-’ 2.OA 2:)A ‘

Helicopters ‘-’h 2.0 2.0 7.0 3.0 ,,4.0 ‘4,0:.- .,

Manned Aerospace 6;0 to 12.o
,. , .,,,,.

;’.Vehicles ~ “” .. ...=... .,’ 1.OA 0.33A’:1.5A 0.5A 0.66A 0“.”66A
.. . . . . . .- . .. .

kirlgl ,...
., Sponson’ ‘.”2.0 5:OA 5.OA 6.OA
Aircraft Mounted

325A’ “3.75A 3.75A

Stores - “-””””-” . .. ,-:,.“,

Fuselage
Mounted “.” 2.0”’ 3.5A 4.OA’ ‘4.5A 2:7A ,1.5A 1.5A

-.. . ---- . -... .

‘Ground-Launched &/, 8/”” , l’:lA 0.33A 1:1A’ ,.,At.’ lj,A ,

Missiles . ;
1.1A’

JI 1/ 1/.. ‘.II. -
,.

.

-.

1/ Levels in this”columnshould’be usedwhen fo’rwa:d:acceleha~ion is unknown. When
:the forward acceleration of the vehicle is known, that value“-shall”be used”for A.

.2/ For carrier-baaed”aircraft, the minimum.:valtieto be used”for ~ is 4; !representing
a basic condition associated with cat,apultlaunches.

.,

~1 For attack and fighteF aircpaft,’add pitch, yaW, and’-k?il‘“icceierationias.’,.

applicable.
~/ For’helicopters,’forward acceleration is unrelated to ‘accelerationin other

directioi”s’.Test levels are based’on current and near’future helicopter ‘deSign
requirements. ~,.,

.5/ When forward acceleration i’snot known,‘“thehigh’value of the acceleration range
should be used. ,:. .,-

fil A is derived:from the thrust’curve:data”for ‘maximum‘firingtemperature: ~
l/ Where A’ is the maximum maneuver acceleration. ~~‘ ‘ “ ‘ - ‘“ .

~~ In some‘cases, the maximum maneuver ac$eleratioriand the maxi’mum-longitudirial“;
‘.’“ac6el’e”ratfonwill”’:occur at the same time. When this occurs, the’test’iteh>should
~be”tested with the appropriate factiois‘tiii’ng“theotiientitiori.and‘levelS.-forthe
maximum (vectorial) acceleration.

,.. .,., .,., .,,...,, ...

MSTHOD 513.3 ‘“
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‘I-3.7.1 ~ t“”. For wing mounted .-.

●
equipment’,’the test’levels””’for:Procedure I‘(Structural.Test) are”the.up and’T
down levels as determinedin.table 513.3-1, Plus’1.5 times NZs,the additional
load induced .byroll; where,1.5:is.a safety factor and -Nz is.computed as ,
follows.

AN2” =
$
,
:.Where::.d =

:$. =
. .

-
6=

:,.,.,,

For Procedure

,A, ,. ., .,, ., . . . . .

lateral distance;of’equipmentfrom,aircraft CC.in meters ~-.,,.
absolute value-,of maximum.roll acceleration.in rad/a2 (if”
unknown, uae ~ = 20 rad/s2) ,. ... +
9.80 m/a2

.,;.,.... , ,. -.,:,,. .. ....’-
II (Operational:Test), the test levels are the UD and down!levels.

as determined in table 513.3-II ‘plusA Nz.
. ... ,,... .. .,., ,,, ,. ,,.......)...,..:..A

1-3.7:2. ~ lateral left.and.lat~ right For
wing mounted”equipment’,the,test:levels for Procedure.I (Structural Teat),..are
the.lateral left and latera>’right levels as determined in table 513.3-I or 1.5,
times A Ny, the.load induced by rOll, whichever is,,thehigher, where.1.5 is a ..-
safety factor andA Ny is computed as follows.

$i@ ; .
ANY = g

,..., .’ ,.:! r:,!,.. .:..! .: ,”. ‘..’ ,.

0

Where: d. . ,$lateraldistanceOftequipment from aircraft CC in meters

“$ = absolute value of maximum tiol1..velocity, rad/a (if-unknown, use
~ ~05m-=$/.a) ,.,

g=.
,.f ,$. I r ..

For Procedu~e”II’‘(Operational.Test),“”thetest..level;’are’the iateril left ‘and‘it
lateral right test levels aa determined in table 513-3-II or A Ny, whicheve! is
the.higher,... ,. v. :.. ....’.. - ., ),.. ,.

c, 1.,. 4.4+: ~. -, ,.,-,. .,, .
1-3::.7.3~uver load. UD “anddown teat direcw . For fuselage
mounted.equipment, the test levels for Procedure 1.(StructuralTest).are the UP
and down acceleration levels as determined in table 513.3-I Plus 1.5 times . ,.
A,Nz, the additional 10ad induced by pitch change, where 1.5 is a safety factor
and A Nz is computed aS fOllOws. >“!,...1

A NZP= + ; -- ?. ...G < .: s... ,.. . ~ ,. .: ;- ,,.,
.,. ,,..... ,. -,. ....... ..,. ’:. ,,. ,

Where”: d . fore or aft distance of .equiprnent.from,.CG.in meterg,.
$ = maximum pitch acceleration fn rad/a2 (if.unknown, use ~ ❑ :

5 rad/s2)
,,i g = 9.8o m/a2) 1 ... ,,. , ,.,.<;3 ,-

:,,,. ! .,,.J,t.i. ., ,, “i’ ... .,

For Procedure II (OperationalTest), the test.levels are the up and down levels
as determined in table 513.3-11 plus A Nz.

● “
513.3-7
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I-3.7.4 utch chanue maneu er lo~ fore and aft,, test directiw. For
fuselage-mounted equipment,Vthe test’levels for Procedure”I (Structural”Test)
are the fore and,aft levels as determined fromtable. 513.3-1 or 1.5 times A Nx,
the load induced by pitch change, whichever is higher, where 1:5 is a‘safety ●
factor and A Nx is computed aa follows.

ANX =

Where: d =

‘$=
e=

For Procedure

fore or.aft distance of equipment from aircraft CG in ❑eters
y:%s~itch veloc”lty in radls (if unknown, use’2.5 radls).

,.” *.
r.

II (OperationalTest), the test levels are the fore and aft test
levels as determined from table 513.3-II or A Nx,.,whichever is higher.

,., .,.
I-3.7.5 xaw maneuver 1- lateral left and right direc-. For wing-
mounted equipment,.thetest levels For Procedure 1.(Structural Test) are the
lateral left and lateral rightlevels as determined-in table 513.3-I or.1.5
times A Ny, the lo,ad‘induced by yaw,,whichever is higher, where 1,5 is a,”scfetY
factor and A Ny ia computed as follows’: .,

,,. ..<.

WQere: d .. lateral distance of equipment from aircraft CG in meters

Y =- absolute value of maximum yaw’acceleration in rad/sec2 (if .
unknown,.use y = 3 rad/s2) “:.“ ,.

g = 9.80 m/s2 “. ,0

For Procedure II (OperationalTest), the test levels are lateral right test
levels as determined in table 513.3-11 or..A Ny, whichever.is the higher.

,,,,. . ...

I-3.7.6 Yaw maneuver LQCMISfore and aft test direc For fuselage-mounted
equipment, the test levels for Procedure I (Structural Test) are the fore and
aft ,levelsas determined”from table,513:.3-I or 1.5 times A Nx the load induced
by yaw change, whichever.i~:higher’,wher6 1.5 is “asafety factor and A Nx is
computed as follows: . - ,..,.

.... .. ,..,. ,,$G.. ,,,
,,,.

&
ANX= g

Where.: d . fore and aft distance of equipment from aircraft CG’in meters
y = abso}ute value of maximum yaw velocity in rad/sec (if unknown; ..

use .Y =“4.radii) :. ,,.

g-i 9.80m/s2.. ‘ . ““ ...

For Procedure II (OperationalTest), the test levels ace’fOre and aft test
levels as determined from table 513.3-II or ljNX, whichever iS higher.

:

.), , ,,, . .. .} .,, .

,. .,,
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Jest inteI’rUDt~. If an unscheduled interruption occurs while the test
item i$ at a speeified test level, the test should resume at the “testlevel.
The test duration time should be the sum of the times at the test level prior
to and following the interruption.

I-4.2 Dver-acceleratio~. If the teat item is subjected to acceleration loads
in excess of the level specified for the test, the test must be stopped and the
test item inspected and functional-tested. Based on the inspection and
functional test, an engineeringdecision should be made as to whether testing
should be resumed with the same teat item or a new test item.

I-4.3 S1.lavaDace measurementa. If a piece of equipment is mounted on
isolators, the’test should be run with the equipment mounted on the isolatcms
and the sway space should be measured to indicate potential interference with
adjacent equipment.

I-4.U Acceleration sirnilati~.” Carefu,lassessment of the function and
characteristics’of’the test item”has to be made in selecting the apparatus on
which the acceleration testa are to be performed due to the differences‘in the
manner in which acceleration loads are produced. There are two types of
aPParatus that are commonly used: the centrifuge and a track/rocket-powered
sled combination.

1-4.4.1 Centrifu~. The centrifuge generates acceleration loads by rotation
about a fixed axis. The direction of acceleration is always radially toward
the center of rotation of the centrifuge, whereas the direction of the load
induced by acceleration is ‘alwaysradially away from tbe ax’is“ofrotation.
When mounted directly on the test arm, the test item expe~iences both
rotational and translational motion. The direction of the acceleration and
the load induced is constant with respect to the test item for a given
rotational speed, but the test item rotates 36o ,degreesfor each revolution of
the arm. Certain centrifuges have counter-rotating fixtures mounted on the
te.Vtarm to correct for rotation of the test item. With this arrangement, the
teat item maintaina a fixed direction with respect to space, but the direction
Df the acceleration and the induced load rotates 36o degreea around the.
specimen for each revolution of the arm. Another characteristic is 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 size 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 more
than 110 percent, respectively~ of the specified teat level.

1-4.4.2 . The track/rocket-powered sled arrangement
generates linear acceleration in the direction of the sled acceleration. The
test item mounted on the sled is uniformly subjected to the same acceleration
level as the sled experiences. The acceleration test level and the time
duration at the test level is dependent upm the length Df the track, the power
of the rocket, and the rocket charge. The sled track generally will produce a
significant vibration environment due to track roughness. Typically this
vibration is significantlymore severe that the normal service use environment.

METHOD 513.3
19 July 1983
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Careful attention to the attachment design may be needed to isolate the test
item from this vibration environment. In performing Procedure II tests, the
support equipment necessary to operate the test item is mounted on the sled and
traverses the track with the test item..,This requiresthe use of
self-contained power units and a remote control system to operate the test item
while traversing the track. Telemetering or ruggedized instrumentation is
required to meaeure the
test load. ‘.

I-5-~.

a. Junker, V .J-.
I 1975. AFFDL-TR-65-197.
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Performance of the test item while it h exDoseci t,o the
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lb Evolution of USAE?lhg. t
DTIC number AD-625-543.
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,.

.:, ,.. .. ... . .,
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11-1’”-.
,’

Either a centrifuge of adequate size or a track/rocket--
powered sled arrangement may be used. A centrifuge is recommended for all
Procedure I (Structural Test) and most of Procedure II (OperationalTest)’
evaluations. A track/rocket-poweredsled.arrangement is recommended for ,
Procedure II..evaluations when strictly linear accelerations,are.requ:red.

11-2 .~ ‘
.

II-2.1 The teat item shall be configured for service application.
The item should be visually inspected for evidence of mishandling and
in-transit damage. Any damage observed must be noted on a pretest data sheet
and may be cause for rejection of the item for test. Sufficient dimensional
measurements of the item ehall be obtained to provide a reference guide for the
evaluation of physical damage that may be induced during the tests.

II-2.2 I@uotine of ths test item. The test item shall be mounted on the test
aPParatus usins the hardware that is normally used to mount the item in its
service installation.

II-2.2.1 “Centrifugemount-. .Forcentrifuges, the location for the test item
is normally determined by measurement from the center.of rotation of the
centrifuge to the location on the centrifuge arm that will provide the g level
established for the teat. The test item is mounted so that its geometric
center is at the location on the arm determined for the g level. G levels may
be calculated as follows.

GL .

Where: GL .
K=
R=

N=

g level to beapplied
1.12 x 10-3 for metric calculation
radial distance from the center of rotation to the mounting
location on centrifuge arm in meters
centrifuge arm revolutions per minute

The orientation of the test.item on the centrifuge for the six test directions
is as follows:

a. EQCQ: Front or forward end of test item facing toward center of
centrifuge.

b. ~: Reverse item 180 degrees from fore position

513.3-11
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c. yIZ: Top of test item facing toward oenti.rof Centrifuge.

d. QQMU: Reverse item 180 degrees from up position.

e. ~teral left: Left side of test item facingtoward center of
centrifuge.

f. Latera1 r- : Right side of test item facing toward center of
centrifuge.

After the test item is properly oriented and mounted on the centrifuge,
measurements and calculations must be made to assure that the end of the teat i
item nearest to the center of the centrifuge will be subjected tc nc leas than
90 percent of the ‘glevel established for the test. If the g level is found to
be less than 90 percent of the established g level, the teat item must be
mounted further out on the.centrifuge arm and the rotational speed adjusted
according y or a larger centrifuge used so that the end of the “testitem

.

nearest to the center of the centrifuge is Subjected to at least 90 perce”ntof
the established g level. However, 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 shculd be
made for load gradients based on the existing availability of large centrifuges
in commercial or government test facilities.

II-2.2.2 BOcket-nawed sled mOuntti. For rocket-powered sled mounting, the
test item and associated test fixture or apparatua shall be mcunted on the sled
platform in accordance with the controlled acceleration direction of the sled.
(The tegt fixture or apparatus should have been designed to isolate sled
vibrations from the test item.) Since the sled and test item experience the o

cameg levels, only the orientation of the test item cn the sled is critical.
The orientation of the test item cn the sled shall be according to the
acceleration directions shown in figure 513.3-1 and the controlled acceleration
directicn of the soledfor the,six test directions.

II-2.3 Functional cretz. After the test item ia mounted on the test
apparatus, a complete functional test shall be made on the test item to assure
that the test item complies to the specification requirements. Record
functional performance, observed data, and other pertinent.information.
Failure of the item to comply to specifications is cauae for rejecticn for
teat.

Fcr Procedure I (Structural Test), the functional pretest may be performed
prior to mounting the test item on the test apparatus. However, fcr Procedure
II (Operational Test), the functional pretest should be performed after the

,,

test item is mcunted on the test apparat’uato assure that the test item is
prcperly installed fcr operaticn during the Procedure 11 teets.

METHOD 5’13.3
19 July 1983
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11-3 HUEWEES “

11-3.1 Pro edure Ic - Structura1 test. Bring the ~centrifuge to the speed
required to induce the specified g level in the test item as determined from
I-4 and table 513.3-I ,forthe particular test item.orientation. Maintain this
g level for at least one minute after the centrifuge rpm has stabilized.
Repeat this test procedure for the remaining five test directions. Upon
completing the tests in the aix test directions, the item should be
functional y tested as specified in II-2.3 and inspected as specified in
II-2.1.

II-3.2, Procedure 11 - ODera lona (centrifuge).
t.

1 test Turn on the test item’
and place it in its operational mode. With the teat item operating, bring the
centrifuge to the speed required to induce the specified g level in the test
item a.qdete~mined.from 1-4 and table 513.3-II for the particular teat item
orientation...,Maintain.this g.level for at least one minute after the
centrifuge rpm has stabilized. Check the functional performance of the test
item before, during, and after the teat and record the results.. Repeat this
test.procedure ,forthe five remaining teat directions. Upon.completing the
tests.in the six teat,directions, the test }tem shall be :nspected according to
11-2’.1..... .,

II-3.3 procedure II - Operational test (track/rocket-DOwered sled). Turn.on
the test item and place it in its operational mode. With the test item
operating, accelerate the sled to the level required to.induce the specified g
level in the test item as determined from.I-4and ,table513.3-IIfor the
particular test item orientation. Check the functional performance of the test
item before, during, and after the test and record the results. Due to the
dynamic limitations of trackand sled facilities, additional test “runsmay be
requited to adequately.demonstrate acceptable performanceof the test item
while under the test loading. Repeat this test procedure for the five
remainingtest directions. Upon completing the tests in the six test
directions, the test item shall be inspected according to II-2.1.

11-4 ~
,.
a. Pretest inspection ,observationsand dimensional measurements made of

the test item. ,.

b. Pretest operational performance data obtained for the test item.

c. Test.procedure number, test apparatus, test item orientation, test
level;and time duration at the test level.

“d. For Procedure 11 tests.,.the operational performance data of the test
item while it is under load.

e. Post test inspection and operational test of the test item.

f. Failure analysis or deviations from specification, if appropriate.

?@THOD 513.3
19 JUIV 1983
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VIBRATION”
r

SECTION 1’

&ii%2.

‘PURPOSE. . ..’.. .. . . . .. . . . . .“. ... ... .. . . . : .51.4.3-1
ENVIRONMENTAL EFFECTS. . . . .... . . . .. “.,,’.: . . . . 514.3-1
GUIDELINES FOR DETERMINING TEST PROCEDURES AND TEST ~~,.
CONDITIONS . . . . . . . . . . . . . . . . . ... . . . 514.3-2
SPECIAL .CONSIDERAT:IONS; . . : ..... .,. . . . . 514.’3-58
REFERENCES’... . . . . . ... .“. . . ..... .,..... :..’:”: :.: 514.3-65

.,.
SECTION“II ..,,”

APPARATUS. . : . +.:,...,, .,...., . . . . .”. .’. ... . . . . 514.3-69
PREPARATION FOR TEST .’.. . . . .“. . . .,.’... .. .. 5,14.3-71
PROCEDURES’. ... . . . . . . . .:. . . . . . ’.”...... 514.3-72
INFORMATION . . . . ... ... . . .. . . . . .. . . . .. . .. . “514.3-75

1-1 EKEWSE. Vibrationtesting is performed to determine.the resistance of
equipment to vibrational stresses expe,ct.edin its shipment’aridapplication
environments.

I-2 ~. Vibration oan cause:”

a.

b.

c.

d.

e.

~.

g.

h:

Wire chafing. . ,,

Loosening of fasteners~ ...!.’.

Intermittent 61eotric,al,“contacts.:’ ,:

Touching and shorting of electrical parts,..‘

Seal deformation. ,“ .,. ,. . . . ..
,.

Component fatigue.,. ., ‘“, ., ..

Optical misalignment. . ;

Cracking-and rupturing. ,, ,”:

,. ,.
.

,.

514’:3-1
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i. Loosening of particles or parts that may become lodged ,.incircuits or
mechanisms.

j. Excessive electrical noise.

I-3 PROCEW8ES AND ~. This
test method should be applied at the end ‘ofthe tailoring process described in
section 4 of this standard.

a. tion. This method is intended for all types of military
equipment’except as noted in the foreword to this standard. :.

b. Iiestrictio~. None. ,,., .,.
.!,

.:
c. SQiwlQeJ Vibration testing may be p~rformed:“anytimein the ‘“

‘testprogram. The accumulated effects of vibration-induced stress may ‘.
affect equipment performance under other environmental conditions, s,uch
as temperature, altitude, humidity~ leakage or EMI/EMC. When it is desired
to evaluate the cumulative environmental effects of vibration and other
erivironments,a single test item should be exposed to all environmental ‘‘:
conditions, with vibration testing generally perfo~med’.fir~t.

. . .

d. Test varlat-.
. . ,1.,

(1) Test “apparatus. ‘” !+,:,. ,.
... -. :.

(2) Test item configuration. .,

(3) On/off state of test item: ‘ .I

(4) Vibration spectrum and intensity.

(5) Duration Of exposure. f ‘” ‘J”

(6) Axes of exposure. ‘

(7) Location of accelerometers. ‘ ‘< , -

I-3.1 Mice of teSt orocedurea. The choice of testi“procedureis ‘governedby
the vibration environments to be tested for. These environments should all be
identified during the part of the tailoring.process ‘deacribed~iii4:2.2.2 of
General Requirements.

\
,..

Table 514.3-I divides vibration environments into twelve categor,ies--three
transportation-inducedand nine application-induced.’”’Procedure‘I i“sused for
testing an item to nine of these categories. Procedures II, III, and IV are
each used for one of the three remaining categories.

METHOD 514.3
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An item should be tested to a category when the item is either

a. intended for use within that category as a mission requirement or

b. expected to spend a significant portion of its service life within
that oategory aa a consequence of its deployment, storage, or use. ~

An item will probably be tested to more t~ category. For example, ~.
equipment installed in jet airoraft is covered by categories 1 (Basic Trans-
portation) and 5 (Jet,Aircraft/Tactical Missiles) and may ‘be teated in both
environments.

1-3.1.1 of envirqnmenta tiP tO teat ,.

1-3.1.1.1 If an item is expected to --
encounter more than one vibration environment as a consequence of ita intended
use, the environments should be compared. If any of them would apply similar
stress levels or similar bandwidth, the moat severe category test should be ,:
applied as representative. .,,

,.

1-3.1.1.2
t.

n If the transportation
vibration levels are more severe than the application-induced vibration levels,
as is often true for ground-based and some shipboard equipment, both transpor-
tation and platform vibration teats should be performed. This is because the
transportation teat is performed with the equipment nonoperating and th,eplat-
form test ia performed with the equipment on.

~If the application.vibration levels are more severe “thanthe transportation
levels,.further snalyais must be performed to compare the fatigue potential
of both environments over the life cycle. If the platform environment is
still found to be more severe, the transportation teet can be deleted.

I-3.2 e of related test c~. . .
Guidance for.eetting teat valyes

is given below with the discussion of each vibration environment category.
The provisions of section I-U of this method apply for each test designed‘under
this method. ..!.

For categories I thru III, the following defifiitionsapply:

a. ~. Cargo which ia securely tied or blo”ckedin all three
axes with respect to the bed of the tranaport vehicle.

b“. ~. Cargo which is blocked or tied in the two
horizontal axea with respect to the bed of the transport vehicle.

C. LWWXU3Q. cargo whi?~
placed on the bed of the tranaport

A test for restrained cargo is not
teat may be devisedby .uaingfield
procedure.

METHOD 514.3
19 July 1983
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TRANSPORTATION VIBRATION

I-3.2-.1

All equipment shipped as secured cargo by land, sea or air will encounter this
environment. The test levels are based upon land transport stress levels
because these are higher than air or aea stresses, and all air and aea
transport scenarios include prior or subsequent land transport.

This test is tailorable to”the maximum extent of available data. The test
levels shown in figures 514.3-1 thru 514.3-22 represent real, measured
stresses. The land mobile environment is characterized by broadband vibration
resulting from the interaction of vehicle suspension and structures with road
and surface discontinuitiee. Representative conditions experienced in moving
materiel from point of manufacture to end uae are depicted in figure 1 of
General Requirements. These condition may be divided into two phasea, common
carrier transportation’and mission/field transportation. Common carrier
transportation is movement from the manufacturerVa plant to any continental
United Statea storage or user installation. This movement is usually accomp-
lished by large truck and/or tractor-trailer combination. Mileage for this
transportation generally ranges from 2000’to 4000 miles over improved or paved
highwaya.-

Mission/field transportation is that movement of materiel as cargo where the
platform may be two wheeled trailera, 2-1/2 ton to 10-ton trucke, semitrailers,
and/or.tracked vehicles. Typical distances for this phase are 300 to 500
miles. Road conditions for mission/field transport differ from the common
carrier’in that, in addition to the paved highway, the vehicles will traverse
unimproved roads and.unprepared terrain (off-the-road) under combat conditions.

a. Est. levels. Whenever possible, measured data should be collected on
a Variety of large conventional trucks, semitrailers, forklifts ‘withshipping
pallete, and conventional flatbed transport vehicles used in the common carrier
environment with a realistic load configuration of 75$ of the vehicle load
capacities by weight. For the miseion/field environment, data are required
from typical tactical vehicles, to include: two wheeled trailers, 2-1/2 ton to
10-ton trucks, semi-trailers, and any tracked vehicle capable of or used for
transpoit of cargo. This data shall then be ueed to develop test epectra as
outlined in appendix A. If measured data are not available, the vibration
inputs contained in figures 514.3-1 thru 514.3-22 may be used.

In the development of the vibration test it must be determined if the test item
will experience the common carrier, mission/field, or both transportation
environmenta. For test items that will only be transported via common carrier,
test levels and conditions shall be derived from the measured data of the
common carriers or from figures 514.3-1 thru 514.3.3. Test items that will
experience both transportation environments should be tested at the higher
levele associated with the mission/field transportation. The levels for this
environment can be obtained from Figures 514.3-4 thru 514.3-22. The test muet
be developed from a typical miseion/field transportation scenario to obtain the
proper mix and representative combination of platform and mileage requirements.

514.3-5

METHOD 514.3
19 July 1983
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Figures 514..3-1thru 514.3-3 depict the common carrier environment. These
figures are based upon data measured at the cargo floor of seven different
configurations of trucks and tractor-trailer combinations. Both conventional
suspensions and air-cusioned suspensions are represented. The data was,
collected from typical interstate highways with rough portions as part.of ..
the data base. .:”’

,,. .

Figures 514.3-4 thru 514.3-6 represent the cargo environment at the floor ‘”
of the M105 two-wheeled trailer. The data include differing vehicle load
conditions traversing over sDeciall~ desimed courses ranging from vaved .
highway to offroad c~ndition~ at va;ious ~ehicle speeds. ‘As-seen, ~he
spectrum is broadband random with peaks and notches at varioua discrete
frequency bands. The break points of the peaks and notchee are given for
establishing the spectrum shape. Two-wheeled trailers of significantly
different size and design may provide substantially different input to the
cargo loaded on the bed than displayed in figures 514.3-4 thru 514.3-6 and
spectra should be adjusted accordingly.

Figures 514.3-7 thru 514.3-9 represent the cargo environment at the cargo
,bedof a composite of tactical wheeled vehicles~ the 5-t_onM813 truck and
the 12-ton Ml27-semi-trailer. The data include differing vehicle loading
conditions traversing over specially designed courses ranging fram paved
highway to offroad conditions at various vehicle speeds. Again the spectrum
is broadband random with peaks and notches at varioua discrete frequency bands.
Break points are provided for establishing the spectrum shape. Tactical
wheeled vehicles of significantly different size and design from the M813 and
Ml27 may provide substantially different input.to the cargo 10aded on the bed
than displayed in figures 514.3-7 thru 514.3-9 and spectra should be adjusted
accordingly.

Figures514.3-10 thru 514.3-22 represent the environment at the floor of the
M548 tracked vehicle. The data utilized for establishing these spectra were
derived from measurements of the vehicle operating at various speeds over
specially designed courses ranging from paved highway to.offroad conditions.
This environment contains a low level of broadband random upon which is
superimposed narrowband random at discrete frequency bands. The broadband
random base is from the basic movement of the vehicle, suspension-systemand
road discontinuitiea. The narrowband random excitation is associated with the
track-laying pattern and road surface.

b. Test dura W.
t. The test duration for Basic Transportation should be

based upon total miles of expected transportation. A method for development of
test durations is included in appendix 1. The common carrier spectra given in
figures 514.3-1 thru 514.3-3 have a test time duration of 60 minutes per “1OOO
miles. For tests which utilize the test spectra contained in figures 514.3-4
thru 514.3-22, the time durations per test axis are given on the individual
figures, with the exception of the M548 Cargo Carrier. The total teet time for
that particular vehicle ‘is60 minutes.per 16 miles, which consists of teeting
in several phasea per axis (the test time per phase ia given on the appropriate
figure) to accommodate the total swept narrowband random-on-random environment.

,.
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These durations are derived from the mileage for a typical misaionlfield
transportation scenario which has been established to be 500 miles to the

‘ Forward Supply Point (FSP); 15 miles from the FSP to “theusing .Unit;and .15
miles at the using unit itself (dependent upon the type of cargo: expendable
cargo, e.g. ammunition, may be hauled 15 miles and nonexpendable cargo, e.g.
generators, may not be hauled at all once it reaches the using unit). Figure
514.3-23 ehowa the typical scenario and the tyPes of vehicle~,utilized most
frequent1y in’the various segment~ of the scenario. .. .

;.

... .,”.

,. ,.

Two-Wheeled
Trailera

Two-Wheeled
... Trailers or

M548 Cargo
Carrier

,., ,,

:, . . ,. .
. .

,,

FIGURE 514.3-23.

Al”thoughboth trucks and two-wheeled trailers are utilized between the FSP
the using unit”and at the using unit, the vibration levels on the trailers
aitiificantly higher and .thuashould be used represent the wheeled vehicle
environment, unless the test item is too large to fit in the two-wheeled
trailer. In that case, the composite wheeled environmentshould be used.

end
are

. .

c. Test s~tuz: Mount the test item in ite transport configuration
on the vibration fixture/table using restraints and tie-downs typical of
those to be used during actual tran~port. Testing should be coh~ucted.ueins
all repreeentative stacking configurations and excitation should be applied
through all .~ep,Teae,nta~iVeaxes. The equipment ie not operated during this
test. :, .... ... . . ...

., ’;. ,-,,.. ,,,.,. ,:

.: .,.,’ f,.
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I-3.2.2 mblv tra~. In some casea,.it may not be
practical or efficient to test large shelters or systems on a shaker. In such
cases, transportation conditions may be simulated using the actual transport : ●
vehicle as the vibration exciter. The assemblage may consists of equipment
mounted in a truck or trailer, or equipment mounted in a shelter which is then
mounted on a truck, trailer, or dolly eet. The exposure consists of traversing
the transport vehicle over a prepared teet course until.the teat item has ~‘
received exposure representative of anticipated deployment scenarios.

a. lest leva. The vibration levele and intensities received by the
test item during this test are based upon the course profile and vehicle speeds.
aa specified in procedure III. Various road surfaces are to be used, each
travereed at speeds which will prOdUCe the desired vibration intensity.

---

I TransDort vehicle SDeedS are limited either bv the vehicle‘.ssafe oDeiatinR
speed-over a specific course profile or by.th~ speed limit set for ~he spe~ific
course.

.=,,
b. I@. dur@..m. The test duration shall be as specified in procedure

III or until the teet item has received the exposure represenative of the an-
ticipated deployment scenarios, whichever is longer.

c. iwd&rl. The test setup shall be as specified in procedure III.
The assemblage shall be mounted into the transport vehicle for which it was
designed in its deployment configuration. If the assemblage is to be contained
in a shelter, it shall be intalled within the ehelter in the deployment
configuration.

The shelter should be mounted and secured on the transport vehicle(e) that ie
normally used for the ehelter under actual transport. Inatrumentation is o
provided to measure the vertical axis acceleration time history on the shelter
floor and at any other locations of concern.

I-3.2.3 CiabzOrv~ - LOose carzO trauuxxb The loose cargo environment
includes conditions experienced by packaged and unpackaged items transported as
unsecured cargo on a vehicle traversing irregular surfaces. The oargo has the
freedom to bounce,“scuff‘,or collide with other items of cargo or the sides
of the vehicle. This environment ia simulated ,inthe laboratory by imparting
motion to the test item and allowing it to collide with,restraints established
within the teet setup. The test conditions for this environment are,
established to a large extent by the equipment used to impart the motion, and
the arrangement of the restraints. This test,has few tailoring options and the
selection of ,thetest equipment mtis”t.be based upon the desired end result:

.

a. lest lev~. Two methods are presented. For both methods the basic
movement of the bed of the teat eauinment where the teat item is ulaced ia a..=.
2.54-cm (l-inch).double-amplitude orbital path at 5 Hz, such as c-m be.obtained
on a standard package tester operating in the synchronous mode. (Inthis mode
any point on the bed of the package tester will move in a circular path in a ‘-.,
vertical plane ,per.pendicularto the axes of the shafts.) . . .

.,

MSTHOD 514.3
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b. ~st dllrati~. The test duration for thisprocedure should be based
upon the mechanical setup.of the test equipment, the packaging state of the
test,item; and.the desired results of the exposure. A duration of 30 minutes
is recommended where several test”items are placed”on a steel package tester
bed .and,,allowed to ‘collidewith each other as well as the restraints of the
t,estequipment. A duration of 3 hours is recommended where the test item is
placed upon a plywood package tester bed and allowed only to collide with the
restraints of the,test equipment. ,., .

c. .ff.est.setuQ. The differences in the methods for simulating this
environment:are associated‘with the test setup. The setup uses a package
tester as.depicted in figure 514.3-24. The fixturing required is as shown and
will not secure the item to.t“hebedof the package tester. A vertical impact
wall and sideboards as depioted’in figure 514.3-24 shall be implaced to contain
the test items on the bed of the packa”getester. The test is intended to
simulate the unrestrained collision of the test item with the bed and aidea of
the transport vehicle as well ,aswith other cargo.

,.. , .,, . ,,. ”

For the 30-minute test, the bed “of the package tester shall be covered with a
plate of cold-rolled steel 3/16 to 3/8 inch thick. Several test items shall be
placed within the enclosure created by the vertical wall and sideboards. The
total free space surrounding each test item placed on the’table’of the package
tester will be“at leaat 5.o8 cm (2 inches) between the teat item and the
opposing sideboards,and any other teat item. All loading configurations (i.e.,
test items laid horizceitallyor stood on end vertically) deemed practical shall
be included in the placement of the test items on the package tester to
evaluate the item integrity.

,... :,. .:, .. .,,

For the th,ree-hourtest, the ‘constraintfences are constructed of suitable wood
and,are sized for a single test item. The fences shall be positioned so that
the horizontal motion”of the test item is limited ‘tonot more than two inches.
The bed of the package tester shall be covered with a sheet of 1/2 inch plywood
suitably secured by nailing.

.,:
In both!methods, the test item(s) is placed on the bed of the teat equipment ‘‘
secured in its transit case combination or ak ‘otberwiaeprepared for loQse-
cargo fie~d transportation. The test item shall not ‘beoperated during
vibration:““

... APPLICATION VIBRATION

I-3.2.4 ~euorv 4‘- Proueher aircraft. Service vibration frequency spectra
for equipment installed in propeller aircraft consist of a broadband background
with superimposed narrowband‘spikes: The ‘backgroundspectrum results from
various random”sources (see 1-3.2.5)”with many periodic (not pure sinusoidal)
components due,to the rotating elements (engines, gearboxes, shafts, etc.)
aaaociated with turb?props. The spikes are produced by passage of pressure
fields rotating with the propeller bl”ade~; These occur in relatively
narrowbands centered on the propeller passage frequency (number of blades
multiplied by the propeller rpm) andharmonics. ‘

The spectrum for equipment mounted directly on turbine engines is similar to
tbe propeller aircraft spectrum except the primary spike frequency is the
rotational speed of the rotor(s).

MSTHOD 514’.3
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Most current turboprop aircraft and many turbine engines are constant-speed
machines. This means that rpm ia held constant.and power changes are made
through fuel flow changes and variable-pitch bladea, vanes, and propellers.
These machines produce the fixed frequency spikea of figure 514.3-25. These
spikes have an asscciated bandwidth because there is miner rpm drift and
because there is miner rpm drift and because the vibraticn is not pure
sinusodial (I-4.5).

There are.indications that future turboprop cr propfan enginea will net be
ccnstant-speed machinea. All reciprocating engines and many turbine engines
are net constant-speed. Also modern turbofan engines usual1y have two and
sometimesthree mechanically independentrotors operating at different speeds.
The spectra of figure 514.3-25 must be modified if used for these cases.

These vibration environments can be practically approximated in the laboratory
by the source’dwell test described in I-4.2.2. Many vibraticn problems in this
type of environment are associated with the coincidence of equipment vibration
modes and the excitation spikes. The notches between spikes are used in
intelligent design as safe regicna for crit’icalvibration modes. Thus source
dwell ‘teatsminimize the likelihood that equipment will be overstressed at non-
representative conditions and that reasonable design provisions will net be
subverted. ‘.

.

a. ~. Whenever possible, flight vibraticn measurements should be
used to develop vibration criteria for laboratory tests. Appendix 1 prcvidea
guidance for the development of test criteria from field data. In the absence
of flight measurement, the test levels of table ‘514.3-11 can be used with the
spectra of figure 514.3-25. The turbcprcp levels are based on data from
varioua C-130 and P-3 aircraft measurements and are fairly representative
of the environments of these aircraft. The decline of spike acceleration
spectral density with frequency is based on relatively recent data analyzed
in a spectral density format. Engine levels are based cn data measured cn
several current Air Force aircraft enginea. “

b. Test durationa should be developed from fright
measurements or field data. Refer to appendix 1 for”guidance in developing
test durations from field data. If field data are not available for
development of the test durations, then tests ,ghouldbe conducted for 1
hour per axis at the test levels listed in table 514.3-II, modified according
to the guidance in I-4.3, I-4.6, 1-4.7, 1-4.8 and I-4.9. These levels
represent maximum actual operating conditions and are functional test levels.

C. ~. The test time shall be installed in a vibration fixture
which simulates the actual application configuration. To the extent practical,
the vibration test setup shculd incorporate actual mounting and isclation
prcvisiona from the carrying aircraft. Fixture designs which utilize the
maximum amount of platform structure possible will allcw the test item tc
respcnd to the laboratory excitation in a manner more closely duplicating its
response in the actual field environment. However, all.equipment items
protected from vibration by these means should also pass the minimum integrity
test requirements of I-3.2.12 with the test item bard-mounted to the fixture.

METHOD 514.3
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I-3.2.5 _Gate”izorv5 - Jet aircraft and tactical missilea. The vib$ation
environment for equipment installed in jet aircraft and tactical miaailes
(except engine-mounted) stems from four principal mechaniama. These vibrationa e
are random and, except where the elaatio response.of primary aircraft structure
is the source, broadband. These sources are”aa follows:

.:’. ,

(1) Engine no:ae impinging on aircraft structures.

(2) Turbulent aerodynamic flow along external aircraft
structures.,

(3) Pressure pulse impingement due to repetitive firing
guns.

of .

(4) Airframe structural.motions due to maneuvers, aerodynamic
buffet, landing, taxi, etc. . ..

The guidance provided in this section conaidera sources (1) and (2). Method
519 covers source (3). General airframemotions (4) cannot be adequately
covered by general criteria. They are the result of responses of flexibie
atructurea to various tranaient eventa. Two examplea of-such responses are
rebound of wings and D~lOnS when heavy atores are ejected. and aeoarate flow ~~~. .
or shed vortex excitation of flight surfacea during ‘sustainedma”rieuvera.The
vibration spectra are characteristic of the partfc~lar airframe involved and
must be evaluated through measured data. Airframe structural motions”are “‘
usually important for the outer regions of flexible structures (i.e. outer
1/2 of wings, empennage, pylons, etc). They are usually not important for ~~
fuselage-mountedequipment. .,~~ ●
Jet-noise-induced vibration ie usually dominant in vehicles which operate-at
lower dynamic presaurea, i.e. limited t’osubsonic speeds at lower altitudes and
transonic speeds at high altitudes. Aerodynamically induced vibration usually
predominates in vehicles which operate at transonic speeds at lower altitudes
or supersonic speeds at any altitude.

When equipment is used in more than one application, the vibration criteria
should be enveloped and test criteria baeed on a worst-case composite.

Only functional tests are performed for tactical missiles.

I
a. Yest levels. In the.absence of.satisfactory measurements of field

environments, functional test levels approximating jet-noise-induced and
flOw-induced vibration may be derived from table 514.3-III and Figures 514.3-26 -
and 514.3-27.

,.
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1/ Fi =
F2 =

.2/ When

TABLE 514.3-11. stealfunct~ test o~
see fieure 514.3-?5)

Equipment Vibration Level
Location 2/, 3/ Of Li$ at Fi, (g2/Hz) ~/

In fuselage or wing
forward of propeller 0.1

I In fuselage or wing
aft of propeller I 0.3 I
In engine compartment
or pylons 0.6

Equipment mounted directly
oriaircraft engines 1.0

fundamental excitation frequency
2F1, F3 = 3F1, F4 =,4F1

panela and racka ar’enot available for eauipment installed on
vibration-isolated panels or racks, or when the equipment ia tested with
isolators removed, use “fuselage or wing forward of propellerm category
with levels reduced 4dB.

●
~ Increaae test levels 6dB for equipment mounted on fuselage or wing skin
within one propeller blade radius of the plane of the propeller disc. For all
other skin mounted equipment, increase level? by 3dB.

4/ Bandwidth of vibration around each F; will equal 25% Fi for constant-speed
excitation. when,excitationis not constant-speed, bandwidth will encOmPass
operating speeds for cruise and high power operation.

.

t
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TABLE 514.3-III. test values for let ~ m.

Aerodynamically induced vibration (fisure 51b.3-26) 1/

Functional test level,3/,’1/ ,.

W. = K(q)2 ~

Jet engine noise inducedvibration (figure 514.3-26) 1/

Functional test level Z/, 3;, J/, 5/, h/
,,,, , ,..

W. = (0.48 COS2 8/;) [DC”(Vc;1850)3+Df/1850)31”

K ~ = 217 x 1o-8 for cockpit panel equipment and equipment attached to
structure in compartments adjacent to external surfacee that are smooth,
free from discontinuities.

!.

‘K””=’?’4‘“x”1’628’for’‘equipment”attached “to”atructuiiein’compartment adjacent to
or immediately aft of external surfaces having diacontinuities (cavities,
chins, blade antennas, speed brakes, etc.) and equipments in wings,
pylons, stabilizers, and fuselage aft of trailing-edge Wing root.

q= 1200 lb/ft2 or maximum aircraft q,.whichever ie leas.

Dc = engine core exhaust diameter, feet. (For engines without fana, use
maximum exhaust diameter.)

Df = engine fan exhau,stdiameter, feet.

R = minimum distance,between center of engine aft exhaust plane and the center
of gravity of installed equipment, feet.

Vc = engine core exhaust velocity, feet peraec.. (For engines without fans’,use
maximum exhaust velocity without afterburner?.)

Vf i engine fan exhauat velocity, feet per sec.

e = angle between R line and engine exhaust axis, aft-vectored, degrees.

. . . .. . . ... . .. ... . . ,,, .

.0 “’”’’’’’’’”””’: ‘: ‘ ~~~~~~~~~‘., .
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TABLE 514.3-111. test
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,,- ... N9zEs

Envelop aerodynamically induced and jet engine induced and
oaee composite.

uae the worst-’.

If’airoiaft has more than one engine, W. shall be the sum of the j
individually computed values for eaoh engine.

,.

For equipment weighing more than 80 pounds, the.vibration test level may be ,,,
reduced according to figure 514.3-27. .,.,.... ,:,

,“

For 70° c 0S180°, -use8= 70° tQ cQmPute woe

For engines with afterburner, use WO, whioh is four ‘imes larger ‘ban ‘O
:;-

computed using maximumzVc aod.Vf without afterburner.

For instrument”panel equipment, reduce the 0.04 g2/Ha ValUe Of figure
“514.3-25 by 3dB and reduce the calculated value W. by 6dB for functional
testing. Endurance is 0.04-g2/Hz.‘-’” “ ‘“””’“’ “‘“ : ““
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b. Test dur@.m. Test durations should be developed from flight
measurement or field data. Refer to appendix 1 for guidanoe,in developing test
durations from field data. If field data are not available for development of ●
the,test duratione, then the.test levels of table 514.3-III and guidance ..
dia~ussed in I-4.3, I-4.6, 14.7, I-4.8, and I-4.9 apply. These levels ‘“;,
represent’maximum actual operating conditions and are functional test levels. .,
The requirements of paragraph I-3.2.12 also apply.

.’.

c,.‘“~st setw. See’test setup”criteria, paragraph I-4.11. ..,
...,

I-3~2.6 krv 6 - Htionter aircraft/~.
.: .,..,,.

Helicopter vibration iS ~:
characterized by broadband random with superimposed strong vibration peaks, as
depicted in figure 514.3-28.

,...
These peaks’are generated by the rOtatinS .,

components ih the helicopter, such as the main an~ “tailrotors, engines and
.. . ......

gear meshing. The operating speeds of these oomponents under flight conditions”
are:essentially constant, varying by only about five Percent. , ‘ -.

The’relative levels of these peaks differ thruout the helicopter, depending on.
the’proximity of the sources, geometry of the aircraft, and location of the “’
test item. Thus, the need for measured data is especially acute. ‘ An obvious “
requirement for helicopter equipment design is to avoid ? match or near match
between an item’s–resona’ntfrequencies’and ‘theexcitation‘frequenciesat the
installment location. The major peaks in the helicopter vibration spectrum are
usual1y associated.with the main rotor. However, each.type of helicopter will
have different sources within-different areas of each aircraft. Since tbe
vibration environment is dominated by discrete frequency peaks, it is logical
to use some of these,freq~encies for exposure in the laboratory test. Normally
about four.frequencies are.ctiosen.for”.the t“e’its.For)equipmeritmouritedon
engines, refer to paragraph I-3.2.4. For equipment exposed to gunfire, refer e
to method 519.

a. -t leve~. For the reasons stated above, the test levels for
equipment installed in helicopters should be derived from field measurements.
When measured data are not available, the test levels can be selected from
table 514.3-IV. These levels are’an attempt at enveloping potential worst-
caae environments. They do not represent environments‘underwhich vibration-
sensitive equipment should be expected to perform to specification. Costs for
many devices are a strong function of the performance requi~ed in a particular
vibration environment. Consequently,.performance vibration levels”should be .,
tailored to particular application” and are not appropriate for a general “:
standard. For testiru?rnmDoses’,the aircraft can be divided into-three zones,-.. .
shown in figure 514.3-29.,’All equipment locations included:in a vertical
projection of the”main rotor disc should use the source frequericiegof the main
rotor for the values of L1, L2, L3, and L4 at frequencies F1, F2, F3, sridF4.
For equipment that will be located in the horizontal projection of the tail:
rotor disc, use the source frequencies of the tail rotor as the values of L1,
L2, L3, and L4. The ‘fundamentalmain and tail rotor source.frequencies; F1,,
for a few helicopters are given in tab+e 514.3-V. All equipment located on ‘”
drive train components such .as..gearboxes and .driveshafts Should use the ;

...

source frequencies of that drive tra”incomponent (i.e., gear mesh frequencies,
shaft rotational speeds). ,, , ; ,,,.j-i,.:. ,,

,..

b. Test durati.m. Test durations shall be derived from the field
measurements and actual flight characteristics and ,durations. ●... .,.. t, ,...,:..+..s,’~’.‘,, .-.. .. . !, . !..
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TABLE 514.3-IV. ~

EQUIPMENT
LOCATION

GENERAL~

ON
INSTRUMENT
PANEti/

SLJURCE
FREQUENCY
Fi (Hz)

5-25

25-40

VALUE OF
W2 & Ft

W2 = 0.002

Ft = 500

PEAK VIBRATION
LEVEL

Li, AT Fi in G

0.5 +0.1 (Fi - 5)

2.5

2.5 - 0.1 (Fi-40)

1.5

40-50

50-500

0.7 x GENERAL

EXTERNAL
STORE~ 1.5 x GENERAL

ON OR 5-50 0.5 + 0.1 (Fi-5)
NEAR DRIVE
SYSTEM W2 = 0.0,2
ELEMSNT~ 50-2000 5.0 + 0.01 (Fi)

Ft = 2000
)

II F2 = 2F1, F3=3FI, F4=4F1. Choose Fi from figure 514.3-29 and
table 514.3-V.

2/ F1 - F4 should be chosen based on drive train source frequencies.
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TABLE 514.3-V. Mminal fundsmental rotor source fre~.

ROTARY WING MAIN ROTOR TAIL ROTOR

~ ~ (Hz.)U EI (Hz) ~

CH-3 17

OH-58A 11.8 40

OH-58D 26.3 40

UH-60 ,17 20

CH-47D 11.3 11.3

CH-47C 12.3 12.3

AH-1 10.8 27.8
,.

UH-1 10.8 27.8

AH-64 19.3 23.U

OH-6 31.9 51.3

CH-54 18.5 14.1

500MD UI 49

Lynx 21.7 32

24)-105 30

●

.

.,

J/ These frequencies are the number of rotor blades times rotor rotational
speed.

2/ Rotor rotational speed.

141THOD514.3
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c. lest setUQ. The test item shall be attached
exciter by means of a fixture capable of transmitting

19 July 1983

to the “vibration
the vibration conditions

apecified. The fixture shall be designed by utilizing actual racka, panels
or platform structures of the helicopter to minimize the introduction of
unrepresentative response within the test item. Low-level (0’.5-g)5 to 500 Hz
sweepa to identify the resonant and transmissible frequenting the item shal be
conducted before and after its exposure to the test ‘vibrationenvironment.
Significant changea in resonant properties shall be considered as failures even
though the item still functions to specification levels.

I-3.2.7 ~egorv 7A - Assembled externa1 stores. let airce. Assembled jet
aircraft stores will encounter three distinct vibration environments: captive
flight, buffet maneuver, and free flight.

Gictive f= : Extensive measurement programs have ahown that the vibration
experienced by an externally carried store on a jet aircraft arises from three
distinct sources:

(1) Aerodymmic boundary layer turbulence.

(2) Buffet maneuvers. :

(3) Aircraft-induced vibration.

In general, store vibration is primarily caused by broadband aerodynamic
boundary layer turbulence and ia relatively independent of the carrying
aircraft and mounting location on the aircraft. Instead, vibratory excitation
is Mostly influenced by store shape, mcunting configuration and dynamic
pressure. This source of vibration is distributed along the entire surface of
the atore and is difficult to simulate by point input of vibration, euch as
from a vibration shaker, unless the store is relatively stiff. Therefore, an
acoustic teat (method 515) ia recommended for this environment.

The lower-frequency portion of the aasembled store vibration spectrum comes
from either aircraft-induced vibration or buffet maneuvers. Aircraft-induced
vibration generally is present during the entire captive flight phaae for a
store. Ita frequency range is covered by the response threshold spectrum shown
in figure 514.3-30.

~. Recent flight test programs on the F-16 and F-15 with varioua
externally carried stores have shown intense vibration associated with buffet
maneuvers. Other similar aircraft, such aa F-14, F-18, or next generation
fightera, have the potential to produce intense vibrations during high-
performance maneuvers. The buffet maneuver envelope is generally bounded by
speeds of O.8 to 0.9 MACH and altitudes of 3 to 10 kilometers (9,84o to 32,800
ft). Although the vibration levels during high-performance maneuvers are very
intense, they generally do not laat for more 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 comionly used assumption is that
an aircraft store may experience as much aa 30 seconds of maneuver buffet
vibration for each hour of captive-carriage flight (figure 514.3-31).

METHOD 514.3
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Buffet maneuver vibration energy is concentrated in the low frequency range,
typioally between 20 to 100 Hz, dominated by the store~s structural charac-
teristic. Depending upon the store location on the aircraft and configuration ●on the rack, pylon, and aircraft,,additional distinct responses may be pre-
dominant in the store response. Due to these factors, vibration levels should
be derived from in-flight vibration measurement. The maneuver buffet and aero-
dymmic vibration tests may be combined or performed separately.

—
For stores that are deployed by separation from the aircraft

(free flight) such as bombs and missiles, a free-flight functional test is
recommended when the free-flight vibration amplitude 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 assumed that the associated
vibration level will also be higher. In this case if measured free-flight data
does not exiet, the factors Al and A2 from table 514.3-VI should be set equal
to one. The value of q should be the maximum value attainable during free
flight. The duration of this functional test, per axis, should equal the
maximum free-flight time expected at maximum vibration levels.

a. ~a: The test levels and spectrum for the three vibration
environments, captive flight, free-flight, and buffet, can be selected from
table 514.3-VI and fiugres 514.3-30, 31, and 32. The use of these tables and
figures is suggested only when there is an absence of satisfactory flight
measurements.

b. ~. The test duration should be developed from flight
measurements, flight characteristics, and flight durations utilizing appendix A.
If this data is not available, then test durations can be obtained from the
information giv~n in paragraphs 1-4.3, I-4.6, I-4.7, I-4.8 and 1-4.9. 0

c. $sst set~. Suspend the store from a structural frame by means of
its normal mounting luge hooks and sway braces which simulate the operational
mounting apparatus. The test setup shall be such that the rigid body modes
(translationand rotation) or vibration for the store/frame/suspeneion system
are between 5 and 20 Hz. Vibration shall be applied to the store by means of
a rod or,other suitable mounting device running from a vibration shaker to a
relatively hard, structurally supported point on the surface of the store.

Alternatively, the store may be hard-mounted directly to the shaker, using its
normal mounting lugs and a suitable fixture. The stiffness of the mounting
fixture shall be such that its induced resonant frequencies are as high as
possible but none are below one-third of any f. frequency. For both methods,
launcher rails shall be used as part of the test setup, where applicable.

Accelerometers to monitor the vibratory respon’seof the store should be mounted
on two relatively hard pointa or rings within the store, one in the nose
section and one in the aft section. For atores such as bombe with nonintegral
tail cones, the aft-section mounting point should be in the aftmost section of ..
the main body of the store. At each mounting point or ring, two accelerometers
should be mounted--one in the vertical and one in the lateral plan. (Longi-
tudinal direction is along the axis of the store, the
defined as perpendicular to the longitudinal axis and
pasaing through the mOuntinS lugs).

vertical direction is
contained in a plane

o
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TABLE 511.3-VI. Yibration criteria for.external stores carried on ~.

., Parametric Eauations for Figures 514.3&9 snd 514.3-12

Eq (1)~/: wl = (5)(10-3) (Al)(B~)(Cl)(Dl)(El)g2/HZ .

Eq (2)~/: W2 = (5)(10-5)’(q/ )2. (A2)(B2)(C2)(D2)(E2)g2/Hz

Eq (3).?Y,Y: f, , 105 (t/R2) kIZ

Eq (4)2/,3/: f2 = fl + 1000 Iiz

‘ Eq (5)~,~,~/: f. = (t/R2) X 105 + 100 HZ

Location, Configuration, Special Adjustments

Factor

‘ Al A>
TER (tri-ejection rack, cluster mount) 1 2
MER (multiple ejection rack, cluster mount) 2 .’ 4.
Single station 1 1

El B2
Aft half of air fired missiles 1 4“
Aft half of all other stores ‘1 2

~~ Forward half of all stores 1 .1

c1 C2
Blunt nosed stores, siriglestation and TER 2 4
Blunt nosed stores, MER 1 2
All other stores 1 .1

D1 D2 .
Free fall munitions with non-integral finned 8 16

sheet metal tail cones
Air fired missiles 1 1-
All other stores u 4 “

El E2
Firebombs (jelly filled) 1/2 1/4
All’other conditions 1 /1

Representative parameter values”to be used for ,captive
flight when specific parameters are not available

Max N T
;toreType q Endurance Endurance fl(Hz) f2(Hz)

lissile,air to ground 16OO 100 3 None 500 1500
lissile,air to air 1600 100 100 1 500 1500
:nstrumentpod 18OO 50 500 1 500 1500
lispenser(reusable) 1200 50 50 1 200 1200
Demolitionbomb 1200 120 3 None 125 2000
‘irebomb 1200 40 3 None 100” 1100

See next page for Definitions and Notes
M?THOD 514.3
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TABLE 514.3-VI.
~.~

, - Continued

DEFINITIONS

q . maximum captive flight dynamic pressure in lbs/ft2. (See note 1)

p = average store weight density in lbs/ft3 (total weight -+ total volume)

t = 100al store average skin thickness where R is measured - inches

R = one-half the average.of the major and minor diameters (inches) fOr a store
with an elliptical cross-section (for cylindrical sections use local
geometry; for conical seotions use smallest fl calculated using geometry
within one foot of equipment mounting point; for cast irregular shaped
cross-section, R shall be one-half the longest inscribed chord; for
monocoque irregular oross-section, f1 ❑ 300 Hz)

1.

2.

3.

4.

5.

6.

7.

NOTES

For endurance test, q = 1200 psf or maximum q, whichever is less.

Free fall stores with tail fins, use fl = 125 Hz; f2 = 105(t/R2) + 1000 Hz.

For general-use fuzee which can be used in several storea; use W1 =
0.04g2/Hz; W2 = 0.3.g2/Hz; fl = 100 Iiz; f2 = 1000 Hz.

Acceptance range for parameter values: 40 ~ P S150
,0.001 :t/R2 $0.02 -

or if calculated values fall outside these limits, uae these limit values.

For circular and elliptical cross-sections.

500 HZ for all other croSS-.seCtiOIIS.

If f. ?1200 Hz is calculated, use 2000 Hz.

●

✎

●
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I
I NOTE: Use table 514.3-VI

to define Wl and w2

.1
I
I

20 ‘1 ‘0

Frequency (HZ)

FIGURE 514.3-30. thre~ctrum for awbled ext- Stora
Wried on let aircraft. in the tie of f~.

2.00

Test time -

1.00

:10

.01

fn.= First Ek@ Rendiri$’Mode
Frequency of Store

~ooo
fn

Frequency (Hz)

10 nlinutesbased upon following assumptions:

Average maneuver - 6 seconds

Total captive flight life of 150 hours, with a total of 100 buffet
maneuvera in the lifetime.

FIGURE 514.3-31. .
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Apply broadband vibration to the atore using an input
store-mounted forward accelerometer response spectrum
The input level shall be 6dB down from the calculated
forward accelerometer.

Identify those frequencies at which the store-mounted

MIL-STD-810D
19.July 1983

spectrum”shape of the
from paragraph I-3.2.7a.
response level of the

accelerometera, in the
direction of applied vibration, exceed the applied input vibration by 6dB
or greater. There may be different frequencies for the forward and aft
accelerometers.

Peak or notch the applied input spectrum until both the forward- and aft-
mounted accelerometer in the direction of applied vibration at their
respective frequencies identified above equal or exceed the required test
levele determined.from paragraph I-3.2.7a.

It may be necessary to move the points of attachment between shaker and store
until locations are found where both ends of the store are simultaneously
excited to their respective test levels.

The off-axia accelerometer response (those accelerometers 91Jdegrees to the
aPPlied vibration) should be examined. For each frequency where the responee
of an off-axis accelerometer is above in-axis reapcnse levels, the following
actions are suggested. For each of these frequencies, calculate the ratio of
required to observed levels for each accelerometer which was in the direction
of vibration (in-axis) and those perpendicular (off-axis) accelerometers which
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 equal to unity.

1-3.2.8 Jkteua’v 7B t instaed in ,.
extertiv carried stcr~.

Equipment installed within an externally carried store will experience a
broadband vibration spectrum that depends chiefly on the captive-carry response
of the store. Vibration testing, whenever possible should be based on
in-flight measurements. If satisfactory flight measurements are not available,
functional tests may be derived from figure 514.3-33 and table 514.3-VI. NOte
that the test levels for equipment installed in stcres are the same as the
response test levels cf assembled stores. The response of the store is the
input vibration to an item installed in the stare. If buffet-manuever and
free-flight conditions can occur for the’store into which the equipment will be
installed, vibration test spectra need to be developed for each condition.

a. ‘E@ k vela. If sufficient measured data does not exist, use figure
514.3-33 and refer to I-3.2.7. Vibration testing of equipment to be installed
in externally carried jet aircraft stores ehould be input-controlledtesting
(see I-4.2.6).

b. -t dura~. Refer to I-4.3, I-4.6, I-4.7, I-4.8 and I-4.9 for test
duration and endurance test criteria.

c. lest aet~. Use I-4.11 for setup.

514.3-51
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FIGURE 514.3-33. ti~ested vabutlOn test levels fOr eauimmk

. .
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ed n external st~ried on et aircraft.

,1-3.2.9
..

7C - Assembled exter~ Complexv stor~.
periodic waveforms characterize the service vibrati’op,etivironmenten,cotictered ●
by assembled stores externally carried,on helicopters,,,Unlike ‘storescarried
on fixed-wing aircraft, externally mounted helicopter.stores receive little
aerodynamic excitation, particularly when compared with the rotor-induced
vibration. Thus, most of”the vibratory energy r,eache?the equipment.through
the attachment,points between the aircraft and the store. Some excitation,.
however, is added along the entire etore struoture due to,periodic rotor-.
induced.pressure fluctuations. The result is a complex’response, unique to
the particular aircraft-store configuration. Therefore, realistic testing
depends almoat totally upon the use of in-flight vibratiOn’measurements! ‘“.
This environment is simulated by exposing the test item to a low-level ‘
broadband random spectrum with discrete vibration,peaks at the frequencies
and first three “fundamentalsof the aircraft main rotor .(sourc,edwell tes,tintT.,-
see paragraph I-4.2.2). ,.

“ai’ 14Aa2L. As stated above, because o~ the 9trong dependency Of the
vibration level on the aircraft-store combination, the use of measured data

.

taken on the store ifx+elf ia recommended for setting the”1evels. The resultirii
I

teat spectrum shall include exposure based upon the source dwell concepts of
I-4.2.2. The suggested vibration conditions from table 514.3-IV qd. figure
514.3-28 can be used for initial testing prior to acquisition of field data. ‘:”

b. I.&d&&k The test duration shall be developed ‘from,flighttest
data. Exposure”periods shall be developed by constructing h life cycle based
on the measured flight environment, equipment Iife requirements and airoraft
mission profiles. If flight test data are not available, then test durationa
can be selected from information provided in I-3.2.12. ●
t@THOD 514;3
19 July’1983 514.3-52



MIL-STD-81OD.
19 July 1983”

●

.

.>

●

c. Test setUQ. Testing shall be accomplished in three mutually perpen-
dicular axes with the mounting lugs in the up position. The test item should
be attached to the fixture by its normal mounting means (e.g., suspension
lugs for 2.75 inch FFAR launchers). The vibration fixture shall utilize, if
feasible, actual aircraft components for accomplishing this test attachment.
Low level O.05g, 5 to 500 Hz sweeps to identify the store’s resonant fre-
quencies end transmissibilitiesshall be conducted before and after exposure
to the test vibration environment. Significant changes in resonant properties
shall be considered as failures even though the item gtill functions to
specification levels:

1-3.2.10 kteuorv 8 Ground The ground mobile environment 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 gpeed, vehicle dynamic characteristics, and suspension
loading all affect vibration responses.

-.

There is presently no analytical model of this environment suitable for
generalized test application. In general, the vibration spectrum of wheeled
vehicles and trailers is predominantly random, with pesks and notches,
considerably higher and lower than the mean level, at various discrete
frequency bands. This environment can be simulated by a wide-band random
vibration test similar to the minimum integrity spectrum for aircraft as
given in I-3.2.12. The use cf a smooth spectrum similar to figure 51!i.3-36,
generally will produce an’overtest at .iomeparts of the frequency spectrum.
The spectrums shown in I-3:2.1 and figure 514.3-2 thru 514.3-10 are composites
of the cargo beds of typical wheeled vehicles and trailers and again could
produce unrealistic test condition for installed equipment. When these curves
are used, consideration must be given to the structurets response at the
location where the equipment is installed as it relates”to the tiajorstructural
members supporting the cargo bed.

The track-laying vehicle environment i’scharacterized by the strong influence
of the track-laying pattern. The ,movement.of the’vehicle, its suspension’
system, and road d,isccntinu:itieeproduce a brcadband random excitation which is
further extended or excited at frequencies associated with the track ‘pattern.
This environment is best simulated by superimposing narrowband raridomover a
broadband”random base.

a:” Test leveJa. As discussed above, generalized test levels have
not been developed which would be applicable to a specific case. The
information, levels and curve presented in 1-3.2.1 and I-3.2.12 must be
adapted for a specific test.item. Whenever possible and justified by the
program requirements, the actual vibration environments should be measured.
before testing the equipment and the results used to formulate a more accurate
spectrum shape and,level.

b. ~. The test duration must be related to the test item’s
service scenario. Appropriate test durations are given in I-3.2.1 and ‘I-3.2.2;
however, their application for this category must be related again ,tothe
specific equipment1s service scenario. In development of the test duration
from measured data, the procedure outlined in appendix A should be reviewed.

METHOD 514.3
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c. lest setUQ. The teet item shall be attached to the vibration
generator directly or with a fixture, and securely held by its normal means of
attachment. The fixture ehall incorporate actual service structures as much
as poseible to minimize unrealistic response characteristics during test
exposure. Any connection to the test item, such aa cables pipes, wires, and
the like, shall be arranged eo that it imposes restraints and mase similar to
those present when the equipment is installed in the operational configuration.
Excitation shall be applied through the threeorthogonal axes of the teet item.

1-3.2.11 9v Equipment installed in shipe will
receive vibration stresses resulting from natural environmental inputs to the
shiprs superstructure and local unit transmiasibilitiee (amplifications) within
the equipment and its mounting structure. Vibration testing of shipboard
equipment should address both the levels of environmental inputs and the
susceptibilityy of equipment/mounting resonances to input frequencies.

Shipboard vibration spectra have a random component induced by the variability
of cruieing needa, sea statea, maneuvers, etc. and a periodic component imposed
by propeller shaft rotation and hull resonance. Equipment mounted on masts
(such as antennas) can be expected to receive higher input than equipment
mounted on the hull or deck.

a. ~e. Whenever possible, measurements should be used to
develop the test criteria. Appendix 1 provides guidance for’the development
of.criteria from measured data. In the absence of shipboard measurements,
levels fround in figure 514.3-3Q should be used. The random vibration test
of shipboard equipment should follow either the Baeic Transportation Teet
(1.3.2.1) or the Bench Handling Shook Test (method 516.3, Procedure VI),

In order to verify structural integrity and the compatibility of equipment/
mounting resonance frequencies with shipboard input frequencies, a sinusoidal
vibration test ehould be conducted in accordance with MIL-STD-167 for Type I
(Environment Vibration). In the event that actual shipboard vibration data
recorded on candidate vessels show levels or frequency ranges different from
those for MIL-STD-167, Type 1, the test levels should be tailored to envelope
the highest valuee for each frequency, with appropriate consideration given to
the fatigue life of the equipment.

b. Test durati~. The test durations for shipboard applications should
be based upon the anticipated deployment scenarios. A method for development
of test durations is included in appendix 1. For tests which utilize the test
levels from figure 514,3-33, the first duration should be two hOurs along each
of three orthogonal axea.

c. “fest set~. Equipment should be mounted in its normal configuration
with normal shock{vibration isolation mounts used throughout the teat.

●
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1-3.2.12 10 - ~n~tearitv ~.v The following information is
provided fordeveloping a test program.for items’which will not encounter any
of the other vibration environments listed in tsble 514.3-1 and for items
mounted on vibration isolation devices (I-4.10). The test program may include
a secured-cargo teat from paragraph I-3.2.1, since all material.is subject to
transportation from the point of manufacture to point of use. Additional
testing’will be needed if the stresses experienced in the secured cargo test
will not assure adequate performance during application. The additional
vibration tests are for helicopter and aircraftlexternal atore equipment
applications. These vibration levels are fDUIIdin figures 514.3-35 and
514.3-36 and have no relationship whatsoever to the application environment.
However, historical experience has ahown that equipment which can withstand
these.test conditions can function satisfactorily in the field. These
expoaurea “aresometimes called Tfjunkleveltttests and provide some assurance
thatthe “equipmentcan witbetand operationa and handling during removal and
repair, but certain risks must also be asaumed“without further comprehensive
testing. For helicopter applications, this test should only be applied to
electronic boxes which have first natural frequencies, as installed in the
helicopter, greater than 100 Hz, ‘andwhich weigh less than 75 pounda.’ The
weight penalty associated with this unrealistic test begins to become
significant for electronic boxes that weigh more than 75 pounds.

a. Test level. The teat levels shown in figures 514.3-35 and 514.3-36
are baaed upon a variety of platforms.

o b. lk& duraW.
514.3-VII. The tiUI@Df

The su~ested test durations are provided in table
exposure can be varied to meet the test requirements.

METHOD 514.3
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Figure 514.3-35 Maximum three hours per axia
30 minute logarithmic”sweep 5
.to500 hz

● Figure 514.3-36 One hour per axis.
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c. lest set~. The secured cargo transportation test phase shall,be
accomplished as indicated in paragraph 1-3.2.1. The additional vibratiori’ ~
exposure shall be accomplished with the test item secured to the fixture”/
exciter. Items which are mounted on vibration isolation equipment should be ‘‘.
tested with the isolation removed. The items shall be tested in each ,ofthree
orthogonal axes.

I-4 SPECIAL CONSIDERATIONS
. .. .

I-4.1 Combined temDerature. vibration t~. To expose materiel to realistic
servioe stresses, a combined temperature-vibration test,may be necessary.”.The
high and low temperatures that materiel is expeoted to endure while being “
transported are usually specified in the requirements dooumente ‘interme of
the climatic categories described in MIL-STD-21O or AR 70-38. These same
criteria are presented for use in methods 501.2 (High,Temperature) and 502.2
(LOW Temperature). The temperature values selected for those testa can be used
for combined temperature-vibrationaltesting.

,.

I-4.2 Gommon test techn-

1-4.2.1 ~. The “majorityof vibration experienced by””equipment
in operational service has been determined by analysis to be broadband in
speotral content. That is, all frequencies are present at all times in
varioua combinations of intensity. Controlled experiments have demonstrated
that random vibration effective y simulates”broadband in a test situation.
Therefore most of the tests in this method use random vibration.

Random vibration spectra are defined in terme of acceleration spectral density

(also referred to as power spectral density, or PSD) profiles, which relate
energy density levels to epecific frequency bands. The vibration is defined.
over a relevant frequency range.

The use of g-rms values alone to describe vibration tests is not valid, since a
a g-rms value does not characterize a specific vibration profile. An infinite
combination of frequency bandwidths and spectral shapes can satisfy one g-rms.
value. Therefore, vibration measurements and test spectra should alwaye relate
energy content to specific frequency bands.

Aa traditionally applied in the test laboratory, random vibration is charac-
terized by a gaussian energy distribution,.but other forms of broadband
excitation (mechanical or electro-hydraulic) may be employed if the desired
spectral control can be achieved.

I-4.2.2 Source dwella. In some cases, the vibration environment is charac-
terized by periodic excitation from reciprocatin~ or rotating structure and
mechanisms (e.g., rotor blades, propellers, pistons, gunfire). This excitation
may be transmitted through fluids (air or liquid) or structures. When this
form of excitation predominates in a critical frequency band, source dwell
vibration is appropriate. A source dwell excitation is characterized by
broadband random, narrowband random, or one or more sine waves.

I

a

.

.

0
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This teehnique differs from the traditional sinusoidal resonance dwell test.
A resqnance dwell emphasizes those frequencies at which the test item
resonates. A source dwell emphasize9 those frequencies which predominate in
the platform environment. Obviously the source dwell spectrum provides a more
realistic test. Source dwell testing should be performed using one of the
following techniques: .,

(1) Broadband random excitation with vibration peaks centered at the
fundamental and harmonic frequencies of the platform.

(2) Narrowband random superimposed over a low-level background broadband
random signal with the narrowband.portion oentered at the fundamental and
harmonic frequencies. (NOTE: The narrowband signals may also be cycled
through a frequency band representative of the platform conditions).

(3) Sinusoidal inputs.at the fundamental frequencies and harmonic
frequencies either singularly or simultaneously. A low-level random background
may also be added to the sinusoids. (NOTE: The sinusoidal inputs may be
cycled through a frequency band representative of the platform conditions).

I-4.2.3 woidal vi~. Tbe service vibration environment in some
propeller airoraft and helicopters contains excitation which is’basically ,
sinusoidal in nature. The excitation derives from engine rotational speeds,
propeller and turbine blade passage frequencies, rotor blade passage and
velocity, and their harmonics. Environments such as this may be best simulated
by a sinusoidal test. Caution must be exercised to assure that the frequency
range of the sinusoidal exposure is representative of the platform environment.

Most vibration problems are associated with a resonant response of the
equipment item or comporientto the platform source excitation. Thus, the
traditional sweep sinusoidal vibration test technique is not used in this
method for representation of the actual service condition. Swept sinusoidal
testing is a useful engineering development technique.

1-4:2.4 J@wonse Qharacteriza lm.
t.

Response characterization“isa technique
for measuring the structural response of equipment or test fixtures to applied
vibration. Response characterizations may either use broadband or swept-sine
excitation. They are performed for reasons which include, but are not limited
to:

(1) Identifying the frequencies at which an item resonates, especially
when those frequencies might be present in the service vibration environment.

(2) Evaluating fixture/test item interaction to ensure reasonable
duplication of known or expected service-induced responses.

(3) Determining appropriate locations for’test control instrumentation.

.— METHOD 514.3
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Response characterizations should ultimately be performed at realistic ~
vibration levels since nonlinearities in equipment response render charac-
terization at other levels inconclusive.

I-4.2.5 lest axes. Unless otherwise stated in specific procedures, test items
shall be excited along three orthogonal axes. Excitation shall either be

~

directed along each axis, one axis at a time or applied along two or three
of the axes simultaneously. “ -: !..,! ,’:,,

I-4.2.6 -t “contro1 versus resoonse-. ned control. Input control is ‘ “
the traditional approach to vibration testing. ‘Ideally,this form of testirig’”
should represent the input from a carrying platform into equipment on the’ ‘‘” .,
platform. It should not be used when the equipment mass-loading could ~‘
significantly alter the platform behavior or when the actual service excitation
is applied to all parts of”the structure simultaneously (i.e., aerodynamic
turbulence) rather than through a few distinct attachment points. ,,

.

Respoxrae-definedtesting uses an essentially undefined input and instead tries
to achieve an equipment structural response representative of that anticipated
or measured”in service. This approach is especially appropriatee when service
vibration measurements exist and close correlation between laboratory and .:”
service conditions is readily achieved.

I-4.2.7 Is@ duratiQDso Test durations should be chosen along’with test “”
levels to accomplish the”test purpose. Guidance is included in the “individual
test technique discussions of I-3, in 1-4.6, 1-4.7, 1-4.8,. and in ‘wwfidix ~.

,..

Usually vibration criteria are written in terms of total‘time at a given level’
aid are implemented as a continuous exposure. However, service exposure is’ ‘‘’ ●
usually made up of a series of discrete”or short-term events. Thus, centinuo’us
application of vibrstion could result in unrealistic structural, isolator, or
other heat buildup effects. Vibration should be applied for short’periods re-
presentative of service conditions. Vibration-on periods should be alternated
with vibration-off periods of sufficient length to allow heat to dissipate:
Examples of intermittent vibration events requiring such treatment are gunfire
and aircraft maneuver buffet. .. ..

.,’

I-4.3 FWLurance vsrs~l testti. Functional tests are intended to”
demonstrate that the equipment will function satisfactorily in the service
environment. Thus, functional test levels normally are the maximum levels
expected in normal use at which full function of the equipment is required.
Where partial or degraded functioning is permitted or under particular
environmental extremes, an additional functional test should be accomplished
accordingly. In cases where the relationship between vibration stress’level “
and equipment1s degree of performance is uncertain, functional testing at
lower levels should be considered.

Endurance testing is conducted to demonstrate that the equipment has a .!

structural and functional life which is compatible with the system/subsystem
life requirements. An endurance environment is one in which the equipment is
not required to meet all performance specifications. No damage is allowed
while it is operating and the system must exhibit unimpaired performance when
the endurance environment is removed. ●
MSTHOD 514.3
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testing does not establish fatigue life. This is because:

the test item is tested for the amount of stress anticipated for one
lifetime but not necessarily to destruction, and

.~..? .. .,
(b) because.the sample size is too ?mall.
,..,. ,., , ,,

Rather endurance testing assures that the required life,can be achieved with
reasonable maintenance. The determination of the item’s useful life would
require a.combined environments test (method 520) where al1.rel,evant
environments were varied realiatioally and ‘asufficient number of .SaMPle.9
were tested to.failure.. A test item which has survived.an endurance test
ia not necessarily used up; however, the,risk.of..failure in further Use iS
higher:than that of,a new unit. So the test unit should not be used for a ‘,
true life test, a reliabilityy demonstration, or a safety-critical application.
Other uses are acceptable:if the increased risk of failure is compatible with
the use.

.
1-4.4 e effecta. Allowance should be made for mechanical

ts whenever the benefits of increased real-ismare worth ‘the
time, effort, and cost required for implementation.

Equipment structures dynamically influence their own response to an external
forcing function. At structural natural.frequencies where the response
stresses are high, the.structure will load the adjacent supporting.structures
(i.e., notch the acceleration spectral density at these frequencies). ‘The
magnitude of loading effects is related to the relative impedance of the
equipment structure and support structure,e. As a rule of thumb, the ,resonagt
element exhibits a loading force in proportion to its dynamic weight multiplied
by the,corresponding amplification factor.

Mechanical impedance effects can be accounted for in establishing vibration
test spectra. The depths of notches are determined by measurement or by
calculation. Ref 54 gives guidance in this matter.

I-4.5’ for source dwal test- A‘test spectrum ;
representative of this type of testing is presented in fig~re 514:3-14. Test”
bandwidths.,should be based on measured data if possible. When data are not
available,.,the bandwidth can be defined as: .

‘Wjd, = +’2

Where: BW3dB . the bandwidth at a level 3

F = the fundamental frequenty, fn

fl, fz, fs, f~.

db below”the peak PSD level ~

or one of the harmonics:
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I This peak bandwidth should be readily achieved by even the least sophisticated
digital random vibration control system. The bands between the vibration peaks

~
are filled with broadband random vibration at a level representative of the ●
platform being simulated. When variable RPM cases (see I-3.2.4) are being

I simulated, wider bandwidths will be required.

1-4.6 irvzdeveloDment tes~. Engineering development testing is
used to uncover design and construction deficiencies as quickly aa p’osaibleand
to evaluate subsequent corrective actions. It should begin as early as
practical in the development phase and continue as tbe design matures. The
ultimate purpose is to asaure that developed equipment is compatible with the
platform environment and that qualification testing does not reveal that more
development work needs to be done.

beThe tests have a variety of objectives. Therefore, considerable freedom can
taken in selecting test vibration levels, excitation, frequency ranges and
duratione. Typical programs may include resonant search accomplished by
exposing the item to low-level sweep sine input over the frequency range of
concern, Sine dwells are then used to obtain mode 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 models and for discovering platform/equipment compatibilityy problems.
Once mode shapes as well as module frequencies have been identified, the test
item may be’exposed to dwell, swept-sinusoidal or random excitation testing.
The vibration intensity of this testing is selected to accomplish specific test
objectives. The level may be lower than the field environment to avoid
excessive damage.to a prototype, higher to verifY the test items1 structural
integrity, or raised’in steps to evaluate performance variations and obtain
failure data. ●
I-4.7 IJDvironmental~. Worthiness testing is performed to verify
that prototype or test versions of equipment are adequate fOr use in a system
or subsystem test. Levels and durations should be selected to provide
confidence that the equipment will perform well enough to support the test
program with an acceptable level of maintenance. In cases where safety is a
factor, the teat must be adequate to assure safe operation or possible fail-
safe operation. Levels are usually typical operating levels unless safety is
involved; then maximum operating levels are necessary. Durations are either
long enough to check equipment function or an arbitrary short time (5-10
minutes), whichever is greater.

I-4.8
~.

ica lm.
t. Qualification tests are used to verify that production

equipment is capable of operating to specified performance criteria throughout
the range of environments of its service application and to provide reasonable
assurance that life requirements will be met (see 1-4.3). This normally
reauires funtional tests to accomplish the first goal and endurance tests fOr

I the second,

I
I
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Functional:test levels are normally the maximum service levels. When there is
signi~lcant non-linearity, testing at lower 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 should be sufficient to fully verify equipment functional or one half
hour (1,hour.,per axis), whiChever iS greater. This arrangement.has proven
to..be a gooU way of adequately verifyingthat equipment survives,endurance
testing in all respects.

In-the Dast, ‘endurancetest duration was normally.set at one hour Der axis.
Test le~els”were establishedby raising functional levels to accoount for
equivalent fatigue damage. Another.approach is to establish levels and dura-
tions to test to maximum service levels for a duration sufficient to reach the
material endurance limit (approximate y 106 cycles at each resonant frequency).
These techniques,are.basically valid; however, both have shortcomings. The
first technique,results in test levels higher than field levels -- in SOtIIe .
caseg, much higher,.

The fatigue relationships (I-4.9) used to generate these criteria are
simplified.representationsat best and when structural nonlinearity at high
vibration.levels becomes a factor, the validity of the relationships is
questionable. The second,techniquedepends on the definition of endurance
limits. This is a further simplification of the already simplied fatigue
relationship. Further,.it is shown that some materials do not exhibit
endurance limits. ,.

.Basedon,the above, the following approach is reco~ended. Uae the simplified
fatigue relationship to determine the time at ❑aximum service levels
(functional levels) which is equivalent to a vibration lifetime (levels are
different for different mission profiles). Appendix A contains an example of
this process. Use the equivalent time as the functional test duration, thereby
combining functional and’endurance tests. There may be caaes when this test
duration is too long to be compatible with program restraints. In this case
uae as long a test duration as is practical and use the fatigue relationship
to define the test leve,l. However, in no case should endurance test levels.
and durations be less than those specified in I-3.2.12.

,.. .

I-4.9 htircue relati~e, The following relationship may be used to
determine the required test times at functional levels to satisfy endurance
requirements or when necessary to develop the ratio between functional and
endurance leveIs:

where

w=

T=

M=

Vibration

(l’O’wJ=(T’’J”M
levelS (acceleration spectral density)

Time (hours)

Material constant (slope of log/log.random s/N curve.)
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This relationship is a simplified expression of linear fatigue damage
accumulation for typical materials used in-electronic equipment. More
sophisticated analysis techniques can be used.when warranted. The recommended ●
value of M is 4.0. (Note: if this equation is used for,sine calculation, W
represents peak g and M ❑ 6.)

I-4:10 Yibration isolation devicw. Vibration isolators (shock mounts),
isolated equipment shelves, and other devices designed to protect equipment
from platform or shipping environments use low-frequency resonance to attenuate
high-frequency vibration inputs. Effective performance of.these devices
depends on adequate frequency separation between isolation resonant frequencies,
and equipment resonant frequencies, and.sway space (clearance around isolated ,=
elements) to avoid impacts of the isolated elements with surrounding equipment
and structure. In addition, all military equipment should have a minimum
level of ruggedness even if it will be protected by isolation in its
application environment. To assure that these requirements are met, sway
amplitude and isolation characteristics (transmissibility veraua frequency)
should be measured during all vibration tests. This is also true when
sub-elements are isolated within equipment items. Further, all isolated
equipment should pass the Minimum Integrity Test requirements (I-3.2.12).
These parameters should be measured at each test level. This is necessary
because isolation devices are nonlinear. ‘

I-4.11 lest set~. Unless otherwise specified in the individual test
description (section I-3), the test item shall be attached to the vibration
exciter by means of a rigid fixture capable of transmitting the vibration
conditions specified. The fixture should input vibration to racks, panels,
and/or vibration isolators to simulate as accurately as possible the vibration
transmitted to the test item in service. However, all equipment items o

protected from vibration by these means should also pass the minimum test
requirements of I-3.2.12 with the test item hard-mounted to the fixture.

a

~ measuredr”

1-4.12 During all platform-induced vibration
simulations, the test item should be functioning and its performance should be

Performance to full specification requirements should
be required during all functional tests. Measurement of performance level
attairiedshould be required when.endurance levels are higher

! levels (I-4,8).

I-4.13 Summarv of test information reaulred. The following
required in the teat plan ta adequately conduct the tests of

a. Test procedure

b. Test item canfiguration

c. Operational requirements

d. Test levels and durations

e. Test set-up description

f. Accelerometer lacatian and calibration

than functional

information is
section II:

.
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SECTION II

II-1. ApWEWUS. Any vibration-inducing machinery capable of satisfying the
test conditions is acceptable. Specific requirements for test apparatus,are
provided in subparagraph c of each subdivision of I-3.2.

11-1..1,,.~. The acceleration power spectral density of the teat,,
control signal shall not deviate from t~e specified requirements by more than
t3dB over the entire test frequency range. However, deviations of -6dB in the
test control signal may be granted for frequencies greater than 500 Hz due to
fixture resonance, teat item resonance, or facility limitations. The
cumulative bandwidth over which this reduction shall be allowed cannot be
greater than 5%.of the t&t frequency range (see figure 514.3-37). In no case
shall the acceleration power spectral density be more than -6dB below the
specified requirements. No deviation shall be grated for frequencies below 500
Hz. When the test cannot be controlled,within+3dB from the specified
requirement, at the risk of the tester, the test may oontinue. The risk shall
be to asaume no overtesting is occurring, test results are valid, and
aPProPria~e corrective action Will be taken in accordance with the nature of
the test. Tolerance levels in terms of dB are defined aa: .

dB = 10 loglo~l
W.

where

W2 . measured acceleration power spectral density

W. = specified level in g2/Hz units.

Confirmat+on of these tolerances shall be’made by the
providing at least 100 statistical degrees of freedom.

in g2/Hz units

use of an analysis system
For all !Jrocedures

using broadband random vibration with random peaks, sinusoidal peaks, or source
dwell, analysis systems shall be less than or equal to 10 Hz in bandwidth up to
and including the frequency.,ofthe highest peak in the test spectrum.

A digital analysis system is the preferred method for performing a power
spectral density control and analysis. Digital systems used shall have
accuracies in excess of standard analog analysis and control systems with the
following capabilities:

a. On-line contiguous filter
bandwidth as follows:

, equalization/analysissystems having a

B = 25 Hz, maximum between 20 and 200 Hz

B . 50 Hz, maximum between 200 and 1,000 Hz

B = 100 Hz, maximum between 1,000 and 2,000 Hz

514.3-69
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I ~.
_ Response Signal

+3 dB

Reference

-3 dB

-6 dB

Frequency (HZ) .,

Eb Fi s5$ of Test Bw

FIGURE 514.3-37. table nerformanee within tolerance.
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b. swept frequency analysis syst.ema characterized as fOllows:

● (1) Constant bandwidth’ as follows: “

(a) Filter bandwidth as follows:

B . 25 Hz, maximum between 20 and 200 Hz

B . 50 Hz, maximum between 200 and ,1,OQO Hz

B = 100’Hz, ❑aximum between 1,000 and 2,000 Hz

-.

.

(b) Analyzer averaging time = T = 2 RC ❑ 1 second, ❑inimum,
where T . True
time constant.

(c) Analyaia sweep

B2 (Hz/~e~ond)

“8

averaging time and RC . analyzer

rate (linear) . R ❑ ~ or
4RC

maximum, whichever ia smaller.

(2) Constant percentagebandwidth analyzer.

(a)’ Filter bandwidth z pfc = one-tenth of center
frequency maximum (O.I’fc),where p = percentage ,
and fc . analyzer center frequency.

(b) Analyzer averaging time = T . M minimum ‘‘
pfc

(c) Analysis aweep rate (logarithmic) = R = ~

. 4Ht
or (Pf~)z(Hz/second’)maximum, whichever ii

— smaller.8

II-2 PREPARATION FOR TEST

11-2.1

Step 1. Perform life cycle analysis described in’section 4 of this
standard.

Step 2. Identify test categories which are applicable and pertinent from
the life cycle analysis.

Step 3. Determine test conditions for each applicable and pertinent
category.

Step U. Select appropriate test apparatus, data collection and analysia
equipment.
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Step 5.

I Step 6.

Prepare the test item in accordance with General Requirements,
paragraph U and as specified for the test category. ●
Examine the test item for physical defects, etc, and document
the results.

Step 7. Ccnduct an operational check and document the results.

1 Step 8. Prooeed to the required test’’procedureif no problems
ctherwise, correct the problems and restart with step

II-3. PROCEDURES.

11-3.1 ~

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Step 9.

Complete step 1 through 8, paragraph II-2.1.

are found;
6 above.

.=

-..

Inspect test item to establiah pre-test Criteria and physical
condition.

Verify the test items’ functionality.

Mount the test item on the vibration equipment in accordance
with the provisions stated m the appropriate category from,,
section I-3.2. .

Expose the test item t.othe tf?stlevel and duration as
determined from section I-3.2. ●
During step 5 the test item shall be operated ss,if it were in
operational usage. This step”only applies ‘forcategories and
equipment for which operaticne during exposure to vibration are
appropriate.

Inspect the test item and compare it to pre-test data and
physical condition. If applicable, verify the test item
functionality and record the results.

Repeat steps 2 through ‘Ifor each axis (see paragraph I-4.2:5).

Document the test results in accordance with paragraph II-4.

II-3.2 &xeQrLU: .

Step 1. Complete steps 1 through 5, paragraph,II-2.1.

Step 2. Inspect test item to establish pre-test criteria and physical
condition. ..

Step,3. Verify the test items’ functionality.
,!

‘‘SteQ, 4. Prepare the package tester/test equipment in accordance with

I ,,..,:, provisiona of parsgraph II-2.1.
0
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Step 5.

.

Step 6.

NOTE:

Step 7.

Step.8.
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Place the test item which has been prepared for field
transportation on the bed of the package tester/test equipment.

The package tester/teat equipment’shall be operated to provide
the teat level and duration as specified for category 3,
I-3.2.3.

The tei!tduration shall be divided into six periods. At the end
of each.period the test item shall be rotated onto a different
face so that “at the end of the total duration, the test item
will have rested on each of its aix faces.

The item shall not be rotated or tested on a face which, in the
judgment of the test engineer, would be an unrealistic test
condition. In this instance, the total test time of three houra
would be divided equally between the number of faces on which
the test item is to be positioned. ,

Inspect the test item and compare to pre-test criteria and
physical condition. If applicable, verify-the test items’
functionality.

Document the test in accordance with paragraph II-4.

II-3.3 ~

e Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.
.

Step 8.

Complete steps 1 through 5, paragraph II-2.1.

Inspect test item to establiah pre-test criteria and physical
condition.

Verify the teat itemaf functionality.

Place the shelter on the transport vehicle(s) that is normally
used to transport the ahelter.

The shelter shall be secured in its normal manner to the
transport vehicle.

Install instrumentation in the shelter to measure the vertical
axis acceleration time 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 times over
the following sections of the course at specified speeds:

514.3-73
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NOTE: The speeds will be utilized as specified unless the speed poses
an unsafe driving condition, in which case the maximum safe
operating speed will be utilized. ●
(a) Coarae waahboard (6-inch waves spaced 72 inches apart) - 5

I t@H

I (b)Belgian block - 20 MPH

(c) Radial waahboard (2-inoh to

I
(d) 2-inch waahboard - 10 MPH

(e) 3-inoh spaced bump - 20 MPH

4-inch wavea) - 15 MPH
. . .

5

Step 9. Inapeot,the shelter/test item and oompare t.opr.e-teatcriteria
and physical condition. <

,.
Step 10~ Verify the teat items’.functionality.

Step 11. Document the test in accordance with paragraph II-4,.

II-3.4 Procedure IV - Qu~lon (extfamaldy carried
. . .

let aircraft stOr&.

Step 1.

Step 2,

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Check teat item for performance in accordance with requirements.

Expose test item to functional test levels. Function the teat
item aa if it were in operational usage. Duration of.step 3
shall be one-half of the required duration of functional test. o
See I-3.2.7b for durationa.

Expose test item to endurance teat levels. The test item need
not be functioning during endurance testing. See 1-3.1.7b for
durationa.

Expose teat item to second half of functional teat. Follow
step 3 procedure. ,

If test item doea not have a free-flight phase, go to step 9.

If free-flight teat ia required, expose test ite,mto test levels
and duration as defined in paragraph I-3.2.7 (Free Flight).

Function stores thru free-flight performance requirements during -
step 7.

If life analysia shows that atore shall not be exposed to buffet
vibration, go to step 12.

M3THOD 514.3
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Step 9.

Step 10.

Step 11.

Step 12.

Expose the etore to 10 minutes of vibration
of buffet-induoed vibration as described in
.(Buffet).

MIL-STD-81OD
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levels and speotrum
paragraph I-3.2.7

Verify performance of store after performance

Repeat steps 1 through 11 for each test axis.

,Documenttest as outlined in paragraph 11-4.

a“. Prior test history of the specified test

b. Inspectionand test procedures, inciuding
criteria, instrumentation, data requirements, and

of step 10.

item.

inspection requirements, test
failure criteria.

c. List of all test equipment, including vibration”generating and
analysis equipment, mounting arrangements, and fixtures.

d. Orientation of test item, including axes of applied vibration.

e. Location of acc@lerometers used to control and measure vibration.

f. Resonant frequencies, including those selected for test, as
applicable.

● ❞✍Isolation characteristics, including sway amplitudes and trans-
missibility versus frequency.

h. Applied test levels, durations, and freqU&M?Y raIISes.,

i. Results of all performance measurements, including overall test
results.

j. Analysis of each failure and corrective action proposed.

k. Analysis bandwidth.

.
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! .
A-1 . INTRODUCTION

I

APPR.IDIXA
!., .,.

GUIDANCE FOR DEVELOPMENT OF ‘ ,. ●
LABORATORY DYNAMIC TEST SPECIFICATION

.,. ,,, ...:,

Laboratory test specifications developed from test item stresses measured
during actual service conditions are or may be significantly more realistic
than the standard laboratory specifications contained.Ln the dynamic test
procedures of this standard. This is generally true even when compromise
is made due to unavailability of prototypes, lack of definition of’service
scenarios, or limited measured service stress data. All possible effort should
be made to develop realistic laboratory test specifications. Seqvice scenarios
ehould be estimated and ballast loads used to obtain field data for interim
criteria. It is imperative that the interim criteria be updated’as prototypes
and additional data and information become available.

,.

In the development of laboratory test specifications, the effort must be
planned since each step in the process affects all other steps. Factora
such as cost, sample eizes, test facilities,’conduct of test’,and.pass-fail
criteria must be considered. Detailed procedures, including assumptions,
approximations, and supporting rationale, should be fully documented. The
degree of accuracy should be consistent throughout the specification de-
velopment, teat program, and evaluation of resulta. While technical.analysis
is a valuable tool, sound judgment is the basis of quality.in testing.

A-2. GENERAL PROCEDURES ●
The procedures for development of a laboratory dynamic test .specifi”cationcan

I be generalized as follows:

a. Define service scenarioa in
standard.

,,

b. Obtain representative field

accordance with

stress data.’

c. Estimate the fragility of the item relative
This information is used to:

section 4 of this

to the service conditions.

(1) Reevaluate the decision to conduct the test.

(2) Determine the degree of accuracy required for the apecification .
development.

(3) Predict critical frequencies and establish a hierarchy with
respect to frequency.

d. Develop a failure model for potential use
laboratory teat.

e. Separate.types of data (periodic, randOm,
individual techniques.’

.

in the time scaling of the,,
:,

traneient) for processing by

●
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0
f. Develop an equivalent scenario and,an equivalent duration,by deleting

negligible stress levels, oombining similar data and using maximum measured
field levels.

g. Apply conservation (additional severity) to cover’unknown conditions.
A factor of 1.2 mav be used as a base. However. the conservative,factor is

.

determined by: -

(1) The tester’s confidence in

,- (2). The aocuricy required (the
versus the consequences of failing a good

h. Conduct the laboratory test.

definitions of servioe conditions.

consequences of passing a bad item ,
item)..

.

.,, . .

i. ,Evaluste.the resulte with consideration to overall specification
development. ,,

,.

A-3. TYPICAL VIBRATION TEST SPECIFICATION DEVELOPMENT

- This section describes.the development of a laboratory sp.5cificationfor a
tracked vehicle. This.example is to be used as a guide.and may be modified as
appropriate for other types of platforms and forcing functions.

,.-

A-3.1 ~sd SCQll@J2. The materiel user’s requirements.and service
soenarios are identified. The required scenario defines the,’road,speed, and

●
mileage distributions as well as the frequency of miseione and the test item
configuration. The test specification ie based on these required scenarios.

A-3.2 ~. The dynamio stresses occurring duringn service
conditions are measured during instrumented road tests. Road test data require-
ments are specified to obtain representative data for service conditions whioh
are to be accounted for, Requirements inolude instrumentation, locatione,
frequenty response, roads, speeds, and provisions for validation of field data.

A-3.3

.

A-3.3.1 “~a reduc~ .- The overall data reduction and specification document
ii summarized in flow chart format in figure Al. In the following discussion,
it is assumed that the reader is familiar with basic vibration data reduction
techniques and laboratory test conduct. Detailed data reduction procedures may
be found in referenoe A1.

,.

The final vibration oriteria will be’in the form of a shaped random speotrum
with a periodio component mixed in to account for the traoklaying response.
Certain key features of the,specification development are discuaaed below.

. A-3.3.2 ~. This provides a model for the failure
mechanism.,,It is asaumed that the failure meohanism is fatigue. (Other
possible failure modes: fracture, wear, loosening, operational, and
heat-related failuree.) As.detailed in reference A2, fatigue damage can be

●
accelerated ,byincreasing the stress levels along a test exaggeration curve.
The specification development will use the composite teet exaggeration curve
developed in reference A2. The curve is presented in figure A2.

METHOD.514.3
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JW.3.3 ~. The random and periodio levels are separated by
means of the autooorrelation and acceleration spectral.density (ASD) functions,
and tha required scenario of 3.1 ia “reducedto an equivalent scenario as ●
indicated by the data. This operation consiate of combining road conditions
which produce similar data and eliminating conditions which produoe levels that
are 6dB below the maximum level. From a fatigue standpoint, these levels are
considered insignificant. The equivalent scenario replaces the required
scenario.

A-3.3.4 ~. TO reduce the time required by the f3@ViikIt.

scenario without actually testing beyond tha field levels, the ASI)’sare
collapsed (normalized) to the highest measured field level as indicated by the .

individual random and periodic grm~ va speed”information. An axampla of thie
operation is presented in table A-I. As table A-I illustrates, a service time
of approximately 50 houra can be reduced to an equivalent duration of
aPProximstelY 6 houre by using the test exaggeration curve and testing at
mSxitIIUmmeasurad fiald level.

-.
If necessary, the equivalent test duration

can be ‘reducedfurther by again using the test exaggeration curve, but this
must be done with caution to avoid testing bayond peak, short duration levels.

A-3.3.5 ~. Conservatism (additional severity) is added to the
random spectrum and periodic oomponent. The conservatism for tha periodic
component is a factor of 1.2.“ For the random spectrum, a factor of 1.2
standard‘deviations (G ) as a function of frequency is added at frequencies
where the field levels are better defined (i.e..,loweru ). Conversely, more
conservatism is added whare the variance of the field levels is greater (which
indicates a poorer definition of field levels). The conservatism ia also used
to account for items such ae:

-0

a. Other terraina and vehicles for which no data was obtained.

b. Effacta of vehicle wear, track tension, temperature, etc.

c. Available maximum field data that may not be true maximum. .

d. Greater variance of field levele than laboratory levels.

e. Test item differences within normal quality control requirements.

“A-3.3.6 ~. To obtain realietic teat tolerances for’the random
spactrum, the maximum and minimum envelopes of the collapsed ASDts or ~3dB
(whichever is greater) is ueed. This results in a test tolerance which varies
with frequency-but allows the response”to vary as it does during service .
conditions.

A-3.3.7 ~. Using the developed specification, a
laboratory vibration test is performed. The physioal setup duplicate, as much
as possible, the actual field configuration. As much of the actual platform ...

structure as practical is included in the test setup.

The required overall g-rma is maintained.to preclude testing at extremes
(over wide bandwidths) within the tolerance range. Control data eampling
bandwidths and sample averages are consistent”with that used in the speci-
fication development. ,. ●
METHOD 514.3
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TABLE A-I. t dura
~.

n (examde ).

-.

SPEED,

.8

12

16-.

20

24

28

32

36

40

I

1Q8 12.3
.. . .

97 6.1

102 6.1

97 4.0

50 1.8

50 1.6

4 0.1

4“ 0.1

700 I 49.6

TEST
EXAGGERATED
~

2.0

2.0

1.5

1.5

1.0

.1 .2.

1.2

1.2

1.2

TEST
DURATION
JIAUQE-a

0.012

0:0.12

0.073

0.073

1.0

0.31

0.31

0.31

0.31

EQUIVALENT
DURATION

0’.22

0.15

0.45

0.37

4.0

0.56

0.5

‘0.03

0.03

6.31
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A-3.3.8 In the
made: .,

test specificatioridevelopment, the following assumptions are

,. ”,.

a. Test item response along off-axes la negligible. Thi9 may not”&‘ a’n”““
acceptable assumption and ie evaluated during testing. T~8t durations are
reduced accordingly; with particular consideration given to critical;:)“’‘“”~”,..::
frequencies. ,;,f- ‘.>

b. A difference between the mechanical impedances of field and laboratory
test item mountings is acceptable. Field and laboratory frequency response
functions are compared to evaluate this. If it is determined that this is not
a valid assumption, average, extremal andlor response control are considered to
minimize any mismatch of mechanical impedance. This is particularly signifi-
cant for massive teat items.

c. Test item response is constant with temperature. That is, the test
may be conducted at temperatures other than those for which field data was
obtained.

METHOD 514.3
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SECTION I
PURPOSE .. ... . . . . . . . . . . . . ..” . . . ...515.3-1
ENVIRONMENTAL EFFECTS . . . . . . . . . . . . . . . . . 515.3-1
GUIDELINES FOR DETERMINING TEST
.PROCEDURESAND TEST CONDITIONS . . . . . . . . . . . 515.3-1

SPECIAL CONSIDERATIONS . . . . . . . . . . . . . . . . 515.3-4
REFERENCES .. . . . . . . . . . . . . . . . . . . ....515.3-6

SECTION 11
APPARATUS ... . . . . . . . . . . . . . . . . . . .. ’.515.3-13
PREPARATION . . . . . . . . . . . . ..” .. . . . . . .515.3-13
PROCEDUFfES . . . . . . . . . . . . . . . . . . . . . . 515.3-14
INFORMATION TO BE RECORDED . . . . . . . . . . . . . . 515.3-16

SECTION I

I-1. w=. The acoustic noise test is conducted to measure how well a
piece of equipment will withstand or operate in intense acoustic noise fields.
The acoustic noise test complements tests for structure-borne vibrations
(method 514).

o 1-2. ~. Acoustic noise can produce vibration in equipment
similar to that produced by mechanically transmitted vibration. In an acoustic
noise field, pressure fluctuations impinge directly on,the equipment. The
attenuation effects of mechanical transmission are missing and the response of
the equipment can be significantly greater. Further, components which are
effectively isolated from mechanical transmission will be excited directly.
Examples of acoustically induced problems:

a. Failure of microelectronic component lead wires.

b. Chafing of wires.

c. Cracking of printed circuit boards.

d. Malfunction/failureof waveguides, Klystron tubes.
_- -

e. Vibration of optical elements.
~

I-3. This
test method should be applied at the end of the tailoring process described in
section 4 cf this standard.

*
a. A@i@+im. The acoustic noise test applies to any equipment operated

Or stored in the intense acoustic noise field,qthat occur in or near aircraft,
missiles, and large machinery such as pumps and generators. In particular, it
applies to:

● (1) Internally-carried airborne eq~ipment

515.3-1
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(2) Assembled externally-carried stores

(3) Ground support equipment on the flightline

Acouetic testing “isperformed if the operational acoustic level exceeds 135 dB
or vibration testing ie impractical.

b. ~. This method is not applicable to space and water
.vehicleeand is not for hearing safety.’ Nor is it “applicableto items which,
because of their construction, are insensitive“to acoustic noise. Examples of
such equipment are items that have small surfaoes, high ratioa of maas-to-area,
and high internal damping. Examplee are (1) high density modtilee,particular y ?.

‘if they are encapsulated and (2) equipment that is surrounded by a he,avymetal
caee, particularly if the equipment is potted. A practioal guideline is that
acoustic tests are not required if equipment is exposed to broadband random
noise at a sound.preseuqe level leas than 130 decibels (ref 20 !.’Pa)overall, and
if its exposure in every one-Hertz band is less than 100 decibele (ref 20 u Pa).

-.

..

c. ~. Acoustic testing may be performed anywhere in the test
procese. The accumulated effects of acoustic atress may affect equipment
performance under other environmental conditions, euch aa temperature,
altitude, humidity, or EMI/EMC.“ When it ia desired to evaluate the cumulative
environmental effects of acouetic noise (paragraph I-2) and other environments,
a eingle teet item should be exposed to all environmental conditions, with
acouatic noise testing performed firet.

d. XfietvariaLL9mi

.(1) ~a. This “method is composed of four procedures -.
the environmental worthiness test, the qualification teet, the mission”profile
test, and the cavity resonance test.

(2) leet c~. Within eaoh procedure, values muet be assigned
to the following variables:

(a)

(b)

(c)

(d)

or jet engine. ‘e)

Sound spectrum

Dynamic pressure level

Duration

Tolerances

Acouetic excitation’field --

I-3.1 ~. The choice of

reverberant, pr0gre9sive wave,

test procedure(e) depends on:

a. The stage of the item in the design process.

b. Whether or not accelerated teeting is desired.

c. Whether an open cavity on an aircraft or aircraft.store is involved.

METHOD 515.3
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d. Test item configuration:

to be tested in both the assembled

e. Whether one test obviates

MIL-STD-81OD “’“
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external1y-carried aircraft stores may have
and free-flight configurations.

another: if one test is more stressful in

.

all variables than another; the easier test need not be performed (e.g., func-
tional test vs endurance test, captive flight vs. free flight).

I-3.1.1 Procedure I
.-. ronmenta1 worthiness teSt. The’environmental

worthiness test is a relatively short test used during engineering development
to identify defects in a prototype‘or flight test item before attempting
service’or flight testing““withthe same unit. It helps to eliminate simple,
rapidly occufiingproblems that c“andelay or prevent SerViCe Or flight teSting.

The test simulates the most severe environmental conditions expected during
service or flight testing..,

I-3.1..2 Procedure II- Oua-tion t-. The qualification test is ‘usedto
demonstrate the fest itemts compliance with contract requirements. Only the
most severe anticipated service environments are used as the basia for testing. ,

It is divided “into functional and endurance tests. The functional test must be
tailored to show whether ‘theitem can’perform to specificationin the most
severe environment of its service life. The endurance test is an accelerated
test and must”be tailored to simulate the item!s lifetime damage accumulation.
Test sequence is one-half hour functional test, endurance test, and another
one-half hour functional tegt,.

‘9

1-3.1.3 ~. A mission profile teat can be used
when a close correlation is desired between test time and acoustic stress
exposure time in service. This is not an accelerated test since testing is
performed at “realisticstress “levels. .,

I-3.1.4 J’rocedureIV - Cavitv resonance test. Aircraft compartments or stores
that open during flight can expose cavities to the airstream. Standing waves
often become established in such cavities at the resonant frequencies of the
cavity. The resulting acouatic noise is very intense.

I-3.2 Choice of test c~.
. The choice of test conditions dependa on

(1) The procedure chosen.

(2) The availability of measured -dataon the test item’s operational
acoustic environment.

(3) The location of the test

(4) Whether the noise source
or distributed.

+ ,. ,,

(5) The mission profile(s).

(6) The predicted life-cycle

O ,,

item with respect to the noise source.

in the operational environment ie”localized

history of the item.

METHOD 515.3
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~-3.2..J&whwu&w. The spectrum shape shall be determined from measured
data, if available (see I-4.1). If data are not available,use the spectrum
given in figure 515.3-1, with two exceptions: For assembled, externally
carriedaircraft stores, use the spectrum given in figure 515.3-2.“ For cavity
regonanoe testing, uee the spectrum given in figure 515.3-4.

1-3.2.2 lmustic test level. The acoustic test level should be determined
from measured data, if available (see I-4.1).. Otherwise, use the values
suggested by table 515.3-I.

a. Procedures 1, II, and IV - The most severe acoustic stress conditions
shell be used as test conditions. ,.. .

b. Procedure III - The measurements 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 determined using the technique described in ~~
paragraph 1-3.2.3.1.

I-3.2. 3 Mat durati. For procedure III, teat duration should be determined
as described in paragraph I-3.2.3.1. For all other procedures, determine the
test duration by ‘referringto table 515.3-I. .,

I-3.2.3.1 ~. For airborne equipment,“thetest
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 time spent at each dymmic. Pressure band level in
the test cycle should be in proportiorito the relative contribution of the same
level to the histogram. The test cycle, therefore, resembles a service mission
with varying test levels as a function of time. The test oycle is then
repeated until the desired number of ‘tmissionsnhas been accumulated.

Each mission profile should be expressed in a dynamio pressure versus time
profile rather than Mach number and altitude profiles. The dynamic pressure
profile for each mission is analyzed to develop a histogram of mission time
spent at various ranges of dymmic pressure. This is accomplished as follows.

Using the highest measured value of dynamic pressure (regardless of mission) as
Qwx, sum all of the miesion time for which dynamic pressures were within 5
percent of ~ax. Then,sum all of the mission time for which dynamic pressures
were between 0.95 Qmax and 0.90 Qmax. C?ntinue this process of ‘summingmission
time for 5 percent increments of dynamic pressure until all values”of meaaured
dynamic pressure are included.

For test purposes, the pressure levels can be determined using the midpoint
dynamic preaaure value of the appropriate 5 percent dynamic pressure band.
Thie value Will be assumed to be constant for the amount of flight time within
this band.

I-3.2.4 ~. The tolerance can be adjuated to reflect the purpose
of the test and the available acouatic noise source. For environmental ~”
worthiness testa the upper limit on figure 515.3-1 can be ignored and the
tolerances on figure 515.3-2 can be -3dB to plus infinitY. For,qualification
testinu the tolerances should be as shown on figure 515.3-1 and for figure

I 515.3-; they can be -3dB for each one-third octave band.

MSTHOD 515.3
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●
1-3.2.5, source. The fluctuating pressure environment experienced in
service is a complex combination of progressive wave and reverberant acoustic
fields. Becauae of practical limitations, equipment testing is generally,
accomplished in reverberant.laboratory facilities. If an appropriate
laboratory facility is not available, a jet engine may be able to provide the
required acoustic field.

I-3.2.5.1 Eeverberant testiqg. This technique is ueed when the pressure
fluctuation source ia distributed. Such a source is turbulent boundary layer
flow along a vehicle!s skin. Reverberant testing ia also used for equipment
located in closed spaces inside a vehicle exposed to strong localized acoustic
sources.

I-3.2.5.2 esslve wave testti. This technique is used to simulate a
strong localized acoustic source. The accoustic energy aweeps over the test
item like ripp~es spreading on water. This test environment ia appropriate for
externally-carried components on all types of vehicles which are directly
exposed to localized acouatic sources such aa rocket or
reverberant test environment can be used to approximate
environment but the level should be adjusted to account
vibration efficiency of the.two types Of fields.

1-3.2.5.3 avitv rea~ tea ln~.
t.

It is recommended
acoustic energy be used in the cavity resonance test.

I-4.’ SWUWWW&

jet engines. A
a progressive wave
for the difference

that sinusoidal

in

● I-4,.1 Accert.abe1 measured data.1 Measured operational or flight teat data
can be in either of two forms: (1) acoustic pressure levels, or (2) vibration

.

response of the teat item in.the field environment. For either form of the
data, the data shall be analyzed using a constant percentage bandwidth no
greater than one-third octave with a minimum of 50 statistical degrees of
freedom. The data shall be over a frequency range of at least 20 to 2,000 --
and pre,ferably to 10,000 --..Hertz.

IY4.1.1 Acoustic operational or flight test data.. The 1evels and spectra
measured in flight cannot be used directly as the test conditions for the
flightconditions under which they were measured. They must be adjusted
(recognizing that aerodynamic noise is less efficient than reverberant acoustic
noise at frequencies before the first structural resonance and more efficient
above that frequency) to compensate for the differences between flight
turbulent boundary layer pressure fluctuations and a reverberant acoustic test
environment. The parametric relationships specified in tables 515.3-II and
515.3-III can be used to extrapolate to other operational or flight conditions.

1-4.1.2 ~a 1 or
~.

ht test dti . Vibration can be ‘used
indirectly to establish acouatic test levels. The teat item is instrumented
with accelerometers,mounted identically as those used in operational or flight
testing. The acoustic test levels and spectra are varied until the reproduced
vibration matchea the previously measured operational or flight test data
within MIL-STD-81OD method 514.3 tolerances for random vibration. This
acoustic test environment can.be considered,as the operational or flight
environment. The parametric relationships specified in tables 515.3-II and
515.3-III can be used to extrapolate to other conditions.

. METHOD 515.3
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I-4.2 Yest interruut~. In the event of an unprogrammed test interruption,
the cause of the interruption should be analyzed to determine the likelihood
that environmental stress conditions present at the interruption could occur in ●
service. The test should be resumed at the point of interruption using the
same specific test item. If the test item has been damaged, it may be.
necessary to start the test over using a oew test item.

.,

I-4.3 ~test reauirementa. When failures occur during qualificatiori,the~~
failure will be fixed as appropriate. The test will be restarted and ruri
through the complete qualification cycl”eto verify the fix. Parts which
survive a complete qualification cycle are considered tO have passed and are-
repaired only if required to finish the retest. &

I-4.4 @ertes t. An interruption in the test that results in a more extreme
exposure of the test item than required by the equipment specification’should ,,
‘be followed by a complete physical inspection of the test item:and an
operational check prior to continuation of the test.” An engineering judgment ‘“ :

shall be made whether to continue testing with the specific item given the . ‘.
overtest, to obtain a new item, or to consider the test’completed.

I-4:5 Fai~ti All incidents””where the test items do not ~eet -
the equipment operating‘requirementsshall be analyzed to”determine t,hecause
and impact of such occurrences.. Corrective actions shall be proposed .or
implemented as required to meet equipment performance requirements.

I-5. ,,. ,

a. Dreher, J.F., Lankin, E.D. Lankin, E.A. Tone. ‘VibroacOustic“. . ‘.
Environment and Test Criteria for Aircraft Stores during Captive Flight”. “’

o

Shock and ‘JlbratlOnBulletim 39, Supplement (April 1969), PP 15-40.

b. Dreher, J.F. ,lEffect~ of Vibration and Acoustic Noise On Aircraft/’

Stores Compatibility!t. IN: Aircraft Compatibility Symposium, Eglin AFB,
Florida, November 1969, VO1 6. pp 245-272.

c. Burkhard, A.H. t!ACOustic Testing to Simulate the Flight Vibration
Environment of Aircraft Stores”. February 1974. AFFDL-TR-73-110, DTIC number
AD-919-543L.

d. Burkhard, A.H., IIcapti.feFlight Acoustic Test Criteria for Aircqaft

Stores!!. Shock and V1bratlon BU
. .

lletm 43 Part 3 (January 1973), PP 113-126.

e. Meeker, B.D. and W.D. Everett. ,,u.s. Navy Experience on the E ffkcts

of Carrier-Aircraft Environment on Guided Missiles’t.
.

1980 NATO AGARD,
“ConferenceProceedings No. CP270.

f. Heller, H., G. Holmes, and E. Covert. “F1ow Induced pr~ssure
Oscillations in Shallow Cavities”. December 1970. AFFDL-TR-70-1~4. DTIC .5
number AD-880-496. .,,..

g. Smith, D., and L. Shaw. l!predi~tiOnof pressure oscillations in

Cavities Exposed to Aerodynamic Flow”. October 1975. AFFDL-TR-75-34. DTIC
number AD-AO18-518. ●
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TABLE 515.3-11. ted acous~

Functional test

L#,~,~,~

foti,3/ = 600

Endurance test

L# ,~ ,~ ,~

f$/,~ = 600

Definitions

assmbled ex~v-carried aircraft stor=.

= 20 Log (ql) + 11 Log (X) + 7. Log’ (1-cos~ ) + G+Hdi3

Log (X/R) + C

.,

= 20 Log (q2/ql) + 2’.5Log (N/3T) .,+ functional level‘dE

Log (X/R) + C .,

ql . captive flight dynamic pressure (lbs/ft2) < 1800
%? = 1200 psf or maximum captive flight dynamic pressure (Whiohewr is

lower) (lbs/ft2)
N = maximum number of anticipated eervice,missions (minimum N =-3)
ti/ . local radius of etore in inches
x . distance from nose of,atore along axia of store in inches
T = test time in “hours(minimum.T = 1 hour unlese othe~ise” specified)
c . -200 location.?within one D of either aft end of “storeor aftward of

re-entrant angle
z 400 all other locatione

L1 = maximum atore ,diameterin inches

B . local nose ccne angle at X equals 1”/ Tan6 = (R/X)‘(referencefigme
‘515.3-4)

G = 72 tilesameasured data showe otherwise
E = 96.unless measured data shows otherwise
F = 84 unless measured data shows otherwise
H = o for, O.85 < M > 0.95
H = -3 dB for all other values’of M
M = Mach Number

Representative.parametric..valuesto be used for captive flight when specific
parameters are not available:

,,,

Local Noee
N Endur- Cone’Angle .q f. Nose f. Middle f. Aft

Store Type ante DegreeS max Scotion Seotion Seotion

Air-to-Air Missile 100 69 ~~ 16OO 500 .1000 500
Air-to-Ground Missile 12 1600 800 63o 63o
Instrument Pod 50: 69 18oo 500 1000 500
Reusable Dispenser 50 11 1200 63o 1000 400
Demolition Bomb 24 1200 500 1000 630
Flat Nose Store : 90 1200 400 630 315

.,.

METHOD 515.3
19.July .1983
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NOTES

1. Raise computed Lo level by 3 dR for a store carried in a TER cluster rack;
by 6 dB for a PIERcluster rack.

2. If calculated f. ia above 2,000 Hz use upper ‘frequencylimit of 2,000 Hz.
If calculated f. is below 200 Hz uae 200 Hz.

3. Round off f. upwards to a one-third octave band center frequency.

~

4. For stores which do not have circular cross-sections the radius used in the
formulas shall be the radius of the oirole which circumscribes the ,-
cross-section of the store.

I 5. For locations on flat nose storea (800 < B < 90°) where X < 100:

Functional teat *-

Lo = 20 Log (q;) -6 Log(X) +E+H

Endurance test

Lo = 20 Log (q2) - 6 Log (X) +E + 2.5 Log (N/3T) + H

6. For long cylindrical section, > 2b, use for locationa more than one D
aftward into the cylindrical section:

Functional teat
0

Lo=20L08(ql)+F+H

Endurance teat

Lo = 20 Log (q2) + F + 2.5 Los (N/3T) + H

7. For changing radius section either aft of a long cylindrical section or
when X > 100 on a flat
this section:

nose store, redefine X so that X = 1 at beginning of

Functional test

Lo = 20 LOS (ql)

Endurance teat

Lo = 20 Log (q2)

METHOD 515.3
19 July 1983

.

+

+

llLog(X)+F+H

.,

11 Log (X) + F + 2.5 Log (N/3T) + H

~.
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Note: See table 515.3-II for definition and calculations.

f. = 600 log (X/R) + C

A = 6 ‘dB/octavewhen f. >.400 Hz

A . 2 dB/octave when f. L 400 Hz

0

FIGURE 515.3-2. ~ v m
d aasembled externallv carried a. .

Iroraft stores.

rB

.

—-

+-—x——————

FIGURE 515.3-3. Tvnical store Wofile
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TABLE 515.3-III. ties ed cav tv resonance acoustt i ic test.

Parametric Equations for figure515.3-4

Functional Test Level

B. = 20 log(q) + 110 dB (Re$ 20v pa (0,.0002microbar))

Endurance Test Level

B. = 20 log(q) + 2.5 log(H/T) + 110 dB (Ref’20u pa (0.0002 microbar))

0 75)(7 4 M /7)2 1/2
‘N = ~;(c.) + (;.i-#/2)1/~ Hz

Definitions
..

fN . resonance frequency fOr the N mode (where N . 1,2,3,4, etc.)

N . mode number

C . speed of sound at altitude of flight’(M/S)

L . length, radius, of opening exposed to airstream (meters)

M . Mach number

A second set of rekonance frequencies shall be identified by using the distance
parameter, L, as the depth of the cavity.

q = flight dynamic pressure when cavity is open (lbslft2)

H . number of operational hours store is flown with cavity open. If H<l,
endurance test is not required.

T . duration of test in hours (minimum T . 1 hour)

5C0 10112 2000

FIGURE 515.3-4. _Cavitvresonance Acetic test level.a

.,

&
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METHOD 515.3

ACOUSTIC NOISE

SECTION II
,,

noise tests can be performed using a reverberant
power and size. A reverberant teet ohamber should
times the test item volume, With the chamber empty,

the distribution of overall sound pressure levels should be uniform to within
-2 and +4 dS of the desired value. If no test chamber is available, the noise
field behind a jet engine can be used for acoustic noise testing, provided
desired uniformity of test environment can be achieved. The spectrum and
overall level should be meaaured and the test item placed in a suitable
location to achieve best approximation to desired test conditions. It is
difficult to achieve as uniform an acoustio environment as with a reverberant
test chamber. This approach may be suitable primarily for development, test-
analyze-fix, and environmentalworthiness tests. However, because of.the
difficulty in controlling test conditions, this approach is not alwaya suitable
for qualification testing.

II-1.1 ~. The acoustic test facility shall be able to produce acoustic
noise at the desired levels and frequency range: Frequencies outside the
desired frequency range may be inadvertently produced by the acoustic test
facility but do not need to be controlled. The acoustic environment shall be
within the tolerances for the particular test procedure.

Step 1. Choose which test procedure shall be conducted (I-4.1).

Step 2. Determine overall acoustic test levels, duratione, and spectra
shapes to be produced during$testing.

Step 3. Prepare test item in accordance with General Requirements, 4.5.2.
~he item shall be in the.operational configuration.

Step 4. Mount test item. For Procedur; IV, go to step 7. Suspend test
item by means of springs or cords. If a mounting structure is required between
the soft suspension and the test item or to hold the soft suspension, care must
be exercised to assure that no spurious acoustic or vibratory inputs are
introduced. The natural frequency of suspension shall be less than 25 HZ. The
test item shall be exposed on every surface to the sound field by centrally
locating it in the test chamber. The test volume shall be no more than 10
percent of the test chamber volume. When the test chamber is rectangular, no
major surface of the test item shall be installed parallel to the chamber wall.

Step 5. For t~sting of asaembled externally-carried stores, go to step 6.
Position at leaat three microphones to measure the sound pressure field. These
microphones shall be located in proximity to each major diaeimilar tegt item
eurface, at least 45 cm (18 inches) from the test item surface or one-half the
distance to the nearest chamber wall, whichever is less with the chamber empty.
The average overall sound pressure distribution around the test item shall be
measured and be uniform witbin -2 and +4 dB of the desired value.

MSTHOD 515:3
19 July 1983
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Step 6. Microphone Placement. Establish three reference planes
perpendicular to the longitudinal axis of the store at positions one-sixth,
one-half, and five sixths of the length of the store. In each of these,
reference planes, position three microphones around the store, 120,0apart.
Each microphone shall be within 45 cm (18 inohes) of the store aurfa’ce,“but’
further from the store than one-half the distance between the .atoreand,the
neareat baffle.

SDectrum Control. The response of the‘microphonesin each reference plane

no

shall be averaged to give an average noise spectrum for each reference’piane.
The average noise spectrum for each reference plane shall be 9haped to be
within -3 dB and +6 dB tinlessotherwise atated. .

Step 7. Go to appropriate test procedure.

II-3. ~ .. . .

11-3.1 test

Step 1. Mount teat item in test chamber and position inatrumentation as
given in II-2. ,,

Step 2. Expose test item to the required acoustic levels and spectra for
the specified amount of time as in I-3.2.3., The test item shall not be
energized during Step 2.

Step 3. Check test item for loose parts, chafed wires, and any other
obvious damage. Correct or repair before proceeding to Step 4.

Step 4.. Energize test item. Check test item functione for proper
operations. Correct or repair any damage.

Step 5. Expose test item to the required acoustic noise for the specified
amount of time with the test item being functioned as if it were in actual
operation or flight.

Step 6. Check test item for loose parts, chafed wires, and any other
obvious damage.

Step 7. Repair or correct as necessary before flight teeting.

Step 8. Document test as in II-4.

11-3.2 Procedure II Qua~. ~. n test .

Step 1.. Mount test item as given in II-2.

Step 2. Position instrumentation as specified in’II-2. :

Step 3. Function the test item as if it was in operational or flight
usage while being exposed to acoustic lev61s in Step 4. ,’

Step 4. Expose test item to functional test levels as in I-3..2.

MSTHOD 515.3
19 ,July1983
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Step 5. Expose test item to

Step 6. Check test item for
Requirements, 4.0.

Step 7. If test item is not

endurance levels aa in I-3.2a.

functioning in accordance with

a store, go to Step 10.

MIL-STD-810D
19 July 1983

General

Step 8. If free flight test
levels as specified in I-3.2.2a and check in Step 9.

is required, expose test item to acoustic

Step 9. Function store through,freeflight performance requirements.

Step 10. Document teat as in 11-4.

II-3.3 le teat,.

Step 1. Using the guidance of II-2, mount the test item in test chamber.

step 2. Position instrumentation aa given in II-2.

Step 3. Expose test item to the mission profile‘developedin 1-3.2.3.1.

Step 4. During mission prcfile test, perform functional checks on the
test item as required by General Requirements, 4.0.

.Step5. Conduct mission profile for desired number of missions.

Step 6. During Step 5 testing, function
Requirements.

Step 7. Document test as in II-4.

II-3.4 re IV nce tesii

test item as given in General

Step 1. Conduct pretest inspection (reference II-2).

Step 2. Suspend the test item in the chamber so that only the cavities to
be tested are subjected to direct impingement of acoustic energy. Protect
other surfacea of the item so that sound pressure levels are at least 20 dB
lower. Protection devices shall not damp test item vibrations.

Step 3. Position a microphone in the cavity to be tested. The microphone
shall faoe outward so that ita face can be seen when looking down into the
cavity.

Step 4. Perform resonance dwells at significant cavity resonances. The
response of the microphone mounted in Step 3 shall be :3 dB of the levels
required by I-3.2.2a. Resonance dwells can be done individually or
simultaneously. Verify functioning of test item during acouatic exposure.

Step 5. Conduct post-test inspection.

Step 6. Document as given in II-4.

MRTHOD 515.3
19 July 1983
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11-4. ~. The following data shall be included in

test records.

a. Prior history of the test item.

b. Inspection and test procedures including inspection requirements, test
criteria,,instrumentation, data requirements, and failure criteria. :

I ,..
,, ,.,

I List of test equipment including noise generators, measurement and
data ~nalysis equipment, mounts, and fixtures-

1. ,d. .Descriptionaof the test setup and instrumentation locations“including .

drawings and photographs as appropriate.

e. .Log of a’11‘actionsfrom pretest through

f.. Recorded data.

g. Analyses of all failures, malfunctions,

I ...

..

post-test inspection.

and test incidents.

.

,-

+’

MITHOD 515.3
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MSTHOD 516.3

SHOCK
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SECTION I:
I-l PURPOSE......:.. . ... . . . . .
I-2 ENVIRONMENTAL EFFECTS . . . . . . . . . . .
I-3 GUIDELINES FOR DETERMINING TEST PROCEDURES

AND TEST CONDITIONS. .. . . . . . . .
I-4 SPECIAL CONSIDERATIONS. . . . . . . .-. . .
I-5 REFERENCES . . . . . . . . . ... . . .

SECTION II
11-1 APPARATUS . . . . . . . . . .
II-2 PREPARATION”FOR”TES; : . . . .... . . . . .
II-3 PROCEDURES . . . . . . . . . . . . . . . .
II-4 INFORMATION TO BE RECORDED . . . . . . . .

SECTION I

Eaes

,. . . . .. .. . . 516.3-1 .:
. . . . . . . . 516.3-1

. . . . . . . . 516.3-1

. . . . . . . . 516.3-17

. . . . . . . . 516.3-17

. . . . . . . . 516.3-18

. . . . . . . . 516.3-19

. . . . . . . . 516.3-20

. . . . . . . . 516.3-25

I-1 ~. Shock tests are performed to asaure that materiel can withstand
the relatively infrequent nonrepetitive shocks or transient vibrations
encountered in handling, transportation, and service environments. Shock tests
are also used to measure an item1s fragility, so that paokaging may be designed
to protect it, if necessary, and to test the strength of devices that attach
equipment to platforms that can craah.

1-2 ~. Mechanical shocks will excite an equipment item to
respond at both forced and natural frequencies.
things, can cause:

This response, among other

a. Failures due to increased or decreaaed friction, or interference
between parta.

b. Changea in dielectric strength, loss of insulation resistance,
variations in magnetic and electrostatic field strength.

c. Permanent deformation due to overstresa.

d. More rapid fatiguing of materiala (low cycle fatigue).

I-3

NOTE: This test method should be applied at the end of the tailoring proceaa
diacribed in section 4 of this standard.

a.
. .

~. This method is applicable to all materiel which may be
subjected to mechanical shock during its life cycle.

b. ~. None.

c. ~. There are often advantages to applying shock and vibration
teats before climatic testa, provided that this sequence represents realistic
service conditiong. Test experience haa ahown that climate-sensitive defects
often ahow up more clearly after the application of shock and vibration forces.

METHOD 516.3
516.3-1 19 July 1983
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d. Test var~. The tests vary in apparatus, axes of test, and
stress levels applied.

I I-3.1 f!hoiceof est rm’ocedura&t Method 516.3 is divided into nine
procedures:

a.
b.
c.
d.
e.
f.

s.
h.
i.

Functional shock (Procedure I)
Equipment to be packaked (Procedure II)
Fragility (Procedure 111)
Tranait drop (Procedure IV)
Crash hazard (Procedure V)
Bench handling (Procedure VI)
Pyrotechnic shock (Procedure VII)
Rail impact (Procedure VIII)
Catapult launch/arrested landing (Procedure IX)

@

To find out whether a procedure is applice’ble,see subparagraphs‘a and b of the -’.

discussion of each procedure in this section. All shock environments
anticipated for the test item during its life cycle,,both in its logistic and
operational modes, should be considered. The severity cf one type of shock may
obviate the need to perform another type of shock test, but the configuration
of the test item during these tests must be considered thoroughly before making
this decision.

I-3.2 mice of related test c~.
. .

Guidance for setting values for test
conditions is found in this section in eubDaraEraDhs b, c, and d of the
discussion of each procedure.

I-3.3 e I- Fu@J.sIMd&h@.c

Asdlcatmn
.

Procedure I is intended to test equipment assemblies
(incl~ding mechanica;, electrical, hydraulic, and electronic) in their
functional mode.

b. Reatrlcta.
. .

This test procedure will not be required along any axis
for which a sufficiently severe random vibration test procedure is required,
provided that equipment operational requirements are comparable. Random test
severity is sufficient if its shock response spectrum, baaed upon a three-sigma
Gaussian acceleration response of single degree of freedom (sdof) systems,
exceeds the shock test response spectrum everywhere in the specified range of
natural frequencies. The quality factor Q (damping‘magnificationfactor or
transmissibility at resonance) to be employed is ten, which is equivalent to
five percent of critical viscous damping. The three-sigma shock response
spectrum for the random test is given, as a function of natural frequency of :,

the sdof system, by 3 ( /2)G(f)fQ in units of acceleration, where G(f) is
acceleration spectral density (ASD) at frequency f (reference a). A comparison
of the shock response levels found in figure 5?6,3-1 with ASD levels is found
in figure 516.3-z. :

c. Iest cq@a_QQa.t.

(1) Slwck =@ trum and transient duration. The shock response
spectrum and the effective transient duration shall be derived from
measurements of the te$t item1s functional environment, or from dynamical y ●
scaled measurements of a similar environment, if available.

METHOD 516..3
19 July 1983 516.3-2



MIL-STD-81OD
19 July 1983

(a) Measured data ~. The shock reaponae spectrum
required for the test will be determined from reduction of the environmental
data .toobtain either maximum abaolute acceleration spectra or equivalent
static acceleration spectra. The spectra will be a composite of spectra for
positive and negative directions, sometimes called maximax spectra. The
analyses will be performed for Q . 10 at a sequence of natural frequencies at
inte–rvalaof 1/6 octave or smaller to span at least 5 to 2,000 Hz. When a
auffioient number of representative shock spectraare available?,an appropriate
statistical basis should be employed to determine the required test spectrum.
Nonparametric statistical techniques are covered in reference e. Parametric
atatiatics can be employed if the data can be sbowfito satisfactorily fit an
assumed underlying probability distribution. (For example, in MIL-STO-1540
(USAF) the test levels are baaed upon a maximum predicted environment defined
to be equal to or greater than the 95th percentile value at leaat 50 percent of
the time. When a normal or lognormal distribution can be justified,,,appendix
516.3A provides a method for estimating such a test level.)

When insufficient data are available for statistical analysis, an increaae over
the maximum of the available spectral data should be used to establiah the
required test.spectrum to account for variability of tbe environment and
uncertainty in any predictive methods employed. The degree of increase is
based upon.engineering judgment anh ,shouldbe supported by a rationale.for that
judgment.

Effective transient durationa, TE, will alao be determined from the time
histories of the environmental data analyzed. The effective duration is
defined to be the minimum length of time which containa all data magnitudes
exceeding 1/3 of the peak magnitude associated with the shock event. Figure
516.3-3 illuatratea this process. The shock input time history used for the
response spectrum analysis will be 2TE in duration starting at a time to
include the most significant data prior to and following the effective duration
TE. An average of environmental shock duration, TE, will be determined and
included in the specification of the required teat shock. In general, each
individual axia of three orthogonal axes can have a different shock test
spectrum and average effective duration.

(b) Measured data nOt available. If a data base ia not
available, the applicable spectrum from figure 516.3-1 can be emplOyed as the..
teat spectrum for each axis, provided that the effective (above 1/3 its peak
value) duration of the test shock time history falls between six and nine
milliseconds. (This spectrum approximates that of the perfect terminal
sawtooth pulse shown in figure 516.3-4.) Any test transient is suitable if it
eQualS or exceeds this sDectrum requirement over the freauencv range of 5 to
2000 Hz (for example, a ~alf-sine pulse applied in both direc~ions-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 516.3-2. A leas desirable
alternative, only permissible if the teater has no shock response spectrum
analsWis caDabilitv. iS to emDlOv a terminal Desk sawtooth vulse that meets the
tole;ancea Riven i;’fiuure 516.+4 with aDDli&ation in both”directions alon!a
each axis. ‘The presen;e of superimposed ;~pple falling withitithe waveform-
tolerance band should be minim;zed to avoid significant overtesting at-the
frequency of such ripple.

METHOD 5163
19 July 1983
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(2) number of show. The equipment undergoing test
shall he subjected to a sufficient number of suitable shocks to meet the
specified test conditions at least three times in both directions along each of
three orthogonal axes. A suitable test shock for each’direction of each axis
ia one that yields a response spectrum that equals or exceeds the required test
spectrum over the specified frequency range when using a duration of twice the
specified TE value for the test shock time history, and when the effective
duration of the shock ia within twenty percent of the specified TE value. The
spectra are to be determined for positive and negative maximum accelerations
(either maximum’absolute or equivalent static), Q . 10, and at lea”stl/6-octave
frequency intervals. If the required teat spectrum can be satisfied simulta-

. neously in both direction. along an axis, three shock repetitions will 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 impose three
additional shocks to satiefy the spectrum requirement in the other direction;
setup change possibilities are to reverse the polarity of,the test shock time

●J history or to reverse the test item orientation.

It is permissible to simultaneously meet the test requirements along more than
one axis with a single test shock. Consequently, it ia conceivable that a
minimum of three test shock repetitions will satisfy the requirements for both
directions of all three orthogonal axes. At the other extreme, a total of
eighteen shocks will b,erequired if each shock only satisfies th”etest
requirements in one direction of one axis.

(3) ~ test item. The test item shall be operational

●
before, during, and after test as is appropriate to ita functional use.

d. ~. The intent of this test ia to disclose failures which may
result from, or adjustments necessitated by, shocks experienced hy an item
during use in the field. Even though an item has successfully withstood even
more severe shocks during shipping or transit chock tests, there are
differences in support and attachment methods and in functional checking
requirements that make this additional test necessary. Tailoring of the test
is required when data are on hand, can be measured, or can be estimated from
related data using accepted scaling techniques. When such data cannot be
gotten, pulse waveform control, as defined in figure 516.3-4, may be ueed,
although testing in both directions is required to assure meeting the spectrum
requirements of figure 516.3-1 in the negative direction.

I-3.4

a.> Procedure II is to be used when equipment will require a
shipping container. It establishes a minimum critical acceleration level for a
handling drop height. This acceleration level may later be furnished to a
package designer as an acceptable critical acceleration.

b. ~. Procedure II is not intended for testing extremely
fragile equipment such as missile guidance systems, precision-alined test
equipment, gyros, inertial guidance platform9, etc. When the critical
acceleration is required, procedure III (I-3.5) will be used.

●
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,1— 1.15P
Ideal Sawtooth Pulse

3

/
Tolerance Limits i

/
# ;

/ /1 7
,/4 .07D, p

.05P
.15P. ,/’ /

P

Il.

1

/ .2P
.~L ___

Ref.Line 1’,’

‘“0 .05pJ%7-::z’:2’--- -.3p’

●

.

MINIMUM PEAK VALUE NOMINAL DURATION (D) ms
TEST (P) g’s

FLIGHT VSHICLE GROUND FLIGHT VRHICLE GROUND
EQUIPMSNT 1/ EQUIPMENT EQUIPMSNT 1/ EQUIPMENT

a b c d

Operational Test 20 40 2./ 11 11 - 0

Crash Safety 40 ’75 11 6

M Shock parameters a and o: recommended for equipment not shock-mounted and
weighing less than 300 pounds.

2/ Equipment mounted only in truoks and semitrailers may uae a 20g peak value.

NOTE: The oscillogram shall include a time about 3D long with a pulse located
aDDrOXiMStely in the center. The peak acceleration magnitude of.the sawtooth
Dulse is P and its duration is D. The measured acceleration pulse shall be
~ontained between the broken line boundaries and the measured velocity change
(which may be obtained by integration of the acceleration pulse) shall be : ‘
within the limits of Vi -~.1 Vi, where Vi ia the velocity change associated ‘
with the ideal pulse which equals 0.5 DP. The integration to determine
velocity change the pulse to O.1D after the

,,,

pulse.

FIGURE 516.3-4.
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c. The test item shall consist of the unpackaged
equipment in a nonoperationalmode. It shall be subjected to a series of
trapezoidal 30-g shock pulses having a time duration to be determined from
table 516.3-I and the equation

TD.2F
The pulse will be in

accordance with figure 516’”.3-5.A progra~able shock machine will more than
likely be required to produce these test conditions because of the displacement
limitations of shakers. “’

d. ~. The trapezoidal w?tieshapewas chosen because the
computation of velocit~ change it produces (for comparison with design drop
height) is much easier to make and more reproducible than most shock spectrum
synthesis routines.’ Also it provides an upper bound on primary and maximax
shock response spectra for given peak acceleration input 1evels.

I-3.5 III - CrXl
. . accelera~ fraullj&

a. Procedure III is used to determine an itemts fragility
level so that packaging can be designed for it, or so the item can be
redesigned to suit packaging requirements.

b. ~. Procedure III ia to be used”when the critical
acceleration for an item must be determined.

.,

c. lQaLJxmuiQw. A deeign drop height will be selected based on
,measurementof the test item~s shipping environment, or from table 516.3-I when
measured data are unavailable. (A design drop height is the height from which
the test item might be dropped in its shipping configuration and be expected .to
survive.) A maximum test item velocity change may be taken from table 516.3-I
or determined by using the following relationship:

where
AV . maximum product velocity change cm/s (inla)

(summationof impact velocity and rebound velocity)
.h = design dro height cm (in)

,., 5s = 980.6 Cm/s (386 in/s2) ,. ,,

The:shock’&chine is set to a maximw” acceleration level (.Am)below.the
anticipated failure level. The approximate
follows (see figure 516.3-5):

pulse duration is determined,aa

V = Am.g (0.9 TD)
V = 0.5 (g) Am (2TD-TF-TR)

(TF and TR assumed to be 0.1 TD)
(TF and TR are known)

If an initial value for Am does not exist, 15 g!s may be used. If no damage
occurs, then Am will be increased incrementallywhile the maximum test item
velocity change is held constant until damage to the test item occurs. This
will be .“@.abli?hedas the test item’s critical acceleration fragility level.

d. E&i.mak. Test levels used in this procedure represent the

●
correlation of the best information currently available from research and
experience. If more applicable test level data become available, they should
be used (reference d),.

MSTHOD 516.3
516.3-9 19 July 1983
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Ideal Trapezoidal Pulse ‘1

I ‘“’e’ce’i”i
TEST PEAK VALUE (Am) g’s NOMINAL DURATION (TD) ms

Fragility 10 to 50
2=)

Packaged 30 Am

Shock

NOTE: The time history display shall include a time about 3TD long with
a pulse located approximate y in the center. The peak acceleration magnitude

of the trapezoidal pulse is Am and its duration is TD. The measured

acceleration pulse shall be contained between the brOken line boundaries and
the measured velocity change (which may be obtained by integration.of the
acceleration pulse) shall be within ten percent of the ideal pulse which

approximately equals o.5 Am g (2TD-TR-TF)o ‘he ‘integration‘o ‘etermine
velocity change shall extend from O .QTD before the Pulse tO O.lTD after the
pulse. Rise (TR) and fall (TF) times shall be less than Or equal ‘o 0.1TD.

FIGURE 516.3-5. lse configuration and iti%
11ante mlta.

,,
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TABLE 516.3-I”. ted drOD heiuht fOr iYFOCedure11.L.

Design Drop Maximum Test Item
Package Gross Weight,“. Height Velocity Change,●

Kg (lb) Type of Handling cm (in) cm/s (in/s)

o t09.1 (o t020) manual handling 76 (30) 772 (304)
9.1 to 18.2:.(20to 40) manual handling 66 (26) ‘.722 (283)
18.2 to 27.2 (40 to 60). manual handling 61 (24) 691 (272)
27.3 to 36.3 (6o to 80) manual handling 46 (18) 600 (236)
36.3 to 45.4 (8o to 100) manual handling 38 (15) 546 (215)
45.4 to 68.1 (loo to 150) mechanical handling 31 (12) 488 (192)
68.1 to 113.5 “(150to.250) mechanical handling 26 (10)
113.5 -

447 (176)
(250 - ) mechanical handling 20 (8) . 399 (157)

●for 100 percent rebound

/

.,/

●

516.3-11
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I-3.6 lrocedure ~it drw .

Procedure IV is intended for equipment in its transit or oa.

~

combination case as prepared for field use (carried to a combat situation by
man, “truck,rail, etc.). It is used to determine if the test item is.capable of
withstanding the shocks normally induced by loading and unloading of equipment.~

b. Procedure IV is”not intended for shocks encountered in
a normal logistic ahipping environment as experienced by shipping containers.

c. ~. Test levels for this test are shown in table
516.3-II. The test item shall be tested in the same configuration that is
carried into .acombat situation. For test items under 45 Kg (100 pounds), the
26-drop requirement may be divided among up to five ‘copiesof the same test
item if desired, in any combination. Toppling of the item following impact
will occur in the field and, therefore, toppling of the test item following its
initial impact ehould not be restrained as long as the test item does not leave

;1

the required drop surface.

d. ~. Levels for this test were set by considering how a field
equipment item might commonly be dropped. (For example, a light equipment item
might be carried by one man cheat high; thus, it could drop 122 cm.) Field data
have shown that a typical piece of man-portable equipment will be dropped from
heights up to 122 am (48 inches) an average of four to six times during its life
cvcle. The 26-droo requirement exists to insure that each vulnerable position.
(facea, edges, and”cor~ers) of a typical teat item receives one impact.

.

I-3.7 procedure V - C ash biiaa&dr

a. Procedure V is for equipment mounted in an air or ground
vehicle that could break looee from its mounts and present a hazard to vehicle
occupants. It is intended to verify the structural integrity Of equipment.
mounts during simulated crash conditions.

b. Procedure V is not intended for equipment transported
as cargo. (For cargo; uae method 514.3)

c. Use figure 516.3-1 as the test spectrum for the axis
of test, provided that the effective shock duration TE falls between 6 and 9
milliseconds for flight equipment and between 3.5 and 5.0 milliseconds for
ground equipment. If shock spectrum analysis capabilities are not avsilable,.
figure 516.3-4 may be used as an alternative to figure 516.3-1.

d. E&&n&2. 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.
Ground transportation vehicles are designed with a higher safety factor and,
therefore, can sustain a much higher g level; thus, the higher test level.

I-3.8 ErQ.wdure VI - ~

a. Procedure VI should be used for equipment that may
experience bench or bench-type maintenance. It is used to determine the
ability of the test item to withstand the usual level of shock encountered
during typical bench maintenance or repair.

:,

MZTHOD 516.3
19 July 1983
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TABLE 516.%11. ‘Transitdron test.

Weight of Test ‘ Largest Notes Height of Drop Number of drops
Item and Case Dimensions

Under .45.4Kg Under 91 cm A 122 cm (48 in) Drop on each face,
(100 lbs) edge and corners

Msnpacked or 91 cm and over ~~A. 76 cm (30 in) Total of 26 drop&/
manportable

45.4 - 90.8 Kg Under 91 cm A“ 76 cm (30 in)
(100-200 lbs) (36 in)
inclusive .91 cm and over A 61 cm (24 in) Drop on each

corner; total of
90.8 - 454 Kg Under 91 cm A 61 cm (24 in) eight drops
(200-1000 lbs) (36 in)
inclusive 91 to 152 cm B 91 cm (36 in)

(36-6o.in)
Over 152 cm B 61 cm (24 in)
(6o in)

Over 454 Kg No limit c. 46 cm (I8 in) Drop on each bottom
edge. Drop on
bottom face or
skids; total ofl
five drops

NOTES:

A. Drops shall be made from’a.quick-release hook, or drop tester. The test
item shall be so oriented that upon impact a line from the struck corner or
edge to the center of gravity of the case and contents is perpendicular to.the
impact surface.

,,.
B. With the longest dimension parallel to the floor, the transit or
combination case, with the test item within, shall be supported at the corner
of one end by a block 13 cm (five inches) in height, and at the other corner or
edge of the same end by a block,30 cm (12 inches) in height. The opposite end
of the case then”shal’ibe raised to the specified height at the lowest
unsupported corner and allowed to fall freely.

c. While in the normal.transit position, the caae and contents shall be
subjected to the edgewise drop test as follows (if the normal transit Dosition
is unknown, the case shall be so oriented that the two longest dimensions are
parallel to the floor):

.’.. Edgewise Drop Test: One edge of the base of the.cage shal1
sill 13-15 cm (five to six inches) in height. The opposite
raised to the specified height and allowed to fall freely.
apPlied once to each edge of the base of the case .(totalof

be supported on a
edge shall be
The teat shall be
four drops).

0 D. The 26 drops may be divided among no more than five test items (see
paragraph I-3.6).

,’--

METHOD 516.3
516.3-13 19 July 1983
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I

b. Procedure VI should not be used if it.can be demon-
strated ,thatthe shocks from the transit drop test are of a higher level,. It
is considered appropriate”for mediub-to-large test iteme that have a maximum.
dimension greater than approximately 23 cm (nine inches). (Small items will be .0

tested to higher level? during transit drop.)

c.. ~t conditiw. The test item in this test shall.be raised.at~,orie“~
edge four inches above a solid wo-adenbench top or unti1 the chassis forms an
angle of 450 with the bench top or until”point of balance is reached, whichever
is less. (The bench top must be at least U.25 cm [1.6’15inches] thick.) A
series.of drops.ehall be performed in.accordance.with 11-3.6. . :’

,-

d. &&&&a. The heights used during this teSt were a>t by exa.mining
the typical drops that are commonly made by bench technicians and assembly line
personnel: ,,

,“,
I-3.9”’Procedure W - pvrote~ >

a. Procedure VII is intended for equipment to be subjected
to shock from explosive devices. The shock can be characterized as.an
~scillatorY transient, with significant frequency content from 100 to 10,000,
Hz, which decays to a few percent of its maximum acceleration in 5 to 15
milliseconds (reference b). The shock response spectrum often exceeds several.
thousand g’s at frequencies above,1,00Q Hz (for Q.= 10)... This procedure al.sO~~
aPplieS to .VituatiOnswhich may yield shocks of comparable eeverity, suc,bas
atmospheric reentry or water entry of missiles and high-velocity aerodynamic
buffeting of high-performanceweapon systems.

b. This test procedure will not be required along any axis ‘o
for which both the following are satisfied: (1) the test spectrum from a ~~
random vibration test (see 1-3.3b) or a functional shock test exceed thie
spectrum requirement and (2) if the test spectrum requirement above the
frequency range specified for the random vibration or functional‘“shocktest
does not exceed g values of O.8 f, where f is the’frequencY”in Hz. (The 0.8 f:
acceleration limit corresponds to approximate y 50 in/see spectral velocity. A
basic for uee of velocity as a criterion of severity is given in reference c.
The value of 50 in./see is selected because of limited observations
(unpublished) that military-quality equipment does not tend to exhibit shock
failures below a responee spectrum velocity of 100 in./see.)

c. Field measured data, or data obtained from a eimilar
environment ueing appropriate dynamic scaling (reference.b, vol. VI) , will be
used to define the shock’test reeponse.spectrum requ$.rernentalOng each.@f three
orthogonal axes. Measured data will .beconverted intO.tes! requirements in ~, -,
accordance with the guidelines outlined fOr the functional test cOnditiOns,
I-3.3, with two exceptions:

(1)

(2)

Measured or empirically scaled data will alwaYs be required tO.
determine the teat response spectrum,

.2
.....’..,,
.,, ,

The allowed duration for the test shock time history used for
response spectrum analysis can be 20 milliseconds or less, unless a
longer duration can be justified by applicable data.

o

I.UZTHOD516.3.
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d. ~. This procedure generally conforms’to requirements for

●
pyrotechnic shock testing in MIL-STD-1540 (USAF) for space vehicles. The’
pyrotechnic type shock test typically requires that the eauioment to be tested
be subjetted to an intense, high-frequency
to meet the test response spectrum using a
usually result in a severe overtest at the
the higli-frequenty requirements.

I-3.1“0 lrO~edure VIII -..

oscillatory disturbance. An attempt
single acceleration pu19e will
lower frequencies in order to meet

.

a. Procedure VIII is for equipment that will be transported
by rail. It is intended to determine the effect of normal railroad car impacts
that occur during rail shipment;

b. Ik2stric-. Procedure VIII is not intended for testing small
individually packaged pieces of equipment separately when they would normally
be shipped (and tested) mounted on a pallet.

c. Test cqmi2Mma.
. .

This test is conducted by mou~ting the test item in
its rail shipment configuration in a rail car which undergoes a series of
impacts at 13, 14.5, or 16.2 Km/hr (eight, nine, or ten miles per hour). If
the test item can be’shipped only in one orientation, it shall be impacted
twice in each directton of that orientation at speeds of 13, 14.5, and 16.2
Km/hr (eight, nine, and ten miles per hour)”,~ five percent, for a total of 12
impacts. If the test item can be shipped in two orientations, it shall be
impacted once in each direction of each orientation at speeds of 13, 14.5, and

●
16.2 Km/hr for a total of 12 impacts.

,. d. ‘~. Data for the rail impact test were derived from
statistical data on frequency of impacta”with relationship to apeed and
frequency of occurrence. Brakes are used on.the buffer car to make the teat
conservative.

1-3.11 ~ e

a. ~. This procedure is intended for equipment mounted in or
on fixed-wing aircraft that are subjected to catapult launches and arrested
landings.

\
b. None

. .

c. lest Condlfmmi.
. .

Whenever possible, teat conditions shall be derived
from measured data on applicable’carrying aircraft (see General Requirements,
paragraph 4.3, Use of Field/Fleet Data), since shock responses can be affected
by local influences such as wing and fuselage bending modes, pylon interfaces,
and structural damping.

.~ However, if acceptable field-derived data are ‘notavailable, the following
guidance is offered in which a sinusoidal burst is used to simulate each
catapult or launch event.

. .

516.3-15
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(1) Wave shape - damped sine wave
(2) Wave frequency - determined by structural analysis of specific

aircraft and location fundamental.mode. :
(3) Burst amplitude - same as above
(4) Wave Damping (quality factor) - Q = 20
(5) Axis - vertical, transverse ,,,, .i,

(6) Number of bursts - determined by the specific application (for
example, 30 bursts, each followed.by a 10.second’
rest period)

,,
d. ~. The catapult launch/arrested landing shock e-nyiron”ment

differs from other typical shock events in that it is in realitY s transient :.
periodic vibration (roughly sinusoidal) at a relatively low fnew=wy deter-. .;
mined by aircraft.mass and landing gear damping characteristics. Typical ~
catapult launch and arrested landing shock time hietories are shown in figure
516.3-6.

.,
In general, catapult time histories.will,show two &QS’i@k. eventS .:.

corresponding to imitial load application and catapult separation from the
aircraft, with both transient everta having a dist,inctoscillatory nature ~
(reference f). For,the ,purposesof this-procedure,however,.this time histor?y
has been simplified to a constant-amplitude sine burst of 2-second duration of
approximately similar characteristics.. ,,
,,

While the pulse ampl~tudes associated with this eriviionmentare low,
,.

the
long periods of application and high frequency of occurrence have the potential
to cause significant damage in improperly designed equipment. .

A typic”alaircraft may fly as many as 200 sorties per year.,of which more ●
than two-thirds may involve catapult launches and arrested landings. However,
for laboratory test purposes, 30 ?imulated catapult/landing.events in each of
two axes (longitudinaland vertical) s,hould provide good confidence that,the
majority of significant defects will be identified for remedial action.

. ...
Vert;cal

,.

5-

0 ,,
....

% -5 -%, 1 I 1 I 1 , , , I , , , , I 1 , , , I , , 1 , 1 I
0. 1.0” 2.’0’ 3.0

5..+ Time After Initiating Launch (See)

.?.

e
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& 3 .,,

.,
;.
u o
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0 0.5 1.0 1.5

Time After Initiating Arrestment (See)

FIGURE 516.3-6. l@.cal reqxmssgu.i.p ent to fa@zuLLku@Mundm
-~ing os@&at orv nature Oc

(Reference f)
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● 1-4.1 ~t interruDt~. Generally, if interruption occurs during a pulse,
that pulse shall be repeated. Care must be taken to ensure that stresses
induoed by the interrupted pulse do not invalidate subsequent test results.
(See General Requirements.)

. . .

,.,

I-4.2 Be‘Lated,shock
t.

ts

I-4.2.1 ~rd eou-. Shook tests for shipboard equipment
shall ‘beperformed in accordance with MIL-S-901. Attention is directed to the
ability to “tailorMIL-S-901 tests through design of the fixture‘attachingthe
test item to the”shock ‘mactiine.As much as possible, the fixture should
provide compliance’similar to that existing in”the field env~ronment of the
test item. ~~~ ‘

.

I-4.2.2 for na~ed itema. Tests for shipping and handling
may be per-formedin accordance with MIL-P-116 or FED-STD-101.

.,

I-4.2.3 JIuaesand fuze eOm~ t. Shock tests for.safety and oPe*ation of
ftizeaand fuze components may be’performed in accordance with MIL-STD-331.’
,, ,, ,.

1-4.2.4 ~ ~ck tests. Tests may be’performed at room
ambient conditions unless a high or low temperature shock test is required.

I-5

● a.

b.

c.

d.

e.

f.

,.
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METHOD 516;3

SHOCK ..

SECTION II

H-1 AwAMN.s ,.

II-1.1 ~ 1. Apparatus I is used.for procedures 1, II, III, V, VII,
and IX.

11-1.1.1
.1. .

The shock-producing apparatue shall be capable of
producing.the test conditions as determined aocording to the appropriate
paragraph of section I of this method. The shock apparatus may be of the free
fall, resilient rebound, nonresilient, hydraulic, compressed gae, electrody-
namicsshaker, or other activating types. Procedure VII may require pyrotechnic
devices to simulate field conditions. Procedures 11 and III.require test :

apparatus capable of producing relatively large displacement.

II-1.1.2 @Li@&im. The shock apparatus will be calibrated for conformance
with the specified test requirement from the selected procedure. Two
consecutive shock applications to a calibration load shall be produced which
satisfy the test conditions outlined in procedures 1, II, III, V, VII or IX.
The calibration load shall then be removed and the shock teet will be performed
on the actual test item.

II-1.1.3 ~. The instrumentation used to measure chock pulees or ‘shock
acceleration spectra.shall have the following characteristics. ●

a. ~

(1) Transverse sensitivity of less than or equal to 5%.

(2) An amplitude linearity within 10% from 5% to 100% of the peak
acceleration amplitude required for testing.

—
(3) For procedures 1, 11, III, V and IX:. A flat frequency responee

within 210$ across the frequency 5 - 2,000 Hz.

(4) For procedure VII: A flat frequency response within 2101 across
the frequency 20 Hz to the highest frequency specified in I-3.9.

b.
7;,

(1) ,Will not alias more than a 5 perCent measurement error intO the
frequency band of interest. (20 Hz to 10 KHz typically.)

(2)
having linear

(3)
the frequency

METHOD 516.3
19 July 1983.

If filters are used to meet the previous requirement, a filter .:
phase-shift characteristics shall be used.

With filter (if used), shall have a pass band within 1 dB across
range specified for the accelerometer (see 11-1.1.3a).

●
516.+18
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or pulse amplitude.
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a transient
Foro (1) The shock apparatus shall.be

that meets or exceeds the required spectral
comparabilityy or repeatability, the shock response spectrum of the transient

.

●

.

.i

should not exceed the test condition by more thanA3.5 dB for procedures 1, V
and IX and 6.0 dB for procedure VII (dB = 20 log - ).

Ao

II-1.2 ~. The drop tester used to conduct procedure IV (Tranait
Drop) teata ,shallbe capable of producing the required impacts to the test
item(s).

11-1.2.1. mt facility. Drops for equipment mass up to 454 Kg (1000 pounds)
and having its largest dimension less than 91 cm (36 inches) shall be made from
a quick-release hook,,or drop tester. The floor or barrier receiving the
impactshall be of two-inch plywood backed by concrete. For equipment over 454
Kg, the floor or barrier shaU be concrete.

11-1.’2.2 CQn!m2Q.Controls shall be adequate to assure that teStinE ia,
conducted as specified in table 516.3-II.

11-i.3 &ratua 1~ .Tti,eplatform used for performing procedure VI tests
(bench handling) shal~.“b,ea solid wood bench top at least 4.25 cm (1.67?
inches) thick.

11-1.4””AQRaraM=IY

11-1.4.1 lest facl Itv
.1.

The following equipment will be necessary to perform
the ‘Failimpact test (p;.?cedureVIII).

a. Two ordinary railroad cars, equipped with a draft gear coupling that
will be used during shipment.

b. A prime mover for moving ‘the cars.

11-1.4.2 Q.2ntro1s. The followirigare minimum test”control “requirements.

a. A calibrated means to determine that the speed at the time of impact
is””13, 14.5, or 16.2 Km/hr (eight, nine or ten miles per hour), within ? five
percent.

,,,
b. Accelerometers and associated circuitry to measure the impact, shock,

and equipment response, if these measurements are specified.

II-2

II-2.1 Preli ~rvm stem.. Prior to iriitiitingany testing:

.a. ,Choosethe appropriate test procedures (paragraph I-3)

b. Determine the shock levels for the procedures chosen.

II-2.2;lretest checkout. All items require a pretest checkout,at standard
ambient conditions to provide baseline data. Conduct the checkout as follows:

Step 1. Conduct a complete visual examination of the test item with
special attention to stress areas.

METHOD’51”6.3
516.3-19 19 JUIY 1983



MIL-STD-81OD
19 July,1983

Step 2.

Step’3.

Step 4..
test plan.

Step 5.

steD 6.

Document the results.

Where applicable, install the test item in its test fixture..,-.

0
Conduct an operational checkout in,accordance with the approved

,.
“’

Document the,results for compliance.with GerieralRequirements.

If the test
first te~t as required by
at Step 1.

11-3 MXEWBES -

item operates satisfactorily,
11.2.la. If not, resolve the

proceed to the
problem and restart

.

>11-3.1.
t.

nal

Step 1. Following the guidance of paragraph I-3.3c, select test
:

conditions end calibrate the shock apparatus as follows:

a. Select accelerometers and analysis techniques which meet the
criteria “outlinedin 11-1.1.3.

b. Mount the calibration load (the actual test item, a rejected
item, or a rigid dummy mass) to the test apparatus in a manner eimilar to that
of the actual test item. If the test item is normally mounted on vibration
isolators, the isolators shall be functional during the teat.

c. Perform calibration shccks until two consecutive shock applica-
tion to the calibration load produce waveforma which meet or exceed test con- 0

ditiona derived from paragraph I-3.3, for at least one direction of one axis.

d. Remove the calibrating load and install the”actual test item On
the shock apparatus.

Step 2. Perform a functional check on the test item.

Step 3. Subject the test item (in’its operational mode) to the test
transient.

Step 4. Record necessary data to show that the transients met or exceeded
desired test levels. This includes 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
assemblies did not impact with adjacent.assemblies.

Step 5. Perform functional check on the.test item.
data.

to assure these’,‘‘ -..

Record performance

~m,,,

Step 6. ‘Repeatsteps 3, 4, 5, and 6 three times for each orthogonal axis
that is to be tested in both the poeitive’and negative directions. (If
negative and positive acceleration spectra of one transient meet or exceed
desired test levels for an axis, they can be counted as two tranaients, one in
each direction.)

.“, ●
Step 7. Dceument the test. .,..,,,:.

METHOD 516.3:
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11-3.2 Frocetie 11 - EC@JMSent to be

●
Step 1. Following the’guidance of paragraph I-3.4C, oalibrate the shock

machine as follows: .,.

a. Mount the calibration load (the actual test item, a rejected
item, or a rigid dummy maas) 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 teat item in its shipping
container. (The fixture shouldbe as rigid aa possible to prevent distortion
of the ‘shockpulse imparted to the test item.)

.
b. Perform calibration shocks until two consecutive shock

applications to the calibration load produce waveforms which are all within the
tolerance envelope of the specified waveform (figure 516.3-5).

Step 2: Remove the calibrating load and install the actual “testitem on
the 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
photoa, test logs, and photos of the actual test pulse.

Step.6. Perform a functional test on the test item.’

●
Step 7. Repeat atepa 2, 3, 4, and 5 once in each directiori”for three

orthogonal axes (six shooks).

Step 8. Document results.

II-3.3 Erocedure III - prag.UUy ..

Step 1. Install the test item on the shock apparatus using a fixture
similar in shape and con?igu’rationto the shock attenuation system which will
support the teat item‘in its shipping container. (The fixture should be as
rigid as possible to prevent distortion of the shock pulse imparted to the test
item.)

Step 2. Select the design drop height,from paragraph I-3.5c. ,
.-

k

Step 3. Adjust the shock apparatus to obtain a maximum test item velocity
change obtained from measu~d data or as given in table 516.3-I. If maximum
test item velocity change values are.required for deeign drop heights other
than those listed, the following relationship may be used.

AV = 2-)
>

where A V = maximum test item velocity change. cmls (in/s) (summation of
impact velocity and rebound vel~citv)

● The
the

:: $%c%$ ?xh:b%)‘in)
drop height of the shock test apparatus
design drop height.

516.3-21
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Step 4. Set the shock test apparatus to obtain a MaXiMUM acceleration
(Am) and maintain the required velocity change below the anticipated failure
level of the test item. If no information is available on anticipated failure.
level, set the shock test apparatus to obtain a maximum acceleration level of ●
15 g’s. Pulse durations can be determined using the following relationship:

v = SAM (0.9TD) , ~ ,.

!,
Step 5. Petform one shock test using pulse shown in figure 516.3-5.

Step 6. Examine the recorded shock pulse to be certain the desired
maximum acceleration (Am) and velocity change were obtained. Methods for
determining maximum acceleration and velocity change are.given.in step 3”above:

Step 7. Examine or functionally test the test item to determine if damage
due to shock has occurred.

Step 8.
.

If no damage has ooccurred, set the shock test apparatus for a
higher maximum acceleration (Am) level while maintaining drop height (andthus
velocity change).constant.

Step 9. For all.faces, repeat steps 5, 6, 7, and 8 with incrementally
increaaihg maximum acceleration (Am) until teat item damage occurs. The
maximum acceleration prior to Which damages occur is taken to be the
shock-fragility level for the test item”in the direction tested.

,.,

II-3.4 Erocedure IV - Transit dro~

Step 1. Install the test item in its transit or combination case as .. ●
prepared for field use.

.

Step 2. From paragraph I-3.6, determine the height of the drops to be
performed, the number of drops per test item, and the drop surface.

Step 3. Perform the required drops using the apparatus of’paragraph
11-1.2. The drops should be in accordance wittitable 516.3-II. It is
suggested that the test item be visually and/or operationally checked .
periodically during the drop test to simplify any follow-on failure evaluation
that may be required.

Step 4. Document the impact point or surface ‘“foreach drop and any
obvious damage.

step 5. Following completion of the required drops,”visually,examine the .A

test items(s).

Step 6. Document the results for comparison with data obtained in
paragraph II-2.2, step 2. ,-

Step 7. Conduct an operational checkout in accordance with the approved
test plan.

Step 8. Document the results for comparison with data obtained in
paragraph 11-2.2, step 5. ●
MSTHOD 516.3
19 July 1983 \
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If calibration of “the test apparatus is required, perPorm steps 1 end 2
of paragraph 11-3.1 first.

Step 1. Secure the test item mount to the shock apparatus by its normal
mounting meana. The test item shall be a representative equipment item or a
mechanical1y equivalent mockup. If a mockup is used, it will represent the
same hazard potential, masa, center of mass, and mass moments about.the.
attachment points as the item simulated.

Step 2. Perform two shocks in each direction (as determined in paragraph
I-3.7c) along three orthogonal axes of the test item for a maximum total of 12
shocks.

Step 3. Perform a physical inspection of the test setup. Operation of
the test item is not required.

Step 4.. Document the results of the physical inspection including an
assessment of potential hazards created by equipment breakage or deformation.

II-3.6 frOcedure VI - ~ .

Step 1. Configure.the item as it would be for servicing -‘for example,’
with the chassis and front panel assembly removed from its enclosure. Position
the item as it would 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 chassis forms 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 same horizontal face as pivot points, for a total
of four drops.

Step 3. Repeat step 2 with the test item resting on other faces until it
has been dropped for a total of four times on each face which the test item
could be placed practically during servicing. The test item shall not be
operating.

Step 4. Visuaily inspect the test item.

Step 5. Document the results for comparison with data obtained in
paragraph II-2.2, step 2.

Step 6. Operate the test.item in accordance with the approved test plan.

METSOD 516.3 “
19 July 1983

516.3-23



MIL-STD-81OD ~~
19 ,Ju~y 1983

Step ‘7. Document the results for comparison with data obtained in
paragraph,11-2.2,Step 5.

II-3.7 Procedure VII - pvrOte@Qk. Same as 11-3.1, except that meaaured or
analytically derived data shall always be used as test conditions. ,,.,;

II-3.8 ~edure VIII -“ ~ ,.:;
,,.,..!1, ,,..?{.,,

Step 1. Position.one fully loaded railroad car on a level section’of ,.
track. ,, ...,

Step 2. ‘ Set the airbrakes in the emergency application positionon the .;
buffer car. The.total gross mass (which will include a buffer.:loadsecurely j
mounted to the car to prevent shifting) shall be 99,880 Kg (220,000 pounds), .$
minimum. ,.f,,

Step 3. Mount the test item on the end of the test car in direct contact
with the floor and adequately blocked and secured to prevent any longitudinal,
vertical, or lateral movement. Use metal banding, or wire, of sufficient size
or strength to provide additional tiedown strength. Inspect blockings and tie-
downs after each impact. If damaged or loosened, repair then?prior to the next
impact. HOweVer, do nOt alter or repair tiedown attachments that are built-in.
parts of the test item during the test. Specify positions of the equipment
with respect to the test car and,whether .or not packaging is necessary. If
loading and tiedowns are not specified, all loading and tiedowns shall be in
accordance with recommended practices of the Association of American Railroads.

Step 4. Impact the test car into the loaded car.

Step 5. Impact shall be made in progressive steps with impacts of 13,
14.5, and 16.2 Km/hr (eight,.nine, and ten miles per hour), 3 five percent.. ‘..
Meaaure the speed just prior to impact by electronic or electrical meana.. ‘

Step 6. Visually inspect the test item for physical degradation. ‘:

Step 7. Document the results for comparison with data obtained in
paragraph II-2.2,step 2.

. ,, ...,

Step 8. Perform an operational checkout of the test item in accordance
with the approved test plan. ,,

.

Step 9. Document the results for comparison with data obtained in
paragraph II-2.2, step 5. ..’

II-3.9 &wedure Ix Cat~rested ~. .

Steu 1. Mount the test item to its vibration fixture as described in
metho~”<lU.3, paragraph 1-4.2.5 for the first

Step 2. Attach accelerometers described
instrumentation.

Step 3. Conduct an operational checkout
accordance with the approved test plan.

MSTHOD 516.3

test axis. ...

in method 514.3 and other test

and visual examination in

●

✎

✎

●

:*

. .
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SteD 4. ADDIV sine bursts to the eaui’umentin the first test axis. (Eaah

●
burst re~resent~ a-single oatapult or la~di~g event.) Eaoh burst should be
followed by a rest periad to prevent unrepresentative effeots. The test item
should-be operated in its appropriate operational mode while the bursts are
applied. .?

anStep 5. If the equipment has not malfunctioned during testing, conduct
operational cheokout and visual examination in aacordanoe with the appraved
test plani ‘-If a failurehas oocurred, it may be desirable to perform a :
thorough visual examination before proceeding with the operational checkout‘to
avoid initiating additional hardware damage. When a failure occurs, the nature
of the failure and corrective action along with the purpose of the teet
(engineeringinformation or contractual compliance) should be considered in
determining whether to restart the test or oontinue from the point of
interruption.

‘ Step 6.“’Repeat steps 1 through 5 for the second test axis.
,,. ,

Step .7. Document the test as described in General Requirements.
... .

IIz4’ ~. Test data’shall be recorded as specified in
,General.Requirements,and ‘shallinclude the following:

.{ .,

a.

, b . .

0
c.

d.
meaaured
outlined

e.
and test

f.
test car

*

..

.

Prior test methods to which the specific test item has been subjected.

Pretest data required (see General Requirements).

Procedure number. ,.,

Shock pulse seleotion; specifying shape, peak value, and duration; or’
data selected for use in conjunction with the.shock response spectrum
in procedure ‘Iand VI.

(FOr procedure VIII only) Whether the rail impact shock pulse input
item response are to be meaaured.

(For procedure VIII only) Test item positioning with respect to the
and whether packaging is neceaaary for the rail impact test.

,..

Temperature extremes (if the shock test is done in conjunction with ~,s.
temperature testing).

.. .
h. All instrumentation and filtering used.

i. Whether operation during the test.is required, mode of such operation,
and if and how the operation is to be monitored.

j. Loading”and tiedo<s.

.,k. Failure criteria.

,,

M8THOD 516.3
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APPENDIX 516.3A
.,

DEFINING TEST SHOCK FOR NORMAL OR

LOGNORMAL DISTRIBUTION OF FIELD DATA

For each 1/6th-octave (or more closely spaced) frequency, the test shock
spectrum value G is given by

G.m+ks (1)

where ‘Ire”is the mean and I’snis the standard deviation of the sample values. .;
When the n sample values gi are aseumed on the basis of experience with similar

.

data to be normally distributed

Ql=&~gi and 92 = ~ ~ (gi-m)2 (2}
i=1 i=, ~ :

and when the sample values are aasumed to be lognormally distributed

m=*jllOggi and 92 = ~- ; (log gi-m)2
i=l

(3)

The value of k in equation (1) is taken from table 1 as a function of the
number of sample values n to yield a G value equal to the 95th percentile at
least 50 percent of the time. The.use of this procedurebecomes highly suspect
for less than five’data samples. Any such use should be undertaken in
association with the approach recommended in I-3.3c when insufficient data are
available for statistical analysis. ●
The above process is repeated for each frequency of the shock response
spectrum. The resulting G valuee may be enveloped in a manner deemed
appropriate by the responsible test organization.

TABLE A-I. YaMM2f& ~j

No of ‘ No of
Test Runs k Test Runs k.

5 1.78 12 1.69
6 1.75 15 1.68
-1 1.73 ; 20 1.67
8 1.72 30 1.66

9 1.71 100 1.65
10 1.70

,.

~ Owen, D.B. Eectors fOr One S@ed TOlerance L-. imits ad for Variablea
Sandia Corporation Monograph No. SCR-607, March 1963.

MITHOD 516.3
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METHOD 519.3

GUNFIRE VIBRATION, AIRCRAFT

m

SECTION I
PURPOSE . . . . .’...’.... . . . . . . . . . . ...519.3-1
ENVIRONMENTAL EFFECTS . . . . . . . . . . . . , . . . - . 519..3-1
GUIDELINES FOR DETERMINING TEST
PROCEDURES AND TEST CONDITIONS . . . . . . . . . . . . 519.3-1

SPECIAL CONSIDERATIONS . ,.... . . . . . . . . . . . . . 519.3-15
PREFERENCES . . . . . . . . .... ... . . . . . .. . . . . .519.3-16
SECTION II
APPARATUS . . . ... . . . . . ..:’ . . . . . . ..’ . .519.3-17
PREPARATION FOR.TEST . . . . . . . . . . . . . . . . . ..519.3-17
PROCEDURES . . .. . . . . . . . . . . . . . . . . . . .519.3-17
INFORMATION TO BE RECORDED . . . . . . . . . . . . . . . 519.3-18

SECTION I

fI-1 EJ81QSE. The gunfire.vibration test is performed to assure.that equipment
mounted in an airoraft with onboat’dguns can withstand the vibration levels
caused by the.overpr.esaurepulses emitting from the gun muzzle.

I-? ‘~. The vibration resulting from repetitive gun blast
pulses is two orders of magnitude above normal flight vibration levels.
Gunfire vibration will cause the structure and equipment to respond in a
violent manner. This response can cause intermittent electrical contact,
catastrophic electrical failures,
fatigue failures.

hydraulic malfunctions, and structural

(.. , . .

I-3 ~~. This test
method should be applied at the end of the tailoring process described in
section 4 of this standard.

a. This test applies to equipment installed in aircraft
that carry and fire onboard guns.

b.
.. . .

Eestrlctlona. When an item will be installed in a location where the
gunfire vibration is less than normal flight vibration, no gunfire testing is
recommended. Use method 514.3.

c. ~. .Thistest should be’conducted early on 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 environmental test sequences.

NOTE: Items tested in their vibration isolation mountings should also pass the
minimum integrity requirements of method 514, paragraph I-3.2.12.

..

d. jest varla
t..

The test variables are vibration spectrum end ,.:
intensity, and test duration.

METHOD 519.3
19 July 1983
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I-3.1 -Choiceof test Droce&reS. There’is only one procedure in this method.

I-3.2 c.h~ 1 t . .

1-3.2.1 Test sDectrum. Onboard gunfire produces vibration from three
different sources:

a. the overpressure pulses emanating from the gun muzzle,

b. the recoil kick.of the gun on its mounts, and

c. the motion of ammunition-handling mechanisms as the gun is firing.
.,

Of these, the one having the greatest effect at most equipment locations is the
first. Therefore this test focuses on the vibration caused by.the overpressure
pulses from the gun muzzle.

The vibration environment that occurs at a specific equipment location is a
complex combination of broadband random vibration and intense narrowband random
vibration or sinusoidal peaks at specific frequencies. (See method 514.3,
paragraph I-4.2.2.) This vibration is a combination of forced and free
vibration of the vehicleta structure. The narrowbsnd vibration--that is,”the
pressure pulaea from a firing gun--is very intense and likely to have severe
resonance effects on the aircraft’s structure and equipment. These effects are
hard to predict from a model and are better discovered by direct measurement.
In the ease of equipment that is structurally coupled to the gun or its
mounting structure, test spectra should always be derived from measured data.
The significant vibration occurs at frequencies between 10 and 2000 Hz.

I-3.2.1.I . It is recommended that
meaaured data be taken at the equipment location of interest while the onboard
guns are fired. These data should cover a frequenoy range of at least 10 to
2000 Hz. The data should be analyzed using no greater than a 1O-HZ constant
bandwidth filter up to 500 Hz and a 20-Hz constant bandwidth filter from 500 Hz
to 2000 Hz with a statistical degree of freedom of at leaat 50.’ These data
should be recorded with the aircraft in actual flight because ground tests

I could result in data that aren‘t representative of actual conditions.

1-3.2.1.2
d..

aunflre lbra
t. n s~ . If maaaured data are not

available, teat’spectra may be calculated using the following technique.

NOTE: This tachnique may over-predict those frequencieswhere the structure or
equipment responses become significantly nonlinear. Likewise, for those cases
in which the structure or equipment resonances coincide with the frequencies ii
the gunfire, the vibration response could be under-predicted (re90nance on
resonance)

Figure 519.3-1 shows a generalized vibration spactrum fOr sunfire-induc?d
vibration. It is characterized by four vibration peaks and broadband random.
The vibration peaka are at frequencies that correspond to the nominal gunfire
rate and its first three harmonics. The specific values for each of the
parameters shown in figure 519.3-1 can be determined from table 519.3-I using
the following distance factors.

●

✎

✎

●

✌

✍☛

●
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●
a. Vector distance (D). The vector distance from the muzzle of the gun

to the mean distance between equipment support points as shown in figure
519.3-2. For configurations involving multiple guns, the origin of vector D is
determined from the centroidal point of the gun muzzle as shown in figure
519.3-3.

b. Gun standoff distance (H). The distance normal to the aircraft’s
surface as shown in figure 519.3-4.

c. Depth parameter (R~). The distance normal to the aircraft’s skin to
the equipment location inside the aircraft.

.
If R= is unknown, use R~ ❑ three

inches (see figure 519.3-2).

The vibration peaks bandwidths should be baaed on teat data if possible. When
data are not available, the vibration peaks’ bandwidths can be calculated as:

m
Bhk@ = ~ .

Where: Bw3dB = the bandwidth at a level 3dB below the peak PSD level
F . the fundamental frequency (Fi) or one of the harmonics:

fl, f2, fa, or f4

For cases where the gun firing rate changes during a development program, it is
desirable to perform sinusoidal sweeps within the proposed bandwidth for the
fundamental and each harmonic.

o 1-3.2.2 D~ti. The duration of the gunfire test in each of the
three axes should be equivalent to the expected total amount of time the
equipment will experience the environment in actual usage. This duration may
be conservatively estimated by multiplying the expected number of aircraft
aortiee in which gunfiring will occur by the maximum amount of time that
gunfiring can occur in each sortie. The number of sorties in which gunfire
will occur will be tied to planned aircraft training and combat utilization
rates, but will generally be in the vicinity of 200 to 300 sorties. The
maximum gunfire time per sortie can be determined from table 519.3-11 by
dividing total rounds per aircraft by the firing rate. When a gun has more
than one firing rate, the test shculd be run using both firing rates, with test
time at each firing rate based on the expected proportion of time at each
firing rate in service.

The guns carried by an aircraft are generally fired in short bursts that<laat a

. few seconds and testing should be performed accordingly. For example, vibra-
tion should be applied for two seconds followed by an eight- to ten-second rest
period during which no vibration is applied. This two-second-on/eight-to-ten-
second-off cycle is repeated until the total vibration time equals that deter-
mined for the aircraft type. This cycling will prevent the occurrence of

> unrealistic failure modes due to vibration isolator overheating in continuous
vibration. Intermittent vibration can readily be achieved by several means
including interrupting the shaker input signal and storing acceleration time
history inputs on magnetic disc or tape.

o
METHOD 519.3
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TABLE 519.3-I. d uarametric eaua
uced vibratim.

10log Tj=lOlog(NFIE)+H +M+W+J+Bj-53dB

10 10g Pi = 10 log T3 + Ki + 17dB

Where:

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 teat purposes, are selected for the gun thst
produces the maximum vibration levels.

E = Blast energy of gun (see table 519.3-III).

H = Effect of gun standoff distance (see figure 519.3-4). :

M ❑ Effect of gun location M = O unless a plane normal to the axis of the
gun barrel and located at the muzzle of the gun doea not intersect the
airci’aftstruoture, then M . -6 dB.

w = Effect of the weight of the equipment to be tested (use figure 519.3-5).
If weight of equipment is unknown, use W . 4.5 kilograms.

J = Effect of equipment’s location relative to air vehicle’s skin (use figures
519.3-2 and 519.3-6).

Bj = Effect of vector distance from gun muzzle to equipment location (ace
figure 519.3-7).

F1 =;Gunfiring rate where F1 = fundamental frequency from table 519.3-II.
(F2= 2F1, F3=3F1, F4=4F1)

Tj . Test level in g2/Hz.

Pi ❑’Test level for frequency Fi in g2/Hz (where i = 1 to 4).

Ki = Effeet of vector distance’on each vibration peak, Pi (see figure 519.3-8).

NOTE: These equations are in metric units. The resultant dB values are
relative to 1 g2/Hz.

519.3-5
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z~ = (x2+y2+z2)1/2
,1

,.
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FIGUSE 519.3-2. (D) and the ~etep, (~.
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TABLE 519.3-II. ~ mn c~ated with aircraft cl~.

Aircraft/POD

A-4

A-7D

A-1.0

A-37

F-4

F-5E

F-5F

F-14

F-15

F-16

)

F-18 ““

F-101

F-104

F-105

F-ill

GEPOD 30

SJU-11/A

SUU-12/A

L-suu-16/A

~; SUU-23/A

Gun
(Quantity)

MI(12(2)

M61A1 (1)

GAu-8/A (1)

GAu-2B/A (1)

M61A1 (1)

M39 (2)

M39 (1)

M51A1 (t)

161Al (1)

M61A1 (1)

M61A1 (1)

M39 (4)

M61A1 (1)

M61A1 (1)

M61A1 (1)

GE430 (1)
(GAU-8/A)

GAu-2B/A (1)

AN-M3 (1)

M61A1 (1)

GAu-4/A (1)

Location

Wing Roots

Nose, Left Side

Nose

Nose

,Nose

Nose

Nose

Left side of
Fuselage

Right Wing Root

Left Wing Root

Left Side of
Cockpit

Fuselage

Fuselage

Fuselage

Underside of
Fuselage

POD

POD

POD

POD

POD

Firi
(Rnds/Min)

1000

4000 & 6000

2100 & 4200

6000

4000 & 6000

3000

3000

4000 & 6000

4000 & 6000

6000

4000 & 6000

16OO & 18OO

6000

5000

5000

2400

3000 & 6000

1200

6000

6000

late
(Rnda/See)

16.6

66.6 & 100

35 & 70

100

66.6 & 100

50

50

66.6 & 100

66.6 & 100

100

66.6 & 100

26.6 & 30

100

83.3

83.3

40

50 & 100

19

100

100

Rounds
Capacit]

100/Gun

1020

1175

1500

638

300/Gun

140

676

940

510

570

200/Gun

750

2084

2084

350

1500

750

1200

1200

519.3-9
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TABLE 519.3-III. GMo sDec~.

,.
,.”.

Gun Caliber Blaat Energy, E

Gun (m) (in) (J)*

GAu-2B/A 7.62 .30 t- 6,700

GAu-4/A 20 .79 74,600

GAU-81A .30 1.18 307.,500

AN-m 12.7 .50 26,000

M3 20 .79 83,000

M24 20 .79 80,500

M39 20 .79 74,600

M61A1 20 -79 74,600

MKll 20 .79 86,500

NIC12 20 .79 86,500

~.

● joules (J) x 0.7376 = foot-pounds

..:
.

..:
.,

MSTHOD 519.3
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Equipment Test Weight (lbs)
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1-4.1 *S.
.. In the event‘of the ooourrence of an unprogrammed

test interruption, the test shall.be initiated from the point of interruption
using the same “specifictest item. . .

.3-Q .2 QY@Qak.’”’.Any interruption in the test that results in a more extreme
exposure of the.test item th”anrequired by the equipment specification should
be followed by a complete physical inspection of the test item and an
operational check prior.to continuation of test. An engineering 3udgment ehall
be made whether to continue testing with the overtested item, to obtain a new
item, or to consider the test completed.

..
,,
.;I-4.3 All incidents where the test items do not meet the
~.,equipment opetiating requirements shall be analyzed to determine the cause and
. impact of such occurrences’.“.Corrective actions shall be DrODOSed or
implemented to meet performance requirements.

,,. :

1-4.4 S9ectrum ~n te~

1-4.4.1 .- Gunfire vibration testing is done using pulses repeated
at the gunfire rate. The generated spectra should have discrete acceleration
magnitude whose frequencies (f) correspond to the expression f = fl; where fl
is the basic gunfire rate and =1,2, 3,. ..K. The last integer (K) ia
that value for for whioh fl.is nearest to the maximum,test frequency of
2000 Hz. The pulse test spectrum shall be defined by an envelope that outlines
the amplitude determined from the prediction method given in paragraph
1-3.2.1.2 or measured data.

I-4-U.2 ~. Gunfire vibration testing can be done using
a properly shaped broadband random vibration spectrum. It is characterized by
broadband random vioration..with four vibration peaks that occur at the first
three harmonics and the furidamentalfrequency of the firing rate for the
onboard guns.,

,.
It has been experienced that the,dynamic range required t? produce and control
this broadband random vibration is beyond the ability of mo:t available
vibration controllers. A way of working around this problem is to enter into
the vibration controller the desired broadband random spectrum with its strong
vibration peaks. At those frequencies which have the Sntense vibration peaks,
sine waves can be electronicallyadded to the input to the vibration shaker
amplifier. The amplitude of these sine waves should be such that.the vibration
levels produced at those frequencies ia slightly less than the desired spectrum
level. The vibration controller can make the final adjustment to achieve the
needed test level. This method allows the gunfire test to be done in a closed
loop with commonly available laboratory test equipment.

FftTHOD519’.3
19 July 1983
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I

I
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November 1970. DTIC number AD-881-879.

! Smith, L.C.
,

k.

T~
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*
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METHOD 519.3

,. GUNFIRE VIBRATION, AIRCRAFT
.
., ,,:

SECTION’II

11-1 ~.. A random vibration source of sufficient
the required teit~

/“--
MIL-STD-810D
19,.July’19@3.”

:..$

.!, .

.. ... ..,. . .... ,:,,.,
.,, .”

capability to perform

II-1.,1 l?~Q. The test item shall be installed-in a vibration fixture
which simulates the’actual application configuration. To the extent practicalj
the vibration teat setup‘shouldincorporate aotual mounting and isolation ‘
provisions from the carrying aircraft. Fixture designs which utilize the
maximum amount of platform structure possible will allow the test item to
respond to the laboratory excitation in a manner more closely related to the
actual field environment. ,,

IX-1.2 —G@@2La. The accuracy of the instrumentation for the gunfire
vibration test shall be as specified in method.514.3 of MIL-STD-810D for random
vibration. For the broadband random method, the test tolerances will be as
follows: at fl, f2, f3, and f4 36 dB, and at frequencies above 400 Hz 36 dB.
If the controller used to shape the vibration spectra does not have sufficient
capability to produce the required test spectrum shape, the produced spectrum
shall envelope the required spectrum.

II-2 ~

● Step 1. The test item shall be prepared in
Requirementa.

Steo 2. Mount accelerometers followinR the

accordance with section 4, General

practices for accelerometer
mou~ting, output averaging, and data a~alysi~ techniques outlined in method
514.3 of MIL-STD-81OD.

11-3 EEOCUUM

Step 1. Mount test items on vibration shaker.

Stap 2. Operate the test items in accordance with equipment specifications.

Steu 3. Begin vibration exposure to the required test levels and spectra per
paragraph 1~3.3.

Step 4. Operate the test
equipment specifications.
paragraph I-3.2.

Step 5. Operate the test~

Step 6. Rotate test item

item during vibration exposure in accordance with
Duration of vibration exposure shall be per

items in accordance with equipment specifications.

to an axis perpendicular to just-completed teet.

Step 7. Repeat steps 1 through 5.

●
METHOD 519..3
19.July 1983
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Step 8. Rotate
to the two axes

Step 9. Repeat

test item to the remaining axis that is mutually perpendicular
of test.

steps 1 through 5.

Step 10. Document test per paragraph II-4.

11.4 ~

a.

b.

c.

d.

e.

f.

.s.

h.

i.

Test procedure number.
,’

Test levels, spectra, durationa.
.. .

*

Previous testing done using the specific test item(s).

Location of accelerometers used to meaeure vibration.

Test results.

Failure criteria.

Analysis

Proposed

Analysis

of each failure.

corrective actions.

bandwidth.

,’

.

●
METHOD 519.3
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I-1 ‘
I-2
I-3

1-4
I-5

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

MSTHOD 520.0

TEMPERATURE, HUMIDITY, VIBRATION, ALTITUDE.

,SECTION I
PURPOSE . . . . . . . . . . . . . . . . . . ...’
ENVIRONMENTAL EFFECTS . . . . . . . . . . . . ; .
GUIDELINES FOR DETERMINING TEST
PROCEDURES.ANDTEST CONDITIONS . . .... . . . .

SPECIAL CONSIDERATIONS . . . . . . . . . . . . .
REFERENCES . . . . . . . . . . . . . . . . . . .

SECTION II .
APPARATUS . . . . . . . . . . . . . . . . . . . .
PREPARATION FOR TEST
PROCEDURES.....:::;: :::”::::::
INFORMATION TO BE RECORDED . . . . . . . . .. . .

MIL-sTD-810D
19 July 1983

ti

. 520.0-1
520.0-1

520.0-2
. 520.0-23

520.0-24

.’ 520.0-25

. 520.0-25
520.0-26

: 520.0-27,

SECTION I

I-1 ~. The purpose of this test is to identify failures that
temperature,,humidity, vibration, and altitude can induce in aircraft
electronic equipment either individually or in any combination, during
and flight operations. It may be used for other similar purpoees.t

~-.2 ~. Studieshave shown that thermal effects,

●
vibration, moisture, humidity, and; in certain cases, altitude have the
greatest effect on the life of aviation electronic equipment in the operational
environment. These forcing functions collective y account fcr all but 12
percent of the environmentally induced failuree in the field. (Of course other
etresses such‘as eand and dust, salt fog, eto., are aleo significant and must
be considered in a fully integrated test program.) Temperature, humidity,
vibration, and altitude can interact to produce failures such as the following:

.,

a. Shattering of glass, vials,.snd optical equipment.

b. Binding or slackening of moving parts.

c. Separation of oonstituents.

d. Chaige9 in electronic components.

e. Electronic or mechanic~fai lureg due to rapid water or frost
formation.

f. Cracking of solid pellets or grains in explosives.

s. Differential contraction or expansion of dissimilar materials.

h. Deformation or fracture of components.

i. Cracking of surface coatings.

j. Leakage of sealed compartments.

METHOD 520.0
19 July 1983
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I
I-3 This
test method should be applied only at the end of the tailoring,process
described in section 4 of this standard.

,. ,
I :...

..a. This method is primarily intended for.electronic “, ..
equipment mounted inside an aircraft. The procedures of’this method”can be
used for engineering development, fo,rsupport of,flight testing; and for, .
qualification. ....,.. ...’., ,.

,,:.,

b. ~. This method‘“’does not apply to electronic”equipment
transported as cargo in an aircraft.

,, ,..’
0. Procedure 1.is intended to be used before final.equipment

designs.are.fixed.
,,

d. Xest v~. The test variables are temperature, humidity.,
vibration, altitude, cooling airflow, electrical :trease:;,.RShS. Of change,.-i
test duration. ,.. .

I-3;1 _ChQiceof test Drocedurea ,.

“1-s..1.1 veloDment test..‘The“engineering
deVelODUIenttest is used.to find defects in a new desimwhile it is still in
the de~elopment stage. The test is failure-orierited,;eaning that the tester.
should hope to uncover as many defects as possible. A combined environment
test is good for this purpose, since it does not require the teeter first to
predict which stress states a~e most critical ,?ndthen to tailor the test to ..:
emphasize 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 ure II -. Kht or onerat~r t test. ,Thi.stest is
performed in preparation for, or during,.flight or operational testing. Its
purpose is to minimize delays in the flight testing progrsm due to environ-.
mental factora. This test is not accelerated; the ,damageaccumulation in the .
test is’no faster than in operational or in-flighttesting. ,Therefore, ,’
development hardware can be interchanged between laboratory and flight or
operational testing. This meana that when unusual problems develop in flight
or operational testing, the equipment.system can be brought into the laboratory
to help.identify any environmental contribution to the observed problem.

I-3.1:3 ~cation test. The qualification test is a
formal test intended to demonstrate compliance with contract requirements.
Generally, qualification testing is an accelerated test that emphasizes the ‘

.?

most significantenviron- mental stress conditions. The use of Procedure .1of
this test method for.qualification is not recommended.. The qualification test
shall.include the maximum amplitude of each stress and an~ unique combination
of ptress types that were found to be important in the engineering development

:.

testing of the test item. ...

METHOD 520.0
19 July 1983
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O
,..’

1-3.2.1 Procedure I -.. development test

I-3.2.1.1 Use the analysis outlined in paragraph I-3.2.2, flight ,or
operational support test; to determine realiatic environmentalstress .levela,
durations and rates of change. The more benigtiportions of the test”profile
can be eliminated for an engineering development test. Likewise the amplitude
of environmental stresses can be increaeed to accelerate the occurrence of
Pailures. Depending upon available facilities, environmental stresses may be
teated in combination or singly.

s I-3.2.1.2 It ie reconunendedthat a Procedure 11 test of short duration be done
when the test item is fairly mature and its design stable. This would teat the
accuracy of the prejudgments made as to which environmental atresaea are
benign.

I-3.2.2 e II - Flight OL)erat~ort test. The combined
environment test combines the environmental,stresses of temperature, vibration,
humidity, and, if required, altitude and cooling airflow in a manner occurring
in actual deployment. Mission profilee are used as the basis for formulating
the environmental atreases. The failure data obtained from this teat will help
determine the corrective actiona to be performed on the item to prevent failure
in the operational environment. Generally, the combined environment test
simulates those environmental effects that occur for the majority of the
deployment life.

● 1-3.2.2.1 ~ for test.. .
This seotion describes,the

step-by-step approach in the measurement, prediction, and choice of forcing
functions for a combined environment test. Figure 520.0-1 is a flow diagram
for generating a test profile, as described throughout this section.

I-3.2.2.2 ~. A‘test ‘cyclei’sdefined as a unit of
time where several mission profiles are simulated under different atmospheric
conditions. A teat cycle shall consist of at least three atmospheric ?egments
of the sequence, composed as follows: cold and dry, warm and moist, and hot
and dry. Within each atmospheric segment of the test cycle, several different
miaaion profiles may be simulated. A miesion ‘profileis defined as a Mach
number-altitude-time history that.an aircraft oan fly. For example, a fighter
aircraft may predominantly fly three different miesions: air auperiority,
ground support, and interdiction; therefore, this aircraft has three mission
profiles. Each mission profile is divided into flight phaeea, such aa takeoff,,
Cruise, combat, low-level penetration, etc. (figure 52o.o-2). During a teat
cycle, temperature, vibration, humidity, altitude, and cooling airflow shall be
varied. Altitude simulation may be considered for a test item that ie
hermetically sealed,.useapressurized cooling paths to tranafer heat, has
components that contain a va”cuum,haa ,voltagesof sufficient potential to arc
in the presence of rarefied air, long range missions, or for other appropriate
caaes. Cooling airflow is required for all test items that use supplementary
airflow in the aircraft..

520.0-3
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I I-3.2.2.3 ~ selec~. The
combined environment test is to select the

first:eteD in constructing a
mission p~ofilee to be us~d. An

individual aircraft ie designed to operate within a specified flight envelope
(Mach numberlaltitude regime) and to fly specific miesion profiles. Generally, ●
sc aircraft can fly many different miesions, such as training, air superiority,
interdiction, ground eupport, etc. In addition, aircraft are flown under
specialized conditions that simulate a high-threat combat environment. These
wartime skill exercises, such as Red Flag, are designed to train operational
squadrona under realistic wartime conditions. “.

Usually, not all the miaaions flown by the aircraft need to be included in the
teet cycle. It is possible to identify two or three of the most highly
utilized mission profiles that, as a group, reasonably approximate the =.

aggregate effect of all the missions flown by the aircraft. This will
adequately simulate the routine deployment life. In.addition, the utilization
of wartime skill exercises as part of the miesion profile will stress the
equipment under eimulated combat conditions. To’eelect the mission profiles to
be used, the following approach is recommended.

=

a. Identify all aircraft missions and the utilization rate for each
miseion of the aircraft in which the equipment is to be installed. This
information may be obtained from the operational commands or the flight manual
used by aircraft crews. For aircraft under development, the design flight
envelopes, design miaeion profilea, and the design utilization rate of each
mission shall be used when actual flight data are not available.

b. Determine the missione that comprise a majority,(if possible, .8o
, 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 lowest. Then, take the miesion profilee
that compromise the majority utilization rate and uee these ae mission profilee
for combined environment testing. Missions with similar functions and flight
charaoteriatica oan be lumped together to minimize the number of profiles to be
generated. Table 520.0-1 shows an example”distribution of missione.

c. In order to simulate the high-threat environment, miseions flown under
the wartime skill exercisee shall be separately identified. Theee data may be
obtained from the operational command or provided by the procuring agency.

Once these data have been obtained, two separate test cycles can be constructed
according to paragraph I-3.2.2.2. One test cycle using the mission profiles in
paragraph I-3.“2.2.3b will be developed to simulate routine usage and another
test cycle using the mission profilee in paragraph I-3.2.2.2C will be developed
to gimulate usage under combat or combat-training conditions. ‘2

Obtain the altitude and Mach number versus tim”evalues for each mission profile
selected, as shown schematicallyy in figure 520.0-3. These parameters of tbe
mission profile are used to calculate the environmental stresses.

.’.,,

METHOD 520.0
19 July 1983

520.0-6 “



MIL-STD-8l“OD

>

b

19 July i983

,.

!,

,.,

..!,.

1.00

0.75

0.50

0.25

0.00

‘30:00

,22.50

15.00

7.50

0.00

.

,: ... .
Mach Number

,,

.,

Altitude ,(kft)

.

.,

\

f

.,

,,

I
I 1 I

0.00 .60”.00 120.00 180.00 2bo.oo 300.00 360.00
..

Time (rein)

.

FIGURE 520.0-3. Schemati~ mission nrofile. altitude and math number.
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I-3.2.2.4 ~en tal stresses. The second step is to determine
environmental stresses include vibration, temperature, supplemental cooli”ng,
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 thru I-3.2.2.9. Other information, such as engine rpm or data on the
aircraft’s environinentalcontrol system (ECS) may also be needed.

TABLE’520.0-1. Examvle u iht ation ratea of on Drofilea.

Percent Utl ~
.1.

Ground Attack, Training
.40

Ground Attack, Combat 20
Defdnsive Maneuvers 20 ‘
Search and Rescue 10
Functional Check
Training Cycle 2

100$’

Since the first three missions, as a group, total 80 percent of the utilization
rate, then these three mission profiles would be selected for combined ““
environment testing. If any of the other missions are determined to include
extreme or sustained environmental conditionsnot encountered in the first
three missions, then those missions containing these extreme or sustained
conditions and adding the most diversity to the test cycle also should be
selected. If the first mission selected is utilized twice ae !nuchas the other
two missions,’then Mission 1 should be run twice as much per cycle.

I-3.2.2.5 ~ stress. Random vibration shall be applied to all
equipment items designated for jet aircraft installation. Random vibration or
sine superimposed on random vibration should be used for all equipments
designated for propeller aircraft. Vibration of an appropriate level and
spectrum shape shall be applied continuously during mission profile simulation
in”the test cycle. Unless measured data exist, it is recommended that the
appropriate tables and figures of method 514 of MIL-STD-810 be used to
determine vibration conditions except as modified in table 520.0-11.

Short duration vibration events and those that occur infrequently need not be
included in the test cycle. These eventa include firing of onboard guns,
general aircraft motion, and shock of hard landings. These events may be
tested separately using the appropriate MIL-STD-8.1Otest method..

The vibration stresses to be considered for the test cycle are those due to
both attached and separated aerodynamic airflow along the vehicle’s external
surfaces, jet engine noise, or pressure pulses from propeller or helicopter
blades on the aircraft structure. The vibration spectrum and level can be
determined for each miaaion segment by careful use of measured data. Guidance
written below shall be applied in those cases.

In many instancea, measured flight data are not available for the specifiic
aircraft, equipment location in the aircraft,.or flight phases. In such cases,
there are several analytical technique for vibration spectrum and level
prediction that can be ue.edto determine vibration test conditions (ref.’a).

t43THOD“520.0‘
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The scaling of vibration test conditions from data measured on another

● aircr,?ft,at a different equipment location, or for a different flight
condition has to be done with extreme care because of the numerous nonlinear
relationships involved and the limited amount of data being utilized. For
example, maneuver-induced vibration conditions generally cannot be predicted
from cruise vibration data. A more prudent approach ia to utilize th,elinear
dynamic pressure models in method 514.

(.

In all casea, measured flight vibration should be in acceleration power
spectral density (PSD) format based on one-third octave analysis or 20 Hz or
narrower constant-bandwidth analysis. Experience has shown that the use of a
standardized vibratiorispectrum ehape and,the modified levels of method 514.of
MIL-STD-810 yield as good ,resultsin terms of equipment deficiencies as the use
cf the highly shaped vibration spectra (ref. b).

Because of the nature of vibration,control equipment, it is difficult to change
–< vibration level and spectrum shape in a continuous, smooth manner. Therefore,

tbe mission profile has to be divided into segments over which it will be
assumed that the vibration level and spectrum ahape is constant for test
purposes.

1-3.2-2.6 E@@mL&w- The thermal stresses that internally-carried,
avionics equipment experiences during a mission are dependent upon the ambient
conditions, flight conditions, and,the performance of the ECS. For the
purposes of this test, the ambient outside air conditions shall be as ‘shownin
table 520.0-111 for the hot, warm moist, and cold day environments. Hot and

●
cold ambient environments of table 520.0-111 are based on the 20 percent
worldwide clizuiticextreme envelopes from MIL-STD-21OB, tables XXII and XIII.
The warm moist environment is based on the tropical environment shown in table
v of MIL-STD-21OA. These temperatures values are to be used as the ambient
conditions for thermodynamic analyses for the development of the mission
profile“test conditions. The ground soak temperatu~es in each mission are not
necessarily related to measured data. The values shown in table 520.0-111 are
extreme conditions that have been,used in Previous programs tc accelerate time
and reduce”time between transitions from mission to another.

The specific environmental teat conditions for any teat item are dependent on
the type of cooling for the,compartment in which the equipment is to be located
(air-conditionedor ram-air,cooled). Avionics equipment systems that consist
of more than one black box may require different environmental test conditions
for each black box. (For.example, when bcxes are in different aii’crift
compartments.) For the common case of a two-black-box system where one box
is cooled by supplemental air or fluid and the other box is ambiently cooled,
botb boxes can be tested in,one chamber as long as appropriate vibration and
altitude simulation for each box can be achieved. The thermal stimulation
would be realistic ,sincethe ambient-cooled box would respond to the ambient
temperature simulation while the box that required supplemental cooling would

> be primarily responsive to the supplemental cooling air or fluid.

520.0-9

METHOD 520.0 ,.
19 July 1983



MIL-STD-81OD
19 July 1983

“TABLE520.0-11. om vibration test crlt.sma
. .

for aircraft eauirmenk.

mLAwxAr
Use table 514.3-III with these‘modifications:

K = 6.8 x 10-9 for aockpit panel equipment and equipment attached to structure”‘
in compartments adjacent to external surfaces that are smooth, free from
discontinuities”.

K . 3.5 x IO-8 for equipment’attached”to structure in compartment adjacent to
or immediately aft of external surfaces having discontinuitieg (cavities,
chines, blade antennaa, speed brakes, etc.) and equipment in wings, pylons,
stabilizer, and fuselage aft of trailing edge wing root.

If Mach number ‘ignot in the range of 0.85 to 0.95 the calculated levels caribe
reduced by 5 dB.

For propeller aircraft and helicopters, use appropriate tables in method 514.3
of MIL-STD-810.

For these segments with the same vibration spectrum shape, the fcllowing .,
analysis can be used to reduce the number of vibration test levels. The
discussion is in terms of the suggested spectrum shapes for jet, rotary wing “cr’
propeller aircraft of method 514 of MIL-STD-810.

For test purposes a WO vibration level for each mission segment can be
determined using the altitude and Mach number plots for each mission. (Note:‘
For test purposes the larger of WO due to aerodynamic or WO due to jet engine
noise is utilized at any point in time in the mission.) The maximum WO value
that occurs in each missicn shall be identified. All segments of the missicn
that have Wo values within three dB of the maximum shall be considered, for
test purposes, ae having a constant Wo value determined using the value of
WOMAX -3 LiB. All segments of the missicn that have dynamic pressure valuea
between WO~x -3 dB and WOMAx -6 dB shall be considered for test purpcses as
WOMAx having a ccnstant Wo value determined using the value cf WOMAx -4.5 dB.
This prccess of identifying three-dB bands of dymmic pressure values, over
which WO is considered to be a constant and whcse value is determined by using
the dynamic pressure values of the band’s midpoint, is continued until the
calculated WO value is less than O.001. Fcr test purpcses, segments cf the
mission with calculated values of WO less than 0.001 can be set equal to 0.001
unless the test facility can contrcl below this test level.

The value.of W1 reflects the changes in aerodynamic flow field around the
aircraft. A cruise W1 value reflects normal angle of attack flight, while a
maneuver W, value reflects highly separated flew conditions which induce
intense low-frequency aircraft vibration.

M2THOD 520.0
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TABLE 520.0-111. Ambient outside air temDeratur~.

HOT ATMOSPHERE MODEL:

World-Wide ‘ Relative Dew
~ ~

(o~)
V

(OF) (OF)

‘o ‘ 0.00 43 109 “<lo
1“ 3.28

4 “ 40
3ti ( 10 -2 29

6.56 27 ::
“:.,;”

( 10 -6 21
13.10 12 54 < 10 -17
19.70 0 ,32

!
<1oo 0 3;

26.20 -11 <1oo -11
10 32.80 -20 :: <1001/ -20
12

::
39.40 -31 -24 : <loo

’14
-31 -24

45:90 -40 -40 <1oo -40
16

-40
52.50 -40 -40 <1oo -40 -40

18 59.10 -40 -40 <1oo -40
20 65.60

-40
-40 -40 <1oo

22
-40 -40

72.20 -39 -38 <1oo
24

“-39
78.70 -39

-38
-38 <1oo

26
-39 -38

“85.30 -38 -36 <1oo
28 91.90

-38 -36
-36 -33 <1oo

30 98.40 -33
-36 -33

-27 <1oo -33
Hot Ground Soak~

-27
71 16o < ,10 2678,

COLD ATMOSPHERE MODEL:

World-Wide Relative Dew.
~

,,
e ueratur

(0(. )
.,

~ .fo:) ( 0;)

o ‘0.00 -51 -6o
1

<100/
3:28

-51 -6o
-49 -56 <1oo -49z. -56

‘ 6.56 -31 -24 <1oo -31 -24
4 13.10 -40 -40 <1oo -40 -40
6 19.70 ‘-51 -6o <1oo
8

-51 -6o
26.20 -61 -78 <1oo -61

10
-78

32.8o -65 -85 <1oo -65
12

-85
39.40 -67 -89 <1oo -67

14
-89

45.90 -70 -94 <1oo
16

-70
52.50 -82

-94
-116 <1oo -82

18
-116

59.10 -8o -114 <1oo .-8o
20 65.60

-114
-79 -112 <1oo -79

22
-112

72.20 -80 -114 <1oo -8o -114
24 78.70 -8o -114 <1oo -8o
26 85.30

-114
-79 -112 ., <1oo

28 91.90
-79 -112

-77 -1o8 <1oo
30

-77 -1o8
.98.40 -76 -105 <1oo -76

Cold Ground Soak2.1
-105

-54 -65 <1oo -54 -65

.,
-u uncontrolled humidity
2/ Ground soak temperatures are not necessarily related tO measured data but

are extreme levels to reduce groun”dsoak test time.

METHOD 520.0
520.0-11 19 July 1983
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TABLE 520.0-111. air temperatures - con-.
,.. .

WARM MOIST ATMOSPHERE MODEL:
.,

,,.
World-Wide Relative : Dew ;

* o
,.

~) ‘erat= ~. &c)=- a (0:).
mn r tur

,..

o“ ,, 0.00”’ 32.1’ 90 185 ‘
1

29, ,: ’85

‘3.28 25.0 77 L85 - 22 72 ,

2 6.56 19.0 66 x85

u
17 .“’- 62.

13.10 4.0 39 185 2 . 35
6 19.70 -11.0 13 285.

8
-13, “9

26.20 -23.0 -lo k85’ -25 .-13
10 32.80 -38.0 -36 <1001/ +:: -36
12 39.40 -52.0 -62 <1oo -62
14 45.90 -67.0 -88 <1oo -67 -88
16 52.50 -78.0 -1o8 <100 -78 -1o8
18 59.10 -73.0 -1oo ‘<loo -73 -1oo
20 65.6o -65.0 -85 <1oo -65 -85”
22 72.20 -58.0 -72 <1oo -58. -72
24 78.70 -53.0 -63 <100 -53 -63
26 85.30 -48.0 -54 <1oo -48 -54
28 91.90 -43.0 -45. <1oo -43 -45
30 98.40 -38.0 -36 <1oo -38 -36
Ground SoakZ/ 43.0 109 .275\ 37 98

,.-.
{.

....:,]

.3 ,- ,

. . ,

.,

.:

w Uncontrolled humidity (dry as possible)
2/ Ground soak temperatures are not necessarily related to-measured data but ‘“

are extreme levels to reduce ground soak time.

,,. .
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For the purposes of thi.etest, the following type of.thermodynamic.analysis

●
ia adequate. A more detailed analysis can be utilized, if desired.

The.’mission..profile time history of altitude and Mach number from paragraph
I-3.2.2.3 iq,,analyzed to identify each break point at which the aloPe of either ;
the altitude...or,,Machnumber;plots change. A thermodynamic analySiS is done at
each break’point using eteady-state thermodynamic relationships. Between each
break point, linear interpolation is done.on each Stress .toconstruct a
continuous profile for each environmental stress. At each such break point,
the thermal str’essconditions for “ateat shall be determined in accordance with
paragraphs 1-3.2.2.6.1 and I-3.2.2:6.2.

:, 1-3,.2.2.6.1 ~. This section is to be used to determine
the bay temperature for:an avionics system in a compartment that ia ram-cooled.
The thermal stress in a ram-air-cooled compartment can be determined from the
followipg relati,onahip.

.
,,

,’
T’=.T [1 +0.18 F?]

where T . ambient air temperature at altitude being flown in degreea Kelvin
from table 520.0-111

M = Mach number being,,flown
,,

1-3.2.2.6’.2 This section is to determine the bay
temperature for an avionica,system located in a bay that receives ita cooling
from the.aircraft’s ECS. The masa flow rate and temperature level of supple-
mental air needs .tobe determined at each.break point in the mission profile.

●
The onboard ECS is modeled in terme of its,pri~ry componepta such as Pr?ssure
regulator, heat exchangers,.turbomachinery, water separator, etc. Alao,
calculate the masa flow rate being injected into the bay and the location.of
other aysteme in order.to determine if the heat load f,romthese aystema should
be considered (refs. c end d). The calculation of the bay temperature stress
can be done using the following simplified thermodynamic analyais.

a. Aasu~e that steady-state thermodynamic relationship are valid.

b. Assume constant but nominal or typical efficiency constants that can
be achieved from good design practices for turbomachinery and heat exchangers.

c. Neglect secondary effects in components of ECS (i.e., pressure losses
in heat exchanger, temperature losees in ducts).

‘\
I-3.2.2.6.3 This section is used to

,,., determine the thermal and mass flow for an avionics system that requires forced
or supplemental cooling from the aircraft. Paragraph I-3.2.2.6.2 recommends an
aPProach to determine the bay thermal streaa for “anavionica ayatem located in
a supplementally cooled compartment. This same approach is recommended here
with one addition: continue the thermodynamic analysis to determine the

& temperature and mass flow being injected directly into the avionics system.
The same sources used to obtain the information for paragraph I-3.2.2.6.2 are
also applicable here.

●
1-3.2.2.7 ~. The humidity stress that an internally carried
avionics system experiences is dependent upon the ambient humidity conditions
and the performance of the water separator of the environmental control. (Some

520.0-13
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aircraft do not cool equipment with ECS air, thus the equipment sees only
ambient humidity conditions.) For the purposes of this test, whenever the cold
day environment is being simulated, humidity will be uncontrolled, but less
than or equal to the dew temperature shown in table520.0-111. For the hot
environment, dew temperatures will be less than or equal to values shown in
table 520.0-111. In the case of the warm moist day, dew temperatures will be
greater than or equal to the values found in table 520.0-111 up to 10km. Above
10 km, the dew temperature shall be less than or equal to the values found in
table’520.0-111. If the platform has an ECS, the design specifioationg for ‘the
water separator shall be used to define humidity conditions for the warm moist
day. When the effioienoy of the ECS is unknown, the aPProximetio9 technique “,
put forth above should be used.

Note: The formation of free water on the test items during combined
environment testing can be a normal 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 normal and a realistio
condition.

I-3.2.2.8 AJ&.itudestre~. Altitude simulation should be employed when there
I is reason to believe that systemperformance may be affeoted by variation in

air Pi.essure. Examples of such situations are: hermetioally sealed,units that
use PF-.assurizedcooling parts to maintain sufficient heat transfer, vacuum
cdpone,nts where the seal is maintained by air pressure, and units where change
in air p,re~~uremav cause aroin= or change of cOmoonent values. When altitude
effect is to be te~ted~ the alt~ttidestr~sg, or r~duced atmospheric pressure
variatir~ns,shall be applied according to the miesion PrOfileS selected for
test. ,’~healtitude,’or reduced pressure, is initially applied at the simulated
airCraft takeoff and ‘continuesat the pressure changes corresponding tO the
Various flight phases from climb-out to landing. The ‘rateof change of
Preseutw? should reflect the climb or descent rate of the aircraft while
PerfOrtrjing‘the varioua flight mission phases. The ‘maximumPressure (minimum
‘~c’i:”ude)”used for “thetest shall be that of ground elevation at the test site.

I-3.2.2.9 1 stre~. Electrical streeses are deviations of the
equipmentts electric supply parameters at the equipment terminals from their
nominal values. The test procedure must assure that all electrical stresses
occurring during normal operation in service (mission profile) are simulated
the required extent.

It is not the purpose of this test method to simulate extremes specified for
special situations or to take the place of special electrical stress teSte.
Special conditions, like emergency operation of certain aircraft equipment
within the ‘electrical/electronicsystem, ‘shallbe simulated only on request.

to

Depending upon the requirements and the availability of data, the simulation
may cover the range from the exact reproduction of the specificelectric supPly
conditions within a epecial aircraft for a.specific mission profile, down to a
standardized simplified orofile for KeneI’aliZedaDPliCatiOnS. The following
conditions and effects must be taken-into consideration to
they affect the operation and reliabilityy”of.the equipment

~THOD 520.0
19 July 1983
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,,?.,“Ac system normal“operation.stresses

~b’: Normal ON/OFF cycling of equipment operation.,,;,.,

c.“”;DC system normal “operationstresses,,,,,...... .
.,..

d.?.Electrical stresies induced by mission-related transients witbin the
,el,ect.ical,”$ystem.

I-3.2”.2,~,g’.1 A’Csvstem normal ODera~. .’. .
Voltage variations are

quasi-steady changes in voltage f~om test cycle to test cycle. Input voltage?
shall be maintained at 110 percent of nominal,for the first test cycle, at the
nominal for the ?eccnd test cycle, and at 90 percent for the third test cycle.
This cycling procedure is to be repeated continuously throughout the ,test.
However, if a failure ia suspected, this sequence may be interrupted for
repetition of ‘input,voltageconditions.
. .

I-3.2.2.9.2 1 ON/OFF cvc mu of em
~.

ment ooer-. The equipment shall
be turned on.and,off, in accordance with equipment operating prcceduree
outlined in “appropriatetechnical manuals, to SiMUlat6 normal Use.

1-3..2:?..9,.3 12$AVstem nmma i ODeratioi stress=.

,’,’a. Voltage.variatim. See I-3.2.2.9.1

b,. Ripple voltage. Ripple is the cyclic variation about the mean“level
of,the,DC voltage during steady-state DC electric system operation. Values
‘shallbe taken from actual flight data or frDm the applicable sy?tem ‘specifi-
cation if flight data are”not available. Ripple voltage “shallbe applied
continuously during the missicn simulation porticn.of each test cYCle.

I-3:2.2~9.4 Electrical stresses induced bv~ ion-related transiente witu
~m Unless the equipment has its cwn power supPly which is
not affected by,the t~ansients mentioned, or the equipment is nOt influenced by
these electrical stresses ,atall, these stresses must be reproduced during test.
The reproduction hae to covek all transients --’like power surges, voltage
peaks, electrical current changes, phase unbalance, etc. -- which may influence
the equipment on test and are induced by the mission-related operation,of the
airCraft*s electrical/electronicequipment taken as a WhDle (switching eqUipIDent
on or off, operating with changing power output, short-time system overload,
differing gerie,ratorrpm, operation of regulating devicesj etc.),~’”

Tbe test should reproduce measured transients exact1y. If this is not possible,
tolerances should be calculated individually for.each transient type.
Tolerances should be narrow for stresses the equipment is more sensitive tD, and
vice versa. The baais for calculations shall be the requirements’document ‘-
stress values that the equipment must be able to withstand during normal
operation’---provided the actual measured stresses of the electrical system do
not exceed these limits.

In the absence of any other means of simulating power line transienta, the
equipment shall be cycled on while performance measurements are made ‘and then
backed Dff for five minutes prior to the normal turn-cm at the end of each
ground park phase.

MRTHOD 520.0
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I-3.2.3 Procedure III - Oual@atlon t-.. . .
Qualification can be accomplished

either with a single test which combines all the appropriate environmental
stresses or with a series of separate tests: It is not’recommended to run all ●
environmental stresses in separate tests. When the use of separate environ-
mental tests is selected, the following single and combined environment stress
tests are recommended: vibration; a combined temperature, altitude, and
humidity teat; and a combined supplemental cooling airflow-with humidity,
temperature, and mass flow rate as test parameters. The following guidance is
recommended for each separate test.

I-3.2.3.1 Vibratio~. Use the test conditions and durations.recommended
in method 514 of MIL-STD-81O for qualification testing. :.

I-3.2.3.2 Temperature-aMe-humiditv test. This test is for the conditions
inside an equipment bay or cockpit. Identify the maximum and minimum tempera-
ture to be experienced in anticipated deployment by the item to be tested..
Identify the maximum and minimum temperatures under which the test item is

~

expected to’operate. These temperatures can be obtained from the analysis
outlined in paragraph I-3.2.2 of procedure II. If such an analysis was not”
accomplished, tables 520.O-V and 520.O-VI and figure 520.0-4 can be used.

The values in tables 520.O-V and 520.O-VI are based on measured data and are
representative of extreme temperature conditions (air temperature, not
equipment temperature). Therefore, there is reasonable”confidence that these
test levels will sufficiently stress the test item.

The maximum altitude to be experienced by the.item to be tested should come
from the analysis outlined in paragraph I-3.2.2. Often the altitude (air ●
pressure) ins?de a cockpit or equipment bay is different from that outside the
aircraft because of cabin pressurization. If an analysis has not been done,
use maximum flight altitude or, if unknown, use 16 km (52,500 ft.).

The recommended durations of stress exposure in table 520.O-VI are based upon
anticipated extreme-case exposure durations. It is not recommended to force
the test item to reach thermal stability. As would happen in actual usage, the
mass of the test item will determine how close the test item will get to-the
impo,9edtemperature.

The humidity stress is based upon reasonable levels that can be experienced
in actual usage. Unless analysis such as outlined in paragraph,I-3.2.2 of
procedure II shows that the’equipment bay or cockpit environment is signi-
ficantly more or lees humid, the level shown in table 520.O-V is recommended.,. ,2

I-3.2.3.3 ~1-coo ~.-.,~.~
JEas.5flow rate. and temneratura

m. This test is.for supplemental cooling airflow that flows directly
through an equipment system. The temperature, humidity and mass flow rate can
be determined frem”an analysi? as outlined in paragraph I-3.2.2 of‘procedure
II. If such “an analysis is not available;the levels in table 520.O-V‘and ,.

combined as shown in table 520.O-VI and figure 520.0-5 are recommended.

I-3.2.3.4 Electrical str~. Unlese otherwiee def?ned, use tke electrical
stress conditions outlined in paragraphs I-3.2.2.9.1 and I-3.2.2.9.2 as
applicable. ●
METHOD 520.0 ,.
19.JuIY 1983

520.0-16



‘MIL-STD-810D
10 July 1983

;,,, .,.

,,

.

,.

0
N
m

.-

●
●

☛✚✚

METHOD 520.0

520.0-17
19 July 1983



MIL-STD-81OD
19 JUIY 1983

—

—

1
I

Inn $
w+ m

—

~THOD 520.0
19 July 1983

520.0-18

.,

-i.

..

●



MIL-STD-81OD
.- . .. . .. .- r,..

;

●

.:

MSTHOD 520.0
19 July 10.83

520.0-19



MIL-STD-81OD
.19 JUly 1983

0

,.. . (~) .awwwm .,

METHOD 520.0
19 July 1983

520.0-20



MIL-STD-810D
19 July 1983

*

.

● ~’

“MaxHumidity
in Airflow

Max Mass Flow
Rate

‘Minimum

Tmax I AT > 5oC/min

‘hum~oak

* Tmin

:

.5
<
~. Equipment on

~ H,
.+

●
+.
0:
8’

Max Altitude.-

TM=

Topermx

Thum~o~

Topermin 1.

T~n J

I 1.

.

●

AT > 200C/min

I
o 1 2 3 4 5

HOURS/

FIGURE 5200-5. ~.
MSTHOD 520.0

520.0-21 19 July ‘1983-



~
MIL-STD-81OD
19 JUIY 1983

I
,, Ij 0001 3anlllW 3HnSs3ud

MSTHOD 520.0
19 July 1983

520.0-22



MIL-STD-81OD
19 July1983

,,&

1-3.2.3.5 ~. The item shall be operated throughout each
test except when being exposed to maximum and minimum temperatures that occur
in equipment bays or the cockpit. If separate tests are conducted, the test
item shall be turned on and off using the same schedule as if the test
environments were all combined.

1-3.3 ~

a. lc~ re . 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”coat generally
determines the duration of an engineering development test. If few or no
failures are occurring, littlenew information is being generated ss to how or
where to improve the test item and the test should be terminated.

b. J’rocedureu: Test duration shall be sufficient either (1,)to give
the tester confidence that environmental factors will not cause significant
problems during the flight test program or (2) to resolve a problem that arisea
during flight or operational testing.

c. f’rocedureu. Procedure III shall be conducted for ten test cycles
per figure 520.0-5, or ita equivalent (40 environmental stress hours with 30
hours of equipment turned on). This is somewhat arbitrary, but reflects the
duration of previous temperature-altitude-humidity teats.

~-~ ~

I-4.’1 Mt interruot~. In the event of an unplanned teat stoppage due to an
event such as a facility failure, the following is recommended. If the item
has not failed and there is no apparent damage ,tothe teat item, the test
continues. If the test item was damaged when the unplanned event occurred,
testing should not be resumed until it can be determined whether the stress
combinations during the unplanned event are likely to occur in the deployment
environment. Testing gbould be resumed at the point of interruption and fsiled
teat article(s) remove’dbefore beginning the next phase, unless the nature of
the failure precludes any useful equipment operation.

I-4.2 Mlure orlt~.
. .

All incidents where the test item does not meet
equipment operating requirements shall be analyzsd to determine the cause
and impact of such occurrences. Corrective actions shall be proposed or
implemented as required to meet equipment performance requirements.

.- .,.

1-4.3 ~- The accuracy required in General
Requirements of MIL-STD-81O appliea for each stress measurement system. The
ability of a given test chamber to control,to tbe specified atress conditions
ia a function of the chamber’a design and appropriate placement of tranaducera.
Thus, in evaluating tbe teat tolerances for any given combined environment
teat, the test plan should clearly identify the placement of the atress
measurement transducer relative to the teat item.

I-U.4 mt Drofile tolerancex. The tolerances for each stress in each phase
of procedure II can be derived from design specifications. For examplm, the
design specification may call for a phase of cruise between 20,000 and 30,000
feet. For the test mission, this can be translated into an altitude of 25,000
feet with a tolerance of s ,000 feet.

520.0-23
METHOD 520..0
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METHOD 520.0

TEMPERATURE, HUMIDITY, VIBRATION, ALTITUDE

SECTION 11

II-1 AUAEANS. 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 inatrumentation shall be able to
meet the accuracy specified in section 4 of General Requirements.

.

II-2 ~. Select which test procedure shall be implemented.
Identify if the test shalI be a combined environment test or a series of single
and appropriatee environmental combinations tests. Select which of the.
following steps are appropriate for the environmental stresses being included
in the test of interest.

Step 1. For vibration testing in Procedure I or II, the individual equipment
test item(s) should be subjected to random vibration in either the aircraft
vertical or lateral axis, whichever seems to offer the greatest potential for
defeet disclosure. If neither axis seems to offer a distinct benefit, the test
axis may 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) may be applied
to provida multi-axis excitation usiriga single test setup. For Procedure 111,
conduct vibration test in accordance with method 514.3.

0 Step 2. For tests that do not include vibration, mount test items in their
normal orientation with the ground plane when the carrying aircraft is parked
on the ground.

Step 3. For Procedures I and II, mount at least two vibration pickups to
measure the vibration environment for each test item. Follow practices for the
accelerometer mounting, output averaging, and data analyis techniques outlined
in method 51Q of this standard.

Step 4. For test items that require supplemental cooling air, measure mass
flow rate; humidity, and temperature. Mount instrumentation so that these
values are known as close as possible to where the air enters the test item(s).

c.

Step 5. Bay air conditions around the equipment shall be measured as specified
in General Requirements, paragraph 4.6.2. The air temperature around the
equipment under test shall be used to control this environmental stress.

Step 6. Mount humidity sensor to measure bay air humidity. A single-point
measurement is adequate as long as the measurement point is not shielded from
the bulk conditions around the test item.

&
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I 11-3 UQ!mmEs

1 11-3.1 Pro edure I - En.gi.neerinudevelon e.llkc m

1 Step 1. Mount test item in accordance with paragraph 11-2. “

I Step 2. Confirm’that the test item is operational. ~ ~ ‘
.’

! Step 3. Start test and teat to conditions specified in test plan developed as
outlined in paragraph ?.-3.2:1. ,.

~
Step 4. Conduct test and monitor performance of test item againat failure

I criteria.

Step 5. Continue teat until malfunction occurs (see I-4-2).

.2
I

Step 6. Analyze failures and take corrective actions. .-

Step 7. Document malfunctions per paragraph 11-4 and 1-4.3.

Step 8. Continue test until a suitable number of hours of environmental
exposure have been achieved (see .1-3.3a).

Step 9. Repeat steps 1 through 8 for each single stress or combination of
stresses until all the stresses have been combined.

Step 10. Document entire test per paragraph II-4.

II-3.2 Prooedure 11 - Flight/ODer&.lC2@ suDDOrt ta

Step 1.

Step 2.

Step 3.
sequence

Step 4.

Step 5..

Step 6.

Step 7.
exposure

I Step 8.

Mount test item in accordance with paragraph II-2.

Confirm that test item ie operational.

Start teat cycle with a cold-day park simulation and continue the
aa ehown in table 520.O-IV.

Monitor test item performance throughout environmental exposure.
.,

Continue test until a test item malfunction occurs.

knalyze and document malfunction per paragraph II-4 and I-4.3. z

Continue test until a suitable number of hours’of ‘environmental
:>.

have occurred on at least one specimen (see Paragraph I-3.3b).

Document entire test per paragraph II-4.

...?
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II-3.3 cation test

each test cycle.

r. AC voltage variation, as conducted
portion of each test cycle.

g. Type, location, and orientation of

h. Description and calibration status
equipment-.

Step 1.

Step 2.

Step 3.
in Step

Step “4.

Mount the test item and inetrumentation per paragraph II-2.

Start the test cycle developed from pa;agraph I-4.2.2.

Functicn the test item while being expoaed to environmental stresses
4.

Expose the test item to the number of test cycles decided on per
paragraph I-3.3C.

Step 5. Check the teat item for functioning in accordance with General
Requirements paragraph 4.5.

Step 6. Repeat atepa 1 through 5 for each of the single or combined environ-
ment testg specified in paragraph I-3.3.2 unless they were conducted as one
test that combines all the environments.

Step 7. Dooument test aa given in paragraph II-4.

11-4 ~

a. Pretest, during test, and post-test performance data sccording to
General Requirements, and the individual test specification and/or test.Plan.

b. Test cycle, including environmental condition applied.

c. Test time history of each failure occurrence.

d. Nature of failure, including environmental effects.

e.“ DC ripple voltage, as applied during the mission simulation portion of

during tha migsion-simulation

stress-meaauring sensors.

of data recording and analyaia

i. Voltage modulation, aa applied during the miaaion-aimulaticn portion
of each teat cycle.

~. Frequency modulation, as applied during the ILIiSSiOn-simulationpOrtiOn
of’each teat cycle.

k. Electrical stress induced by mission-related transients within the
electrical ayatem.

1. Prior teat hietory of teat item.

m. Corrective action proposed.
MSTHOD 520.0
19 JUIY 1983
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METHOD 521.0
ICING/FREEZING RAIN

,,

1-1

I-2
1-3

1-4
I-5

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

SECTION I
PURPOSE . . . . . . . . . . . . . . . . . . . . . . .
ENVIRONMENTAL EFFECTS . . . . . . . . . . . . . . . .
GUIDELINES FOR DETERMINING TEST
PROCEDURES AND TEST CONDITIONS . . . . . . . . . .

SPECIAL CQNS3.DERATXONS . . . . . . . . . . . . . . .
REFERENCES . . . . . . . . . ... . . . . . . . . .

SECTION II
Apparatus . . . . . . . . . . . . . . . . . . . . . .
PREPARATION FOR TEST . . . . .. . . . . . . . . . .
PROCEDURES . . . . . . . . . . . . . . . . . . . . .
INFORMATION TO BE RECORDED . . . . . . . . . . . . .

SECTION I

EaK!2

521.0-1
521.0-1

521.0-2
521.0-4
521.0-4

521.0-6
521.0-6
521.0-7
521.0-8

I-1 lURIQSE. 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 materiel. This method also provides tests for evaluating the

●
effectiveness of deicing equipment and techniques, including field expedients.

1-2 ~. A buildup of ice occurs in three principal ways:
from rain falling on an item whose temperature is below freezing (O°C), from
freezing rain falling on ah item at or near freezing, or from sea spray which
coats equipment when temperatures are below freezing. MIL-STD-21O identifies
two conditions commonly encountered: (clear) glaze’ice and (granular) rime
ice. Glaze ice occurs when rain or drizzle freezes on objects, and it is
nearly as dense as pure ice. Rime ice occurs when fog droplets or drizzle
falle on surfaces colder than OoC. It is white and, since it is saturated with
air, is much less dense than glaze ice. Since glaze ice is more difficult to
remove and has a weight approximately four times greater than rime ice, it is s
more significant factor and will be the focus of this test. The ~

for ~ -- (reference f, p. 104, p. 149) identifies
extremes for ice accumulation. These extremes may be used for calculating
design and structural evaluations but are not suitable for establishing test
conditions. Ice formation can impede equipment operation and survival and
affect the safety of operating personnel by creating the following problems:

.

a. Binds moving parts together.

b. Adds weight.to radar antennas, helicopter rotors, etc.

METHOD 521”.0
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~ c. Increases footing hazard.

~

d. Interferes with clearances between moving parts.

e. Induces structural failures.

I f. Reduces airflow efficiency.

g. Impedes visibility thrcugh windshields and optical devices.

I
h. Affects tranamiasion of electromagnetic radiation..

I i. Leada to increased probability cf damage to equipment from the
employment of mechanical, manual, or chemical ice removal,measures.

NOTE: This test method should be applied at the end of the tailoring process
described in section b of this standard.

a. This method,is applicable to materiel which may be
exposed to icing or freezing rain conditions during normal use.

b. ~. This method does not simulate snow conditions, nor

I dces it simulate ice buildup on aircraft flying through supercooled clouds.

c. SQ9MQUQ (See General Requirements, 4.4.Q.) The possibility of
structural damage to the test materiel due to the icing test should be ●
considered when determining test sequence. This test should follow the rain
tests (method 506.2) and precede the salt fog tests (method 509.2) and
mechanical teats (such,ae 513.3 through 519.3) so that parts will net be

1
locsened before the icing teets.

I d. l!!=t vaCi&iQm. The freezing rain teet contains cne test procedure
I that is applicable for most equipment. All test variables should be specified
I in the test plan before actual testing is initiated.

1-3.1 Q@ce of test

a. Test oble~. This method is designed
materiel and ancillary equipment (mounted so that it
environment) can operate after ice accumulation from

to determine if the
is directly exposed
rain, drizzle, fog,

to the

SDlaSh, or other sources. Where ice removal ia required before operation, the .x

u~e’cf’the integral deicing equipment or expedients normally available to theI
operator in the field will be employed. Deicing equipment and expedients will
be evaluated to ‘assesstheir effectiveness and the potential for damage that
may degrade performance. *

b. ~St Droced~. When an icing test iA deemed necessary, the
procedure included in this method is considered suitable for most test items.
Since natural icing conditions will be the samefor all materiel located

METHOD 521.0 ●
19 July 1983

521.0-2



./

.
MIL-STD=8”1OD
19 July 1983

● out-of-doors on land, the same test is applicable’for all such equipment. This
test involves a 6mm layer of ice followed by a,13 mm layer of ice. For marine
materiel which may be exposed to sea spray, a third thiokness of 75 mm is
suggested.

I-3.2 Choice of related test
.

condlt~. The test variables are configura-
tion, temperature, rain rate, rain deliverymethod, 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. Rura The foliowing factors”are to be
considered:

(1) All equipment will receive icing on all sides and on top.

(2) ‘EquipmentMUSt be in the corifighrationthat-it woild’be in
when.deployed. If required, duplicate tests may be performed in the shipping
or outside storage configuration.

(3) Some equipment covered with ”icewill be expected to operate
immediately without Cirst undergoing deicing procedures; other equipment would
not be expected to operate until some form of deicing has taken place (e.g.,
Clearing windshields).

(4) Ice removal will involve a combination of the built-in

o

ice-removal system together with expedient mesns which could be expected to be
employed by military personnel in the field.

..
,,,

b: ~.’ Test temperatures are recouimeridedin the test
procedure that may be used to produce the required’environmental condition:.”
If extremes other thsn those shown are known, they should be used instead of
the recommended values.

,,

.,
c. m de

~.
erv rate., The rain delivery rates ident.if$edin the test

procedure are based on data used for previous testing (I-5a and b). These
rates are considered representative of the spectrum encompassing both typical
and worst-case conditions. Rain delivery rates are furnished as suggestions
only. The objective is to produce a clear, uniform coating of glaze i’ce.
Variations in.delivery rate that produce uniform coatings of glaze ice are
acceptable..

.A d. w del~d. Rain delivery in the form of a uniform spray
can.be achieved by any of the arrangements described below:

(1) Nozzle arrays directing spray to the top, aides, fron’t,and
rear of the test item.

+

(2) Nozzle arrays that direct spray straight down onto the test”
item. Sidespray coverage is achieved by using wind or a manual method.

●
(3) A single, hand-held nozzle directing the spray over the

surfaces of the test item.

METHOD 521.0
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e. Droplet size is not considered to,be of any
particular significance; however, fine spray (1.0 to 1.5 mm nominal dropiet
size is suggegted) may be necessary to produce the icing.

... ”
~-~ ~

I-4-1 ~. (See General Requirements 4.5.7.)

a. The test item shall be considered to have failed the teat if:

(1) “.For equipment that must’operate without ice removal, the 3

performance of the test item has been degraded below that specified in the
requirements document.

(2) For equipment that’can await ice removal before operation, the

I
performance of the item has been degraded below the specified requirements n

after normal ice-renmval efforta have been undertakenorif ice removal damegea
a

the”equipment.

,. (3) A nonapparent hazardous situation hae been creat,ed
elippery platform would not be considered a “nonapparenthazard.)

b. The failure of a test item to satisfy its operational
maintenance requirements must be analyzed carefully, and related
must be considered, such aa:

(1) Degradation allowed in operating characteristic
freezing rain conditions.

and

-.
...

(A

information

following the ●
(2) .Necessityfor special kits or special operating procedures.

I-i.2 Summarv of test inf~. The following information m.ust.be
provided in the

a. Test

b. Teet

c. Rain

d. Wind

test plan for the adequate conduct of the tests of section II:

item configuration.

temperature conditions.

delivery method.

velocity (if applicable).
:2

e. Additional guidelines.

TOP 2-2-815, ~, 19 June 1975. DTIC number
AD-Ao:i-317. ..

b. Letter from C, Teat & Support Branch, TERWT, Eglin AFB, FL, subject:
Freezing Rain Tests, to: US ArmyTest and Evaluation Command, ATTN:
‘DRSTE-AD-M,Aberdeen Proving Ground, MD, 15 November 1979.
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●
o. American National Standards Institute. Teat code for Hi@ Volt~

ANSI C37.34A-1975, IEEE 326.

d. AR 70-38, llevelonment. erlel for

, 1 August 1979.

e. MIL-STD-21O, -ic Extremes for M~ , 15 December
1973.

f. 1s of STD-?lo~
tarv ~ , Bedford, MA: Air Force Cambridge Laboratories, January

1974. DTIC number AD-780-508.

g.. AMC Pac .706-116,~ ook.b Environm~
lart TwQJW.U@ Environmti Factors, 15 April 1975.

h. Cattleman’,P. and Gringorten, 1. Ice and ~
a~e for the C~ed Statu , AFCRL-TR-73-0646,
October 1973.. DTIC number AD-775-068.

i. Bowden, D.T. et al:. &@&erina Summarv of Air Frame 1~
~. U.S.A.: Federal Aviation Agency, March 1964. F.A.A. Technical Report
ADS4.

j. ‘DEF STAN 07-55 (Part 2) Section 2/1. Is@ - BIO ~.

●
London, England: Minietry of Defence, April 1975.
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METHOD 521.0

ICING/FREEZING RAIN

...” ,,
SECTION 11

II-1 AUAEUUS
,,.

: .

11-1.1
~.

s

The required apparatus consists of a ctiamberor Cabinet with
~

auxiliar~”equ,ipmentwhich has the ability to establish and maintain the test
condiiion’a“specified. The chamber must be equipped .S’Othat test conditions
within ‘thechamber can be stabilized within a reasonable time,;after the teat ~.
item is loaded. Water delivery equipment (nozzles and dr%iria)shall be
arranged to preclude the collection of puddles in the chamber. The chamber

y.

shalI be equipped with instrtimentatiion,capable of maintainirigand continuously
monitoring the test conditions. (See.General Requir.ements,4.4.2.)

b. The thickness of the ice and the temperature “duringequipment
operation are the important parameter. The precise methods for depositing the
ice on the equipment are not important. (See I-3.2d.)

II-1.2 ,Beforeeach test, critical parameters shall be’verified~ A
spray pattern wide enough to guarantee uniform impingement 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. Unle9s ●
otherwise”apecifiedin the equipment specifications (or other documents), if
any action other than test item operation (such as apening the chamber door)’ “
results in a significant change in the test item or chamber air temperature
(more than 20C (3.60F), the test item will be restabilized at the required
temperature before continuation. If the operational check is not completed
within 15 minutes, reestablish the test item temperature,conditions before
continuing.

I
XI-1.3 X.vt interruD aqn.

t.
(~e General Requirements, 4.5.4.)

a. test int~. Interruption of a freezing rain test is
unlikely to generate any adverse effects and normally the test shall .be
continued from the point of interruption once the test conditions have been ‘“
reestablished.

,1

b. Qver estt interruDtioti. AiIyinterruption that results in more ““
extreme exposure of the test item than required by the requirements document or
equipment specification should be followed by a complete OPeratiOnal and ,..
physical check. If no problems are encountered, the test item ehall be
restored to its pretest condition and the test reinitiated.

,6.,

II-2.’ ~

11-2.1 preliminary stem.

:,.

METHOD 521.0
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a. Determine from the test plan the test item configuration and other
parameters.

b. Determine from the test plan”the operational requirements.

c. Clean all traces of oil and grease from ~alloutside surfaces of the
item which are not oilv in the normal Oneratinc’mode. Even thin films of..-

oil or grease will preve’ntice from adhering to the test item and change the
test results.

d. To facilitate measurement of ice thickness, copper bars or tubes
2.5 cm in diameter and at least 60’cm in length shall be mounted in a
horizontal poaiticn in places where they will receive the same general rainfall
as th”etest item. Other thickness measurement techniques may be used if they
can be shown to accurately measure and indicate the ice thickness.

●

NOTE: Structures with large height variations,.such as antenna “masts,should
have teat bars placed at the different heights, since artificially produced
freezing accretion rates tend to depend upon the distance between the test item
and the spray ‘frame.

Water used in’the epray system should be cooled to between 0° and
30c (3A. When chilled water cannot be obtained, unchilled water will
produce acceptable results. The main factcr affected by the warmer water
temperature is the ice buildup rate.

● 11-2’.2 Pretest s&anfLardambLs.@ chec@u.L. All test items require a pretest
standard ambient checkout to provide baseline data. Conduct the checkout as
follows:

Step 1. Insert the test item into the chamber and stabilize”the test
item at standard ambient

‘Step2. Conduct

Step 3. Prepare
4.5.2, and required test

Step 4. Ccnduct
approved teat plan.

Step 5. Operate

conditions per General Requirements, 4.U.

a ccmplete visual examination of the teet ‘item.

the teat item in accordance with General Requirements,
item configuration (I-3.2a).

an operational checkcut in accordance with the

any i“ntegraldeicing equipment, such as defroster,
wipers, etc., tc assure satiafaotory operation.

Step 6. Record the results fcr compliance with the requirements
dccument(s).

a
> Step 7. If the test item ‘operatessatisfactorily, proceed to Procedure

1 (11-3). If not,resolve the prcblems and restart at step 1 above. Repeat
steps 1 through 6 until the test item operates acceptably.

● II-3 URE I - Gla~. The following test procedure providea the basia
for collecting the necessary information concerning the test item in a freezing.
rain environment.

521.0,-7
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I

Step 1. Stabilize the test item temperature at approximately 2 A loC.

Step 2. Deliver a uniform rain spray of precooled water for 1 hour (a
water temperature of 5°C (41°F) at 2.5 cm/hr has proven satisfactory).

: Delivery can be any convenient method per I-3.2d. .,”,
,;. ,..[

,Step 3. Lower the chamber air temperature to -lO°C (+14°F)‘oF”as ‘;
specified and maintain the rain rate until 6 mm ofice has accumulated on all
sides and on the upper surface. Wind or a side spray may be used’fo accumulate
ice on the sides. .,,

NOTE: For tests representing sea spray & marine equipment, increase the ice
!>

depOsit to.37 mm, and use 75 Mm in .9teP~. :

Step 4. Adjust the chamber air temperature to -6°C””’(+210F)for 2 to 6
hours. Attempt to operate the test item and all subsystemsat -6°C and examirie
for safety hazards.

~

Step 5. If step 4 has resulted in failure or if the specification
allows ice removal, remove the ice. Limit ice removal to integral methodsplus “
simple, expedient, and obvious methods. Note the effectiveness of ice removal
techniques. ,.:- -,. ,. ...

Step 6. Attempt to operate the test item and all subsystems at -6°C
and examine for safety hazards.

,. . ,,..
.Step.7. .Repeat steps 1 through 6 with a 13 mm coating

for sea spray). , - ..
of ice (75 mm ‘

o
.,-:,,

Step 8. Return the chamber temperature.:toambient and restabilize.the
test item temperature. Perform a poet-test operational checkout.

Step 9. Document (with photographs if necessary) the-results for’ ““
comparison with those obtained in II-2.2.

11-4:~’ .;’ ‘ “: ‘“” . “’

a. .,Previous test methods to which the test item has been subjected.,
,,. .,

:b.. Ice,thickness. ., ..:
.,.,,

c. Results of each performance check and visual examination:
.4,

(1) Pretest. : ~~

.,.’.,.

,.’
(2) Post test.

: -d.. Ice removalmethod (if employed).. .
.+

,. :,.
,,,.....

e. .Confi8urationof the’test item (i.e., shipping or operational). .’.I’“’
,., .““

f. Specific test conditions emplOyed.
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METHOD 523.0

● VIBRO-ACOtiSTIC,TEilFERATURE
;’

~
SECTION I

I-1 PURPOSE . . . . . . . . . . . ., . . . . . . . . . ...523.0-1
I-2 EwIRONMENTAL. . .. . . . . . . . . . . . . .. ... . . . . .523.0-2
I-3 GUIDELINES POR DETERMINING TEST

PROCEDURES AND TEST CONDITIONS . . . : . . . . . . . . 523.0-6
I-5 REFERENCES . . . . . . . .

SECTION II
11-1” APPARATUS . . . . . . . . .
11-2 PREPARATION FOR TEST . . .
11-3 PROCEDURES ‘.... . . . . .
11-4 INFORMATION TO BE RECORDED

I-1 ~

1-1.1 This method seeks to

. . . . . . . . . . . . . . . 523.0-6

. . . . . . . . . . . . . . . 523.0-.13

. . . . . . . . . . . . . . . 523.0-15

. . . . . . . . . . . . . . . 523.0-18

. . . . ... . . . . . . . . .‘“523.0-18

reproduce the oombined temperature,
vibration, and other operating etresses as needed, that an externally-carried
aircraft store will experience during in-service flights.

1-2 ~

I-2.1 Q&&.rvable effe.Q& Possible effects of a combination of vibration,
acoustic, and high temperature stresses inolude all those e~fects whioh each of
theee factors can cause separately (see method 501, 514, 515). Also; the
combined environments may interact to give effects which are not predictable
from the results of single-”environmenttests, but which do occur in actual
service.use.

I-2.2 we ct.meoh~ , ,,

1-2.2.1 e imD~. All environmental streeaes do not contribute
equally to deterioration of.store reliability. Analysis of service failures
caused by aircraft environmental stress (reference 2) has identified the four
most significant stresses causing aircraft equipment failures. These are
operation, temperature, vibration and moisture. Other environmental stresses
may produce failure modes in a given type of store and should be investigated
for their possible relation to service faiIures.

.,

I-2.2.2 ~. The source of the heat that causes reliabilityy problems
in electronic components of aircraft stores will generslly be an external
surface. This heat in combination with the heat generated within the
electronics causes decreased operating life or Mean-Time-To-Failure (MTTF).
Another stress aspect of the temperature environment is rapid temperature
change (thermal shock). A thermal shock .ortransient registered at the outside
surface of the store does not appear as a shock to components somewhat
thermally isolated within.. Internal’components experience thermal shock when
the unit ie turned on and quickly warms up to operating temperature.

MRTHOD 523.0
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The temperature of the external surface “ofthe store tends to beoome that”of
the boundary layer air, due to high convective heat transfer at flight speeds.
Boundary layer air temperature ia primarily a function of flight speed and ●
altitude. An expression relating this temperature to flight conditions ia:

Where:

Tr = Th ( ~)
, + r(k-l)M2

Tr =

Th =

R=

k=

M=

When

adiabiatic recovery temperature (Kelvin)

ambient air temperature (Kelvin) as a function of altitude

recovery faator

ratio of specific heats (1.4 for air)
,..

Mach number
*

the expression.within the brackets, the aerodynamic heating ‘factor,ia
friction along a,store with a
aircraft,velocity alone. The

evaluated for atmospheric air brought to rest”by
cylindrical surface, it reduces to a function of
equation for a store with a cylindrical surface

Tr = Th (1 + 0.174 142)”

ia:

Higher Mach number flights tend.to oocur at “higher,thus oolder, altitudes and.
there is a corresponding tendency for the velocity-dependent heating effeet to
oanoel the effect of decreasing temperature with altitude. When the above ●
expression is evaluated for normal mieaion profiles, flown in a standard
atmosphere, 90$ of the time the akin temperature will be w$thin the temperature
band -150C to 350C.

Temperature patterna at points deep within the store will depart considerably
from the corresponding akin temperature patterns, due to thermal lag in
conduction from the skin end internal heating sources’such as electrical or
electronic components. A thermal model of the”store can be generated to
calculate internal temperature patterns.

..

An additional therml parauibterneeded to satisfy miesion conditions is that of
climatio departure’from the standard atcxmphere, which depends on the global
and seasonal variations of atmospheric temperatures (the Th in the TR fOrMUla
above). ...

I-2.2.3 Experimental evidence has shown that captive flight
vibrations are due“largely to aero-acoustic loads (reference 3). This acoustic
forcing function, typically consisting of broad-bend random noise, .ismodified
as it is transmitted through the store struottire’to the component. When there
is sufficient transmission of frequencies causing resonances of the unit or
ita components-or structural mechanisms, a vibration”failure can occur.
Environmental testing, using a reverberant acoustic chamber, tries to duplicate
the directional,’epatial aid spectral distributions of vibration expected
throughout the etore during captive flight.
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The turbulent boundary layer is the most significant source of aero-acoustic
loads Fecause it is always present during flight and acts on the total surface
area’of ‘thestore over a broad frequency range’which inoludesresonant
frequencies of electronic components and structural parts. The intensity of ~~
the tur,bu~ent.boundary layer pressure fluctuation and resulting store vibration
primarily depends on flight dynamic pressure, q, a function of flight speed and
altitude:

q=*

Where:
2

q ❑ dynamic pressure’(pounds per sq. ft.) ‘. ‘

k . ratio of specific heats (* 1.4 for air )

ph = ambient pressure as a funotion of altitude (pounds Per Sq. ft.)

M = Mach number

Store vibration also”includes lower frequencies (usually less than 100 Hz)
mechanically transmitted from the aircraft through the storets support !
mectianiam. LOW frequency vibration is discussed in I-3.~.2.

I-2.2.b ~. Operating stresses are ueually estimated becauee
the service conditions (e.g., on..timeloff-time, aircraft power fluctustiona)
are seldom meaaured and recorded. This stress cannot be omitted, unless the
store‘has no operating mode while oarried on aircraft.

I-2.2.5 In combined environments testing, moisture often condenses
on the teat item-duringtransitions from”low to high.temperatures. Its
presence, although uncontrolled, is useful aa’a test condition to indicate
leakage or sensitivity to moisture. Uhere humidity or corrosion problems are
expected, separate tests are advised.

,.

I-3
.“

FOR ~ AND ~
.,.

This,method should be applied only‘by qualified .peraonnelat the end of the
tailoring process described in section 4 cf this standard.

a. ‘~. This‘methodapplies to reliability-relatedtesting of
externally carried aircraft’atores (see table 523.0-1).

., -. .,.

b. ~. This method is intended primarily for the electronics
and electromechanical assemblies within the Store.

C. &gUQDQQ. This method applies the environmental stresses occuring in
the final phases of the storets logistic cycle,’and when used in combination “.
with other test methods, should ‘followthoee methods.

,d. Unlike the other methods in this standard, this
methoti‘containsno step-by-step procedure for generating yalid teat data. The
vibro/acoustic/temp&ratwe environment is too complex, and the variety of ~.
equipment applications too great, for such’detailed instructions to be given’
here. Instead, this method provides guidance f’orwriting a test procedure
which will be more or leas unique for the item under consideration.

MRTHOD 523.0
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1-3.1 ~. Experiments have shown (reference,1) that the onlY ~aY to
reproduce the service failure distribution,is to reproduce the service stress
distribution. Stress distribution is a range of stresses, in proper ●proportion,of level and durations determined by mission PrOfiles. The
proportioning is applied to vibration, temperature,.thermal shock and :
electrical stress. Procedure I uses combinations of temperature, acouatic’ ‘.
vibration, mechanical vibration, and store operating patterns to simulate
in-service missions.

I-3.2 ~. Military aircraft service use may be characterized by a set of
specialized missions, with a duration and relative frequency assigned to each
mission type. Each mission type is described by its “mission profile “, an
idealized mission history which specifies altitude, velocity and operating

%

state as a function of time; and which locates the occurrence of stressful
events such as special maneuvers, gunfire and landings. From such mission
profiles, corresponding mission environment histories (e.g., vibration level.$,
skin temperatures) can be constructed. Data from instrumented flights may be 4
used in this construction. By treating the mission environment profiles -.

probabilistioally, summing the durations of each stress level in each mission,
and weighting by the relative frequency of each mission,.a service distribution
function for each stress may be obtained. A composite environment profile may
then be constructed for each stress of intereat. This composite environmental
profile is a sequence of stress levels constructed to sj.mulatethe service
environment profiles for the different.missions taken together. Its total :
duration should be no longer than a few missions, it must represent realistic .”
flight conditions, and it must reflect the calculated combined service
distribution function for the stress. A composite mission,profile consists of
the combination of composite envir”onzientalprofiles for each environment,‘so
coordinated that the mixture of stress levels at any point in time represents 0
the typical service condition being’simulated. Simulation of typical (5th to
95th percentile) values is emphasized. If extreme values were used, similar
to qualification test levels, the results would not’correlate with field
experience.

I-3.3 ~. The first step in developing the composite mission
profile ie to determine the types of.aircraft and the types of missions with
which the store is to be.employed. For each,aircraft type,each mission will
have its own typical mission operational profile, ueually charted as altitude -
and velocity versus time and indicating critical points or periods. A typical
airoraft.mission operational profile is shown in fisure 523.0-1. ~

The relative frequency for each type of store-carrying mission must .be
established for each aircraft type along with.the Proportion Of.tOtal atOre use
expected for each aircraft type. Tables, such as table 523.0-11..are usuallY

-v

prepared to handle this infOrmatiOfi.

Since both ,vibration-causingacoustic fields and skin’temperature .Of~
store can be related to altitude and aircraft speed,”the pattern of expected
altitude/velocity combinations will be needed”for each relevant mission. Table

~

523.0-111 shows one method organizing such data, by dividing each mission into
segments or phases. Similar charts for each mission of each aircraft type are
suggested. Additionally, a frequency-weightedmean of mission durations ehould
be calculated.’

●
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I-3.4.’i ture D?’oiil~. With a Standard Atmosphere Table the.
corresponding ambient temperature’for each altitude used in the’mission
analysis may be found. Corresponding stoic skin temperatures meY then be ‘.
calculated from the ambient temperature when the aircraft velocity is known
(see 1-2’.2.2”). Sometime? skin temperature data from instrumented flights is.
available to provide a check for the calculated temperatures. For each
pertinent,mission, a chart of expected skin temperature versus time is
prepared. Figure 523,0-2 ie,an example of a temperature profile for a single
mis9i0n.

The next step is to prepare a frequency distribution of ,storeskin temperatures
for a standard day. One method of accomplishing this is to divide each mission”
into a group of representative stabilized temperature levels (temPeritUre9
stabilized for a period of 3 minutes or more) and then determine the total
mission duration for each level. ‘Thesemission temperature level durations ai’e
then weighted’for the relative frequency of each mission (i.e., multiplied by
the fraction of total mission operations time for the store that the individual
mission type is used). A composite distribution can now be generated by
performing a sum of the weighted mission durations for each temperature level
used.

With a composite frequency distribution of temperature levels at hand, a
composite mission ‘temperatureprofile may”be constructed by arranging the
composite temperature level durations in segments ordered to simulate a typical

●
mission or a few missions. Such a’standard composite mission temperature
profile ig shown in’“figure523.0-3. When the temperature profiles of the
various missions are diesimilati,segments”may be separated into groups of
similar characteristics and:the composite profile constructed to include a
mission or mission phase requirements”for ,each of the groups. Total duration,.
at each temperature level miet still reflect the distribution function
calculated.

The Standard composite missicn temperature profile must now be adjusted for
climatic temperature variations since the standard atmosphere, based on the
Ilstandardday., represents only an abstract climati! condition. Temperaturea
both higher and lower than ‘standard day” values are commonly met due to
seasonal or geographical changes in mission operations. Preparation of
temperature versus altitude information to cover all likely climatic mission
situations would become too involved for practical consideration. Therefore,
estimation of the overall temperature range to be encountered, and a fair
judgment of the relative frequency of expected occurrence of temperatures
within this range, is normally resorted to. Temperature extremes (frequency of
occurrence,5% or less) may be omitted. A climatic atlas is helpful at this
step. .’ ,.,.

.a

.,,

,.

,.
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Climatic temperature estimates may be incorporated into the test by selecting a
representative group of fixed temperature offsets which add to or subtrsct from
the standard composite mission temperature profile. By having these Offsets
represent equiprobable temperature intervals, a full climate set of these temp-
erature profiles can simulate the whole temperature system which the st.Ore ‘
could experience. A sample composite mission temperature profile climatic set
is shown in figure 523.0-4. Note that the profiles are clustered around,the
standard value to reflect the higher frequency of operations in more;”tempera-
ture climates. For practical test operation, each test cycle (One”c0mP09ite
mission) will trace a composite temperature profile, start-ingand endirigat a
resting temperature. The resting period between consecutive test cycles should
be sufficient to allow internal store temperature to stabilize, thus simulating
the ground time occurring between,service missions. A climatic Set Of teat
cycles will consist of a sequence of test cycles”(usually 6 to 15) in which the
composite mission temperature pattern”ie offset stepwise upward and downward
from zero offset. Figure 523.0-5 illustrates a typical offset sequence for an
8-cycle climatic set. To provide uniformity and consistency from one teat to
the next, it is important that several full climate seta be completed before
the expected Mesn-Time-To-FaiIure of the atore is reached. A test minimum of
five aets is recommended. ,,

I-3.4.2 ofile. Acomposite mission vibration profile may be
generated by determining the dynamic pressures during each stable segment of
aircraft flight (refer to I-2.5),. A rough profile can now be constructed. The
perioda of changing temperature will usually also be periods of changing’q
since both are dependent on aircraft altitude and velocity. However, since
vibration in the laboratory may be changed’almost instantaneously (not with
lag, like temperature) and is more easily controlled at fixed levels, the i
profile ia usually laid out a? series of steps. Figure 523.0-6 shows a typical
compositemission dynamic pressure profile matching the corresponding figure
523.0-7 temperature profile. Data from instrumented flights is used to
determine the spectral envelope for various mission phases and the translation’
from q to vibration level.

●

‘2

..
.. .

The simplified vibration profile shows intensity only. The spectrum enV,elOPe
and the suatial distribution (including directivity) of the vibration are—=—.———.
additional variables that,,when uncont~olled. can ~ause error in the simulation
process. “Experimentaladjustment should
achieve a reasonable correlation between
captive-flights and from the store under

be ~one in the test c,hamberso as to
accelerometer vibration records from
test.

I-5 ~,.

a. Meeker, D .B. and Piersol, A.G.,
Vibroacouatic Environments,” Reliability
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TABLE 523.O-II”. Relative freaucnc~. fm

MISSION TYPE A/C TYPE % OF SORTIES

Fighter A
1.

50 .. . . ‘1
Patrol Mission I

.’
,,

Fighter B 30~:
.“

Fighter A ?0’, .,
2. Patrol Mission II ,,

,.. Fighter”B ““20 ‘s”“ :

Fighter A .“;30 <
3. Strike Escort Miaaion ,.

Fighter B ~~~~~30,,
.

4. Strike Mission Fighter B 20

. . 7.:

..

TABLE 523.0-111. lvsis (f- B. strike misati%

~ MISSION I MACH I ALTITUDE”I DURATION ! ADDITIONAL I DUTY CYCLE
PHASE NUMBER (KM) ‘(MIN.)’ ‘FACTORS :’OF STORE

Takeoff & Climb ,Catapult ,. off
shock? to Ready

Travel Ready

Refuel II

Ingress
“’(r~iate )

Maneuver Buffet? Ready

Return
. .

1!

Refuel ,,

Descend and Land Landing off
shook?

●

,$.

g
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METHOD 523.0

VIBRO-ACOUSTIC, TEMPERATURE

SECTION 11

II-1 ~

11-1.1 Genera1. ‘l’he’facility must include a large acoustical noise test
chamber capable of approximately a 155 dB intensity level and associated air-
conditioning equipment to provide controlled, fixed air temperatures and rapid

.-
.V tampe,raturechanges (40c per minute) in the range -40°C to +85°C. Mechanical

or hydraulic shakers capable of stressing the store(s) under test may also be
required. Adequate instrumentation for controlling, monitoring, calibrating
and recording the environment variables will be needed.

b II-1.2 I&at chsmbw. Chamber shape and dimensions shall provide for diffusion
and uniform distribution of the acouetic field, and support reverberation of
acouatic frequencies of 150 Hz and above. Ports mist be provided for
introduction of the acoustic energy, for pressure ,stabilization(exit of
modulator air), for entry and exit of temperature-conditioned air and for
access by multiple electrical cables and waveguides, light beams, anechoic
duct’ing,etc. as applicable. Some stores may require specialized test
aPParatus such as artificial targets, r-f anechoic shrouds,.or visible gages
which must be incorporated without compromising the combined environments.

●
11-1.3 tion e~. A suitable acoustic energy field shall be
provided by an “acousticpower source controlled,to.reproduce the acoustic
mission profile. Typical apparatus oonsis~s of a constant-pressure compressed
air”source such as a reciprocating compressor with pressure regulator feeding
an air modulator that is acoustically coupled to the chamber through an
exponential horn. The air modulator is excited electrically by an amplified
audio signal. Considerable acouatic power is needed to reach required levels,
often 10 to 30 KW; multiple modulator-horn units may be necessary to reach
desired intensities.

To provide low-frequency vibration below about 100 Hz, electrodynamicsor
hydraulic shakers may,be used to augment the acoustic field. Such shakers may
also be used to provide limited mechanical shock impulses. 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 collar arrangement to conduct the
vibration from the shaker(s)... Procedure VI of method 514.3 will furnish some

$. guidelines for this procedure. This arrangement is diagrammed in figure
523.0-7. ,,

II-1.4 timDerature e~. Temperature conditioning of the store(s)
under test must be accomplished without adversely affecting the acoustic

* environment. One process for accomplishing this is to duct high velocity
conditioned air acrosg the stores by means of thin flexible shrouds that are
acoustically transparent. They can be supported by light.metal frameworks. ‘

METHOD 523.0
19 July 1983
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Thin silicone rubber and rip-stop nylon sheetings have been found to ge ‘
suitable shroud materials. To provide the rapid temperature changes ,required,
one method uses insulated tanks or hot and cold fluids which are pumped through ●
heat exchangers as required to temperature-conditionthe blower-driven air.,
By increasing the blower speed or by.narrowing the circumferential gap between
the surface of the test item and the shroud (uaUally between 2 and 4 cm), ~.
the boundary air velocity can be raised to provide the needed rapid.heat,
transfer to or,from the store to simulate the captive flight conditions. The
arrangement is diagramed in figure 523.0-7.

11-1.5 Electrical s ress eq.u@M&.t Basic electrical atresses always present
in electrical or electronic circuits are.produced by power on/off transients
and resulting localized thermal shocks, and also by hot spots accompanyingthe
full power condition. A switching system is normally used to form typical
patterns of store operation during tbe composite mission test cycle. The use
of equipment to modify the power source to the etore(s), to simulate likely ,.
variations (voltage, frequency, transients, ripple, noise, etc.) met during
mission operations, is optional.

11-1.6 lnsjirumentati.smand control

11-1.6.1 Functional monitor~ of the store. The operating stores should
be adequately monitored to indicate failures when they ,occur. Some form of.
manual or automatic test performed at intervals (at least once for each
composite mission cycle) can be used. Failure criteria, based on equipment
specifications and functional requirements, must be clearly defined.
Functional monitoring must be accomplished without adversely affecting.~he,
environmental emulation. Functions which can only be measured outside the’ ●
environmental chamber should be checked at intervals which are short compared
to.the equipmentts mean-time-to-failure.

II-1.6.2 ,Yibration~ ,. ,..’

11-1.6.2.1 Acouatlc stl-. The acoustic eignal 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 ie monitored by
calibrated microphones. Microphone placement should conform with II-2.,steP 6,
method 515.3 unless other placement can be juetified by measurement and
analysis. ,“

1
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11-1.6.2.2 Mechanical stimulua. 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 iSmonitored.by ~

calibrated accelerometers mounted on or in the store(s) which measure the
vibration.response (ace 11-1.6.2.3, next). The shaker frequency range is
limited (typically <200 Hz) so that feedback cOntrOl is unnecessary.

,.,
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II-l-6.2.3 ~ resDOu. Calibrated accelerometers mounted in and on

o

the store(s), when used with appropriate analyaia equipment, provide the needed
response monitoring for both acoustic and mechanical stimuli. Accelerometer
positions’in and on the store, at leaat 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.,‘
longitudinal, lateral and vertical axes) and for poaaible extension or radial
variation (e.g., fore, mid, aft external, internal”). Power Spectral Density
(PSD) measurement or display (g2/Hz units) plus intensity readings (grinsunits)
furnish the needed information for comparing test chamber and captive-flight
vibration parameters (see II-2.4).

& 11-1.6.3 Emneratwe mOnitorin~. Temperature sensors on the surface of the
store(s) provide the best location for monitoring and feedback control. Refer
to figure 523.0-7.

.

b 11-1.6.4 ILumiditv~. Although humidity is not a controlled variable
..

for procedure 1, the ducted airstrearnmay be continuously monitored for
moisture centent, either by dewpoint or relative humidity sensing. It should
be noted that moisture can collect on a store1s surface when it has reached and
holds a cold temperature that is below the dewpoint of warmer air fOllOWinK in,
the mission cycle. Thie is a normal aridexpected condition.

II-1.6.5 ~ monxto~.
. . All electrical inputs to the store(s)

should be monitored whether or not they are modified to represent expected
mission irregularities.

—
II-2.1 ~. A test plan shall be prepared to document tests using this
method. The following areas should be addressed in the ,testplan:

S.cme and DUrD~. Test procedures differ with different teat goals
(see ~~ble 523.0-1). A design qualification test might require demonstration
of a specific Mean-Time-To-Failure (MTTF), a quantitative value. A Test,
Analys6, and Fix (TAAF) during development would be qualitative in nature since
its primary’purpose is the identification of failure modes to be expected in
servioe.

b. Test itema. The items to be tested must be clearly identified. Their
service designation, source, and exact configuration should be recorded.
Drawing numbers or other specific documentation should be referenced.

e,g o. List those to be used in the test.

d. ~lure crlt~. These must be clearly stated and be based on the
performance monitoring system to be used.

a
e. -Failurea~. Indicate how failures are to be analyzed,

classified and reported. For example, failures can be classified by cause
(suspected strese), subsystem or unit involved, effect on store operation, or
responsibility (i.e., bad component or material, poor workmanship, inadequate

o

inspection, deficient dea~~, etc.).

MKTHOD 523.0
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f. ~. Information must be supplied that will allow-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 teat plan. The information should include:

(1) The particular environments that are to.be controlled;
Temperature and acoustic energy environments are al,wayaused. Shaker vibration
and/or shock stresses are optional additions.

..)

(2) Data on ‘allc+e’rationairni.+ions.using the the test .itern’in
the aircraft captive-carry mode. Needed information includes tyPes of ai?craft
used, length of missions, aircraft flight paths and patterns, aircraft velo-
cities in different operational modes, theatera of expected use and percent-
of-time estimatea for the various categories.

(3) Climatic and atmospheric data. :World-wide seiional altitude-~
versus-temperaturetablea or charta are needed.

13. Measured store responses to environments’used in”determining,test
stresses. ,,

h. lest dat%. List specific performance and environmental parametet’gto
be recorded before, during, or after a test cycle and whether recordings should
be continuous or made at stated intervala. Explain how data is to.be handled
and specifiy recording methods. If analysis is required, methods should be
referenced. All raw test data should be sorted, labeled.and stored for
possible later uae in analysea or for graphic illustration (age II - 4).

i. mt reDortJ.ng. State how results are.to be reported and whether
conclusions and recommendations are tO be included. ,, ., ,

j. 3k& mcedu ea Critical operation should be pointed out and
requirements for step~by~atep procedures stated (ace II-3).

11-2.2 ‘~. A safety program plan,shall be prepared which
shall incorporate all safety policies, practices and regulations applicable.to
the’preparation and conduct of the teat. .Safety policies and,directives.of
the facility conducting the test, contractual safety requirements where
applicable, safety precautions applying to the store? under test, and special
hazarda involved’with the test ,apparatusshall be treated. The plan shall.
require that operating procedures prepared for this test method shall be event-
sequenced and contain suitable warnings to , and precautions to “betaken by;
operators wherever and whenever potential hazards exist. MIL-STD-882,
Requirementa for System Zafety Program for Systems an9 Associated Subaystenia
and Equipment, 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 method. .

II-2.3 ComDoa>te m~ teat
. . . . .

Cvcle,.

II-2.3.1 m cvole.” A test cycle consists of a single simulated composite’”
mission. A climatic set is a fixed number of test cycles (usually 6 to 15, as
called out in the test plan) in which the temperature profile is.offset by a
fixed temperature difference predetermined for each test cycle of the set. A
complete Composite Mission Combined Environments Test consists of a number
(usually five or more) of repeated climatic sets of teet cycles.

METHOD .523.0
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11:2:3.2
,.

w.ronment urofile charts. For each of the’controlled environments,
prepare a chart plotting stimuluslevel versus time that best represent the .
composite rnisaion. Each chart shou’ldbe based on a standard atmosphere and’the
time period for the composite mission. These plots define the basic
environment profiles that constitute a single test cycle and,provide the
patterna for controlling the environmental test apparatus”. Me,thods,for
“generating‘compositemission environmeritalprofiles 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 climatic set of
about 6 to-15“’cycles(refer to figure 523.0-5).‘ The offsets are chosen SO that
one climatic set will represent the predicted mixture of climates expected in
operational missions. This prooess is discussed in I-3.4.1. ~~

11-2.3.4 c~!.b r Provide directions for
adjusting each of the coritrolledenvironments throughout each complete climatic
set of teat cycles. Levela are obtained from the composite mission environment
profile with the temperature “patternfor each cycle of the climatic set offset
according to plan. These directions”should not be finalized until test’setup
is completed (see II-2.4, next).

1172.4‘ lest set~

11-2”’:4’.1.(M.eral. Using instrumented (but not necessarily operable) stores,
aasemble test items and environmental’apparatus, with accompanying
instrumentation’and controls, into the planned configuration. After s“enaor’
calibrations, test each environment separately to check ability to reach test
levels and rate-of-change,requirementa. With individual environments checked ,
out, run combined environments through a test cycle. Correct problems as
necessary. The general accuracy and tolerance requirements of section 4’of
this standard shall be,followed where applicable.

II-2.4.2 Ubration c&.Q@&. Adjustment of the vibration ao’urceat6 provide
the,best simulation of in-flight vibration response is an essential part of
teat setup. Vibration response simulation can involve the following types of
error: spatial (relative distribution of levels among various locations and in
different directions in or’on the store)”,spectral (frequency ap&trum shape at
any location and direction in or on the store), and intensity,.(peakand rms
values). ~An iterative process of adjusting vibration atimulua’variables ‘
(intensity, ‘spectralenvelope, limited directivity/store“positioning) and
observing responses”is conducted to minimize these errors~ The goal is ,t,o
find the ,stimulusadjustments for each test level which will’optimize the
correlation of ,test setup with corresponding“captive-flighttotai”vibratiori
responses. Optimum”’values are noted and made part of the Combined Environments
Control Directions (II-2.3.4).

11-2.5 Oeratlonal We&2.&. Replace instrumented stores with one or more
operable “practicer!stores. Provide input power as required and use perform-
ance monitoring system at room environment and then, if required, during one’
Or more mission test cycles of combined environments. Debug,as necessary. .

,.~.’.

.. . .

,,...... . .
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II-3 IWCERU@

II-3.1 ~. Written step-by,-stepprocedures shall be prepared as called
out in the test plan.

II-3.2 Droce-. The following operations should be considered as
candidates for written procedures:

a.

b.

c.

d.

Pre-teat visual inspection

Mounting and connection of

Calibration of instruments

and checkout

teat unita in the chamber.

and apparatua.

Functional testing of the store(s).

Controlling the teat cycle environments.

Post-test operations.

11-4 ~

11-4.1 ~. The test information to be recorded shall”be included in the
test plan.

11-4.2 formation to be reoorded

11-4.2.1 For each test cycle, starting with
number 1:

a. starting and ending times

b. any deviations from specified time’limits or environmental
or alternately, preservation of all continuous environment response

c. operators on duty

d. pertinent comments

II-4.2.2 I@ item information. For each item under test:

a. specific identification

b. results of pre-test inspection and”checkOut

c. position occupied in test chamber, if more than one used

G
d. time’when item installed in chamber and number of the test

encountered

patterns,
records

cycle first

w
I
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e. time when item removed f~om ohamber and test cycle number last

●
encountered

.,,.

f. reason for removal

‘g: results of post-test inspection and checkout

h. disposition of item

II-4.2.3 Information for ~ minu items

a. time non-conformance was noted and number.of teat 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
wss confirmed

d. failure analysis and diagnoais

e. disposition of item

f. failure report number

g. names of operators providing the above information
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