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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 ajid in preparation for design and preparation for test. Document-
ation requirements for the design and testing process have also been added to
section A4,

The bulk of the standard remains devoted to test methods. Each individual
L 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 cases. Each test method has been divided into two
sections: Section I provides guidance for choosing and tailoring a particular
test procedure; Section II inecludes step-by~-step test procedures. In some
methods, not only the test values, but also the sequence of steps is
tailorable. !

The result of this revision will be that this standard cannot be called out or
applied as a fixed, relétively 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 of this standard are not intended to satisfy all safety compliance
. testing requirements. 3Safety 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, Ohioc 45433

Telephone: Commercial (513) 255-5082
Autovon T785-5082

Hq US Army Test and Evaluation Command

DRSTE-AD-M

Aberdeen Proving Ground, MD 21005

Telephone: Commercial (301) 278-3677
Autovon 283-3677

Naval Air Engineering Center

ESSD Code 9313

Lakehurst, NJ 08733

Telephone: Commercial (201) 323-7458
Autovon 624-T7458
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. 1. SCOPE

1.1 Purpose. 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. Application of this standard early in the development phase
of the acquisition process is 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 defects and verify corrective actions.

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

c. To verify contractual compliance.
. 1.3 Limitations. This standard purposely does not address the following:
a. Electromagnetic interference (EMI).
b. Lighthing and magnetic effects.
¢. Nuclear weapons aﬁd nuclear weapons' 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 -
2.1 Government documents
2.1.1 JSpecifications, standards, and handbooks. The following documents of

. the issue listed in the current Department of Defense Index of Specifications
and Standards (DODISS) and the supplement thereto (if applicable}, form a part
of this standard to the extent specified herein.
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SPECIFICATIONS
MILITARY o . - : S .
MIL-S-901 Shock Tests, H.I. (High Impact), Ship Machinery, ‘Equipment.

- And Systems — IR -
STANDARDS _ : : e
MILITARY
MIL-STD-167 Mechanical Vibrations Of Shipboard Equipment - .
MIL-STD-210 Climatic Extremes For Military Equipment . . .
MIL-STD-781 ‘ Reliability Testing For Engineering Development

: Qualification And Production
MIL-STD=-1165 Glossary Of Environmental Terms
MIL-STD-1540 Test Requirements For Space Vehicles ‘ : .
MIL-STD=1670 Environmental Criteria And Guidelines For Alr-Launehed
) Weapons . :

MIL-STD-45662 Calibration System Requirements
PUBLICATIONS
AR T70-38 - Research Development ‘Test And Evaluatlon of Materlel Sl

‘For Extreme Climatic Conditions : we
STANAG 2831 Climatic Environmental Conditions Affecting -The Design .

' Of Materiel For Use By NATO Forces Operating In A Ground *

Role . o o
STANAG 3518AE Environmental Test Methods For Aircraft Equlpment And .

Associated Ground Equlpment .

(Copies of specifications, standards, handbooks, drawings, and publications
required by manufacturers in connection with specific’acquisition functions
should be obtained from the contractlng actlvity or as dlreoted by the
contracting officer.)

2.2 Qrder of precedence. In the event of a conflict between the text of this
standard and the references cited herein, the- text of th1s standard shall take
precedence. . : EE

3. DEFINITIONS
3.1 The following definitions shall apply'

a. ‘Accelerated test. A test designed to shorten the test time by
increasing the frequency or duration of environmental stresses that would: be
expected to occur durlng fleld use.

ry

b. Agg;gxg&eg_tgag. A test in which one or more 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.

¢. Ambient environment. The conditions (e.g., temperature and humldlty)
characterizing the air or other medium that - surrounds materiel. = - NS .

d. 1 dit . (see Forcing function).

2
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e, 1 i i cialist. One whose principal work
assignment lies in the technical 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. Forcing function. A climatiec or mechanical environmental input to an
item of equipment that affects its design, service life, or ability to
function. (Also referred to as an environmental condition or an environmental
stress.)

o Haermo {'-1n aaal A n
&, oLSraOLle 5€83a. a4 P

h. Inguggg_gnxingngehg. A local environmental condition that is

predominantly man-made or equipment-generated. 4Also refers to any internal
condition that results from the combination of natural forecing functions and
the physical/chemical characteristics:of the. equipment.

i. Life cycle history. A time history of events and conditions
asscciated 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 profiles while in use; phases between

missions, such as stand-by or storage, transfer to and from repair sites and
alternate locations; and geographical locations of expected deployment.

J. Mission profile. dThat portion of the life cycle associated with a .
specific operational mission. ‘

k. Platform. Any vehicle, surface, or medium that 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 for
a ground radar set, and a man for a hand-carried radio. .

1. t : ironment . The environmental conditions an equipment
experiences as 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. :

3]
3
3
o]
'S
}
=)
ot

m. Iailoring. The process of choosing or
conditions, values, tolerances, measures of failure, etc., to 31mulate 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
documents to assure proper consideration of environments throughout the life

cycle.
n. Jest level. The value at which a test condition is set.

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

r
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p. Test procedure. A sequence of actions, the correct performance of
which will result in a valid test of an item's response to a particular foreing
funetion or combination of functions. Within each test method there are one or
more test procedures.

4, GENERAL REQUIREMENTS

4.1 QGeneral. 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.

4.2 Tailoring
4.2.1 Qbjective of tailoring. 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 enviromental life cycle histories that may be used in
developing a life cycle profile.

4.2.2 Tailoring 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
test, that engineering development as well as qualification tests are phased
properly into the item's acquisition program, that environmental test
conditions are traceable to life cycle conditions realistically 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 Management Plan. The overall purpose of this plan is to
develop a viable and cost effective program to assure that military equipment
will be designed and tested for all pertinent environmental conditions to which
it will be subjected 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
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-T123.

4.2.2.2 Life Cycle Environmental Profile. 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 1life cycle shall
include the various phases an item will encounter in its life, such as:
handling, shipping or storage prior to use; phases between missions, such as
stand-by or storage or transfer to and from repair sites; geographical

i}
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and combination of environments the equipment will encounter at each phase
shall be determined. All potential deployment scenarios should be described.
Figure 2 shows generalized environmental life cycle profiles that may be used
as a baseline to identify the environments most likely to be associated with
each life cycle phase. The information presented in the figure does not
necessarily include all environments or combinations of environments to which
materiel will be exposed. The following factors should also be taken into
account :

locations of expected deployment; and platform environments. The environments .

a. Configuration of the hardware.

b. Environment that is encountered.

¢. Platform with which the hardware interfaces.

d. Interfaces with other equipment. |

e. Absolute and relative duration of exposure phase.

f. Rumber of times phase will occur; intermittency of phase.’
. Probability of occurrence of environmental gonditions.

h. Geographical location..

1. Any other information whlch will help 1dent1fy any env1ronmenta1 ‘
conditions which may act upon the item.

The life cycle environment profile shall be documented according to DID:
DI-R-T7124. .
4.2.2.3 Environmental Design Criteria and Test Plan. This plan shall define
the specific environmental design and test requirements and include an environ=-
mental test plan. Data obtained under provisions of §.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:

a. Probability of environmental occurrence;'alone or in combination.

b. Expected effects and failure modes.

¢. Effect on hardware performance and mission success.

d. Likelihood of problem's disclosure by the test methods.

e, Occurrence of similar environmental stress in more than one life
profile phase. &

f. Experience gained from other equipment similarly deployed.

This plan shall be documented under DID DI~-R-T125. .
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4.2.2.14 tional ' 1 ificati lan. 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
“environmental program. The Operational Environmental Verification Plan shall
.-be documented according to DID DI-R-7126. c-

4.3 Use of field/fleet data. Field data used in these methods should meet all
of the following:

a. Eguipment similarity. 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 from appropriately similar equipment or carrying
platforms. Under such circumstances, exact equivalence shall not be expected
or required. It is important to note that equipment may be functionally .
dissimilar and still be considered as similar for evaluating environmental
stress conditions.

b. Data quality. The following minimum standards should be satisfied
before field lata is 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 made.

(4) The type and calibration status of data recording and analysis
equipment and instrumentation.

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

(1) The number and nature of the data measurement points.
(2) The number and scope of trials conducted to record data.

Some engineering judgement may be required to assess the applicability of daté
when constraints limit the number and location of measurement points.

4.4 Test conditions. Unless otherwise specified herein or in the equipment
specification, measurements and tests shall be made at the following
conditions: '
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a. Standard ambient. Ambient measurements and checks (e. g ' pr‘e- and
post-test) are conducted at room ambient conditions as follow5° )
Temperature: : 250C * 109C (77°F * 18°F) - _ R
> Relative humidity: " Uncontrolled room ambient

Atmospheric pressure: Site pressure

-

b. Controlled ambjent. When the ambient conditions must be closely
controlled, the following shall be maintained:
Temperature: 239C * 20C (T73°F * 3.69F)
Relative Humidity: 50 percent } 5 percent

Atmospheric Pressure: 96.45 :?g 0kPa : k

(725 +23 mmHg)

(28.5 +2-0 iniig) | S

4.4.1 Tolerances for test conditions. Unless otherwise specified, tolerances}, ‘

for test conditions shall be as follows:

a. Temperature. The test item shall be totally surrounded by an envelope
of air (except at necessary support points). The temperature of the test
section measurement system and the temperature gradient throughout this
envelope, which is measured close to the test item, shall be within * 2°C
{(+ 3. 6°F) of the test temperature and shall not exceed 1°C per meter or a
maximum of 2. 2°C total (equ1pment nonoperating).

b. Pressure. When pressure is 1.3 x 10-3 Pa or higher, it shall be
measured with an accuracy of 5 percent of the measured value.

c. Low pressure. 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. Humjdity. Relative humidity at the chamber control sensor shall be +5

percent of the measured value. !
e. Yibration amplitude

Sinusoidal: *10 percent
Random: See method 514.3

f. Yibration frequency. Vibration frequency shall be measured with an
accuracy of *2 percent, or *1/2 Hz below 25 Hz.

g. Agceleratjon. Acceleration shall be measured to within }10 percent.,
h. TIime. Elapsed time shall be measured with an accuracy of ¥1 percent.

]

10
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4.4.2 Accuracy of test instrumentation calibration. The accuracy. of
instruments and test equipment used to control or monitor the test parameters
shall be verified prior to and following:each test and then calibrated in
predetermined intervals and shall meet the requirements of MIL-STD-45662 to the
satisfaction of the procuring activity. -All instruments and test equipment
used in conducting the tests specified herein shall: :

a. Be calibrated to laboratory standards whose calibrat;ou is 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-
Aner A e

L PP R

ment for aceur ‘acy in any one of the test methods of this standard, the latter
shall govern.
4.4.3 Stabjlization of test temperature

§.4,3.1 Igat_i;gg_gpgga;;gﬁ. Unless otherwise specified, temperature
stabilization is attained when the temperature of the operating part of the

test item considered to have the 1ongest thermal lag is changing no more than
2.0°C (3.6°F) per hour.

4.4.3.2. Test item nonoperating. 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 reaches a temperature
within test tolerances of the nominal test temperature, .except that- any
eritical \..uulpuucuu (e. By Ua.l:,w:uy cu::gu UJ.._YU:: for 6[]5.“1_3 SLaIleng test) will be
within 1°C (1.89F). Structural or passive members are not normally considered
for atabilization purposes. When changing temperatures, for many test items,
the temperature of the chamber air may be adjusted beyond the test condition -
limits to reduce stabilization time, provided the extended temperature does not
induce response temperature in a critical component or area of the test item
beyond the test temperature limits for the -test item.

4.4.4 Test sequence. Experience has shown definite advantages to performing
certain tests immediately 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 General Requirements may be used
with the permission of the procuring agency. .

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

4.4.6 Test conditiong. 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 the guidance found -
in section 5.

4.5 ¢ 1 test performance guidanc

4.5.1 Engtg;t'ggnﬂgtgggcg record. 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

4
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with data obtained before, during, and after the environmental test(s). The
identification and environmental test history of the specific test item(s) .
should be documented for failure analysis purposes.

4.5.1.1 Pre-test record. The pre-test 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 éddition to 4.5.7).

5.2 llat test m in ility. Unless otherwise specified,
the test item shall be installed in the test facility in a manner that will
simulate service usage, with connections made and instrumentation attached as .

necessary.

a. Plugs, covers, and inspection plates not used in operation, but used
in servicing, shall remain in place. .

b. Electrical connections normally used in service but not in test shall
be provided with electrical connectors having dummy cables with protected
terminations. Such mechanical connections shall also be protected.

c¢. For tests where temperature vaiues are controlled, the test chamber:
shall be at standard ambient conditions when the test item is installed or as
specified in the individual metheds. :

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 em {6 inches) from each
other or from walls, floors, ceilings, ete. 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 aspects are maintained
as defined in the requirements document.

4,5.3 Performance check during test. When operation of the test item is
required during the test exposure, suitable tests shall be performed to u

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

4.5.4 Interrupted 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.

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
maintained.) =

4.5.4.1 In-tolerance interruptions. Interruptions during which the prescribed .

12
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4.5. 4 2 MsLhQQﬂ_5Q342;_5Qﬁ*2+_5lQL2+_5llL24_51RL3+_515;3_QBQ_519L3 (See

figure 3.)

¢ a. Undertest. If test tolerances have been exceeded resulting 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 methods), and extended to insure that the prescribed

teat nvv"le is apchievad

pra—2= L0 CEwlid W Vo

b. Qvertest. If an overtest condition occurs, the preferable course of
action is to stop the test and start over .with a new test item. However, if
any damage is a direct result of the overtest conditions and will not affect
other -test item characteristics, or if the item can be repaired, the test 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 con31dered
invalid.

4.5.4.3 Met

and 521.0. Each of these methods contains guidance for handling out-of-
tolerance test interruptions. Any such interruption must be carefully
analyzed. If the decision is made-to continue testing from the point of
interruption, to restart the last successfully 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 Combined tests. 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.

" 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 compared with the pretest data obtained in accordance with
4.5.1. Post-test data shall include:
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equipment and .accessories,
“b. The actual test sequence (program) used.
¢. 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 englneer.

[a g
| -3

ther as s idual methods or equipment
‘requirements document(s) ’
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Start
¥
SEE 1w No Interruption?
Yes
_ A
SEE l No Qutside
. Tolerances
Yes
\
SEE 1 No . Overtest?
Yes
L
SEE 2b«NO | TItem No Safety
Damaged? Problem?
Yes Yes
\
SEE 2a«-NO Item SEE 2a
Repairable?
lxes
SEE 2b

NOTES:

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.)

FIGURE 3. Interrupted test cyvcle logic - Methods 503.2, 506.2,
510.2, 511.2, 914.3, 516.3, and 519.3.

14
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1. Continue test {see individual methods); extend test time if necessary.
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Failure of the test item to meet any one of the

4.,5.7 Failure criteria.

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.

Certain types of equipment (e.g., propellants and electrically

driven devices) are often sxnected to demonstrate lesser

LT T A L L Ma vl TApTL LT L0128 4= 2 P -4 B

performance at an environmental extreme, particularly low
temperature. A failure would occur only if degradation is more
than permissible,

NOTE:

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

¢. 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 o0il drain plug cannot be removed with specified tools.)

e. Devi .

f. Other (see 4.5.8).

4.5.8 itional i ent fai iteria. Any additional or different
failure criteria shall be as specified in the equipment specification.

4.5.9 Environmental test report. An environmental test report shall be
completed according to DID No. DI-R-T127.

4.6 Climatic regions. For the purposes of this document, three climatiec
regions are defined to which equipment may be designed and tested: hot/dry,
hot /humid {or "basic"), and cold.

4.6.1 Map of climatic regions. Figures %a and 4b show land areas where the
various c¢limatic regions exist.

4.6.2 Delimitation of climatic design types. The climate types are

distinguished primarily by temperature, and secondarily by humidity.

a. Hot climatic regions. This region includes most of the low=-latitude
deserts of the world. During summer in these areas, temperatures above U43°C
(110°F) occur frequently, but except for a few specific places, temperatures
will seldom be above 49°C (1209F). 1In winter, temperatures are likely to be in
the same range as for the "basic” climatic region. If materiel is designed
only for the hot climate, a specially tailored low temperature design value
should be sought. Small portions of this area are sometimes subject to very
high absolute humidities, although the highest temperatures and highest

ol s

~ Yo Vel]
LB LW} P}

occur at the same time.
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b. Basjic climatic regions. 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 does ngt necessarily
oceur in any one place. Each single condition (high temperature, low
temperature, high humdity) occurs in a wide area. When taken together, the
design ‘values should provide for satisfactory equipment. throughout the. area.-
Tropical areas-are included in this climate type because their temperature is”
quite moderate, and their humidlty levels are equalled in the mld-latitudes."

Thne feature of the tropics most important for equipment design-is the .
persistence of high humidity over long periods of time. This condition not
only promotes corrosion but is an exdéellent environment for insect and
microbiclogical damage. ) !

“

c. Gold and severe-cold climatic regions. These areas include northern
North America, Greenland, northern Asia, and Tibet. In the cold area, E
temperature during the coldest month in a normal year may be colder than the - .
basic cold extreme of -329C (-259). 1In the severe-cold areas, temperature

dnﬁing fhn onldeat mnnfh in 2 normal ynnn m:y he anlder than fha oold nv+nnmn

-—ia HH

of =46°C (~50°F), but colder than -519C (-60°F) 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 enocugh period of time for materiel to
reach equilibrium at a temperature near the minimum.

5. TEST METHODS

o1 ndividual methods for environmental testing follow section 6

5
6. NOTES

o~ - [T W N |

0.1 ALAvengeqa use. Lne purpose of this snanuaru is to standardize the ﬂESlgn
and conduct of tests for assessing the ability of military equipment to
withstand environmental stresses it will encounter during its life cyele, and
to insure that plans and test results are adequately documented.

6.2 Data requirements. When this standard is used in an acquisition, the data
jdentified below shall be delivered only when the task paragraph{(s) applicable
to a apecific DID is applied in a contract and the applicable DID is specified

on the DD Form 1423, "Contract Data Requirements List (CDRL)." When the DD
Form 1423 is not used and DAR 7-104.9{n){2) is cited, the data identified below
shall be delivered in accordance with requirements specifled in the contract or
purchase order. Deliverable data associated with the requirements of this

standard are cited in the feollowing paragraphs.

o irement Titl . iopiicable DI
§.2.2.1 Environmental Management Plan DI-R-7123 .
h.2.2.2 Life Cycle Environmental DI-R-T124

Profile Plan
4.2.2.3 Environmental Design Criteria DI-R-T7126
: . and Test Plan
4.2.2.4 Operational Environmental DI-R-T126
Verification Plan
3.5.9 Environmental Test Report PI-R-T127

18
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(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 International standardization agreement. Certain provisions 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 Changes from previous issue. Asterisks or vertical lines are not used in

this revision to identify changes with respect to the previous issue due to the
extensiveness of the changes.

Custodians: Preparing activity:
Army - TE : Air Force - 11
Navy - AS
Air Force - 11 Project No. ENVR-0013

Review activities:
Army - MI, ME, AV, GL, TE, MT, AT, CE, AR
Navy - SH, 08, YD, EC
Air Force - 10, 18, 19, 69

International interest (see 6.3)

19
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SECTION I

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

. 1-2 EMVIRONMENTAL EFFECTS. 7 Examples of some problems that could occur as a

result of exposure to reduced pressure are;
a. Leakage of gases or fluids from gaéket-sealed.inClosures.
b. Rupture or explosion of sealed containers.
¢. Change in physical and chemical properties of low-density materials.

d. Erratic operation or malfunction of equipment resulting from arcing or
corona.

€. Overheating of equipment due to reduced heat transfer.
f. Evaporation of lubricants.
g. "Erratic starting and combustion of engines.
h. Failure of hermetic seals.
" I-3 GUIDELINES FOR DETERMINING TEST PROCEDURES AND TEST CONDITIQNS.

NOTE: This test 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. Application. This method is intended to be used for the following
applications: ‘

(1) Air shipment of materiel in cargo aircraft.

(2) Equipment designed for installation or operation at high ground
elevations. ‘ '

(3) Explosive (rapid) decompression due to aircraft damage.

)

b. BHRestrigctions. This method is not intended to be used to test
equipment to be installed in and operated in aircraft, missiles that fly at
high aititudes (i.e., above &,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. Sequence. (See General Requirements, 4.4.4.) This method is
considered to be the least damaging of those included in this document for most
types of equipment and therefore may be one of the first to be conducted.

Other testing may contribute significantly to the effects of low pressure (see
ad thia

2\ b ank - A o Em
;-c; on the test item and onay nave Lo o8 conducted befcre this method, For

example:
(1) Low-temperature and high—températuré testing may affect seals.

(2) Dynamic tests may affect the structural integrity of the test

item.

d. ariati .

re conducting these tests, determine any
required variations of the

Befo

test procedure(s). The choices for varying the test
procedure(s) are extremely limited. The primary variations involve the test
altitude, altitude change rate, and test duration, as outlined in I-3.2. Other
environmental combinations, such as low temperature and low pressure, are not
addressed in this method but may be considered.

[

I-3.1 oi test

a. rati r te: jtem.  From the requirements
document(s), determine the functions to be performed by the equipment in a
low~pressure environment and any limiting conditions.

-~
ry

b. Test objectives. The‘primary objectives of the low-pressure
{altitude) test are to determine if:

(1) The test item can be stored and operated at high ground elevation
sites.

{2) The test item can be transported by air in its normal

shipping/storage configuration. F

{3) The test item can survive a rapid decompression and, if not, to .
determine if it will damage the aircraft or present a hazard to personnel.

METHOD 500.2
19 July 1983
' 500.2-2
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c. ti . Three test procedures are
included within this method: storage, operation, and rapid decompression..
Based on the test data requirements, determine which of the test procadures or
combination of procedures is applicable.

. .{1) Procedure I - Storage. Procedure I is appropriate if the teat

item is toe be stored at high ground elevations or transportated in its
hipping/st - n t n '

(2) Procedure II -~ QOperation. Procedure II is used to determine the

performance of the test item under low-pressure conditions and can be preceded
by procedure I, procedure III, or both. If there are no low-pressure storage
or explosive decompression requirements, this procedure can stand alone.

(3) Progedure III - Rapid decompression. Procedure III is used to

determine if a rapid decrease in pressure of the surrounding environment will
cause a test item reaction that would endanger nearby personnel or the aircraft

“in which it is 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 Qhgigg_Qﬁ_ngiangﬂ_géﬁt_ggngizigna- After the test procedure(s) is

chosen, the test altitude(s), altitude change {climb/descent) rate, duration of
exposure, test item configuration, and any additional appropriate guidelines
must be determined.

a. Test altituyde. Base determination of the specific test 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:

SavaAvim

(1) Horld ground areag. The highest elevation currently contemplated
for ground military operations (equipment operating and nonoperating) 1s §,570m

{15,000 ft), 57 kPa (8.3 psia) (reference a).

(2) ANS 3 Ss\
500.2=1 provides the mlnlmum cargo compartment pressures for various a1rcraft
used to transport carge. These pressures can occur as a result of failure of
the automatiec pressurization system. Redundant 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 500.2-1. Minimum mpartm r X
. Miniman Cargo | Equivalent Altitude
Aircraft Compartment Pressure - (reference c)..
(psia) (kPa) () (m)
C-130 | 8.29 57 .2 . 15,000 - 4,570
RTTIN o 8.63 . 59.5 . 14,000 4,270 _ -
osa - 8.8 0.7 | - 13500 8,110 |
DC-8/707/DC-9-80 8.29  s1.2 1 15,000 4,570
DC~10/747 /KC-10 8.2 . - 57.2 4. 15,000 4,570 ’
L-1011/767 " g.29 57.2 | . 15,000 8,570
' C-160 Transall  8.63 . 59.5 w000 4,270
4-300/C 10.71 73.8 | 8,000 2,400
(3) Maximy altity : i esting: - 12,200m.
(40,000 ft) (18.84 kPa) When it is known that other altitudes will be _
encountered, test the equipment for the known elevation. - .

b. Altitude change rate. If a specific rate of altitude change
(climb/descent rate) is not known or specified in the requirements document,
the following guidance is offered: 1In 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 platform. In
a full military power takeoff, military transport airecraft normally have an
average altitude change rate of 7.6 m/s (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 tests (for standardization
purposes) unless otherwise specified.

¢. Rapid decompression rate. There are several conditions Ffor which
the rapid rate of decompression may vary. These include:

B

(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.

oy

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

The decompression in procedure 1II should be accomplished as quickly as .
possible but shall not take more than 15 seconds.

METHOD 500.2
19 July 1983
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d. Test duration. For procedure I, 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
11T do not require extended periods at the test pressure, once it has been
reached and any required functions are performed.

e. Test item confisuration. Configure the test item in a manner -that

a
manmFd ok 4 An 4 - Ananad $Aan arn hi oh
CONLigUlaviUlly 1.8., UpCIaLivil LvE aidmil

4o ~ 1
ground elevation simulation, in its shipping/storage container for air
transport, ete. . '

f. Additicnal gujdelines. Review the equipment specifications and

requirements documents,., Apply any additional guidelines necessary.
I-4 SPECIAL CONSIDERATIONS
I-4.1 Failure criteria. Failure criteria for procedures I and II are as

described %p General Requirements, 4.9. For procedure III, the test item fails
only if rapid decompression causes a hazard to the aircrdft or to the
personnel; the test item need not show satisfactory post-test performance
unless otherwise specified.

I-4.2 Summary of test information required. The following information is

required in the test plan for adequate conduct of the tests of section II:
a. Test procedure. |
b. Test altitude(s).
c. Altitude change rates,
d. Test duration.

e. Test item configuration.

a. MIL-STD-210, Climatic Extremes for Military Equipment. 15 December
1973.

Backeround - a3 Q MIL=-STD~ QR ima
. Bedford, MA: Air Force Cambridge Research
Laberatories, 1974. DTIC number AD-780-508.

b. Ago-‘__“ 0
mn

c. Handbook of Geophysics and Space Environments. Bedford, MA: US Air

Force Cambridge Research Laboratories, Qffice of Aerospace Research, 1965. s
d, 11§ Standard Atmosphere: 1976 . “QAA/NASA/USAF’ 1'9"'!6. /
METHOD 500.2

19 July 1933
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METHOD 500.2 - L .

SECTION II
II-1 APPARATUS -

II-1.1 ZTest facility. The required apparatus consists of a chamber or.cabinet
and auxiliary instrumentation capable of maintaining and continuously

monitoring the specific conditions of low pressure. For procedure III, the =
facility shall be capable of providing decompression in the prescribed time
period. '

II-1.2 Controls i .

TYem '.-.—I
a. Jil 1gI” W.I.DU Dp!:b LT,

iless oth
10 m/s (2,000 ft/min).
b. Conﬁinuous recordings of chamber pressure shall be taken if requireﬁ.

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

II-1.3 Test interruption. (See General Requirements, 4.5.4.) To achieve the
desired effects, the test item must be subjected to the low~-pressure (altitude) A
environment without interruption

a. Undertest interruptions. Any occurrence that causes the test section

pressure to deviate more than 10 percent of the measured value (in meters or

feet) toward ambient atmospheric conditions shall be foliowed oy a repeat of
the entire test. .

b. Qvertest interruptions. Any occurrence that results in a pressure
decrease of more than 10 percent of 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 deterioration 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 PREPARATION FOR TEST

[3]

II-2.1 Preliminary steps. Before initiating any testing, determine from the
test plan: '

a. Which test procedures are required.

ra

. b. The low-pressure operation and storage requirements.
II-2.2 Pretest standard am Qign t checkout. All items require a pretest
checkout at standard ambient condltlons to provide baseline data.

Conduct the
checkout as follows: ) .

“\yETHOD 500.2.
19 July 1983

N\ 500.2-6
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Step 1. Insert the test item in the test chamber.
Step 2. Prepare the test item in its operational configuration in
accordance with General Requirements, 4#.5.2.

Step 3. Record the standard ambient conditions.

Step #. Conduct as compiete of a visual examination of the test item as
possible, and document the results.

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

+ Step 6. Record the results for compliance with General Requirements,
4.5.1.

IT1-3 PROCEDURES. The following test procedures, alone or in combination,

nana F'A-s AnTla cting tha napeassary infarnma+inn aannarmineg fha oot
ages Ior Ctiagilnlg Tinie negessar Y JdlaVldavavi CUNCCInLlg e 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 ¢therwise specified, the chamber temperature shall be maintained at
standard ambient condltlons.

11-3.1 E ocedure I Storage

Step-1. Adjust the test item's configuration to that required for storage
or transit.’ ' o .

Step 2. With the test item in the chamber, adjust the chamber air
pressure, at the rate spec1fled in the test plan, to the required test
altitude. < .

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

Step U. deust 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 examination .and 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 II; if a rapid decompression test iz required, proceed to step 1 of
procedure III.

I1-3.2 Procedure II - Qperation
Step 1. Adjust the test item to its operational configuration.
Step 2. Adjust the chamber air pressufe to-the required equivalent

operational altitude at a rate not to exceed that specified in the test plan.

METHCD 500.2°
. 19 July 1983
500.2-7
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Step 3. Conduct an operational checkout of the test item in accordance . :
with the test plan, and document the results.

Step 4. AdJjust the chamber air pressure to standard ambient atmospheric
conditions at the rate specified in the teat plan. -

Step 5. Conduct a complete visual examination and én operational checkout
of the teat item in accordance with the approved test plan, and document the
results. : . :

\

Step 6. Compare these data with the pretest data. j *

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

II-3.3 Procedure III - Rapid decompression

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 airecraft. ]

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, as quickly as
posaible but in not more than 15 seconds. 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.

33

Step 9. Proceed to step 1 of procedure II if an operational test is
required following this procedure.

II-4 INFORMATION TO BE BRECORDED. Test data shall be recorded as specified in
General Requirements, 4.5, and shall include the following:

o

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

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

METHOD 500 .2
19 July 1983 .
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(1) Pretest.
(2) During test.

(é) Post-test.

Room ambient conditions.

Initial failure analysis.

. Time-versus-pressure data.

500.2-9
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METHOD 501.2

HIGH TEMPERATURE

- Page
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SECTION II ‘ - .
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SECTION I .

I-1 PURPOSE. High-temperature chamber tests are performed to determine if
materiel can be stored and operated under hot climatic conditions without
experien01ng physical damage or deterioration in performance

I-2 ENEIBQHMENIAL_EEEEQIS 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. Examples of some other problems
that could cccur as the result of high~-temperature exposure are:

a. Parts binding from differential expansion of dissimilar materials.

b. Lubricants becoming less viscous; Jjoints losing lubrication by outward
flow of lubricants.

¢. Materials changing in dimension, either totally or selectively.

d. Packing, gaskets, seals, bearings and shafts becoming distorted,
binding, and falllng causlng mechanical or integrity failures.

e. (askets displaying permanent set.

f. Closure and sealing strips deteriorating.

g; Fixed-resistance resistors changing in values.

h. Electronic ciféuif stability fafying with differences in temperature
gradients and differential expansion of dissimilar materials.

i. Transformers and electromechanical components overheating.

J. Altering of operating/release margins of reiays and magnetic or
thermally activated devices.

METHOD 501.2

501.2=1 19 July 1983
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k.- Shortened operating lifetime.

1. Solld pellets or grains separating

m. High 1nternal pressures created w1thin sealed cases of proJectiles,
bombs, etec. -

n. Burning of explosives or propellants accelerated.
o. Cast explosives expanding within their cases

p. Explosives melting and exuding

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

a. Apgl;gggign. This method is used when the test item is likely to be
deployed in areas where climatic conditions will induce high temperatures .
wlthin the test item These procedures will be used when it is 1|1dand that the

PR A LA A N S N R Wastsaa 4 S Vil

test item performance can be verifled by chamber exposure to controlled air
temperatures and that the high temperature effects have not been identified
during other tests (e.g., temperature-altltude, solar radiation}.

b. Test objectives. The primary objectives of the high-temperature tests
are to determine if: C B ) S .

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

(2} The test item can be operated and handled without affecting its

integrity.- 2
(3) The test item is safe during and following high-temperature
exposure. ' ' ’ ’
c. 'ngtgigtiggg This method is not appllcable for-

(1) Evaluation of equ1pment in a high-temperature environment where
solar radiation contributes to differential heating or actinic (photochemical)
effects. For such an environment, use method 505 2.

{2) 1Identification 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 upon-a
specific test program requirement and con51deration given to natural env1ron-

v .
iien ntal testi ing.

(3) Equipment to be installed where the 1nf1uence of altitude or
cooling air may be-significant.

METHOD 501.2
19 July 1983
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d. Sequence. (See General Requirements, 4.4.4.) The high-temperature
test 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.

e. 'Igﬁg_xgziagigng. This method provides a choice of two subtests:
Procedures I (Storage) and II (Operation).

(1) The test procedure selection is based upon:
(a) The operational purpose of the test item.
{b) The natural exposure circumstances.

(¢) The test data required to determine whether the operational
purpose of the test item has been met. . :

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

‘ " (a) The anticipated temperature and humldlty ranges of the
geographical dep10yment area. : :

. (b} Test item respohse temperature(s) (critical component
temperature) .1/ ‘ : ,

{(c)” The anticipatéd-duration of exposure at the debloyment area.
(d) Test item configuration (operational and storage).

(e) Additional guidelines as appropriate.

- A o4 s e a o s A z

i1-3.1 Choice of test procedure

I-3.1.17 TIhe operatjonal purpose of the test jtem. From the requirements
document, determine the function to be performed by the test item in, or

following exposure to, a high-temperature environment.

I-3.2 HNatural exposure circumstances. From the requirements document,
determine what high-temperature climatic exposure the test item is likely to
experience during the storage and operational phases of its life cycle. Also
congider 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 components experience are of prime
concern, regardless of the ambient conditions or skin temperature of the test
item. The response temperature(s) is the result of the exposure which is
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. to reflected solar radiation. - - ARV

d. Sfacked. l . | o . ‘ : : L : .
e. Wind ventiiated.

f. Above on, or under the earth's surface.

I-3.1.3 SglggL;gn_gﬁ__ga;_nngggguggigl Two test. procedures are included

within this method: storage and operatlon Determine the procedure(s) to be -
used. s . . L T

KU B -, ‘

. Procedure I - Storage. Précedure I is used to determine how storage

o

I-3.1.3.1 -
at high temperatures affects the test item's safety and performance. This teat

procedure includes exposure to high temperatures (and low humidity where
applicable)} that may be encountered in the test item's 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 Ha and iUb, section i) 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 free atmosphere. The storage situation
must be evaluated with respect to:

a. Exposure to solar radiation: 1Is this exposure directly oﬁ the test
item, shipping container, protective package, shelter, etc.?

b. Climatic area of concern,

¢. Analysig of the path of heat transfer from the ambient air and solar
radiation to the test item.
I-3.1.3.2 Procedure II - Operation. 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 to this temperature,
the test item is operated to deterline performance characteristies. The-

P

a. Exposure to cyclic chamber conditions with the test ‘item operating
either continuously or during the period of maximum-response.

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

L

I-3.2 Choice of related test conditions. Having determined the operational =
purpose, the natural exposure circumstances, and the test procedure(s), it is

necessary to select the type of exposure, test temperature(s),. test duration,

test _item configuration, and any additional appropriate guidelines.

METHOD 501.2
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a. Type of exposyre. In order to determine the test températures, the
way in which the test item is exposed to heat must be determined flrst The
exposure conditions that must be considered include:

(1) Ambient air conditions. Of interest are the most severe
conditions that materiel, which could be deployed in any climatic area of the
world, would experience when under cover in fully ventilated locations such as
open cabins, sun-shaded areas, and underside regions of aireraft 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
of 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
501.2-1 and 501. 2-II. Table 501.2-II1I gives a summary of high—temperature
diurnal cycle. ranges for dlfferent areas of 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 is exposed 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 condltions occur are: s

(a) 1Inside unventllated enolosures.
{b) Within enclosed vehicle bodies.

.(c) Within éircraft.sections having surfaces exposed to solar
heating.

(d)" Inside of tents.
{(e) Under closed tarpaulins.

These conditions are not the temperatures attained by equipment, but rather the
air temperature observed in various locations where materiel is operated or
stored. The cycling conditions for this exposure are given in tables 501.2-I
and 501.2-I1 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 859C (160° to 1859F), making greater
allowance for the effects of solar radiation. Applicable conditions for such
testing include equipment that is employed in the open (for which method 505.2
should be used) and in enclosed compartments having glazed or transparent
panels (aircraft cockpits, 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 extendlng the levels of the temperatures given
in tables 501 2=1 and 501.2-11. .

b. Test temperature(s). Determine the test temperature(s). If field
measurements of actual exposure and response are available, the chamber
conditions shall be derived from these data. Without availability of field
measurements, the chamber conditions will be derived from the following
information and evaluations. - '

) METHOD 501.2
501.2-5 19 July 1983
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Table 501.2-I. High temperature cyales, ¢limatic category - fotl/ .

Ambient Air Conditions Induced Conditions
Time Temperature Humidity, Temperature Humidity,
of oc  (°F) % RH oc (°F) § RH

Day y
! 0100 35 (95) 6 35 (95) 6 -

0200 34 (94) 7 34 (94) 7 ~
| 0300 34 (93) 7 34 (94) 7

0400 33 (92) 8 33 (92) 7

0500 33 (91) 8 33 (92) 7

0600 32 (90) 8 33 (91) T

0700 33 (91) 8 36 (97) 5 >

0800 35 (95) 6 40 {(104) 4

0900 38 (101} 6 ko (111) b

1000 41 (106} 5 51 (124) 3

1100 43 (110) } 56  (133) 2

1200 by (112) Yy 63 (145) 2 .

1300 ¥1  (116) 3 69 (156} 1

1400 48 (118) 3 70  (158) 1

1500 48 (119) 3 71 (160) 1
| 1600 4 (120) 3 70  (158) 1

1700 48 (119) 3 67 (153) 1

1800 48 (118) 3 63  (145) 2 .

1900 ue  (114) 3 55  (131) 2

2000 42 (108) 4 48 (118) 3

2100 b1 (105) 5 41 (105) 5

2200 39  (102) 76 39  {103) 6

2300 38 (100) 6 37 (99 6

2400 36 (98) 6 35 (95) 6

1/ AR 70-38, 1 August 1979

3
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Table 501.2-II. /
. _Ambient Air Conditions - Induced Conditions
Time~ | Temperature Humidity, Temperature Humidity,
of oc  (°F) % RH oc (°F) % RH

Day ' ,

0100 33 (91} 36 33 (91) 36
0200 32 (90} 38 32 (90) 38
0300 32 (90) 4y - 32 (90) 4t
0400 31 (88) 4y 31 (88) 4y
0500 30 (86) 4y 30 (86) 4y
0600 30 (86) by 31 (88) 43
0700 31 (88) 41 3 (93) 32
0800 34 (93) 34 38 (101) 30
0900 37 (99) 29 b2 (110) 23
1000 39 (102) 24 45  {113) 17
1100 41 (106) 21 51 -(12%) 1%
1200 42 (107) 18 57 (134) 8
1300 43 (109) 116 61  (142) 6
1400 43 (110) 15 63 (145) 6
1500 43 (110) 14 63 (145) 5
1600 43 (110) 14 62 (1u44) 6
1700 43 (109) 14 60 (140) 6 -
1800 42 (107) 15 57  (134) 6
1900 40  (104) 17 50 @ (122) 10
2000 38  (100) .20 4 (111) 14
2100 36 (97) 22 38 (101) - 19
2200 35 (95) 25 35 (95) 25
2300 34 (93) 28 3 (93) 28
2400 33 (91) 33 33 (91) 33

1/ AR T0-38, 1 August 1979
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Table 501.2-III. : m /
Category Location Ambient Air | Induced 2/
oc (OF) oC (°F)
Hot (A1) Northern Africa, Middle T 32 - 495 33 - 71
: East, Pakistan and India, (90-120) (91-160)
Southwestern United States
and Northern Mexico
Basic Hot (A2) Many parts of the world, 30 - 43 30 - 63
' extending outward from hot (86-110) (86-145)

category of the United States,
Mexico, Africa, Asia, and
Australia Southern Africa,

South America Southern Spain
and Southwest Asia.

1/ The exact diurnal cycles for temperature and humidity are given in
tables 501.2-1 and 501.2-I1I.

2/ The term "induced" refers to temperatures resulting in large part
from manmade or equipment-made environmental factors.

501.278
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(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 meteoroclogical and induced diurnal cycles for major
world areas. The temperature extremes given are based on a frequency 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 Y4, 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 (I-3.1.3.1) and the cycles provided in tables
501.2-1I 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 to
the test item. Derivation of the actual test temperatures must consider the
thermal path to the test item, type of heat transfer, mass of the test item in
relation to 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 from an analysis similar to that performed for
the storage test. Consideration 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 is the effect of solar heating 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 its
eritical 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 item during the temperature cycling
period. Such operation 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 item when exposed
to the temperature cycles derived from tables 501.2-1 and 501.2-II and from
paragraph I-3.2a(3). When the test item or its eritical components are
configured so that their temperature cannot be monitored, the estimate of the
value must be based upon thermal path, mass, and other properties of the test
item. Figure 501.2-1 may be used as a guide.

¢. Duration of exposure. Determine the test duration. The duration of
high-temperature exposure may be as significant as the temperature itself.
Because procedures I and I expose 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 -at a
minimum of seven to coincide with the 1% frequency of occurrence of the hours
of extreme temperatures during the most severe month in an average year at the

METHOD 501.2
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most severe location. (The maximum temperature occurs for approximately 1 hour
in each c¢yecle.) When considering extended storage, critical teat items, or
test items determined to be very sensitive to high temperature, the number of
cycles should be increased to assure that the design requirements are met.

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

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

(1) In a shipping/storage container or transit case.
(2) Protected or unprotected (under canopy, enclosed, etc.).

(3) In its normal operating configuration (realistic or with
restraints, such as with openings that are normally covered).

(4) Modified with kits for special applications.

e. Humidity. Low relative humidity (RH) may occasionally have a
significant effect on some material during high-temperature testing. 1In such
instances, consideration must be given to controlling RH as indicated in tables
501.2-1 and 501.2-II. :

f. QCritical jitem compopnent. 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

Harnitinal itam nnmnnanantae Thaaa anmnonant s shanld hae ideantifFfiad and
Clrivlivda ivell COLpOLeIiLs. 1S C CONMPONTCILs 510ULT UL LGCIHV1IIICU alld

thoroughly evaluated before this test to eliminate testing exposures that would
not realistically be encountered by the test item during its life cycle.

g. Additional guidelines. Review the equipment specifications and

requirements documents. Apply any additional guidelines necessary.

I-4 SPECIAL CONSIDERATIONS

I-4.1 Eailg:g_ggglxgig.‘ The failure of a test item to meet the requirements
of the equipment specifications must be analyzed carefully, and related
information must be considered, such as:

a. Results of nondestructive examinations (if any) of materiel following
th- storage test may be conducted at the extreme temperatures

b. Degradation or changes in operating characteristics allowed at the
high extreme temperatures.

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

METHOD 501.2
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d. Evidence of improper lubrication and assurance that the lubricants ,
specified for the enviromental condition were used. .
I-4.2 Storage 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 high-
temperature stress, such as in open dump storage.

I-4.3 Summary of test information required. The following information is

required in the test plan for the adequate conduct of the tests of sgction II:
a. Test procedure.
“b. Critical components, if applicable.
¢. Location of temperature sensors.

d. Test temperature(s) or temperature cycle and how the temperatures were
derived. ' ' : o

e. Test duration. e

f. Test item configuration.

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

h. Additional g_uidelines. .
I-5. HREFERENCES' - ‘ I ’ '

a. AR 70-38

b. MIL-STD-210, ﬂmmmmumﬂmm © 15 December -
1973.

Igg_ﬂi;i;ﬁnx_Eﬁuinmgng; Bedford _MA" Air Force Cambridge Research
Laboratories, 24 January 1974. DTIC number AD-780-508.

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

0

e. NATO STANAG 2831, i i ronm itj ing t
Desi ¢ Materiel for Use by NitO F TP Ry
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METHOD 501.2
HIGH TEMPERATURE

SECTION II

II-1 APPARATUS
I 168 Rttty

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

b, Air velocity in the vieinity of the test item shall not exceed 1.7 m/s
(325 ft/min) unless justified by the test item platform envircnment to prevent
unrealistic heat transfer in the test item. .

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

II-1.2 Controls

a. Temperature. Unless otherwise specified in 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
(3.6°F)) or chamber air temperature, the test item will be restabilized at the
required temperature before the test continues. If the operational check is
not completed within 15 minutes, reestablish test item temperature/RH
conditions before continuing.

b. Unless otherwlse spe01f1ed the rate of temperature change shall not
exceed 10°C (18°F) per minute.

11-1.3 Iea__inLenzun_;gn- (See General Requirements, 4.5.4.) =
a. . Undertest interruptijon

(1) Cycling. If a cyclic high-temperature test is being conducted
when an unscheduled interruption occurs that causes the test conditions to fall
out of allowable tolerances toward standard ambient temperatures, the test must
be reinitiated at the end of the. last successfully completed cycle.

(2) Steady-state. If a steady-state (noneyclic) test is being
conducted and an unscheduled interruption occurs that causes the test condi-
tions to fall out of allowable tolerances toward standard ambient condjitions,
the test item shall be restabilized at the required test temperature and the
test continued from the p01nt where test conditions were left. Duration of
initial and final test perlods shall be recorded.

METHOD 501.2 °
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b. Qvertest interruption. 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 :
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 teat and reinitiate testing with a new test item. If this is
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 condltions and
continue from the point where the test tolerances were exceeded,. 4

/

II-2 PRERARATION FQR_TEST

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

a. Which test procedures are required.

b. The high-temperature operation and storage requlrements and -
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.

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

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

Step 2. Insert the teat 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 cases.

Qb I & b
DLCP 4. UULULI.IBHI; LT I'CoUlLd .

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 approvéd
test plan. -

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

Step 8. If the test item operates gatisfactorily, proceed to II-3. If
not, resolve the problems and restart at Step 1 above.

501.2-14



1

MIL-STD-810D.
19 July 1983

I1-3:. PROCEDURES. - 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 test procedure as
determined by the test plan. : . o

H1-3.1° B'_qs:e_dnne_l;_&_mage_
Step 1_ Install the required temperature sensors on, in, and around . the
test item and chamber.. :

EP—-

Step 2. Place the test jtem in its storage configuration.

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

Step y. 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 specified 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,'adjusttthe chamber air
temperature to controlled ambient conditions and maintain until temperature
stabilization of the test item has been achieved.

~ Step 6. Conduct a complete visual and operational checkout of the test
item and record the results.

II-3.2 ng_e.dnr_e_ll__Qn.enaucn

Step 1. Place the test item in the chamber in its operational
configuration.

‘ Step 2. .From the test plan, determine the operational temperature
extreme(s), whether constant or cyeclic, and whether the temperature(s) was:

a.. Specified by the requirements documents~ Proceed to Step T for
constant temperature exposure or Step 12 for cycling exposure.

b. Derived from field measurements: Proceed to Step 7 for constant
temperature exposure or Step 12 for cycling exposure.

¢. Cyclic and deriéed from paragraph I-3.2: Proceed to Step 12.

. .d. Constant and not provided or determined elsewhere: Perform Steps
3 through 6. :

Step 3. With the test item placed in the chamber in its operational
configuration, install the temperature sensors necessary to measure the
temperature throughout the test item, insuring that the critical components or
areas of concern 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
19 July 1983
501.2-15

Y




MIL-STD-810D
19 July 1983 )
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 test item response (}2°C).
maximum of seven cycles is suggested if repeated response is dlfficult 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.

‘ Step 7. (Constant temperature exposure. With the test item in the chambep

in the c¢perational configuration, adjust 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 Requlrements 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 has been achieved. Conduct an operational checkout of the test item
in accordance with the approved test plan and documént the results.

Step 11. Proceed to Step 15. .
Step 12. Cyclipng temperature exposure. 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 jitem 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 con31der1ng chamber access
limitations. Document the results.

Step 14. Operate the test item during the maximum response period of the
exposure cyclerl/ 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.

-~
-

1/ The maximum response period may not coincidi with the maximum temperature
¢ycle conditions because of thermal lag of the test item. -

METHOD 501.2
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S;eb 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.
I1-4 INFORMATION TO BE RECORDED
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 test.
(3) Post-test.

. ™o P R T T I U IO S S TP g DL
C. necor Ol chnanmper vemperatures Lang numialvy

d
time conditions.

d. Record of the test item temperature-versus-time data for the duration
of the test.

e. Initial failure analysis.

METHOD 5D1.2
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METHOD 502.2

LOW TEMPERATURE
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SECTION I

. I-1 PURPOSE. Low-temperature chamber tests are performed to determine if
materiel can be stored, manipulated, and operated under pertinent low-
temperature conditions without experiencing physical damage or deterioration in
performance.

I-2 - ENVIRONMENTAL EFFECTS. Low temperatures have adverse effects on almost
all basic materials. As a result, exposure of test items to low temperatures
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 whenever the tesat item will be exposed
to temperatures below standard ambient. Examples of some problems that could
occur as the result of exposure to cold are:

a. Hardening and embrittlement of materials.
b. Binding of parts from differential contraction of dissimilar materials

and the different rates of expansion of different parts in response to
temperature transients.

"
I

c¢. Loss of lubrication and lubricant flow due to increased viscosity.

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

METHOD 502.2
19 July 1983
502.2-1.



MIL-STD-810D
19 July 1983

e. Changes in performance of transformers and electromechanlcal
components.

f. Stiffening of shock mounts.

g. Cracking of explosive solid pellets or grains, such as ammonium
nitrate.

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

i, Static fatigue of restrained glass.
J.o Condensation and freezing of water.

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

1. Change of burning rates.
I-3 GHIDELINES_EQB_DEIEBHININﬁ_IESI_EBQEEDHBES_AHD_IEEI_CQHDIIIQHS

NOTE: This test method should be applied at the end of the tailorlng process
described in section Y4 of this standard.

a. Application. This method is used when the test item is likely to be
deployed in a low~temperature environment during its life cycle and the effects
of low temperature have not been determined during other tests (such as the
temperature-altitude test).

b. BRestrictions. This method is not intended for testing equipment to be
installed in and operated in aireraft, since such equipment would usually be
tested according to method 520. ) :

c. Sequence. (See General Requirements, 4.4.4.) - Because 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 test may significantly alter the performance of seals during the low-
pressure testing of 500.2. ' s

d. Jest variations. This method is composed of three low-temperature
subtests: Procedures I (Storage), II (Operation), and III (Manipulation}.
Before the tests are conducted, a choice of one or more test procedures must be
made. 1In addition, the variables for each test must be determined

(1) The choice of test procedure(s) depends on the llkelihood of the
test item being:

(a) Operatedl/ 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. -
(e¢) Manipulated at low temperatures.

~-(2). The test conditions that are used during the test are determined

(a) The expected temperature at the deployment location.
(b) The expected duration at the deployment location.
(c) The test item configuration.

(d) Additional guidelines as appropriate.
I-3.1 Choice of test procedure(s)
a. Operational purpose of the test item. From the requirements

documents, determine the functions to be performed by the equipment in a
low-temperature environment and any limiting conditions, such as storage.

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

(1) The test item can meet the performance specifications after
storage or during operation in a c¢old environment. .

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

(3) The héndliﬁg (manipulation) required to make the test 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 test item will satisfy its
low-temperature requirements.

¢. Selection of the test procedure(s). Three test procedures are

included within method 502.2: storage, operation, and manipulation. Based on
the test data requirements, determine which test procedure, combination, or
gequence of procedures is applicable.. In most cases, all three procedures
should be applied.

(1) Procedure I - Storage. Procedure I is appropriate if the test

item is likely 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 item's safety or performance.

{2) Procedure II - Qperation. Procedure II is used to determine

the performance of the test item at low temperatures 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 precede the operational test. =

If the test item is not intended to be stored at low temperature or manipulated

befaore use, procedure II 13 conducted directly. :

(3) Procedure III - manipulation. 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 test if required.

I-3.2 Choice of related test conditions. After choosing the test

procedure(s), choose the test temperatures, test duration, test item
configuration, and any additional approprlate condltlons

a. Test temperature. The specific test temperatures are preferably v
selected from the requlrements documents. If thls information is not
available, determination of test temperatur e{s) 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 regions.
&
~ Worldwide use without extended storagefa/

- Worldwide use with extended storage periods.
@
(1) Selected regions. Table 502.2-I and the map in General
Requirements, figure U4, can be used to determine the test temperature when the
test item is to be used at specific regions only. The air temperature extremes
shown in table 502.2-I are based on a frequency of occurrence of the hours
during the most severe month at the most severe location within the
geographical area encompassed by the climatic region, except for severe cold,
which is based on a 20 percent probability of occurrence. The values shown
represent. the range of the diurnal eyele. For this method, the lowest value in
each range is usually considered.

(2) Horldwide use. When the test item is to be stored or operated
throughout the world, temperature selection must inelude not only consideration
of the absolute cold, but also of the frequency of a given cold condition.
Unless frequency is considered, it is possible to create an overtest condition.
In terms of frequency, the probability-of-occurrence values shown below refer
to the percent of total hours, in the most. extreme month and area in the world,

o

2/ Extended storage is defined as storage for 2 years or longer.
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. TABLE 502.2-I.
Temperature

Climatie hegion Location ‘ _ Operational ) Induced

Mild Cold (CO) Coastal areas of -697 to -199C ~-109C to -21°C
Western Europe under (219F to -2°F) (149F to -6°F)
prevailing maritime
influence, southeast
Australia, lowlands
= of New Zealand

Basic Cold {(C1) Most of Europe -219C to -31°C -{  -259C to -33°C
' ‘ : Northern contiguous US (=-69F to -2UOF) (=13°F to -27°F)

a - . Southern Canada '

High-latitude coasts

(e.g., southern coast

. of-Alaska}

--| High elevations in

) lower latitudes

Cold {C2) Northern Canada =379C to -46%°C -379C to -469C
Ala.ka (excluding the (-359F to =510F) (=359F to -519F)
interior)
Greenland (excluding
the "cold poleh)
. Northern Scandinavia
Northern Asia (some
areas) -
High Elevations
(Northern and Southern
Hemispheres)
Alps
Himalayas
Andes

Severe Cold (C3) | Interior of Alaska -510C -51°C
Yukon (Canada) (-60°F) (=60°F)

Interior of the- o

Northern Islands

Greenland Ice Cap

Northern Asia

I

.3/ 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 -519C means that -51°C
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).

Low Temperature Probability of OQcecurrence

-510cl/  (-60°F) 20%
-540¢ (-65°F) ' 104
-57°C (-T10F) 5%
-61°C (-78°F) 1%

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

(3) Horldwide ugse with extended storage periods. If materiel is to
be stored for extended periods (years) without shelter or protection in areas
that experience very low temperatures, such as the "¢old pole" of northeast
Siberia or central Greenland, there is an increased chance that the test item
may experience much lower temperatures (approaching ~65%C.(-85%F) or less).
Such prolonged exposure to extreme low temperatures can affect the safety of
items such as munitions, life support equipment, etc.

b. Duration of exposure to loW temperatures. The period of time that
the low-temperature exposure exists may be a factor. ‘
(1) - -rel -1ife-supp
ggginmgng. Most materiel in this category (in a nonoperating mode), with the

_____ R -~ - nlankd i
possible exception of organic plastics {I-2h and I-3. 2b(2}} will not

experience deterioration following temperature’ stablllzatlon of the test item
at low temperatures. Following 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) munitij i t . " These items may -

continue to deteriorate following temperature stabilization; consequently, it
is necessary to test them at low temperatures for long periods of time. A
minimum storage period of 72 hours is recommended; since extreme temperatures

have existed for at least that length of time.

4/ Corresponds to Severe Cold condition.
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(3) Restrained glass. Glass, ceramics, and glass-type products
(such as those used in optical systems, laser systems, and electronic syatems)

that maantirna mamting Arn maatrainine in ananifin nAaacitinneg mav avnarnianna
Liav I'SUuil's WmUulviilE Vi7 SOVl Allisiig 41l QPTLlil i pPpUSIVIVIIG may Captiioucc .

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.

¢. Test jtem configuration. The configuration of the test item is an

important factor. in how temperature affects it. Therefore, the antié¢ipated
configuration of the test item during storage or use should be used during the
test. "As a minimum, the following configurations should be considered:

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

(3) Deployed (reallstically or with restralnts,'such as with
openings that are normally covered)

(4) Modified with kits for special applications.
d. Additional guidelines.” Review the equipment specifications and
requirgments documents. Apply any additional guidelines necessary.

I-4 SPECIAL CONSIDERATIONS

I-4.1 Failure analysis.. The failure of a test item to meet the requirements
of the equipment specification must be analyzed carefully, and related
ihformatiqn must be considered, such as:

a Nondestructive test/examinati ollowin

des ive ¢ xa on f
temperature may be conducted at the low test

1 o axno
1 g exposu
temperature.

~+ b. Degradation allowed in operating characteristics when at low
temperatures.

¢. Necessity for special kits or special cold-weather procedures.

d. Evidence of improper lubrication and assurance. that ldbricants
gpecified 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 Summary of test information required. The following information is

required in the test plan for adequate conduct of the tests of section II.

Maond =mAamnadivme
150

a. t pluucuuxc\ ).

s

b. Test duration.
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. ¢. Test item configuration.

. d. Location of temperature sensofsA(if required)h

e, Test temperaéures and tim@-versus-temperature data.

+

f. Additional guidelines.
I-5 REFERENCES

a. AR.70-38, WMMMW B
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d. NATO STANAG 2831, Climatic Environmental Conditions Affecting the
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- METHOD 502.2

LOW TEMPERATURE
SECTION II
II-1 APPARATUS |
II-1.1 ZTest facility

a. The required apparatus consists of a chamber or cabinet and auxiliary
instrumentation capable of maintaining and continuocusly monitoring the required
conditions of low temperature throughout an envelope of air surrounding the
test item(s) (see General Requirements, U4.4.1a).

b, Air velocity in the vicinity of the test item shall not exceed 1.7 m/s
(325 ft/min) unless Justified by the test item platform environment, to prevent
unrealistic cooling {(heat.transfer) in the test item.

II-1.2 Contreols

M ek if

a. JLlgmperavire. Unless otherwise spéC“ ed in the test plar
action other than test item operation (asuch as opening the chamber door)
results in a significant change of the test item temperature (more than 2°C
(3.69F)) or chamber air temperature, 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.

b. Rate of temperature change. Unless otherwise specified, the rate of

temperature change shall not exceed 10°C (189F) per minute.

i}

oy

¢. Temperature measurement. Temperature sensor instrumentation is

required on or in the test item to establish temperature stabilization data.

d. Iemperature recording. Continuous recordings of the chamber and test
item temperature shall be made if reguired.

I1-1.3 ZIest interruption (See General Requirements, 4.5.4.)

a. Undertest interryptions. An interruption which allows test
temperatures to fluctuate ocutside 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, since no extreme conditions
were encountered.

b. Qvertest interruptions. Any interruption that results in more extreme

expoaure of the test item than required by the equipment specification should
be followed by a complete physical examination and operational check (where

METHOD 502.2
19 July 1983
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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 -
relnltlate testing with a new test item. If this is not done and test item
failure occurs during the remainder of the test, the test results could be
considered invalid because of the overtest condition. If no problem has been
encountered, reestablish preinterruption conditions and continue from the point

I Ny M ruy T i P

where the test tolerances were exceeded.
II-2 PREPARATION FOR TEST -

II-2.1 Preliminary steps. Before initiating any,testing,'déterﬁine from the
test plan: ’ ' : :

a., Which test procedures are required.

.

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

II-2.2 Pretest standard ambient checkout. 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 temperaﬁure sensors in or oﬁ the test item as required to
determine the test item temperature(s}. - _ . '

Step 2. Insert the test item into the chamber and stabilize the test item

at standard ambient conditions (General Requirements, U.l4a).

Step 3. Conduct a complete visual 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 in accordance with General Requirements,
4.5.2, and required teat item configuration. .

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

Step 7. Record results for compliance with General Requirements, 4.5.1.

Step 8. If the test item operates satisfactorily, proceed to II-3. If
not, resolve the problems and restart at step 1.

II-3 PROCEDURES. The following test nrocedures. alone or in comblnatlon.
provide the bases for collectlng 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

=1 o am

plan.
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II-3.1. Procedure I = Storage

Step 1. Adjust the test item to its‘storage configuration, and install it
in the test. chamber. : A ' . .

Step 2. Adjust the chamber air temperature to that specified in the test
plan for storage. : .

Step 3. PFollowing temperature stablllzatioh of the test item (General
Requirements, 4.4.3), maintain the storage temperature for a- per1od as
specified in the test plan.

Step 4. Conduct 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;
otherwise, proceed to steg_ﬁ below. ,
Step 6. Adjust the chamber air temperatur‘e.’to‘st-and'ar‘d ambient and
maintain until temperature stabilization of the test item has been achieved.

Step 7. Conduct a coﬁplete visual examination of the test item, and
document the results.

. Step 8. Conduct an operatioqal checkout of the test. item, and document
the results. T : L , .

Step 9. Compare these:data with the pretest data.

I1-3.2 Procedure II - Operation

'Step 1. With the test item in the test chamber, adjust the chamber air
temperature to the low operating temperature of the test item as specified in
the test plan. Maintain until temperature stabilization of the test 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 4. :Conduct an operational 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 IT-3.3. If not, proceed to step 7 of this procedure.

_ Step'T. Adjust the chamber air tehperature to standard ambient”and
maintain until temperature stabilization of the test item has been achieved.

METHOD 502.2
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Step 8. Conduct a complete visual examination of the test item.
Step §. Document the resulits.
Step 10. Conduct an operational checkout as in I1I-2.2, step 6.

Step 11. Document the results.
Step 12.- Compare these data with the pretest data.
11-3.3 Procedure III - Manipulation

Step 1. With thée test item in the test chamber, adjust the chamber air
temperature to the low operating temperature of the test item, as determined
from the test plan. Maintain for 2 hours following temperature stabilization
of the test item (to assure stabilization). :

Step 2. While maintaining the low operating temperature, place the test
item in its normal operating configuration by using the options of step 4.

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

Step 4. Based on the type of test chamber available, select one of the
two following options:

a. nntign 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
tactical situation, disassemble the test item as would be done in the field,
and repack it in its normal shipping/storage eontainer(s), transit case, or

other mode and configuration.

b. Option 2 - To be used when small chambers (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 on the
test item in addition to a gradual warming of the test item. Manipulation-
necessary to perform the required setup or teardown should be limited to

15~minute intervals, between which the temperature of step 1 above should be
reagtablished

Step 5. If operation of the test item is required at low temperatures,
repeat step 2, above, and then proceed to step 1 of II-3.2. If not, proceed to
step & 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 amblent ahd
maintain until temperature stabilization of the test item has bgen achieved.

METHOD RB02.2
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I1-4 INFORMATION TO BE RECORDED

é. Previous test methods to which the

~= (B

;, and
(1) Pretest. . .
(2) .During test.

(3) Post—test.

Document the resuits.

rformance check,

- and Aanmnanriann
comparison
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Conduct a complete visual examination of the test item.

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

Compare these data with the pretest data.

test item has been subjected.

visual examination

with

e a -

¢. " Length of time required for each performance check.

d.. Status of the test item for each visual examination.

e. Defects noted during visual examinations.

_g; - Test temperatures.

h. Duration of each exposure.

3]
o
1]
174
ot

i. Apprépriate anthropometric measurements of personnel performing

manipulation tests.

j. Temperature-time-versus data (test item and chamber).

k. Initial failure analysis.
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SECTION I

I-1 PURPOSE. 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.

I-.2 ENVIRONMENTAL EFFECTS. As a resﬁlt of exposﬁre 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 of élaés, vials, and opticai equipméﬁt.

b. Binding or slackening of moving parts. -

¢. Separation of constituents.

d. Chaﬂges in electronic components.

- v
LX) L

formation.
f. Cracking of solid pellets or grains in explos;yes.'

g. Differential contraction or expansion of dissimilar materials.

503.2-1
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h. Deformation or fracture.of'bompbnents.
i. Cracking of surface coatings. Sl
Jj. Leaking of sealed compartments.

I1-3 GUIDELINES FOR DETERMINING TEST PROCEDURES AND TEST CONDITIONS

NOTE: This test

3 test metl sh plied at the end of the tailoring process
described in section U of th a S

P . [ A |

a. Application. This method is applicable to- equipment ﬁhich may ex-
perienee extreme rapid temperature changes in its anticipated .area or mode of

uepJ.oymem; Lnese -include:

(1) Ascent from a desert airfield (high'temperature) to high altitude
(low temperature) in unheated aircraft compartments or stored externally. This
includes equipment such as aireraft external stores (electrical equipment pods,
guided bombs ete ), stores installed in bomb bays, and optical equipment.

(2) - Air delivery/airdrOp from high altitude (low‘temperature) to a
desert environment (high temperature). - : e

. (3) Transfer of (ground) equipment to and from heated. areas within a
low-temperature environment (includes air delivery to a cold environment)
This method may also be used as a screening test to reveal-potential flaws-in
equipment exposeu to leas extreme conultieﬁs ’ B,

b. Bgatzigtigna.“ This method is not intended for equipment that will not
experience sudden extreéme 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 1mmersed in cold water, or the thermal.shock"
caused by ngpid transient warmup by eng gine comnrassonr bleed air.

LR 2 2 L ps =

c. Sequence. (See General Requirements, M by, ) This test
method should follow the high- and low-témperature ‘tests where test item
response characteristics and performance determinations have been obtained.
Such information should be used for better uer1n1ng tne teet conditions t
used for this procedure. oo

o
i -
o

d. Test variations. This method -Kas one procedure for which.there are
several variations in application (temperature range). Before conducting the
test, a determination must be made as to which test conditions are appropriate.

The test conditions that are used during the test are determined by:

METHOD 5032
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(1) The expected exposure temperatures.
&

- (2) The‘test 1;em'srlogistic configuration.
(3) The test item's deployment configuration.
(4) The test item's extreme storage temperatures.
(5) Additional guidelines as appropriate.
1-3.1 Cholce of test variations o

a. QOperational purpose of the test jtem. 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. Test objectives. The primary objectives of the témperature shock test
are to determine 1if: .

‘ (1) - The test item can satisfy its performance requirements after
exposure to. sudden changes in temperature or‘the surrounding -atmosphere.

{2) The test item can be safely operated-folldwing'exposure to the
sudden changes in temperature of the surrounding atmosphere. ,

o. Selection of the test variations. Several exposure situations are
addressed within this method:; aircraft flight exposure, air delivery - desert,

-and ground tranafer or air delivery - arctic, Based on the anticipated

deployment, determine which test variation is applicable. The most extreme
exposure range should determine the test conditions, but test levels may be
extended to detect design flaws.

(1) Alrcraft flisht exposure. This is appropriate if the test item

1s to be exposed to desert or tropical ground heat and, a few minutes later,
exposed to the extreme low temperatures associated with high altitude.

(2) Alr delivery - desert. This is appropriate for equipment which
is delivered over desert terrain from unheated, high-altitude aireraft,

(3) Ground transfer or air delivery - grotic. This is intended to
test equipment for the effects of movement to aﬁd from heated storage, mainte-
nance, or other enclosures or a heated cargo compartment in cold regions.

(u)i'Ensinggning_ﬂgaign. This is used to detect marginal design or
workmanship practices.

METHOD .503.2
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I-3.2 Choice of related test conditions. After choosing the test exposure
variation, select the test temperatures, test durations, test item configura-
tion, and any additional appropriate variables. Values other than those sug-
gested may be used if realistic. '

P . .

a. Iest;tempgnatnnga. The test temperatures are preferably selected from

field data or from the requirements documents. If this information is not
available, the test temperatures can be determined from the anticipated

deployment application or world areas in which the test item will be deployed,

or from the most extreme nonoperating temperature requirements.u

(1) Deployment gpplication (aircraft flight exposure). The thermal
stresses that equipment will experience during exposure to this operational )
environment are dependent upon the ambient conditions, flight conditions, and
performance of the onboard environmental control systems.

(a) The temperature and humidity at various altitudes can be
found in MIL-STD-210.- :

(b} Table 503.2-I shows temperatures typical at ground level in
hot climates. ' The temperatures shown are based on frequency of occurrence and'
correspond to a ‘1-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 increases as the distance from
this line into the category area increases, Table 503.2-II and figure 4 ot
(General Requirements) can be used to determine test temperatures for the
anticipated deployment locations.

(2) Alr delivery/airdrop. 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 aireraft cargo comnartment
'with the aircraft at 'an altitude of 8 kilometers (26,200 ft). This is the =
limiting altitude for cargo aircraft because of oxygen-pressure ‘requirements
when the aircraft cargo compartment is unpressurized immediately before airdrop
operations. The temperature at this altitude over a desert can be found in

<SOTN_210 This i amne o oo 11d ha dat 4o
MIL-STD-210. This high temperature surface extremes auuu.i.u ve deverm.ined

according to I-3.2a, from tables 503.2-1I and 503. 2-II or from method 501.2.

(3) Ground transfer/air delivery - arctic. The conditions developed

for heated inclosures 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 alrcraft. Selection of
the outside ambient conditions. should be based upon the climatic categories or
areas listed in table 503.2-III.

503.2-4
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Diurnal cycle of temperature for

TABLE 503.2-I. -
high-temperatyre climatic categories..
"Hot-dry Basic hot
- :Ambient . Induced Ambient Induced
Temperature Temperature Temperature Temperature
Time | .©C . OF oc  OF oc OF oc OF
0100 | 35 95 35 95 33 91 -.33 91
0200 | 34 94 35 94 32 - 90 32 91
0300 | 34 93 ‘34 94 32 90 32 90
0400 | 33 92 33 92 31 88. 31 88
0500 | 33 91 33 92 30 86 30 86
0600 | 32 90 33 9 30 86 31 88
0700 | 33 91 36 97 3 88 38 93
0800 | 35 95 4o 104 34 93 38 101
0900 |38 101 a4y 1 37 99 Y2 107
1000 4 106 51 124 39 102 45 113
1100 43 110 . 56 133 b1 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 hg 120 70 158 43 110 62 144
1700 | 48 119 67 153 43 109 60 140
1800 .| 48 118 63 145 k2 - 107 57 134
1900 | 46 114 55 131 4o 104 . 50 122
2000 | 42 108 48 118 38 100 by 11
2100..1 41 105 41 105 35 97 38 101
2200 | 39 102 3¢ 103 34 95 35 95
2300 | 38 100 37 99 34 93 3% 93
24500. | 37 98 35 95 33 91 33 9N
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TABLE 503.2-11.

Location2/

Categoryl/ Operational Induced
: °c (°F) °C (°F)
Hot Dry (A1) Northern Africa, ‘
Middle East, Pakistan, 32 .- 49 33-T1
India, southwestern United (90 - 120) (91 - 160)
States and northern Mexico, 8 to 3% RH 7 to 1% RH
Basic Hot {A2) Extending outward from the hot- | 30 - 43 30 - 63
dry category of the United (85 = 110) (86 - 145)
States, Mexico, Africa, Asia, 14 to 14% RH 44 to 5%

RH

and including Australia,
southern Africa, South America,
southern Spain and scuthwest
Asia.

1/ See table 503.2-I for the diurnal temperature/humidity cycles of these
climatic categories.

2/ See General Requirements, figure 4, for locations.

METEOD 503.2
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. TABLE 503.2-III. Low-temperature geographical climatic categories.:
SRR o . ' Climatic Conditions
" Category - Location3/ : Operational Induced
100 to ~21°C

Mild Cold (CO) |Coastal areas of | -6° to -19°C

' . | Weatern Europe under (21° to -29F) .
prevailing maritime- C
influence, southeast
Australia, lowlands of
New Zealand.

Basic Cold (C1) | Most of Europe, =219 to =31°C
f northern contiguous US | (~-6° to -249F)
southern Canada, .
High-latitude coasts,
e.g., southern coast
of, Alaska: :
High elevations in
lower latitudes

Cold (C2) .| Northern Canada, =370 to -46°C

interior),
Greenland (excluding
the ®cold poie®),
northern Scandinavia,
northern Asia (some areas),
Tibet, .
High Elevations
.(Northern and Southern
Hemispheres):
Alps
Himalayas

Andeas

Severe Cold (C3){ interior of Alaska -51°C
Yukon (Canada), (-60°F)
interior of the . -
Northern Islands,
Greenland ice cap,
northern Asia

3]

Alaska (excluding the (=359 to =-519F)

(140 to -69F)

-256' to -33°C
(=139 to =27°F)

=379 to -W60C
(-35° to -519F)

. -53°C' ’
(~60°F)

3/ BSee General Requirements, figure 4, for locations.
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(4) Engineering design. The test conditions should reflect the
extreme anticipated storage conditions.

b. Test item temperature. 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
alrcraft equipment temperatures can be calculated during a thermodynamic
analysis as in method 520, estimated based upon expected flight durations, or
assumed to be in equilibrium with the surrounding air conditions. Actual
response temperatures achleved 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 ‘solar radiation during
storage and transit in various climates.

c¢. Extreme high temperature exposure. 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 its high-storage temperature. Transitions from cold to hot
will be conducted with the high-temperature facility air temperature at the
maximum storage temperature of the appropriate cycle. Immediately following
this tﬁansfer, 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 tests, such as electronic ‘screening, may require
even more extreme temperatures. :

d. Duratlon of exposure. The objective of this test is to determine the
effect of rapid temperature changes on the 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) or to that required to achieve
temperature stabilization.

e, Test item configuration. The configuration of the test item strongly
affects test results. Therefore, the anticipated configuration of the item
during storage, shipment, or use should be used during the test.- As a minimum,
the following configurations should be considered:

(1) In a shipping/storage container or transit case.
(2) Protected or unprotected. _

(3) Deployed (realistically or with restrainﬁg).
(4) Modified with kits for special applications.

(5) Packaged for airdrop.

METHOD 503.2
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f. Relatjve humidity. 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 SPECIAL CONSIDERATIONS
I-4.1 Failure analysis. The failure criteria of General -Requirements, 4.5.7,
apply.

I-4.2 ZIest conditions. The test cohditions as presented in this procedure are
intended to be in general ‘agreement with other extremes described in this

document’. The primary purpose in establishing these 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 Summary of test information reguired. The following information is

required in the test plan for adequate conduct of the tests of section II:
a. Test item configuration.
b. Test temperature extremes.
" Duration of exposure at each temperature
d. Test item response temperature (from Method 501.2).

e. The high-temperaturé cycle, the test item response temperature, and the
initial temperature for the temperature cycling.

f. Additional -guidelines. '
I-5 REFERENCES

a. AR 70-38, Bgggargh4_Dgxgl9nmgnL4_IgaL_ann_Exalna;ign_gf_nateniﬁl_ﬁﬂn
Extreme Climatic Conditions, dated 1 August 1979.- .

-STD-210, Climatic Extremes for Military Equipment, dated 15
3.

e.  RYNOP3ls : ate L £ : :
Military Equipment. Bedford "‘MA: Air Force Cambridge Research Laboratories,
24 January 1974. DTIC number AD-780-508. l

d. NATO STANAG 2831, Climatic Enviropnmental Conditions Affecting the

METHOD 50
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METHOD 503.2 . I
TEMPERATURE SHOCK '

SECTION II

II-1 APPARATUS .
II-1.1 IgaL_Iagilitiga

a. The required apparatus consists of two chambers or cabinets in which .
the test conditions can be established and maintained. Unless otherwise .
specified, the chambers must be equipped so that, after transfer of the test
item, the test conditions within the chamber can be stabilized within 5
minutes, Material-handling equipment may be necessary for transfer of the test
item between chambers.

b. The chambers shall be equipped with auxiliary instrumentation capable
of maintaining and continuously monitoring the test conditions throughout an
envelope of air surrounding the test item(s). (See General Requirements,
4.4.1a.). :

-

II-1.2 Controls

a. Temperature. Unless otherwise specified in the test plan, if any
action other than test item operation (such as opening of the chamber door,
except at transfer time) results in a significant change (more than 2°C
(3.69F)) of the test item temperature or chamber air temperature, the test item
will be .stabilized at the required temperature before continuation.

b. Air velocity. A4ir velocity in the viecinity of the test item shalllnot
exceed 1.7 m/s (325 ft/min) to provide standard testing conditions, upleqs
Justified by the test item platform environment.

e¢. Transfer time. Transfer the test item between the two environments
(high and low temperatures) as rapidly as possible but in no more than 5
minutes (unless the test item is large and requires handling equipment)

II-1.3 Isat_innennnntign (See General Requirements, 4.5.4.)
a. Undertest interruption. If, before the temperature change, an un-

scheduled test interruption occurs that causes 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. reestablished at the
test condition.. If the interruption occurs during the transfer, the test item
must be reestablished at the previous temperature and then transferred.

METHOD 503.2
19 July 1983 :
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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 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 stop the test
and start over with a new test item. If this is not done and test item failure
occurs during the remainder of the test, the test results could be invalid due
to the overtest condition. If no problem is discovered, reestablish
preinterruption conditions and continue from the point where the test
tolerances were exceeded. '

II-2 PREPARATION FOR TEST

I1-2.1 Preliminary steps. Before initiating any testing, from the test plan:
a, Determine the test temperature levels.
b. Determine the test item configuration.
¢. Determine the Opeba;ional requirements.

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

I1-2.2 Pretest standard ambient checkout. All test items require a pretest
checkout at standard ambient conditions so that baseline data can be estab-

lished. Munitions and other items, where applicable, shall alsoc be examined by

nondestructive examination methods. Conduct the checkout as follows:

Step 1. Stabilize the test item at standard ambient conditions (General
Requirements k.4a).

Step 2. Conduct a complete visual examination of the test item with spe-
clal attention to streas areas such as corners of molded areas and interfaces
between different materials. .

Step 3. Document the results.

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

Step 5. Conduct an operationalvchéckout-in accordance with the approved
test plan. : + :

Step 6. Record results for compliance with General Requirements, 4.5.1.

Step T. If the test item operates satisfactorily, proceed to step 1 of-
procedure I. If not, resolve the problems and restart at step 1, above.

METHOD 503.2
19 July 1983
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II-3 PROCEDURE I. 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 test plan.
Maintain thls temperature for 1 hour or until the test item has'been
stabilized, whichever 1s longer.

Step 2. Transfer the test item to the high-temperature environment (as
specified 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 the chamber through the appropriate diurnal cyele until
the test item response temperature {from the test plan) has been reached.
Maintain this temperature until the test item has stabilized (See General -
Requirements, 4.4.3.)

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

NOTE: If the test procedure is interrupted because of work schedules, ete.,

_____ —A..—l- suma v madbiewmmad o abandaw

.Ene test item can be left at the test ucmpc *aLure Or recurnea o standard

ambient conditions for the time required. Before continuing the test, 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 astabilize.

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.

II-4 JINFORMATION TO BE RECORDED
a. Previous test methods to which the test item has been subjected.

b. Results of each performance check and visual examination, and
comparison with the failure criteria. : _ _

(1) Pretest.

(2) During test.

34

(3) Post-test.

METHOD 503.2
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.-~ Length of time required for.each performance cheék.

High and low test temperatures.
Transfer times.
Duratioh of each exposure.

Test interruptions.

-initial failure énalysis.
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SOLAR RADIATION {SUNSHINE)

SECTION I
I-1 PURPOSE . . . . P {0 -
I-2 ENVIRONMENTAL EFFECTS e e e e e e e e e e e e e e e . . 505.2-1
I-3 GUIDELINES FOR DETERMINING TEST
PROCEDURES AND TEST CONDITIONS . . « . . . » . . . . 505.2-2
I-4 SPECIAL CONSIDERATIONS . + « ¢ 4 v v = v v v s « « « . 505.2-8
I-5 \ REFERENCES + I « + « v « o o o « o o o o« s o« o« s « s . 505.2-8
- SECTION II
IT-1 APPARATUS . . . . s e e e e e e e e e e e e e e .. 505.2-10
11-2 PREPARATION FOR TEST e e e e e e et e e e . . B0O5.2=13
© II-3 PROCEDURES . . . e e e e e e s e e e e . . B0O5.2-114
II-4 INFORMATION TO BE RECORDED e e e e e e e e e e e e e . 505.2-1T7
" SECTION I

I-1 PURPQSE. This test is 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 ENVIRONMENTAL EFFECTS

I-2.1 Heating effects. 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, changes in the intensity of solar radiation may cause
components to expand or contract at different rates, which can lead to severe
stresses and loss of structural integrity. In addition to those specified in
method 501. 2, some other examples of heating effects include:

a. Jamming or loosening of moving parts,

b. Weakening of solder jolnts and glued parts.

¢. Change in strength and elasticity.

d. Loss of calibration or malfunction of linkage devices.
e. Loss of seal integrité. ’

f. Changes in electrical or electronic components.

g. Premature actuation of electrical contacts.

METHOD 505 .2
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h. Fading of ceclors of color-coded components.

i. Changes in characteristies of elastomers and polymers.
J. Blistering and peeling of paints and other finishes.

k.- Softening of potting compounds.

I-2.2 Actinic effects. In addi ng effects of I-2.1, which are
u

i¢dn
caused by the infrared portion of the solar spectrum, certain degradation from
solar energy may be attributable to other portions of the spectrunm,
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 of deterioration caused by actinic effects are:

i

3

+n EFha haatdin
ol L% -
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a, Fading of fabric color.
b. Checking and fading of paints.

c. Deterioratioﬁ of natural and synthetic elastomers and polymers through
photochemical reactions initiated by shorter wavelength radiation.

I-3 GUIDELINES FOR DETERMINING TEST PROCEDURES AND TEST CONDITIONS

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

a. Application. 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 cyecle,

.and the effects mentioned in I-2.1 and I 2.2 are of concern. In most cases,

+thia Fhnd ohanld mwanmnlasas arhad
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b. Restrictions. 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.

e General Requirements, 4.4.4.) The solar radiation
v stage in the test program.

d. Test varjations. This method is composed of two solar radiation
tests: procedures I {cyclic) and II (steady state).

(a) The anticipated exposure circumstances.
(b) The expected problem areas within the test item.

(¢) The duration of exposure to solar radiation.

The related test conditions that are used during the test are

(2)
detarmined hv:
seLermaingc oy,
METHOD 505.2
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(a) The anticipated areas of deployment.
{(b) The test item configuration.
{c) Additional guidelines as appropriate.

I-3.1 Choice of test progedure

a. Qperational purpose of the test item. From the requirements
documents, determine the function(s) to be performed by the test item during or

" after exposure to direct solar radiation,

b. Test objectives. The primary objectives of the test are to determine
if:

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

(2} - The physical degradation which occurs during exposure produces
adverse effects on the test item. Based on this infqrmation and the purpose of
the test item, determine what test data are necessary to evaluate the required
performance of the test item during and after exposure to solar radiation.

¢. Selection of the test procedure. 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 = Cycling for heat effectg. This test procedure is
used if the test item is expected to withstand the heat from exposure in the
open in hot climates and still be able to perform without degradation both
during and after exposure.. The solar radiation test (as opposed to the high

.......... atbhoad €01 q
temperature test, method 5071. 2) should be used when the test item could 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) E:99ﬁnnns_II___5Lgadx_aLaLg_iQn_hnglgnzgd_agiinig_grﬂggia- This

procedure is used when the principal concern is the possibility that long
periods of exposure to sunshine will result in detrimental actinic effects.
Because actinic effects do not usually occur unless the exposure is proleonged,
it is inefficient to use the cycling test of procedure I, which could
conceivably take months to conduct. The approach, therefore, is to use an
accelerated test which is designed to reduce the time to produce integrated

o VL -~ Al AP AavAAor
effects of long periods of exposure. The key to using this procedure

successfully is maintaining enough cooling air to prevent the test 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 July 1983
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which unfairly penalizes the test item. However, there should not be enough
cooling air to produce unrealistic cooling. Since the actinic effects are
highly dependent:upon the solar radiation spectrum.(as well as intensity and
duration), the 3pectrum must be as close as possible to that of natural
sunlight T SR

The M—hour "lights of f" period of each 24-hour cycle allows for test item
conditions (physical and chemical) to return toward normal and provides some
degree of thermal stress exercisinz .

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

a, Diugnal_gxglg. For procedure I, two high-temperature diurnal cycles'
are provided in table 505.2-1, with the same solar 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 conditions, exceeded not
more than 1 percent of the hours in the most éxtreme month at the most severe:
locations under consideration. This cycle is used when there is a requirement
for the test item to perform satisfactorily worldwide. The second cycle (Basic
Hot Dry) is less severe and peaks 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 .*
requirement for the teat item to perform without degradation in many o
geographical areas of the world that extend outward from the Hot Dry regions of
the United States, Mexico, Africa, Asia, Australia, South Africa; South
America, southern Spain, and southwest Asia. (See method 501.2 for area
descriptions.) This cycle is also used when specilal precautions are taken to
provide protection against the sun in hot, dry areas (such as with munitions).

b. Test dyration

(1) Procedure I. (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 as indicated in table 505.2-I or as specified in the
requirements documents. The number of cycles performed shall be the minimum
necessary to produce the peak response temperature caused by the stacking
effect of the test item (within 2°C {3.60F) of the peak response temperature
achieved during the previous 24-hour cyecle) or three continuous cycles,
whichever is longer. For most applications, the maximum test duration should
be seven cycles. ) :

(2) Procedure II. (See figure 505.2-2.) Procedure II will give an.
acceleration factor of approximately 2.5 as far as the total energy received by
the test 1tem is concerned. Eight hours of exposure to 1120 W/me (355
Btu/ft2/h), as in the steady-state test, is equal to 24 hours of the cyeling
test (20 hours of light and 4 hours of no light per cycle). A duration of ten
2l<hour cycles is suggested for equipment which is occasionally used outdoors,
such as portable test items, etc. For equipment continuously 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.

METHOD 505.2°
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TABLE 505.2-1. ° ' ) oveles. 1/
' , _ Solar Radiation
Hot-Dry : Basic Hot (See Figure 505.2-1)
Time | ©°C O°F RH($) | ©° OF RE.(S) | wm?  Bru/ft2/nhr
0000 37. 98 6 33 91 3 | o - o
0300 [ 3% 93 7. 322 90 M 0 0
0600 | 32 90 8 30 86 iy 55 18
0900 38 101 6 37 99 29 730 . - 23
1200 [ u 112 4 | w2 107 18 1120 355
1500 | 48 119 3 by 110 915 291
1600 B9 120 3 o110 14 730 231
1800 48 18 3 2 107 15 210 © - 85
2100 41 105 5 36 97 22 0 0
2400 3T 98 6 33 4 33 0 0
Max | 49 120 8 ¥ 110 44 [ 1120 . 355
Min 32 90 . 3 30 8 4. 0 0,

1/ Selection of temperature conditions depends on the requirements
and the condition $o which the particular item will be subjected during normal

usage.

METHOD 505.2
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FIGURE 305.2-1. SIMULATED SOLAR RADIATION CYCLE {PROCEDURE 1)
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¢, . Configuration. The test item configuration should be the same as its
‘configuration during exposure to solar radiation. The orientation of the test
item relative to the direction of radiation will have a significant impact on

JEa . - £11 4% i
the heating effects, as will its mounting {on supports or on a substrate of

specified properties, e.g., a layer of concrete of specified thiokness or a
sand bed of certain reflectivity). :

d. Additjonal guidelines. Review the requirements document(s) Apply
any additioual guldelines appropriate. - . : E

I-4 SPECIAL CONSIDERATIONS

-
-

I1-4%.1 Failure analysis (See General Requirements, 4.5.7.)

a. Procedure I. Both at peak temperature and after return to standard
ambient conditions, the performance characteristics of the test item will not e
be altered to the extent that the test item does not meet its requirements.

Actinic effects that do not affect performance, durability, or required
characteristics will be recorded as observationsa only.

b. Procedure II. The performance and characteristics {such as color or
other surface conditions) of the test item will not be altered to the extent’
that the test item does 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. , '

I-4.2 Summary of test information required. The following information is
regquired in the test plan for adequate conduct of the tests of section II.

a, Test item configuration and orientation.
b. Test procedure,

¢. Location of temperature sensors.

d. HNumber of cycles.

e. Appropriate diurnal eycle (for procedure I).

g. Test item preparation (see II-1.2b).
h. Test item operational requirements (see II-3.1, step 2).
i. Additional guidelines.

I-5 REFERENCES

a, AR 70-38, Bgﬂgangh4_DsxﬁlQnmgnL4_IgaL_ang_Exalua&ign_gr_uaignisl_rgn
Extreme Climatic Conditions, 1 August 1979.
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. b. MIL-STD-210, MM@QL&LMLJ&MEW&

15 December 1973.

fgn_ﬂili;a:x_ﬁhylpmgngu Bedfordl MA" Air'Force Cambridge Research

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

d. Draft STANAG 2895, Climatic Environmental Conditi AFf |
DgaLsn_Qr_MaLgn1gl_fgn_uag_gt_ﬂAIQ_Egzgﬁa. 13 September 1977. .

e. NATO STANAG 2831, Q;1maL1s;En1inQnmgn&a1_sgnginigna_A££§QL1ng_th§
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METHOD 505.2
SOLAR RADIATION (SUNSHINE)

SECTION II o '

~ . ' -l . . it
- - . - . . ‘

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

b. For procedure I, the possible cooling effects of airflow over the tes
specimens must be considered. An airflow of as little as 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
conaistent 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).

-
(7

¢. The volume of the test chamber shall be a minimum of 10 times that of
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
I1).

e. The irradiance shall have a maximum intensity of 1120 W/m2 (+10%), 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 505.2-11. 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 to calculate this adjustment, it is necessary to
know:

) (1) The spectral reflectance or transmittance of the irradiated
surfaces, and :

{(2) The spectral energy distribution of the particular lamps being
used (and also the effect 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

"
Py &
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W/m? shall include any radiation reflected from the test chamber walls and
received by the test item, but it should not include long~-wave infrared
radiation emitted by the chamber walls. The radiation-measuring device shall
be calibrated in the wavelength range of the test source radiations.

TABLE 505.2-II. Spectral enersy distribution and permitted tolerances.

Spectral Region )
CHARACTERISTIC ULTRAVIOLET VISIBLE INFRARED
Bandwidth 9.2& to 9.3? to 0.40 to, 0.78um 0.78 to
_ 0.32unm ‘0.40pum ) ' 3.00 um
Irradiance 5 Wm2 63 W/n2 517 to 604 W/m? 492 W/m2
Tolerance ] e35% 4258 +10% _ +20%

SNOTE: The amount of radiation wavelength shorter than 0.30u m reaching -
Earth's surface is insignificant.

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

&€. Light source

(1) Tests conducted for degradation and deterioration of materials
due to actinic effects, as well as heat buildup within the test items, nmust
satisfy the full spectrum of table 505.2-II and may use one of the following
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 vapeor with suitable reflectors.

{d)} Carbon arc lamps with suitable reflectors.

NOTE: Other combinations of the lamps listed above and in II-1.1g{(2) below
may be used if it is proven that the combination produces the spectrum

of table 505.2-II.

(2) Tests in which it 1s not sought to reproduce the sun's spectrum
may use the appropriate lamps from:

METHOD 505.2
18 "July. 1983
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.(a) Mercury vapor lamps (internal reflector'type only).”

'(b) Combination of incandescent spot lamps and tubular—type
mercury vapor lamps with external reflectcrs :

(e) Combination of incandescent spot lamps and mercury vapor
lamps with internal ‘reflectors. .

(@) Metal halide. o * :

(e) Mercury xenon arc_ lamps with suitable reflectors. o "

[ V.

; ’ " {f) Multivapor {clear or coated bulb) with suitable reflectors.

(g) Tungsten filament lamps.. y ) .

This list is not intended to exclude new lamps made available by advanced
technology. : '

II-1.2 Controls

-

a. JTemperature, Chamber air temperature shall be maintained in
accordance with General Requirements, 4.4.1a, and measured {with adequate

shielding from radiated heat) at a point or points in a horizontal plane 0 to
50 mm below the prescribed irradiation'plane 4t half the distance between the
test item and the wall of the chamber or ‘at 1m from the test item, whichever is
smaller., This is to insure reasonable control of the envelope of air
surrounding the test item.

b. Surface contamipation. Dust and other surface contamination may
significantly change the absorption characteristics of irradiated surfaces.
Unless otherwise required, specimens should be clean when they are tested.
However, if effects of surface contamination are to be assessed, the relevant
specification should. include the necessary information on preparation of sur-

faces,

LIEM | ToLERAMGE
Pyranometer‘cr pyrheliometer Total irradiation (direct a;d scattered)
to 447 W/m2 (£14 Btu/ft2/h)!
Spectroradiometer or filtered +5% of reading. | ' .
vran

ranomatbtar '
ranomeLear - !

NOTE: "Values may be assumed to represent plus or minus two standard
deviations; thus, the stated tolerances should not be exceeded in more
than 1 measurement out of 20. Solar radiation intensity shall be
measured with a pyranometer or pyrnellometer. Spectrall distribution of
irradiance as a function of wavelength shall be measured uith a spectral
radiometer or filtered pyranometer,

METHOD 505.
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d. Because of the variety of permissible lamps
and chamber designs, it ls particularly important that the chamber be cali-
brated to assure that the proper levels of radiant infrared energy are
impacting the test 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 +10%. As the lamps age, their
spectral output changes. To insure that solar radiation chambers meet estab-
lished specifications, a check on spectral distribution, intensity, 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 1s based on the manufacturer's guarantee for minimum bulb life.

I1-1.3 Iga;_intgnzun;igng (See General Requirements, 4.5.4.)
a. Undertest interruptions
(1) Procedures I and II. The test rationale is based on the total

cumulative effect of the solar environment. Any undertest interruption should
be followed by restabilization at the specified conditiong and continuation of
the test from the point of the interruption.

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

b, ngn;gﬁ;_in&gzzypiign. Any overtest conditions must be followed by a
thorough examination and checkout of the test 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 PREPABATION FOR TEST

II-2.1 Bzglimingnx;angna. Before initiating any testing, determine from the
test plan: '

a. Which test procedures are required.’
b. The diurnal cycle to be used.

¢. Other variables, such as number of cycles, ete.

I1-2.2 Pretest standard ambient checkoyt. All items require a pretest

standard amblient checkout to provide baseline data. Conduct the checkout
as follows:

‘Step 1. Install the test item in the chamber and stabilize it at standard
ambient conditions (General Requirements, 4.4a) and in a manner that will
simulate service usage, unless the storage configuration is gpecified.

Position the test item in accordance with the following:

METHOD 505.2
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a. As near the center of the test chamber as practical and so .
that the surface of the item is not closer than 0.3m (1 ft) to any wall or
0.76m (30 in.) to the radiation source when the source is adjusted to the -
closest position it will assume during the test

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

e, Separated frem other items that are being tested simultaneocusly, to
insure that there 1s no mutual shading 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.cases.

Step 3. Document the results.

Step 4. Prepare the. test item in accordance with General Requirements,
4.7.2, and required test item configuration (see I-3. 2¢), 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 results for compliance with;General Requirements, 9;5.6.

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

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

a. As near the center of the test chamber as praetieel, (See II-«1.1¢c and
d.)y ' '

b. Oriented, within realistice limits, to expose its most vulnerable parts
to the solar radiation, unless a preseribed orientation sequence 1is to be
followed . .

¢. Separated from other items that are being tested to insure that there
is no mutual shading or blocking of airflow.

II-3 PROCEDURES. The following test procedures, alone or in combidetion;
provide the bases for evaluating the performance of the test item in a solar .
radiation environment.

II-3.1 Procedure I - Cyeling for heat effects '

_ Step 1. Raise the chamber air temperature to the 0000-hour temperature of
table 505.2=-I. . . .
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Step 2. Expose the test item to continuous 24-hour cycles of controlled
simulated solar radiation and dry-bulb temperature as indicated in table
505.2-1II or as specified 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 tempereture'of.
the most critical area of the test item achieved during a cycle is within +2°C

{+3. 6°F) of the peak response temperature achieved during the previous 24-hour:
cycle, or .

‘b. Three continuous cycles.

Increase and decrease the solar radiation intensity in a minimum of four steps

-up- and four steps down to approximate the curve of figure 505.2-3 (table

505.2-1). 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 is important, operation at least at peak temperature should be
specified. For certain one-shot items (e.g., rockets), thermocouples affixed
to critical portions of the test item should be used to determine the time and
value of peak temperature. The time of operation shall coincide with peak

temperature.,

Step 3. Continue cycling until the peék response temperature (measured'at'
representative locations) achieved during a cycle is within +29C {+3.6°F) of
he peak response temperature achieved during the previous 24-hour cycle, or

e i nhatran anmaa Pinadk
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tep 4. _COnguet an operational checkout of the test item as in II-2.2,

- Step 5. Adjust‘the chamber air temperature to standard ambient conditions
and maintain until temperature stabllization ef the test item has been

achieved,

Step 6.  Conduct a complete visual éexamination of the test item.

Step 7. Document the results.

éep 8. Conduct an operational checkout of the test item as-in II-2.2,

Step 9. Document the results.

Step 10. Compare these data with the pretest data.

| I1-3.2 WW&W&

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

505.2-15
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Step 2. Maintain these conditions for 20 hours.l/
Stéﬁ 3. Measﬁbe and record the test item temperatures,
Step 4. Turn off the solar radiation source for U hours.

Step~5.- Repeat steps 1 thru 4 for the number of cycles specified in the-
test plan. Co :

Step 6. Conduct a ﬁérformanee check and visual examination as 1in II-2.2,
‘ steps 2 and 5 and document the-.results. :

II-4 IHEQhMAIIQH_IQ_BE_BEQdBDED
a. Previoqs test methods to whieh.fhe test item has beeﬁ subjected.
b. Tést procedure.
;. Results of eagh performance check.
d. Resu;pg qf each visual exgmination (and photographs, if appiicable).
e. Location of ‘temperature sensors on the test item. |
f. Test item temperatures and exposure periods.
g. Solar'lamb bank identification.

h. Additional data as required.

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

METHOD 505.2
19 July 1983
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c. Sequence. (See General Requirements, 4.4.5.) This method is
applicable at any stage 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 penetrability of the teat item. Equipment
that passes the leakage tégt may not require exposure to the rain test if its
configuration is unchanged and the effects of penetration are the main-concern.

d.” Jest variation.  This method is comprised of three rain-related test
procedures. Before the test is conducted, a determination must be made of
which test procedures and test conditions are appropriate Determination of

maloadbad bamd mamAddédiame bhoad nma srmad Aissnd s hasmad
"elaved vest CONdivicns vnav are U.EUU Uul J.[is DIIU bcﬁb are oasea Oni;

(1) The test item configuration.

{(2) The operational purpose of the test item.

I-3.1 . Choice of test procedure(s)

a. Igﬂgﬁgpjgggixga, The primary objectives of the rain test are to
determine if: : :

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

(2) Th
after exposure t

(3) Rain causes physical deteriorapioh of the test item.
(4) The rain and collected rainwater removal systems are effective.

b. ﬁg1ggg1gn_gf_;hg_&g;&_pngggﬂung.. Three test procedures are included
within method 506.2: blowing rain, drip, and watertightness. Select the
procedure that presents the most severe exposure anticipated for the test,item.

(1) Procedure I - Blowing rain. Procedure I is applicable for

equipment which will be deployed. cut~-of-doors and which will be unprotected
from blowing rain. The accompanying wind veloclty can vary from almost calm to
extremely high. Test items which cannot be adequately tested with this

procedure because of their large size should be considered for testing under

procedure III.

(2) Procedure II - Drip. 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)  Procedure III - Watertightness. Procedure III should be

considered when large (shelter-size) equipment is to be tested and a blowing-
rain facility is not available or practical. This procedure. is not intended to
simulate natural rainfall but will provide a high degree of confidence in the
watertightness of a plece of equipment.

506 .2~3
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I-3.2 _th_l.gi_o_f_r_,La_t_g_d_MLq_i_Qng -Variables under each test vpr'oc'edure .

include the test item configuration, rainfall rate, wind velocity, test*item
exposure surfaces, water-pressure, and any addltional approprlate guidellnes in
accordanee with the requirements document h

‘a; Test item configuration. The test item should be tested in-all the
configurations- in which it can be placed- durlng 1ts llfe cycle ' - As a minimym,"
in S T . o

the following confi ns should b n r

urations shoul

o
Bl

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

>

(2) Protected or 'not’ protected. [

(3) In its operational eonflguration

3 FE

() Modlfled with kits for special applications

)

b. Rainfall rate. The rainfall rate used in procedure I may be tailored
to the anticipated deployment locale and duration. An instantaneous-rainfall
rate equivalent to 0.80 mm/min (1.89 in./h) occurs commonly in areas of heavy
rainfall, but a minimum rate of 10 em/hr (U4 in./h) is recommended, since it is -

not an uncommon cccurrence and would provide a reasonable degree of coruluence

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./min). For testing purposes,- the followlng table
of rainfall rates (from MIL-STD-210B) for worldwide expected durations of
exposure (EDE) from 2 to 25 years is more realistic.

TABLE 506.2-I. Expected rainfall rates for different
exposure ‘durations.

‘EDE Rate

(yr) (in./n) (em/h)
2 4.0 10 '
5 4.7 12 '
10 5.2 13

25 5.8

¢. Droplet size. Nominal drop-size spectra exist for 1nstantaneous
rainfall rates, but, according to MIL-STD-210B, for the long-term ralnfa%l
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 is
considered -to be-mist or drizzle rathér than rain (reference e. ), or larger

than 4. 5 mm. A . "
1/ Observations show ‘that there are no drops of less than roughly 0.5 mm

diameter during intense rains. (ref‘erence e): ) .
METHOD 506.2
19 July 1983
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. _ d.. .. Hind veloecity. High rainfall intensities accompanled by winds of 18

w/'s (40 mph) are not uncommon 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-fbrce winds.

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

- f. Mater pressure. Procedure III relies on pressurized water. The
pressure may be varied aecording 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 droplets traveling at
approximately 64 km/h (uo mph) when a nozzle as speelfied in paragraph II-1.1e

is used.

¢

-3 Aggi;;gngl_guigglingg. Review the requirements documents for any
additional guidelines., :

3

I-4.1.1 'ngng;igﬁal_ngggizﬁmgn&a. The failure of the test item to satiefy the
. requirements of the equipment speclfmatlon must be analyzed caref‘ully, and
v related information must be considered, such as:

a. Degradation allowed in the performance characteristics because of
rainfall exposure.

b. Necessity for speeial kits for special operating procedures.
. Safety of operation.

I-4.1.2 Mater penetration. Based on the individual test item'and the
requirements for its nonexposure to water, determine if one of the following is
applicable:

- b. AQggnggb_g_ygggn_henggzggign. Water penetration of not more than 4
‘ em3 per 28,000 cm3.(1 ft3) of test item enclosure 2/ shall be acceptable,

provided the following conditions are met: ..

L

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 con-
ditions (50% RH at 21°C (709F) to saturation at 49°C (120°F)). The 49°C
value is realistic for equipment exposed to hlgher temperature and. solar

. radiation effects.

METHOD 506.2
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{1) There is no immediate effect 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 which it is
designed to be deployed.

I-4.2 Temperature. Experience has shown that a temperature differential
between the test item and the rainwater can affect the outcome (leakage) of a
rain test. It is recommended that whenever possible, the test item temperature
be at least 10°C (189F) 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-4.3 Summary of test information required. The following information is
required in the test plan for adequate conduct of the tests of section II:

a. Test procedure(s).

b. Test item configuration.

¢. Rainfall rate.

d. Test item preheat temperature.

e. ExXposure surfaces/durations.

f. Wind velocity.
g. Water pressure.
h. Water temperature.

i. Additional guidelines.

I-5 REFERENCES
a- AR 70-38, ¥ o el I e £ oy o
Extreme Climatic Conditions, 1 August 1979.
b. MIL-STD-210, Climatic Extremes for Military Equipment, 15 December )
1973. | U
Q. f:f BaCcK ld jz i i
for Military Equipment. Bedford MA: Air Force Cambridge Research

Laboratories, 1974. DTIC number AD-?BO—SOB

iy

d. Army Materiel Command Pamphlet AMCP-706-116 Egg;nggning_nga;gn

Handbook. Environmental Factors.
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- e. Huschke, R.E. (ed.). Glossary of Meteorology. Boston: American
Meteorological Society, 1970. .
. f. MIL-3-55286, Shelter, E_egmsza_mu_enn_s_am_uﬁ
g. MIL-S-55541 1 1 cal ' t S

h. RTCA/DO-160, Enx1n9nggn_al_QQnQ;_gsxuLjuuL;IaaL_R:ggggunga_ign
Ainhgnng_ﬂgulnggnL January 1980

- ) L

L e

506 .2-7



' MIL-STD-810D
’ 19 July 1983

METHOD 506.2
RAIN
SECTION II

II-1 APPARATUS
II-1.1 Test Facility

‘ a. For procedure I, the rain facility shall have the capability of pro-
ducing falling rain accompanied by wind blowing at the rate specified herein.
The facility temperature shall be uncontrolled, except 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-
met.er range predominantly between 0.5 and 4.5 millimeter: (see I-3.2¢c). 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 side of the test item. The wind socurce
shall be capable of producing horizontal wind velocities equal to and exceeding
18 m/s (40 mi/h). 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.

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

| d. For procedure II; the test setup should provide a volqmé;of‘water
greater than 280 (+30, -0) L/m2/h (7 gal/ft2/h) dripping from a dispenser with
drip holes on a 25.4 mm pattern, as shown in figure 506.2-1

€. For procedure III, the nozzles 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 agproximately 375 kPa (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.3/

II-1.2 Controls

‘ : a. For procedures 1 and II, the rainfall rate shall be verified
immediately before each test. ‘ :

‘ b. For procedure I, the air velocity shall be verified immediately before

each test.

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

‘ 3/ From MIL-S-55286 and MIL-5-55541.

| METHOD 5062
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d. Unless otherwise specified, water used for rain tests can be from local
water supply sources.,

II-1.3 Test interruption (See General Requirements, 4.5.4.)
a. Undertest “interruption. Interruptlon of a rain test is unlikely to

generate any adverse effects, and normally the test shall be continued from the -

point of interruption.

b. re int tion. 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 physical check., If no problems are
encountered, the test item shall be restored to its pretest condition and the
test restarted at the p01nt of interruption.

11-2 znmmmu_mn_msx . - R

I1-2.1 ngLim;na_x_aLgna! Before initiating any testlnz determine from the
test plan: ' g .

a. -Which test procedures are required.

¢. The other variables applicable to the desired procedure.

I1-2.2 Pretest standard ambient ¢heckout. All test items require a pretest
standard ambient checkout to provide baseline data. Conduct the checkout as
follows: . : . s

Stabilize the test item .at standard amblent condltlons per General
HIE tha toaot i 1 hl

in
u, a1l

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

NOTE: No sealing, taping, caulking, ete., shall be used except as required in
the test item drawings.

Step 3. Document the results.

Step 4. Prepare the, test item in accordance with General Reauirements. ‘
4.5.2, and requ1red test item configuration.

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

Step 6. Record the results for 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. PROCEDURES. The following test procedures provide the basis for collect-
ing the necessary information concerning the test item's watertightness.
Proceed to the first procedure as specified in the test plan.

METHOD 506.2
19 July 1983 '
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I1-3.1 Procedure I - Blowing rain

Step 1. With the test item in the facility and in its normal operating
position, adjust the rainfall rate as specified in the test plan. (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. Initiate the wind at the velocity specified in the test plan and
maintain for at least 30 minutes.

Step 3. If an operational check is required, the test item shall be
operated for the last 10 minutes of the 30-minute rain.

Step 4. Rotate the test item to expose to the rain source any other side
of the test item that could be exposed to blown rain in its deployment cycle.

Step 5. Repeat steps 1 through 4 until all possible variations have been
accomplished.

Step 6. Examine the test item in the test chamber, if possible; otherwise,
remove the test item from the test facility and conduect a visual inspection. If
a noticeable amount of free water has penetrated the test 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 -
N ,

araas n tha taat itam
Naedr Nt e A LY Al LA~ Al

Step 8. 1If required, operate the test item for compliance with the
requirements deccument. :

Step 9. Document the results.

II-3.2 Procedure II - Drip

Step 1. 1Install the test item in the test facility in accordance with
General Requirements, 4.5.2, in its operational configuration with alil
connectors and fittings 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 approximately 1 meter (3 feet) at a uniform rate (as produced by a
75-mm-high water level in the dispenser) for 15 minutes {see figure 506.2-1).
The test setup shall be arranged so 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 459 angle, dial up.

Step 3. At the conclusion of the i5-minute exposure, remove the feat item
from the test facility and remove sufficient panels 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 in the .
test plan, and document the results,

II-3.3 EPErocedure III - Watertightpess

Step 1. Install the test item in the test facility with all doors,
louvers, etec., closed.

Step 2. Position the nozzles as required by the test plan or as indicated
in II-1.1e. . . -

~Step 3. Spray all exposed surfaces of the test item with water for not
less than 40 minutes per face.

[ . M ‘. Lol
Step 4. After each U40-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.:

"

Step 6. Conduct an operational check of the test item as specified in the
test plan, and document the results. .

II-4 INFORMATION TO BE RECQRDED
a. Previous test methods to which the test item has been subjected. .

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

(1) Prétest.

(2) During test.

(3) Post-test.
¢. Length of time required for each performance 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 pressure (if applicable).

J. Surfaces of the test item subjected to rainfall.

METHOD 506.2
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METHOD 507.2‘

" HUMIDITY
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- SECTION I :
I-1 ~ PURPOSE . . . . e e ace e . 507 .2-1
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I-5 - ° - REFERENCES . . . . « & ¢ & + ¢ o o v o s o o « o+« .. 507.2-11
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1I-2 PREPARATION FOR TEST 1 - §
11-3 PROCEDURES . 1o ¥ - |
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SECTION 1

I-1 PURPOSE. The humldity teats are performed to determine the resistance of
materiel té6 the effects of a warm, humid atmosphere.

I-2 ENVIRONMENTAL EFFECTS. M01sture can cause physical and chemlcal 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: :

b. Loss of physical strength.
c¢. Changes in mechanical properties.

d. Degradation of electrical and thermal properties 'in insulating
materials.

e. Electrical shorts due to condensation.

“"w

f. Binding of moving parts due to corrosion or fouling of lubricants.

g. Oxidation and/or galvanic corrosion of metals.
. ‘h. Loss of plasticity.
i. Accelerated chemical reactions.

507 .2=-1
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J. Chemical or electrochemical breakdown of organic surface coatings. .
k. Deterioration of electrical componenta.

1. Degradation of image transmission through glass or plastic optical
elements.

m. Absorption of meisture by explosives and propellants.
‘ n. Accelerated biological activity.

0. Deterioration of hygroscopic materials.
‘ I-3 GUIDELINES FOR DETERMINING TEST PROCEDURES AND TEST CONDITIONS

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

a. Application. This method is used when the test item is likely to be
deployed in a warm, humid environment. Such conditions can occur year-round in
tropical areas and seasonally in midlatitude areas.

b.  Restrictions. None.
4 -
¢. Sequence. (See General Requirements, 4.4.4.) The test procedures of
this method are potentially damaging. The place of this method in the sequence
of a test item's life cyecle is illustrated in General Requirements, figure 2.
The humidity test should follow the initial logistic dynamic 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 tests.

d. Test variations. The most - important ways the test can vary are in
duration, temperature-humidity cycles, and ventilation.

I-3.1 Choice of test procedure(s). This method consists of three procedures.

a. Procedure I - Natural. Procedure I simulates natural environmental
‘ cycles and is conducted on test items which are Open to the environment or
frequently ventilated.

‘ b. Procedure II - Induced. Procedure II simulates unventilated _
| B conditions that may occur during storage or transit and is appropriate for

sealed-items or items enclosed in sealed items. 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 caused by these or
other mechanisms: |

K

(1) Entrapped, highly humid air.

(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 hygroscopic material
within the test item.

- e. Procedure III - Aggravated. Procedure III exposes the test item to
more extreme temperature and humidity levels than ‘those found in nature but for
shorter durations. It is used to reduce 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 Choice of related test-conditions. Related test conditions depend o

+ho nlimata AnratiAan and fact itam Aaanficmatian Auamine shinning atArnaoca
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and deployment. The variables common to all three procedures are the
temperature-humidity cycles, duration, and configuration. These are discussed
below. Requirements documents may impose or imply additional test conditions.
The worst-case eondltlons should form the basis for selecting the test and test
conditions to use.

Loa. m tyre-humjdity. The SpBlelc test temperature-humidity
values are selected preferably from the requirements documents. .If this
information is not available, determination of the test temperature-humidity
values 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
507.2-1. includes the temperature and relative humidity conditions for three
geographical categories where' high relative humidity conditions may be of

AT AsnR mA Firm malatad Aantamamiaa Af inAdniasnd nanddiddana ey l:f'\"f e I rre|
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507 .2-2 are apprqxlmations_of_the ¢cycles and are to be used if chamber control:
of table 507.2-I cycles is difficult to 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 strip, probably less than 5 miles
wide, bordering bodies of water with high surface temperatures, specifically
the Persian Gulf and the Red Sea. Most of the vear these same areas experience
hot-dry conditions. Due to the relatively small area in which these conditions
occur, most types of -equipment need not be designed to withstand this
environment . . .

{23 Poavmatrame hicokh biogmd A+ [a Ty s a
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Vila l
often in tropical areas, although it occurs briefly or seasonally in the
midlatitudes. The constant-high~-humidity cycle occurs in heavily forested
areas where nearly constant temperature and humidity may prevail during rainy
seasons 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 conatantly 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 cocasts 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 tropies. The most significant variation
of this cycle is its frequency of occurrence. In equatorial areas, it occurs
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TABLE 507.2-I. High-humidity diurpal categories.l/

_ Natural ‘Induced
~ Hot- High Humidity Hot.- Cyclic
Humid Constant Cyelic Humid High Humidity

Time] (Cycle 1) (Cycle 2) (Cyele 3) (Cycle 4) {Cycle 5)

Temp RH Temp RH |Temp Temp RH Temp RH

OF ©oC g °F OC ] °F ©C . °F °%¢ % O °¢c. %
000o| 88 31 88 1002/{ 80 27 100 95 35 63 91 33 .68 N
0100] 88 31 88 100 80 27 100 95 35 67 91 22 69
0200] 88 37 88 100 79 26 100 94 34 72 90 32 ‘70
0300] 88 31 88 100 79 26 100 94 34 75 90 32 ™M

o400| 88 31 88 100 79 26 100 93 3% 77 88 31 T2

o500| 88 31 88 %'m 100 78 26 100 92 33 79 86 30 74
0600| 90 32 85. e s 100 78 26 100 91 .33 80 88 31 175
0700{ 93 34 80 ~ 3 98 | 81 27 97 36 70 93 34 64
0800 96 36 76 &< 97 | 84 29 104 40 54 | 101 38 54
0900} 98 37 73 I3 95 | 87T 3 111 44 42 | 107 42 43
1000]100 38 69 2o 95 |89 32 124 51 31 113 45 36
1100}102 39 65 98 95 | 92 33 135 57 24 124 51 29
1200}104 4o 62 s 95 | 94 34 W 62 17 | 134 57T 22 .
1300{105 41 59 .§‘g 95 | 94 3 151 66 16 | 142 61 21
1400[105 41 59 g® 95 | 95 35 156 69 15 | 145 63 20
1500{105 41 59 85 95 | 95 35 160 71 4 | 185 63 .19
1600{105 41 &9 ~ ,_”,’f 95 93 34 156 69 16 144 62 20
1700}102 39 65 P 95 | 92 33 151 66 18 | 140 60 21
1800[ 99 37 69 o 95 | 90 32 145 63 21 134 57 22
1900] 97 36 73 97 | 88 31 136 58 29 | 122 50 32
2000] 94 34 79 98 | 85 29 122 50 41 111 44 43
2100f 91 33 85 100 | 83 28 105 41 53 | 101 38 54
2200} 90 32 85 100 |82 28 103 39 58 95 35 59

2300 89 32 88 |. 100 81 27 100 99 137 62 93 34 63

1/ Temperature and humidity values are for ambient air.

2/ For chamber control purpose, 100% RH implies as close to 100% as possiblé
but not less than 95%.
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FIGURE 507.2-1. Natural temperature-humidity cycles.
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Note: Relative humidity maintained above 85% during temperature drops.

FIGURE 507.2-3. Ageravated temperature-humidity cvcles.
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monthly, year round. The frequency 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) gCyclic high humidity. Cyclie-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
frequenoy and duration of occurrence are essentiallv the same as in the

constant-high—humidity areas.

In addition to these three categories of natural high-humidity,conditions;
there are two cycles for induced conditions:

(3) Induced hot-humid. - This condition exists when equipment in the
hot-humid category receives heat from solar radiation with little or.no cooling
air.

(5) Induced variable high humidity. This condition exists when
equipment in the variable-high-humidity category receives heat from solar
radiation with little or no cooling air.

b, Test duration. The number of temperature-~humidity c
test time) is critical in achieving the purpose of the test. "It is preferable
to use the number of cycles given in the requirementa documents for the
materiel. If this information is not available, use the following guidance

(see table 507.2-II):

NOTE: Any degradation that could contribute to failure of the test item during
more extensive exposure periods or durlng exposure to other deployment
environments, such ag 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 (deterloratlon rate
becomes asymptotic). .

(1) Tests emploving procedure I = Natural

(a) Hazardous test items. 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 test items to establish CO[‘u.J.uEﬁCE in the test -
results. Twice the normal test duration is recommended (see table 507.2-1I,
eycles 1 through 3). Each test can be terminated prematurely after the
quick-look level has been reached if the materiel has failed the visual or
functional checkout.

(b) MNonhazardous test jtems. Nonhazardous test items should
be exposed from 10 to 60 cycles of conditioning, depending upon the
geographical area to which the materiel will be exposed (see table 507.2-I1II,
eycles 1 through 3). Each test can be terminated prematurely after the

quick-look level has been reached if it is determined that the test item has
already failed the test and further testing is futile.

‘ 507 .2-8
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TABLE 507.2=-I1. ZIest c¢vcles (days).
" NATURAL INDUCED
Hazardous Items Cycle 1 Cycle 2 Cycle 3 C}cle Yy . Cyecle 5
Normal
Test Durationl/ . 20 120 90 30 30
Quick Lookl/ 7 15 12 T 7
Non-Hazardous Items
. Normal . ,
Test Durationl/ 10 60 45 15 15
Quick Lookl/ 5 15 12 T T-
1/ Opsrational checks are required at least once every 5 days,
but more frequent checks are recommended for early detection of
potential problems.
METHOD 507.2
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(2) Tests employing procedure II - Induced
(a) Hazardous teast items. Hazardous test items will generally

require longer tests 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-I1, 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) Nonhazardous test items. Induced conditions are much more
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 apecified in table 507.2-1I,
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) TIest employing procedure III -~ Agegravated. - Based on'past’
experience, a minimum of 10 ¢yecles is recommended to reveal potential test ‘item
problems For the test items incorporating seals to protect moisture-
sensitive materials, e.g., pyrotechnics, longer test durations may be required.

(4) Quick-look. After a relatively short period of testing has
elapsed, the test item may be given a visual inspection and operational
checkout, and a decision may be made to continue or stop the test. The time
after which a quick look can be made is different for each test c¢ycle 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 "no=test" is accepted. A complete test cycle is still required but is not
recommended on the same test item.

e. Igai_ingngnfisnzaLign. During performance of the temperature-
umi 11‘;: the test item will he confi crnr‘nd as
specified below or as specifically outlined in the requirements documents.
Teat item configuration must be selected to reproduce, as closely as
technically possible, the configuration that the test item would assume when
deployed. The following configurations should be considered, but the
worst-case situations are usually used.

=3

11md A
u

T

(1) In its assigned shipping/storage container.

(2) Out of its shipping/storage container but not set up in its
deployment mode.

METHOD 507.2
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: (3) In its operational mode (reallstically or with restraints, such
as with openings that are normally covered)..

.d. Additional eguidelines. Review the requlrements documents. _Apply

any agdditional guidelines necessary.
I-14 §2EQIAL_QQHEIDEBAIIQHS
I-4.1 Fajilure analysis. The failure of a test item to meet the requiﬁements

of the equipment specifications 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. Necessity for the use of special operating‘procedﬁres or special
kits during exposure to the test levels of temperature and humidity.

c. Deterioration of any kind in any area of the test item must be
completely described and evaluated as a potential failure or failure mode.

Y

GF
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i
=
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temperature and

I-4.2 Suymmary of test information required. The following information is

required in the test plan for adequate conduct of the tests of section II.
a. Test item configuration and orientation. -
b. Test procedure and category.
¢. Test cyecle parameters.
d. Test item temperatures and relative humidities.
e. Tesat duration.
f. Any sealed areas to be opened during testing.
‘g. Additional guidelines.
I-5 REFERENCES
a. AR 70-38, Baasa:9h4_D9xglQnm&n&;_IgaL_anﬂ_E1a;na&ign_ni;xm&sris__rgn

Pvtrama Climatdin OCAanAditinng 1 Augu
w,

f"
_J
\‘:

b. MIL-5TD-210, Climatic Extremes for Military Equipment, 15 December
1973. .

Bedford VMA; 7Air Force Cambridge Research
Laboratoriea, 24 January 1974. DTIC number AD-780-508.
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d. Draft STANAG 2895, Climatic Environmental Conditions Affecting the .
Design of Materiel for Use of NATO Forces, 13 September 1977. :

e. NATO STANAG 2831,
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: METHOD 507.2
HUMIDITY

SECTION II

II-1° APPARATUS
II-1.1 Test facility

a. The required apparatus consists of a chamber or cabinet, and
auanl:[ar-v inatrumentation m:mab]a of ma1nfn1ninn- and r-nni"lmmnq'lv mrm'lfnr-'in:r

————————— -

the required conditions of temperature, and relative humidity throughout an
envelope of air surrounding the test item(s). (See General Requirements,
4.4.1.) .

b. Unless otherwise specified, 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 prevent contamination from entering. Relative humidity
shall be determined by employing either solid-state sensors whose calibration
is not affected by water condensation or by an equivalent method, =such as
fast-reacting wet-bulb/dry~bulb sensors or dewpoint indicators. Sensors that
are sensitive to condensation, such as the lithium c¢hloride 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 test
volume conditions. A recording device shall be mandatory for the data
collection system. If charts are used, the charts shall be readable to within
+0.6°C. If the wet-wick control method is approved for use, the wet bulb and
tank shall be cleaned and a new wick imstalled 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 other
comipontents making up relative humidity measuring systems shall be. visually
examined at least 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 0.5 and 2
meters per second (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 assure its acceptance. If water injection is used
to humidify the envelope of air, the water shall be temperature conditioned
before its injection to prevent upset of the fest conditions. and shall not be
injected directly into the test section. Condensation developed within the
chamber test volume aurlng the test, shall be aralnea from the test velume and
discarded.

M
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d. No material other than water shall be brought into physical contact
Wwith 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
materlal other than water shall be introduced into the chamber test volume.=

e. Dehumldlflcatlon humidiflcation, heating, and coollng of the. air
envelope surrounding the test item shall be achieved by methods that ‘do not
change the chemical composition of the air, water. or water vapor within that
volume of air. .

I1-1.2 Controls

. a. Test parameters. Unless otherwise-specified in the requirements
documents, temperatire and relative humidity measurements made during the test
shall be continuous if measurements are in analog form, or at intervals of 15.
minutes or less if measurements are in digital form.

“ b. All instrumentation used with the selected test chamber shall be
capable of meeting the accuracies, tolerances, etc., of General Requirements,
4.u.v and-4.4.2, -. - . .
.3 Moot dembanmint$an (

a. Undertest interruptions. An undertest interruption may.be best
handled by keeping the chamber clozed in an effort to maintain tolerances.- 'As
long as 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 tolerances toward standard ambient temperatures, the test must be

reinitiated at the end of the last successfully completed eycle Any test item
failure that occurs shall bhe treated as a failure. .

e el anall bhe T p=t=Lrh -0

TT
i

b. - Qvertest interruptions. 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 possibie) 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 test, the test
results may be considered invalid. If no problem has been encountered,
reestablish preinterruption conditions and contlnue from the point where the
test tolerances were exceeded . P

- NNEDADAMTAY AR Toam

T
dli=c< LCARLADALLWN DAL ALl

1I-2.1 Preliminary steps. Before initiating any testing:

a."Determine from the test-plan which test procedures arerrequired.

b. Determine from the test plan the temperature-humldlty operation and
storage requirements and corresponding temperature-humidity cycle(s) from table
507 .2-1

METHOD 507.2
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¢. The test chamber should be operated and its proper operation
verified before the actual test is begun. . ‘

I1-2.2 Pretest standard ambient checkout. All items require a pretest

checkout at controlled ambient conditions (General Requirements, 4.4b) to
provide baseline data. For procedure I, this checkout should be conducted
before step 1. Conduct the pretest checkout as follows:

'Step 1. Insert the test item into the test chamber.

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

Step 3. Adjust the chamber to controllied ambient eondltlons (General
Requirements, 4.4b) and maintain.for 24 hours.

Step 4. Conduct a complete visual examinétion of the test item.
Step 5. Document the results.

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

Step 7. Record results for complianee with General Requirements,
4.5.1.

II-3 RBQEEQHBES. The following test procedures'provide the necessary .
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 PErogcedure I - Natural - ;

Step 1. With the test item in the chamber in its operational
configuration, adjust the chamber conditions to those given in table 507 .2=1
for the time 0000 of the specified cycle.

Step 2. Perform a Z2i-hour cycle with the time-temperature-himidity
values specified in the appropriate cycle or the approximated curves of figure
507 a 2-1 - + .

Step 3. Perform an operational checkout of the test item at any
convenient time in the 24-hour c¢ycle during which test conditions are constant
and at maximum temperature and RH levels. Operational checks should be
conducted at least once every five cycles. - -

.Step 4. Repeat steps 2 and 3 for the number of cycles indicated in

R ASE -1 i

table 507.2-II unless otherwise directed by the requirements documents.

Step SA -Adjust the chamber to controlled ambient conditions and
maintain for at least 24 hours.

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

Step 7. Document the results.

' METHOD 507.2
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Step 8. Conduct .an operational checkout of the .test item.in accordance
with the approved tesat plan. A »

Step 9. Document the results.

Step 10 Compare these data with the pretest data.

I1-.3.2 Procedure I1 - Induced

Step 1. Insert the test item into the chamber
Step 2. If Specifled, open, any sealed areas (other than hermetically
the test item. -

Step 3. Adjust the chamber temperature-:and relative humidity to those
shown in the appropriate induced category .of table 507.2-I for time 0000.

(XY

) Step 4. Cyele 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. :

anant abtan I PAam
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test plan.

Step 6. Adjust the chamber to controlled ambient conditions and
maintain for 24 hours following stabilization of the test item

Step 7. Conduct a complete visual checkout -of the test. item.

§tep 8. Dacument the results.

Step 9. - Put the test item in its norma} operating'configuration.
Step 10; Conduct a complete operational checkout of the test item.
"Step 11. Document the results. . -’_"m . i -
Step 12. Compare these data with the pretest data.

11-3.3 Ezgssdnnc_lll___Aasnaxated (See flgure 50? 2 3 )

Step 1. Prepare the test item in accordance with General Requlrements,
4.5.2, and perform the pretest standard ambient checkout. . -

Step 2. Gradually raise the internal chamber temperature to 60°C
(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 less than 6 hours.

Step 4. Maintain 85% or greater relative humidity and reduce the
internal chamber temperature in 8 hours to 30°C (B6°F) and 95% + 5% relative
humidity.

METHOD 507 .2
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Step 5. Maintain the 309C (86°F) and 95% + 5% relative humidity for an
additional 8 hours.

[ - Y - ”~

Step 6. Repeat steps 2, 3, and § for a total of 10 cycies {not less
than 240 hours).
Step 7. Near the end of the fifth and tenth cycles, while still at

30°C (86°F) and 95% relative humidity, operate the test item and obtain and
record results in accordance with General Requirements.

I1-4 IHEQBMAIIQH_IQ_BE_BEQQBDED
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).

" ¢. Length of time required for each performance check.
d. Procedure and test levels used,
e.. - Exposure durations.

f. Time versus temperature and humidity.
AT w ' : Cor
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SECTION I

I-1 PURPQSE. The purpose of ‘the fungus'chamber test is to assess the extent
to which the.test item will support fungal growth or how the fungal growth may
affect performance or use of the test item,

I-2 ENVIRONMENTAL EFFECTS. Fungal growth impaira the functionlng or use of
equipment by changing its phy31ca1 properties.

I-2.1 Detrimental effects. The detrimental effects of fungal growth are
summarized as follows: . . .

a. Direct attack on materjals. Nonresistant materials are susceptible to
direct attack as the fungi break the material down and use it as.food. This
results in deterioration affecting the physical properties of the material.
Examples of nonresistant materials are:

~

) Natural materials. {(Products of natural origin‘are most sus-
(a) Cellulosic materials (e.g.,.wood, paper, natural fiber
textiles, and cordage).
(b) Animal- and vegetable-based adhesives.
{c) Grease, oils, and many hydrocarbons.

(d) Leather.

METHOD 508.3
19 July 1983
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(2) Synthetic materials:
(a) PVC formulations (e.g., those plasticized with fatty acid’
esters). . o
(b) Certain polyurethanes (e.g., polyesters and some polyethers).
(¢} Plasties which contain organic fillers of laminating
materials, '

(d) Paints and varnishes which contain susceptible constituents.

b. Indirect attack on materjals. Damage to fungus;resistant materials
results from indirect attack when: - )

(1) Fungal growth on surface deposits of dust, grease, perspiration,
and other contaminants (whi(‘h find their way anto nnn‘inmnnf dnr-'lncr manufacture
or accumulate during service) causes damage to the underlylns materlal, even
though that material may be resistant to dlrect attack.

(2) Metabolic waste products (i.e., organic acids) excreted by fungi

cause corrosion of metals, 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,

I-2.2 Phyaical interference. Physical interference can occur as follows:

a. Electrical or electronic systems. Damage to electrical or electronic

systema 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 characterlstlcs of critically adjusted :
electronic circuits.,

.

b. QOptical systems. Damage to optical systems results primarily from
indirect attack. The fungal growth can adversely affect light transmission
through the optical system, block delicate moving parts, and change nonwetting
surfaces to wetting surfaces with resulting loss in performance.

I-2.3 Health and aesthetic factors. Fungal growth on equipment ¢an cause -
physiological problems (e.g., allergies) or be so esthetically unpleasant that
the users will be reluctant to use the equipment.

I-3 GUIDELINES FOR DETERMINING TEST PRQCEDURES AND TEST CONDITIONS

[N—

NOTE: This test method should be applied at the end of the tallorlng process
descrlbed in section 4 of this standard.

METHOD 508.3
19 July 1983 -
508 .3-2




MIL-STD=-810D
19 July 1983

a. Application. Since microbial deterioration is a function of tem~
perature and humidity and is an inseparable condition of hot-humid tropiecs 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. Restrictions. Thia test is designed to ponnomloallv obtain data on

the susceptibility of materiel. It should not be used for testlng of basic
materials since various other test procedures, including soil burlal, pure
culture mixed culture, and plate testing, are available.

L
F'
I
-l

______________ Il oA m

R

¢. -Sequence. (See General Requirements, 4.4.4.) This method should not
be conducted after 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 biosusceptibility of the test item.

d. Test variations. In addition to an optional operational test at the
end of the fungus test, test variables include duration of test and test item
configuration. .

I-3.1 Test objectives. 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.

¢. How any fuﬁgal growth affects the test item.

d. To what extent the fungi will affect fhe mission of the test item.
e. If the test item can be stored effectively in a field eﬁvironment.
f. If the test item is safe for use following fungal growth.

g. If there are simple reversal processes, e.g., wiping off fungal"
growth. .

I-3.2 Qng1gg_gj;rglg&gg_pgag_ggndigigna; 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. TIest duratjon. - 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 p neriod to 84 days should be considered if a greater dnornﬁ of

O == v

certainty (less risk) is required in determining the existence or efféct of
fungal growth.

METHOD 508
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b. Test item configuration. The test item eonfiguration is an important
factor. Even though equipment is to be protected by a container the container
could leak and entrap moisture. As a minimum,. the following testing_oonfig-
urations should be considered: o -

(1) In its normal shipping/storage container or tran31t caae
vﬁz) Under reallstic storage or use conditions

. (3) With restraints (such as with openings that .are normally
covered). . - .

c. Additional guidelines. Review the equipment specifications and

requirements documents. Apply any additional gu1de11nes necessary . *

I-3.3 th;gg_gﬁ_tgat_ﬁung; Five species of test fungi are listed in.
II-3.1.2a. These organisms were selected because of their ability to degrade
materials, their worldwide distribution and their- stability They.must,be
used in all method 508.3 tests. . . e R : -y

a. Because the test item i= not sterile before testing, other
microorganisms will be present on the surfaces. When the test -item is
inoculated . with the five test fungi, both these and the other organisms will. .-
compete for available nutrients. It.is not surprising to¢ see  organisms other: .
than the test fungi.growing on the test item at the end of the test

b. Additional species of fungi may be added to thoee required 1n this
test method. However, if additional fungi are used, . their selection shall. be

based on prior knowledge of specific material deterioration . For example,. . :: -

Aurecbagidium pullulans can be employed beeause of its known specifiolty for
degrading paints. oot

I-4 SPECIAL CONSIDERATIONS . . : .
I-4.1 Fajlure analyais

a. Any fungi on the test item must be analyzed to determine if the growth
is on the test item material(s) or on contamlnants -

A

-b; Any fungal growth on the test item material(s), whether from the

inoculum or other sources, must be evaluated by qualified ‘personnel for:

(1) The extent of growth on the oomponent(s) supportlng growth.
Table 508.3-I can be used as a guide for this evaluation

(2) .The 1mmediate effeot that the growth has on the phy31cal
characteristics of the test item. . .

. . (3) The long-range effect that the growth could have.on . the.test, 7
item. . . . . L.

(Hj The apecific_uaterialfs) (nutrient(e))‘supporting the :growth:::

i
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¢. Disturbance of any fungat growth must be kept to a minimum during the
oparational cheekout

d. Human ractors effects must be evaluated.

M

I-H 2 uianallanﬁgna

a. his method is designed to provide optimal climatic conditions and all °
of the basic inorganic minerals needed for growth of the fungal species used- in
the test. The group of fungal species was chosen for its ability to attack a

wide variety of materials commonly used ‘in the construction of military
equipment.. Optional species may be added to the inoculum if required (see

1-373)‘

b. This test must be performed by trained personnel at laboratories
specially equipped for microbiologieal work.

‘¢, The teat temperature and humidity cycle selected for this test
involves a 59°C drop in temperature to allow moist air to enter the test item
(breathing effect) and the mcisture to condense onto or in the, internal
components, thus simulating an -outdoor diurnal cycle.

d. The presence of meisture i=s

aas ia
growth. Generally, germination and growth will start when the relative
humidity of the ambient air exceeds T0%. Development will become progressively
more rapid as the humidity rises above this value, reaching a maximum in the 90
to 100’ relative humidity range.

aacant
Tt III

] 1 fnw anana camminatriam and
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" The specified temperature range, 24° to 31°C (75° to B88OF), is most
conducive to the growth of the test fungi

~ f. Control items specified in II-3 are designed to: . .

(1) Verify the yiability‘of the fungal spores used in the inoculum.
2) Establish the suitability of the chamber environment to support
wt

I-4.3 Summary of test information required. The following information is

raquired in the test plan for the adequate conduct of the tests of section II:
a. Test item conrigurauion '
b. Test duration.
¢. Optional pre- and post~test operational reqﬁirements.

d. Additional guidelines.

' Chapter—z Climatic Criteria

b. MIL-STD-210, Climatic Extremes for Military FEquipment.

| METHOD 508.3
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TABLE 508.3-I. Microbial test evaluation scheme.

Amount of . : - . R S
© Growth . : © ‘Grade " Organio Substrates :_1» g

None ..o .0 ) Substrate is. devoid of microblal
- S growth S W SCIRD *

Trace 1 Sparse or very restricted micro-
L s . -~ bial growth and reproduction.
Subatrate utilization minor.or Co -
inhibited. Little or no chemical,

. * ' physical,: or structural’ change

C Gt *ndetectable - -

- R

Slight 2 Intermittent infestations or loosely
spread microbial colonies on substrate
e - . surface and moderate reproduotion

Moderate - |- 3 .| - Substantial amOunt of microbial growth" -
T o . 'and reproduction. Substrate exhiblting
chemical, physical orustructural change

Severe . . 4 5] - Massive microbial growth or reproduotion
Substrate deoompoaed or rapidly
deteriorating

T - 5
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Lithium echloride sensors are not recommended because of their sensitivity
‘water.

_shall be cleaned and a new wick 1nstalled for each test
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FUNGUS

SECTION II

e . o o
'II-1.1 Test facility

1 f

a. The recuired apparatus consists of chambers or cabinets, together with

-auxiliary instrumentation capable of maintaining and monitoring the specific

R Ry . R N S . 1 1 - bE l
conditions of temper ubure and humidity, that comply with 4.4.7 and 4.4%.2,

‘General Requlrements e - .

)

b. The chamber. and accessories shall be constructed and arranged in asuch

‘a manner as to prevent condensation from drlpping on the test item.

c. The chamber shall be vented to the atmosphere to prevent the buildup

.of pressure. e . -

II-1.2 bohtrqle" . N - . . oo N

a. Relative humidity shall be determined by employing either solid-state

‘sensors. whose calibration is not affected by water condensation or by an
~ approved .equivalent method such as fast-reacting wet-bulb/dry—bulb sensors.

.
(219

(N When the wet~bulb control method is used, the wet-bulb- assembly

(2) The air velocity across the wet bulb shall not be less than y. 6
meters per second (900 feet per minute).

- (3). The wet~ and drv-bulb sensors sha 11 not be 1nsta11ed in the
discharge side of any local fan or blower used to create the requirement of
II-1.2a(2). . . .

b. Provisions shall, be made for controlling the flow of a
ity Su&l

Lo d o E o T bmah oAb L o o ne om hbak Lo —d e crmTaad
LIlE averial vest Cldilloer” spdCe S0 vilab LIHE dll” veluel

i
and 2 metere per second (98 to 394 ft/min).

¢. Free circulation of air arcund 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 +0.6°C (+1°F).

508.3-7
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f. The desired humidity shall be generated by using steam or water having
not less than 500,000 ohms resistance.

(1) Live steam shall not be injected directly into the test chamber
working space 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- X
(1) . All reagents shall conform to the specifioations of the Committee
on Analytical Reagents of the American Chemical Society, where such ‘
specifications are available.

{2} References to water shall be understood to mean distilled water
or water of equal purity.

I1-1.3 Test interruption. Every case of an interrupted test shall be examined
individually in accordance with General Requirements, 4.5.4. Any deviation
from this policy shall be explained in the test report. The fungus test,
unlike other environmental tests, involves living organisms. 1If the test is -
interrupted the fact that live organisms are involved must be considered.

a. If the 1nterruption oceours 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 jtem.

b. If the interruption occurs late in the test cycle, examine the test
item for evidence of fungal growth. If the test item is biosusceptible, there

is no need for a retest. If there is no evidence of fungal growth, follow the "

guidance given below.

(1) Lowered temperature. 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 test from the point where the temperature fell
below the prescribed tolerances. .

. (2) Elevated temperature. Elevated temperatures may have a drastic
effect on’'fungal growth. A complete reinitiation of the teét is_required if:

(a) The temperature exceeds yo°cC (10H°F), or

o

(b) The temperature exceeds 319C (88°F) for H hours or more, or

{¢) There is evidence of deterioratlon of the fungal colonies on
the control strips, or :

fa
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(d) The relatlve humldlty drops below 50% durlng ‘the period of
elevated temperatures.

Otherwise,;reestabllsh ‘test. conditions and continue the test from the point of.
interruption.

(3). Lowered humidity. A complete reinitiation of the test is
required if: K :

(a) The relative humidity drops below 50%, or
(b). The relative humidity drops below 70% for 4 hours or more, or

(¢) There is evidence of deterioriation of the fungal colonies on .
the contrel strips.

Otherwise, reestablish test conditions and continue the test from the point of
interruption. -

c. nggﬁigg. Although it is prefereable to use a new test item, the same
test item may be used: Any cleaning required must be conducted at least T2
hours before reinitiation and must be in accordance with II-3.2.1. New cotton
control strlps shall be placed in the test chamber, and both the test item and

' the controls will be reinoculated with ‘the test fungl‘

II-2 PREPARATION FOR TEST

11-2.1 Enelig;nggx_atgpa. Before initiating any testing, detercine from the
test plan-- : .
" a. The test duratlon(s)
b. The test item configuration(s).
c. An& other test variations.

II-2.2 Pretest checkout. 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,
h A Fhea mamiidmad baak 34 am s 3 v d e = A-;....,...-x nad Feommm Fha Fack
My QLI LVUST L un&l T LTOL ALTl LWL AERUL GVl ad UCLTL'ld u i Ul.l:l LIIC LvOOou |

Step 2. Conduct a complete'visual examination of the test item with _
special attention to discolored areas, 1mperfect10ns, or the existence of any
other conditions that could be conducive to fungal growth

Y

Step 3. Document the results of step 2.

508.3-9
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Step 4. Conduct an operational checkout in accordance with the apprévedr .
test plan if operation is specified by the requirements document.
Step 5. Record results for compliance with General Requirements, 4.5.1.1.
II-3 PROCEDURES
II-3.1 ,I&;L_nnsnanaﬁign'
II-3.1.1 Preparation of mineral salts solution

a. Using clean apparatus, prepare the mineral salts solution to contain
the following

Potassium dihydrogen ' ’ : ' -
orthophosphate (KHoPOy) . . . . . . . . . . . . . . .. 0.7g

Potassium monohydrogen
orthophosphate (KoHPOy) . . . . . . . . . . . . .. .. 0.7g

Magnesium sulphate heptahydrate '
(MESORTH20) . & o v v v v e 4 i e e i e e e e e .. DR

Ammonium nitrate (NHyNO3) . . . . . . . . .. ... .. 1.0g

Sodium chleride (NaC1). . . . « « ¢« ¢« o« « = + « + « '« . 0.005g

Ferrous sulfate heptahydrate

(FeSOy:TH20). . . v v v v 4 « & v s o« o v v « .+ . . 0.0028
Zine sulfate heptahydrate :

(ZnSOy*THZ0) . . + . « « « . <« . . 0.002¢g
Manganous sulfate monohydrate -

(MnSOy"H20) . . . . . . . . v . v v v .o o ... .. 0.0018

Distilled water . . . . . . . ¢ .+« - . o« o o o o o« 1000m

b. Measure the pH of the mineral salts solution. If it is not between
6.0 and 6.5, discard it and prepare a proper solution. -

II-3.1.2 Preparation of mixed spore suspension

ey
-

NOTE - PRECAUTIONS: Although the exact strains of fungi specified for this
test are not normally considered tp present a serious hazard to humans, certain
people may develop allergies or otﬁer reactions. Therefore, standing operating
procedures (SOPs) for safety should be employed. Also, the tests should be
conducted by personnel trained in microbiological technlques

METHOD 508.3"
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. a. Using aseptic techniques, prepare the spore suspension containing at
. least the following test fungi:
Table 508.3-II. Test fungi.
Fungi ' b - Fungus Sources Identification No.
uspal/ arccd/
Aspergillus piger : " QM 386 ATCC 9642
' aspergillus flavus QM 380 ATCC 9643
Aspergillus versicolor R ATCC 11730
. Penicillium funiculosun - QM 474 ATCC 11797
Chaetomium z;ghgaum ‘ QM 459 . ATCC 6205

1/ 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 fungl separately on an appropriate
medium such as potato dextrose agar, but culture Chaetomium globosum on strips
of filter paper overlaid on. the surface of mineral salts agar.

¢. Prepare mineral'saits agar by dissolving 15.0g of agar in a liter of
the mineral salts solution described in II-3.1.1.

NOTE: Do not keep the stock cultures for more than 4 months at
60 + 4OC (43° + TOF); after that time, prepare subcultures and use them for the

new stocks
t

d. Verlfy the. purity -of fungus cultures before the test.

e. Incubate subcultures used for preparing new stock cultures or the
= spore suspension at 300 + 1.49C (86° 4+ 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 0.05g per
liter of a nontoxic wetting agent such as sodium dloctyl sulfosuccinate or

. sodium lauryl sulfate. .

METHOD 508.3
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g. Use a rounded glass rod to gently scrape the surface growth.from the
culture of the test organisms. v

“h. Pour the spore charge into a 125 ml. capped Erlenmeyer flask containing

45 ml of water and 50 to 75 SOlld glass beads, 5 mm in diameter.

i. Shake“the flask vigorously to liberate :the spores from the fruiting
bodies and to break the spore clumps.

‘ J. Filter the dispersed fungal spore suspension into a flask through a
6 mm 1ayer of glass wool contained in a glass funnel.

"NOTE: This process should remove large mycelial fragments and clumps of agar.

k. Centrifuge the filtered spore suspension and discard the supeﬁhatant
liquid. " o , C e .

1. Resuspend the residue in 50 ml of water and centrifuge. Wash the
. spores obtained from each of the fungi in this manner three times.

m. Dilute the final washed residue with mineral-salts solution in such a
manner that the resultant spore suspension.shall contain 1,000,000 + 200 000
spores per milliliter as determined with a countlng ehamber

n. Repeat this operation for each organism used-ln.the‘test.

0. Perform a v1ab111ty check for each organlsm in accordance with
II-3.1.3a.

p. Blend equal volumes of the resultant Spore suspen31on to obtain the ‘
final mixed spore suspension. :

NOTE: The spore suspension may be prepared fresh. If not freshly prepared it
should be held -at 69 + 49C (H3° + TOF) for not more than 7 days.

.

II-3.1.3 Control items. Two types of control tests are requlred Using the

procedure of II-3.1.3a, verify the viability of the spore suspension and its
preparation. By the procedure of II- 3 1.3b, verlfy the suitabllity of the
chamber environment

a. Yiability of spore suspension S . o

‘ (1) Before preparing the composite spore suspension, inoculate
sterile potato dextrose agar plates with 0.2 to 0.3 ml of the spore suspension
of each of the individual fungal species. Use separate potato dextrose agar
plates for each spe01es

(2) Distribute the inoculum over the.entire surface of the plate.

(3) Incubate the inoculated potato dextrose agar plate at 249 to 310C
(750" to 88°F) for 7 to 10 days. S .

METHOD 508.3
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-(4) After the incubation period, check the fungal growth.

. NOTE: The absence of oopious growth of any of the test organisms over the

\}

entire surface in each container will invalidate the results of any tests using
these spores. :

+

(ii Prepare the following solution: + l
(a) 10.0g glycerol. | H
{b) 0.1g potassium dihydrogen orthophosohater(KHQPOu).
{(e) 0.1g ammonium nitrate (NHqN03).
(d) 0.0253 magnesiom ;ulfate heptohydrate (M3304!7H20).
(e) 0.05g yeast extract.
() Distilled wateb to a total volume of 100 ml.

(g) 0.005g of .a nontoxic wetting agent such as sodium dioctyl
sulfosucclnate or sodium lauryl sulfate.

(h) HC1 and NaOH to adjust the final solution pH to 5.3.

23 Ninm
\NE7 WiPp COLLOn S

Cotton, General Purpose, Natural or in Color s, Type 1a, Class 2, bleached
white flat construction) into the above solutlon After dipping, remove the
excess liquid from the strips and hang them to dry before placing them in the
chamber and inoculating,

?
b
]

or

"
o
z
H
1
u

e

o

o

s
ming o MIL-1-93

(3) Within the chamber, place the strips vertically close to and
bracketing the test items so0 that the test strips and test items experience the
same test environment. Théwlength.of the strips .shall be at least the height
of the test item. o :

(4) These otripsﬁare installed and inoculated along with the test
item to insure that proper conditions are present in the incubation chamber to
promote fungal growth.

II-3.2 Iest performange
1I-3.2.1 Preparation for incubation

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 72 hours 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 249 to 31°C (759 to
80°F) and 95 + 5% RH) for at'least 4 hours immediately before inoculation.

d. 1Inoculate the test item and the cotton fabric chamber control items.
with the mixed fungal spore suspension by spraying the suspen31oh on the con- -
trol items and on and into the test item(s) (if not permanently or hermetically
sealed) in the'form of a fine mist from an atomizer or nebulizer.- Personnel -
with appropriate knowledge of the test item should be avallable to aid in -7
exposing its interior surfaces for inoculation. . e

NOTE: 1In spraying the test and control items with composite spore suspension,
take care to cover all external and internal surfaces which are exposed during

use or maintenance. If the surfaces are nonwetting, spray until drops beg1n to
form on them.

€. Replace covers of the test items without tlghtenlng the fasteners (so
that air can penetrate).

f. Start incubation immediately following the inoeulatioq.
I1-3.2.2 Incubation of the test jtem

a. Incubate the test items under 'a daily cycle of temperature and humid-
ity conditions consisting of 20 hours at a relative humidity of 95 + 5% and an
air temperature of 300 &+ 10C (86° + 2OF) followed by a 4-hour period in which
conditio of 95% (+5%, -0%) relative humidity at 25° + 19C (77° 4 29F) are
maintained for at least 2 hours. TUp to a total of 2 hours of the 4-hour perlod
will be used for the transitions of temperature and relative humidlty
Temperature and humidity conditions during the transition periods must be- as
follows: temperature 240 to 319C (759 to 88°F) and relative humidity above
90% . ’ . ,

b. Repeat the 24-hour daily cycle for the test duration.

e¢. After 7 days, 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 least 90 percent of the part of the surface area of
each test strip located at the level of the test item should be covered by
fungi. If it is not, repeat the entire test with the adjustments of the
chamber required to produce conditions suitable for growth. Leave the control
strips in the chamber for the duration of the test.

d. If the cotton strips show satisfactory fungal growth after T days,
continue the test for the required period from the time of inoculation as
specified in the test plan. If there is a decrease in fungal growth on the’
cotton strips at the end of the test as compared to the T-day results, the test
is ‘invalid. -

METHOD 508.3°
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II- 3 2.3 Inangggign At the end of the incubation period, inspect the test
item immediately If possible, inspect the item within the chamber. If the
inspection is conducted outside of the chamber and is not completed in 8 hours,
return the test item to the test chamber or to a similar humid environment for
a minimum .of 12 hours. Except for hermetically sealed equipment, open the
equipment enclosure and examine both the interior and exterior..of the test
item. . Record the results of the inspection 1ncluding informatlon listed in
II-4, as annlicable :

NOTE: Data shall be used for comparison with the data ¢btained in Iiﬂ3.1.

11-3.3- .QngnaLiQnLuaagg_Ln9_Qg_g9ngngtﬁg_gnlx_it_nsguingﬂl If operation of
the test item is reqguired (&.g., electrical equ;pmént), .gonduct the operation

-3
in the period as specified in II-3.2.3. Data shall be recorded for comparison
with the,baseline data obtained in II-3.1. Personnel with appropriate knowl-
edge of the test item should he available to aid in exposing its interior
surfaces for inspection and in making operation and use decisions. '

]

II-4 INEQBMAIIQH;IQ_BE.BEQQBDED

a. Presenee of evidence of fungal growth at. the T«day check and at the :
and aof tha taat .

,Ib. Lécagion of‘éungi.
c;. Narratlve-descrlﬁtlon of gfowth including dolors areas covered,
growth patterns, density of growth, and thickness of growth (and pnonograpns,
if necessary) .
d. Test period.
e. Effect of fUngi-on,performance or use:
(1) As received from chamber.
(25 After-use maintenance.

£. Test eonditiohg;

g; Condition of tést item at time of test.

~h. A%l'deviationS‘froh specified test conditions:
(1) :Temperaturel |
(é) Humidity. ’ '
(3} Time.
{#) Air velocity.
(5) Other.
METHOD. 508.3
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1. Whether-the test item arrived .directly from the @anufactﬁﬁér.‘ _ .
J. Test item history (previous tests).
k. Physidlogicél or aesthetic consideraﬁiqns,‘
1. Typeé of fungi used.
m. Results of performance checks:
(1) Pretest.

(2) Post-test.

—
=
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SECTION 1
I-1 PURPOSE. Salt fog climatic chamber tests are performed to determine the
resistance of equipment to the effects of an aqueocus salt atmosphere.

I-2.

ENVIRONMENTAL EFFECTS. 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

Corrosion effects

‘a. Corrosion due to electrochemical reaction.

b. Accelerated stress corrosion.

c. Formation of acidic/alkaline sélutions following salt ionization in

a. Impairment of electriéal equipment due to salt deposits.
b. Production o{ conductive coatings.

¢. Corrosion of insulating materials and metals.

METHOD 509.2
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I-2.3 Physical effects

a. Clogging or binding of movihg parts of mechanical components and
assemblies.

b. Blistering of paint as a result of electrolysis.
I-3- GUIDELINES FOR DETERMINING TEST PROCEDURES AND TEST CONDITIONS

NOTE: This test method should be applied only after the end of the tailoring
process described in section 4 of this standard.

a. Application. Salt is one of the most pervasive chemical compounds in
the world. It is found in the oceans, the atmosphere, ground surfaces, and
lakes and rivers. It is impossible to avoid exposure to salt. In coastal
regions, this exposure is intensified; in a marine environment, the exposure
reaches a maximum. As a consequence, all military matériel will be exposed to
aome form of salt during its life cycle that may affect its performance.

b. Restrictions

(1) The procedure in this method has deficiencies and limitations,
such as: . '

(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

(¢) 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 service life of different materials 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,

e. Sequence. (See General Requirements, 4.4.4.) The salt fog test
procedure is potentially damaging to materiel, In most cases, the salt fog
test should be conducted after other climatic tests, especially fungus and
humidity (although it is generally inappropriate to conduct these tests on the
same test sample). Sand and dust testing should follow salt fog testing.

METHOD 509.2
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d. Test variations. 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 Choice of test procedure. Procedure I should be used only as a

screening test. Its primary value lies in testing coatings and 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 (Chojce of related test conditiong

a. Salt concepntration. 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. Test item configuration. 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
test 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) 1In a shipping/storage container or transit case.

(2} Outside of its shipping/storage container but provided with an
effective environmental control system that partly excludes the salt fog
environment. )

(3) Outside of its shipping/storage container and set up in its
normal operating mode.

(4) Modified with kits for special application or to compensate for
mating components that are normally present but are nét used for this specifie
test. : :

e¢. Duration. A minimum exposure period of 48 hours is recommended,
followed by a U48-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. Cycling. An alternative to the continuous 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.

METHOD 509.2
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I-4 SPECIAL CONSIDERATIONS . ‘II'
I-4.1 Failure criteria. 1In 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 teat is not the sole
eriterion for pass/fail. .

I-4,2 Summary of test information required. - The following information is:
required in the test plan for the adequate conduct of the test .of section II. .

a. Test duration. B

b. Test item configuration,

c; Cyelic condifions‘(if‘required).

d. Salt concentration if other than 58.. I

e. Additional guideligés. . | : ' : .“ _ -~i
1-5 BEEEREHQES - - ) |

a. AR 70-38, Research, Development, Test and Evaluation of Materiel for

b. MIL-STD-210,

[y

¢c. Army Materiel Command Pamphlet AMCP 706-116 Enzinggrina_ngﬂign
Handbook, Environmental Factors. : _ t

METHOD 509.2.
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METHOD 509.2
SALT FOG

SECTION II

. 1I-1 APPARATUS

II-1.1 iga;_faglliix. The apparatus used.in performing the salt fog test in
this method shall ;nclude:

‘a. A test chamber with:

, (1) Supporting racks designed and constructed so that they will
not affect the characteristics of the salt fog mist. All parts of the test
chamber and the supporting racks that come into contact with the test item
shall be constructed of material or will be buffered with material that will
not cause electrolytic corrosion. Condensation shall not be allowed to drip on
the test item. No liquid that comes in contact with either the exposure
chamber or the testfitem shall return to the salt solution reservoir. The
expdsuré chamber shall be properly vented to prevent pressure buildup.

(2) The capability to maintain temperatures in the exposure zone
at 35°C (959F). Satisfactory methods for controlling the temperature
accurately are by housing the apparatus in a properly controlled constant-
temperature room, by thoroughly insulating the apparatus and preheating the air
to the proper temperature before the atomization, or by Jacketing the apparatus
and contreolling the temperature of the water or the alr used in the Jacket.

The use of immersion heaters within the chamber exposure area for the purpose
of maintaining the temperature within the exposure zone is prohibited.

b.. A salt solution reservoir made of material that 1s nonreactive with
the salt solution e.g8., glass, hard rubber, or plastic.

¢, A means for inJecting the salt solution into the test chamber.
Caution must be exercised to prevent clogging of the nozzles from salt bulldup.
Atomizers used shall be of such design and construction as to produce a finely
divided, wet, dense fog. Atomizing nozzles and the piping system shall be made
of material that is nonreactive to the salt solution. Sultable atomization has
been obtained in chambers having a volume of less than 12 ft3 under the
following conditions: h

,(1)' Nozzle pressure as low as practical to produce fog at the
required rate,

[

(2) Orifices between 0.5 and 0.76 mm (0.02 and 0.53 inches) in
diameter. '

(3) Atomization of approximately 2.8 liters of salt solution per
0.28m3 (10 ft3) of chamber volume per 24 hours.

METHOD 509.2
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when chambers with a volume considerably in excess of 0.34m3 (12 ft3), are used .
the conditions specified may require modification.
NOTE: A filter fabricated of noncorrosive materials similar to that shown in

figure 509.2-1 shall be provided in the supply line and immersed in the salt

solution reservoir as illustrated in figure 509.2-2 c

d. Salt fog collection receptacles placed so that a clean receptacle

at any point in the exposure zone will collect from 0. 5 to 3 miliiliters of

solution per hour for each 80 square centimeters of horizontal collecting area :
(10 cm diameter) in an average test of at least 16 ‘hours. A minimum of 2
receptacles shall be used, one placed-nearest to any nozzle and one farthest
. from all nozzles: Receptacles shall be placed so that they are not shielded by
" the test item and will collect no drops of solution from the test item or other
sources. -

v 4 -

111-1 2 Controls . o

a. The salt solution shall be ‘heated before 1nJecticn into the test
section to within 16°C (¢JO°F) of the test section temperature at the time of
injection. -

b. All water used during the salt fog test(s) shall be from stean or
' distilled demineralized or’ deionized water with a resistance of not’ less than

500 000 ohms/ em, .
: “ -~ q. Test seéction air circulation " Air velocity in test chambers
designed fcr only procedure I shall be minimal (essentially zero) :

II-1.3 I_e_s_t_int,emp_tigna. (See General Requirements, 4,5.4,)

'a. Undertest interruptions. If an unscheduled test interruption
occurs that causes the test conditions to exceed allowable tolerancés toward
" standard ambient conditions, the test item should be given a complete visual
examination, and a technical evaluation should be made of the impact of the
interruption on the test results. The test must be restarted at the point of
1nterruption and the test item restabilized at the test conditions. . ’

-

b. ngntgat;intgnzuptigns. if an unscheduled test interrupticn decurs
that causes. the test conditions to exceed allowable tolerances away from’

standard ambient conditions, the test conditions should be stabilized to within
tolerances and held at that, level until a complete visual examination and =
technical evaluation can be made to determine the impact of the interruption on,
test results. If the visual examination or technical evaluation results in a
conclusion that the test interruption did not ‘adversely affect, the final test
results, or if the effects of the interription can be nullified with .
_confidence, pre-interruption conditions should be reestablished and the

R
-

-n
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test continued from the point where the test tolerances were exceeded.

II-2 PREPARATION FOR TEST

II-2.1 Preliminary steps. Before initiating any testing, determine the
required test conditions (see I-3.2).

II-2.2 Preparation of salt solution. The salt used for this 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 dissolving 5 parts by
weight of salt in 9% parts by weight of water. The solution shall be adjusted
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 75 liters of salt sclution,

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 solution temperature 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
made electrometrically or colorimetrically. .

I1I-2.3 Chamber operation verification. Unless the chamber has been used
within 5 days, immediately before the test, and with the exposure chamber

empty, adjust all test parameters to those required for the .teat. Maintain
these conditions for one 2U~hour period. Continuously monitor all test
parameters to verify that the test chamber is operating properly. '

II-2.4 Pretest standard ambjent checkout. All items require a pretest
checkout at room ambient conditions to provide baseline data. Conduct the
checkout -as follows:

Step 1. Prepare the test item in its required configuration in accordance
with Ceneral Requirements, 4.5.2. '

Step 2. Record the room ambient conditions.

Step 3. Conduct a complete visual examination of the test item with
attention to:

a. High-stress areas.
b. Areas where dissimilar metals are in contact.

c. Eleectrical and electronic components = especially those
having closely spaced, unpainted, or exposed circuitry.

d. Metallic surfaces.

METHOD 509.2
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e. Enclosed volumes where condensation has occurred or may
occur.

f. Components or surfaces provided with coatings or surface
treatments for corrosion protection,

g. Cathodic prot

LFE- R PR S LE 0 B A

tec
malfunction if clogged or coat dw
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, ete. :

Step 4. Document‘the results. (Use photographs, if necessary.)

Step 5. Conduct an operationai checkout in accordance with the approved
test plan. ‘ ’
Step 6. Record the resulta for compliance with Geﬁera¢ nequ;remenua,
4.5.1.1. )

Step 7. If the test item meets General Requirements, the-approved test
plan, or other applicable documents, proceed to step 1 of the test procedure
below. If not, resolve any problems and restart the pretest standard ambient
checkout at the most reasonable step above.

11-2.5 2rgpana&i&uLJLE_Lha_Lgsg_iiﬂm

a, The test item shall be given a minimum of handling, particularly on

the significant surfaces, and will be prepared for test immediately before
exposure, Unless otherwise specified, test items shall be free of surface
contamination such as oil, grease, or dirt, which could cause a water break.
The cleaning methods shall not include the use of  corrosive solvents, solvents
which deposit either corrosive or protective films, or abrasives other than a
paste of pure magnesium oxide. Test items having an organic coating shall be
cleaned with a solvent.

b. Arrange the test item configuration as specified in the test plan.

e¢. Insert the test item into the test chamber (General Requirements,
" 4.5-2)- ‘

II-3 ERROCEDURE I - AGGRAVATED SCREENING

*

Step 1. Adjust the test chamber temperatuﬁe to 35°C (95°F) and condition
the test item for at least 2 hours before introducing the salt fog.

METHOD 509.2
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L3 b

Step 2. Continuously atomize a salt solution of a composition as given
in II-2.2 into the test chamber’ for.a period of 48 hours or as specified in the
test plan Ay 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. 2/
Fallout shall be between 0.5 and 3 ml/80cmZ/hr.

Step 3. Store the test item in a standard ambient atmosphere for #8
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 visuélly 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 38°C (1009F) may be used.

II-4 INFORMATION TO BE RECORDED
a. Previous test methods to which the test item was subjected,

~ b. Results of each visual examinatioh 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. Areas of the test item not visually and functionally examined and an
explanation of their exclusion.

e. Test chamber operational information (interruptions, time schedule,
ete.).

f{. Test variables:
(1) Salt solution pH.

(2) Salt solution specific gravity..

1/ Cycling periods of 24 hours each (wet and dry) may be required instead of
constant wetting for 48 hours or longer.

2/ More frequent intervals are recommended. If fallout quantity requirements
are not met, that interval must he repeated.

METHOD 509.2 .
509.2-11 19 July 1983
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(3) Salt solution fallout rate (ml/émzlhr). : .

[

(4) Resistance of initial water and type of water.

g. Preliminary failure analysis.

¥
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SECTION .I

I-1 PURPOSE. This test method is divided into two procedures. The
small-particle procedure {dust, fine sand) 1s performed to ascertain the

ability of equipment to resist the effects of dust particles which may
penetrate into cracks, crevicea, bearings, and joints. The blowing sand test
is performed to determine whether materiel can be stored and operated under
blowing sand (149 to 850 ym particle size) conditions without experiencing
degradation of its performance, effectiveness, reliability, and maintainability
due to the abrasion (erosion) or clogging effect of large, sharp-edged
particles.

I-2 ENVIRONMENTAL EFFECTS. An airborne sand and dust environment, assoclated
most often with the hot-dry‘regions of Earth, exists seasonally in other
regions, Naturally occurring sand and dust storms are an important factor in
the deployment of materiel, but with the increased mechanization of military
operations, these cause less of a problem than does sand and dust associated
with man's activities. Examples of some problems that could occur as a result
of exposure of materiel to blowing sand and dust are:

a. Abrasion of surfaces.
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¢. Erosion of surfaces.

.d. Degradation of electrical circuits.

510.2=-1
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e. Clogging of openings and filters. . i : . .
'f. .Ppysical interferenee eith mating parts. 7 h |
2. Fouling of moving parts.
h. Exothermal reaction (thermite effects) of clay partieles (with

aluminum oxide) at high temperatures, producing heat which could cause high-
temperature corrosion and produce extremely hard, erosive particles

I-3° QHIDELIHES_EQB_DEIEBHIHING_IESI_RBQﬂEDHBES_AHD_IESI_QQHDIIIQHS

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

a, Application. This method 1s applicable to all mechanical, electrical, .
electronio, electrochemical, and electromechanical devices for which exposure
to the effects of a dry sand- or dust-laden atmosphere is antlcipated.

b, Restrictions. This method does not apply to any chemical reaction
that may oecur in the presence of moisture

c. ﬁggygngg. (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-810 methods such as Fungus (method 508.2), Humidity.
(507.2), and Salt Fog (509.2). Therefore, this method should be applied
following such tests., Additionally, this method should follow method 501.2
(High Temperature}, since the temperature derived is used in this method ‘

d. Iest varjations. The variables associated with the blowing sand and
dust test procedures include: :

(1)  Alr velocity.
(2) Temperature,
(3) Test item configuration and orientatiop.
(4) Sand and dust composition.
| (5) Sand:and dust concentration.
(6) Test ddration. ‘ -
(7) Additional guidelines as appropriate,
I-3.1 Cholce of test procedures. Two test procedures are included in this

method: Blowing Dust and Blowing Sand. Based on the test item's deployment
exposure, and function, determine whether both procedures are applicable.

-

METHOD 510.2
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I-3.2 (Choice of related test conditions.  After choosing the test procedure, .

choose the values of the test variables and decide whether or not the test item
is to operate during the test. The specific test conditions to be -used in
these tests should'be based. on field data (General: Requirements, 4.3). If
field data are not available, the test conditions should preferably be selected
from the applicable requirements.documents, If this information is not
available, the following may be used as guidance

- Tamrnanadimma IMMMlaca Arhantt aa unan‘i 4 ad thidon Ftaoota ﬂhnn'lﬂ ha
= W‘ wili838 Cunerwise OPCL Lt ATW ) VIIUOY VYoo vd JlVUHLY VO
conducted at the operating or storage temperature obtained from the temperature
od 5 2.

response of the test item from meth

oL

. b. Relative humidity. - High levels of relative humidity may cause .-
caking of dust particles. Consequently, the test chamber RH should not: exceed

308. ‘ ~ | S

¢. Alr velocity : : EPEPE ‘

(1) Blowing dust. The air velocities used in the blowing dust
(small particle) test procedure include a minimum air velocity to maintain test
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 most tests. Other air
velocities may be used, but test chamber limitations must be considered.
Excessively high air velocities may lessen the caking or clogging caused by,
lower air velocities. ‘ .

(2) Blgﬂingiagnﬂ. An air velocity in the range of 18 to 29 m/s
{3540 to 5T00 ft/min) is suggested for most blowing sand applications.o/ Winds
of 18 m/s that would blow. the large particles are common, and gusts up to 29
m/3 are not uncommon. Other air velocities may be used if the induced flow

velocity around the equipment in lts field application is known..

d. Sand and dust composition . . o ot

(1} The small-particle {blowing dust) procedure may be conducted
with either of the following ‘dust compositions, by welght.

r

(a) Red china clay is common throughout much of the world and

contains:
Cac0O3, MgCO3, Ca0, Mg0, Nag0, Ti0, ete. 5%
Ferric oxide (Fep03) <.+ . .10 % 5%
Aluminum oxide (A1p03) . - . . 20 £ 108
Silicon dioxide (S105) .remaining percentage

Y1/ From MIL-STD-210.

510.2-3 -
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{b) Siliea flour has been widely used in dust testing and
contains 97 to 99 percent. (by weight) silicon dioxide (Si05). The following
size distribution applies to both red china elay and silica flour:

100 percent shall pass through a 100 mesh screen.

98 + 2 percent shall pass through a ‘140 mesh screen.
§0 + 2 perceﬁt shail pass through a 200 ma2sh sé}een.
75 + 2 percent shall pass thfouéh a 325 mesh screen.

(2) Unless otherwise specified the sand suggested to be used 1n A
the large-particle test is silica sand& (at least 95% by weight Si0p). The
amount 1.0% + 0.5% of the sand shall be retained by a 20 mesh screen (850]Jm),
1.7% + 0.5% by .a 30 mesh screen (590um), 14.8% + 1% by a 40 mesh screen
(420 um), 37.0% + 1% by a 50 mesh screen (297 um), 28.6% + 1% by a 70 mesh .
screen (210 um), 12.7% + 1% by a 100 mesh screen {149 um), and 5.2% + 1% shall
pass a 100 mesh screen. - The sand shall be of subangular structure with a mean
Krumbein number (roundness factor) equal to 0.2 and a hardness factor of 7
mohs. :

e. Sand and dust concentrations

(1) The dust concentration for the blowing dust test shall be "
maintained at 10.6 + 7 &/m3 (0.3 + 0.2 g/ft3) unless otherwise specified. This
figure is not unrealistic and is used because of the limitations of most

chambers., _ .

- {2) The sand concentrations3/ shall be as follows unless otherwise
specified. o : . .

{a) For test items likely to be used close to aircraft-(sdéh as
heligoptera) operating over unpaved surfaces, 2.2 + 0.5 g/m3 (0.0623 + 0.015
g/ L),

(b) For test items 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 £ 0.0075 g/ft3). .

(c) For test items that will be subJected only to natural
conditions, 0.177 g/m3 (0.0065 g/ft3). .

f. Test item configuration. The configuraticn of the test item must

reproduce, as closely as technically possible, the configuration that it would
assume during storage or use, such as:

2/ Naval Weapons Center Large Particle Blowing Sand Procedure.

3/ MIL-STD-210.

METHOD 510.2
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(1) 1In-a shipping/storage container or transit case. . - .1, =

EY

*(2) Protected or not protected.

- (3) Deployed realistically or with restraints, such as Hith openings
that are normally covered.: . .

.

g. Qrientation. Thé test item should be so coriented with respect to the
blowing sand that :the.most' vulnerable surface(s) faces the blowing sand. The

test item may be reoriented at 90-minute intervals,
h. ‘Duration. -

~{1) For blowing sand tests, 90 minutes per face is considered to be a
minitum (see I-.3.2g). ' ‘ ,

(2) For blowing dust tests, 6 hours at 23°C (73°F) and 6. hours at the
high storage or operating temperature are required, Additionally, sufficient
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 themselves. r.The length of
time spent at the extreme conditions of each procedure should be at least long
enough to insure stabilization of the test item at:-the, specified conditions.
i. W upéz‘*aw.on of the test item during the test
period should be based on the use requirements of the specific test item. For
example, environmental control equipment would be operated while exposed to
extreme ambient environments, whereas certain equipment, although exposed to

" severe environments, might be operated only in an environmentally controlled

shelter, If operation of the test item .during the test is required by the
requirements document, the test plan shall contain a schedule describing the
time periods of operation, the settings of controls, and the types and amounts
of stresses to be placed .on the test item .during testing. This =chedule shall
contain at least one 10-minute pericd of continuous operation of the test item
during the last hour of the test. _ : -,

I-4 SPECIAL CONSIDERATIONS

I-4.1 Fallure analysis. The failure of a test item to meet the requirements
of the equipment specification must be analyzed, and related information must

be  considered, such as:. * . T

a. Degradation allowed inrcperating characteristics while at tne
extreme conditions.

b. Necessity for use of gspecial operating procedures or special kits
during extreme conditions.

¢, The test item shall be considered to have failed the dust (fine
sand) test when- ‘

METHOD 510.2-
19 July 1983
510.2-5 -
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(1) Dust has penetrated the test item in sufficient quantity to
cause binding or blocking of movihg parts, nonoperation, of contacts or relays,
formation of electrically conductive bridges with resulting shorts, clogging,
or the accumulation of dust which will act as a nucleus for the collection of
water vapor. '

(2) The performance results obtained in accordance with the test
plan are not within the toleranee limits established
d. The test item shall be eonsidered to have failed the large-particle
test when: ‘ . .

(1) Abrasion of the test item exceeds the amount described 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 describe parameters (such
as amount of wear or loss of weight) or observable attributes (such as change .
of shape) which, if not within specified limits, are indications that the test

JERLETIY prapa 1 g S kL

item has failed because of . abrasion effects, _The permissible tolerances of the

parameters and attributes ahall be provided.l

1-4.2 wmwg The followin; information is.
required in the test plan for the to adequate conduct of the tests of section
II.. : :

a; Teat-procedure. ~.— S ’ f <o '.',
b. Test temperature. e T '
n-c. Relatire humidity.
. d. Ar veloelty. - - . = A
e. Sand-dr dust eomposition.r c ‘

f.. Sand or dust concentration.

. g »Test item configuration L ' . v e
h. Operational requirements ) 4 <
1.’ Test item orientation and time of exposure Deriorientation

j. Additional guidelines.
I-5 REFERENCES R vy
a. Hafer, Carl A. ,A_Su£xﬁx_anﬂ;ELﬂﬂ1;Q£_LneLEQQLQEQ;HBIQD_AIﬁggkltng
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"METHOD 510.2
SECTION II

SAND AND DUST - o

II-1 . _ ‘ _— | 7 e

II-1.1 Iest facility .
II-1.1:1 Blowing dust o
a. The test facility shall consist of 'a'chamber and: ‘accessories to

control dust coneentration, velocity, temperature and humidity of dust-laden
air. 1In order to provide adequate circulation of the dust-laden air, no more

than 50 percent of the cross-sectional area (normal to airflow) and 30 percentl‘
of the volume of the test chamber shall be occupied by the test item(s). The

chamber shall be provided with a means of maintaining and verifying the dust

concentration in circulation. A minimum acceptable means for doing this is by B

use of a properly calibrated smoke meter and standard light source. The dust-

laden alr shall be introduced into the test space in such a manner as to allow

the air to become approximately laminar in flow before it ‘atrikes 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 ‘of containment 1s noted and people might have been exposed, air sample._er

should be obtained and compared to the current threshold limit values of the .
American Conference of Government and Industrial ‘Hygienists. Chamber repair
and/or other appropriate action should be taken before continuing use of the.

chamber. Care should be taken during all steps where exposure . of people to the'

siliea dust is possible.
b. The dust used in this test shall be as outlined in I-3.2d(1).

1I-1.1.2 Blowing sand

= A--J -A:I

)

sists of a chamber or

a. The us ¢Onsi ab
with necessary air conditioning and circulation equipment with its
control instrumentation, sand storage and moving .equipment, and sand.
concentration measuring equipment, capable of maintaining and continuously
monitoring the required conditions throughout an envelope of air surrounding
the test item(s). (See General Requirements, 4.4.1.) Figures 510.2-1 and

510.2-2 are schematic diagrams of typical facilities for this test.

'b. A data collection system, separate from. the chamber controllers, .

shall be employed to measure test .space conditions Readout charts. shall be .
readable to within at least 0.6°9C (1°F).

METHOD '510.2
19 July 1983°
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¢. Dehumidification, heating, and cooling of chamber test volume
air for control of test conditions shall be achieved by methods that do not
alter the chemical composition of the alr, 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 sand at the specified concentrations. The feeder shall be located
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 fleld.

NOTE: Uniform sand distribution is usually easier to obtaln when the sand-air '
mixture is directed downward, as in figure 510.2-1

(2) 'Because of the extremely abrasive characteristics of
blowing sand at high veloeity, it is not recommended that the sand be _
recirculated through the fan or air conditioning equipment. Instead, it should"
be separated from 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 reciroulate only the sand-free conditioned air,

NOTE: The sand collected in the separator may be reused for other tests if,
after analysis, it .still confbrms to the requirements of I-3. 2d(2) of this
method.’

II-1.2 Controls
- a. Ieat parameters. Unless otherwise specified in the requirements

document, temperature and relative humidity measurements made during testing
shall be continuous if measurements are in analog form, or .at intervals of one

every 15 minutes or less if measurements are in digital form. All

instrumentation used with the test chamber shall be capable of meeting the
accuracles, tolerances, etc., of General Requirements, 4.4.1 and 4.4.2. Any

signifioant change of the test item temperature or chamber conditions shall
result in the test item being reestablished at the required environmental

conditiona before continuation.

b. Relative humidity. Relative humidity in the test Section shall be
less than 30 percent throughout the conduct of the test.

‘e, Test variables. The test variables (temperature, air velocity, and
dust concentration) shall be continuously monitored during the test. Humidity
shall be verified just before or during each test. :

- II-1.3 Test interruption. (See General Requirements, 4.5.4.,)

a. Hnggz;ga;_in;gnnun&ign. The abrasion, penetration, and collection

of dust are cumulative effects that are not affected by interruption. The test
item shall be reastahlished at the nrescrihed temperature and the test

LL-2 TR WA M e A Pr el LT

continued from the point of interruption.
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b. QOvertest interruption. Any interruption that results in more
extreme exposure'of the test item than required by the equipment specifications
should be followed by a complete physical examination and operational- check -

(where'possible) before continuation -of testing.’ If a problem is encountered, ~

wmm d o &2 - A de e
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I1I-2 PREPARATION FOQR TEST
II-2.1 Preliminary steps. Before starting any test:
' “a. Determine from the test plan which test procedure is required.
b. Determine from the test plan the test variables to be used.

c. Operate the test chamber without the test 1tem to make sure it is
working properly. ’

II-2.2 Rretest.stanﬂanﬂ.amhient;ehegkgui All test items require a pretest

checkout at standard ambient conditions to provide baseline data Conduct the :

pretest checkout as follows'

Step 1. Position the test item in the test chamber as ‘near the center of

the test section as practicable. The test item shall- have a minimum clearance '

of 15 cm (6 inches) from any wall of the test chamber and from any other test
item (if more than one item is being tested) . Orient the test item so as to
expose the most critical’ or vulnerable parts to the sand or dust stream.

NOTE: The o
requlred by

=
(o]}

P
avio

i
st plan.

rienta

the te
Step 2. Prepare the test item in its operational configuration in ,;

accordance with General Requirements, ., 5 2 ¥ :

Step 3. Stabllize the test item at standard ambient conditions (General
Requirements, U./4a). _ '

Vo Y

w
[t

£
Step 4, Conduct a complete visual examination of the test item with -

speclal attention to sealed areas and minute openings

Step 5. Document the results.

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

'Step 7. Record results for compliance with General Hequirements; 4.5.1.

B Step;8. If the test item operates satisfactorily, proceed to step 1 of
the test procedure. If not, resclve the problém and restart at step 1 of
pretest checkout.

IT1-3 PROCEDURES
= A AN nedihd o ANl

A

II-3.1 Procedure I - Blowing dust. The following test procedure provides the -

basis for collecting the necessary information concerning the test item in a-

dust~laden enviraonment. '

METHOD 510.2
19 July. 1983
510.2-10 .
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. Step 1 With the test item in the chamber, adjust the test section
temperature ‘to 23°C (739F) and the relative humidity to less than 30%
(Maintain less than 30% relative humidity throughout the test.)

Step 2, AdJjust 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 g/m3 (0.3 + 0.2 g/ft3)

3

Step u Maintain the conditions of steps 1 through 3 for at least 6
hours.

o el [ N Y

) Step 5. Stop the uuab u:cu, reduce the test
required to maintain the climatic conditions, and a
that determined from the test plan.

Step 6. Maintain‘the.step 5 conditions at 1eaat 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 recuired;,Qperate the test item in‘accordance with the .
approved test plan. Continue the exposure for at least 6 hours.

Step 9 Turn off all chamber contreols and allow the test item to return
to standard ambient conditions,

Step 10. Remove accumulated dust from the test item by brushing, wiping,
or shaking, taking care to avoid introduction of additional dust into the test
item. Do not remove dust by either air blast or vacuum cleaning.

'Step 11. Operate the test item in accordancé with the approved. test
plan. . : - : : ‘ -

Step 12. Document the_re;ults,

Step 13. Inspect the test item giving speclal attention to bearings,
grease seals, lubricants, ete.

Step 14. Document the results.

11-3.2 Procedure Il - Blowlng sand

Step 1. Adjust, the chamber temperature to the high operating temperature
of the test item and maintain until temperature stabilization of the test item
is achleved. .

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.

METHOD 510.2
19 July 1983
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Step 4, Maintain the oonditions of Steps 1 through 3 for the duration
specified in the test plan »

Step 5. If operation of the test item during the test is required,
perform an operational test of the item during the last hour of the test and
document the results If not, proceed to step 6.

[ T Micwaen AP 11 Aaln

Step 6. Turn off all chambsr 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 tc avoid introduction of additional

sand into the test unit.

Step 7. Conduct an operational checkout of the. test 1tem in accordance
with the approved test plan. . .o - .

1

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 data with the pretest data.
II-4 INFORMATION TQ EE RECQRDED. . -

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

b. Orientation and any change in orientation during test.

c. Results of each performanee check (pretest, during test and

post-test).

d. Whether the second 6~hour test was performéd immediately after the
test item stabilized (see step 6 of small-particle procedure).

-~ 1w
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f. Resuits of each visual inspection.

g. Duration of each section of test.

510.2-12
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FIGURE 510.2-1. Blowing sand test facility (vertical flow).
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NOTE: THE LAYOUT OF THIS SYSTEM IS NOT DRAWN
-7Q SCALE; IT IS INTENDED TO ILLUSTRATE THE
ARRANGEMENT OF THE COMPONENTS. THE SPECI-
FICATIONS OF ALL COMPONENTS ARE NOT
PROVIDED IN THIS TEST DESCRIPTION. THEY

MUST BE CALCULATED BY THE ORGANIZATION -

SUPPLYING THE COMPONENTS. "INDUSTRIAL
VENTILATION, AMANUAL OF RECOMMENDED
PRACTICE" WILL PROVIDE DATA AND GUIDANCE

FOR DESIGNING THEREQUIRED EQUIPMENT.
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II-4 INFORMATION TO BE RECORDED . .“. P - L

“I.1 -BHBBQSE. Thls test is performed to demonstrate the ablllty of equipment
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METHOD 511.2

. EXPLOSIVE ATMOSPHERE .

. a Rage
SECTION I
I-1 PURPOSE . . . . T 1 b -2
I-2 ENVIRONMENTAL EFFECTS T3 & - L
I-3 . - GUIDELINES FOR DETERMINING TEST L
PROCEDURES AND TEST CONDITIONS . . . . . . . . . . . 511.2=1
I-4 SPECIAL CONSIDERATIONS .-. . . . + « « « « « 4 « « . ..511.2-5
I-5 . REFERENCES . . = 5 « v 4 4 4 & 4 o « o o« « v o+« . 511,25
. . SECTION II - . , , :
II-1, . APPARATUS . . . . e e e e e e e e e e e 4+ s . B11.2-6
II-2 , PREPARATION FOR TEST’ - & B -2
II-3 PROCEDURES .. . 1 B - 2
2-9

o

SECTION I B : . . "

to operate in flammable atmospheres without causing an.explosion, or to prove
that a flame reaction occurring within-an encased equlpment will be contalned, '
and will not- propagate outside ‘the-test iten. ‘ . . ’

I=2. EHEIBQNMENIAL_EEEEglﬁ Low levels of .energy discharge or electrical
arc from devices as simple as -pocket transistor radios can ignite mixtures.of
fuel vapor-and ain. . A:"hot spot™ on:the-surface of a hermetically sealed,
apparently inert equipment case can 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 contacts, ete.

i-3 GUIDELINES FOR DETERMINING'TES “TEST PROCEDURES AND TEST CONPITIONS

NOTE: " This test method should be applled at the end of the tallorlng process
descrlbed in sectlon Yy of thls standard ' .

o a;r Apﬁ;iegtigg. Thls method applles ‘to all military 1tems designed for -
use in or near fllght -vehicles, .ground vehicles, or equipment used to malntaln
fuel-handllng or fuel-using . vehlcles : '

b. Restrictions. ~None.

c[ sgggenge. It is recommended that the 1tems used in this test first
undergo vibration and/or temperature testing. V1brat1on and temperature
stresses may reduce the effectiveness of seals, ‘thus _producing flammable
atmosphere sen51t1v1t1es not observable on untested items.

d. JIest 1grigtiog§. 'The teSt variables are temperature, pressure,
humidity, test item configuration, and fuel-vapor mixture.

METHOD 511.2
19 July 1983
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I-3.1 i egt pr r

I-3.1.1 Procedure 1 - Equipment operation in flammable atmosphere. This
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-vapor=-
laden environment without 1gn1t1ng the environment.

.

.2 Er9ggﬂung_II*:_Exnlgaign_ggnkainmgng- This procedure is used to
; : o

hili ase or other enclosures to contain an

WvaaTl LlivalWoiad Tuwr il ad

o

LR
oo
= D

a ty o e test item
osion or flame that is a result of an internal equipment malfunction.

1-3.2 Choice of test conditions. The explosive 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 1gn1t10n of the test fuel-air mixture
by the test item does not mean that the test item will always 1gn1te fuel.
vapors that occur in actual deployment .

I-3.2.1t Fuel for test. The fuel recommended for' exploswe 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 préperties of both 100/130 octane
aviation gasoline and Jp-i "Ipf engine fuel. Qptimum mixtures of n=hexane and

QYA BASVL it Qs wa ilineaitT LW AL N VAl nexane and

air will ignite from-hot- spot temperatures as low as 222.8°C (433°F) while
optimum JP-4 jet engine fuel-air mixtures require at least a 229.4°C.(445°F)
temperature level for autoignition and 100/130 octane aviation gasoline and air
requires 440.6°C (8259F) for hot-spot ignition. Minimum.spark energy inputs
for ignition of optimum fuel vapor'and air mixtures are essentially the same
for n-hexane and for 100/130 octane aviation gasoline. Much higher minimum.
spark energy input is required to ignite JP-4 jet engine fuel and air mixtures.

I-3.2.2 Eugl_xangn_gixgutg The fuel vapor mlxture used 1n the exp1051ve
atmosphere test shall be homogeneous

I-3.2.3 Test temperature. The fuel vapor mixture is heated to the highest
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 likelihood of ignition. All testing 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

n-hexane, elther reagent grade or 95 percent. The 95 percent n-hexane fuel
actually is nearly 100 percent’ hexane, because the remaining 5 percent consists
of hexane isomers. Fuel weight calculated ‘to total 3. 8 percent by volume of

the test atmosphere represents 1.8 stoichiometric’ equivalents of n-hexane in
air, giving a mixture needing only mlnimum energy for ignition.

METHOD 511.2
19 July 1983
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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 n-hexane (see figure 511.2-1).

{4) Test altitude: e.g., 6100 meters {20,000 feet). Atmospheric
pressure in pascals: 46.6 kPa (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'.volume of liquid n-hexane fuél for each test
3 altitude:

(1) In metric units:

Volume of 95 percent n-hexane (ml) =

-

' " [net chamber vol (%it%nfll'lggimhgn pregsure !ggggﬁla)[
(396-x 10-6) chamber temp (K apecific gravity, n-hexane

" (2) In English units:

. ; Volume of 95 percent n-hexane (ml) =

. A 3 m )
(77.16) Ecﬁamger temp iK)i ispecific gravity of n-hexanel

I-3.2.5 Effect of humidity on flammable atmosphere. 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 test if the
ambient air dewpoint is 10°C (509F) 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 3U-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 Altitude simylation. 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

teat is for shipboard equipment, the test chamber shall be pressurized to
simulate .sea level, unless otherwise speclfled

(4
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-4 SPECIAL CONSIDERATIONS

I-4.1 Test interruption. 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 Qvertest. Any 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 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. ) . .

T_H .3 Failure analvsis. All failures (see T-ﬂ .4) and incidents where the test
items do not meet the equipment dperating requlrements shall be analyzed to
determine the cause and impact of such occurrences. Corrective actions shall
be proposed or implemented as required to meet equipment performance

requirements.

I-4.4 Eailune_griieziﬁ-

a. Procedure I - Ignltion of test fuel vapor and air environment
constitues fallure of the test.

-

b. Procedure II - Propagation of flame to, or ignition or, a flammable
atmosphere surrounding the test item when the test atmosphere within the
enclosure or case of the test item is intentionally ign1ted constitutes failure
of the test.

I-4.5 ,summenx_Qr_inrgnmagion_neanineg.- The following_information'is required
in the test plan for the conduct of the tests of Section II: :

Test altitudes

Test temperatures

Fuel volume and/or weight
. Test item configuration ’

a0 oo

I-5° REFERENCES o

a. Haskin, W.L. Explosion-Proof Testing Techumiques. 1963.
ASD-TDR-62-1081' DTIC number AD-U400-483.

, b.. zébetakis M.G., A. L‘ Furno, and G.W. Jonee. "Minimum Spontaneous
Ignition Temperatures of Combustibles in Air," 1ngu;&:ia;_anﬂ_Engingezing
Qnemutny_ 46 (1954), 2173-2178. .

Ml blant Takhlan A Miamanianl Tata

¢. Washburn, E.W., ed. International Critical Tables of Numerical Data,

Chemistry, and Technology. Vol. III. New York: National Research Council/
McGraw-Hill, 1928. pp 27-29: o -

d. Kuchta, J.M. Summary of Ignition Properties of Jet Fuels and Other
Aircraft Combustible Fluids. 1975. AFAPL-TR-75-70, pp 9-14. DTIC number
AD-A021-320. : ‘. .

e. ASTM E 380-79. gStandard for Metric Practice.
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METHOD 511.2 o .
EXPLOSIVE ATMOSPHERE TEST S

SECTION 1I

IT-1 APPARATUS. A test chamber capable of producing the required test -
conditions shall be used. Appendix A describes one type of chamber that may be
used.

IT-1.1 Fuel. Unless otherwise- spec1f1ed n-hexane (i.e., normal hexane) of at
least 95 percent purity shall be used.

1I-2 PREPARATION FOR TEST. The test item shall be prepared in adcérdance with
General Requirements, 4.5.2.

11-2.1 Procedure I - Qperation in explosive atmosphere

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 through the 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 sparking or high
temperature components which could cause an explosion.

Step 3. Mechanical loads on drive assemblies and servomechanical and
electrical loads on switches and relays may be simulated when necessary if
proper precaution is given to duplicating the normal load in respect to torque,
voltage, current, inductive reactance, etec. In all instances, it is preferable
to operate the equipment as it normally functions in the system during service
use.

Step 4. A thermocouple shall be placed on the most massive component of
the test item. .

Step 5. At least two thermocouples shall be plaéed on the 1néide of the
test chamber walls. These thermocouples (from steps 4 and 5) should be
instrumented for monitoring outside the test chamber when the chamber is ' -
sealed. .

II-2.2 Procedure IT - Explosion containment test

«

Step 1. The equipment, or a model of the equipment of the same volume and T
configuration, shall be placed within the case and the case installed in the
explosion chamber

METHOD 511.2
19 July 1983 ,
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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 ignitable vapor shall not alter the case by more.
than *5%.. . : .

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 gap,
may be mounted internally. Points of ignition should not be more than 0.5 inch
from any vent holes or flame arresting devices, and as many of such ignition
sources. should be installed .within the case as there are vent holes or flame
arresting devices. Where the design of equipment makes.this impractical, use
as many points of ignition as are practical. .

Step 4. A thermocouplé ihserted into the case and attached.to a sensitive
galvanometer outside the test chamber may be used to detect explosions w1th1n
the case... - ‘ . . ) ) ) .

5 "Insure that the air within the test chamber has a water vapor
lgwer than 109C (509F).

tep
de.nglnt
. £

Step 6. If the site atmospheric pressure at the test location is less
than 633 mmHg, make provisions to 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 to 800 mmHg, inclusive. :

Step 7. Perform steps 4 and 5 of paragraph II-2.1.
11-3 PROCEDURES . . - . | o '_ i
II- 3 1 “Esgggﬂuzgul_z_Qﬁg:aLigé_inﬂgxnlgéixg_aﬁmganhﬁné
) fSﬁép i.. férform préparatioﬁ for tést.x '

_ Step 2. Seal chamber with test -item mounted inside.

Step 3. Raise the ambient temperature of éir inside the chamber to that
determined in paragraph I-3.71.3. Wait until temperatures of test item and test

P S

chamber inner walls come within 11yu of chamber. ambient air temperature.

Step g, Adjust the chamber air pressure to simulate the test altltude
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 vapeorization of fuel and the development of
a homgneneous mixture. B

Step 7. Operate the test item. Operation shall be continuous from step 7
thru step 13. Make and break electrical contacts as frequently as reasonably
possible. ‘ :

METHOD 511.2
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Step 8. Slowly increase the air pressure in the test chamber by bleeding
air into the chamber. Simulate change of altitude at a rate no faster than 100
meters per minute. T o £ IR

Step 9. Stop air pressure change at 1500 meters below ‘test: altltude or at
ground level whichever is reached first. - - . o

P

Step 10. Check the potential explosiveness of the air-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 a 3.82-percent hexane
mixture. If ignition does not oc¢cur, return the chamber to ambient atmospheric
pressure, purge the chamber of the fuel vapor and re1n1t1ate the ‘test at the
most recent test altltude ' d

""Step 11. If thé lower limit of simulated altitude reached in step 9 is
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, go to step 13. If the station ambient pressure was not reached,
return the simulated altitude 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.

Step 13. Decument test results per paragraph II-4.- | ‘.'ﬂ,

‘II-32R:9s_e_dune_Il_Ex.nmlgn_c_QnLaimen§_eaL e - .
Step 1. Perform preparation for the test as given in II-2.2.

Step 2. Seal the chamber with test item inside.

Step 3. Raise the ambient. air temperature inside .chamber. ' -~ -

Step 4. Wait until temperatures of test item and test chamber inner walls
come within 11°C of chamber ambient air temperature.

Step 5. Change chamber air pressure to 1500 meters of 51mu1ated altitude
above the station ambient pressure (i.e., ground lével). - N

Step 6 Inject the required quantity of n-hexane into ‘the test chamber to
obtain optimum fuel-vapor/alr mlxture at station ambient pressure or as given -
in I-3.1.4b for n-hexane.

s -

4
.

Step 7. Circulate the test atmosphere for at least 3 but no more than Y
minutes to allow for the completeé vaporization of fuel and the development of a
homogeneous mixture within the test item and within the test chamber.

..?.’

-k Step 8° ' Bleed air into the chamber to return the pressure altltude to
station ambient pressure {i.e., ground level). ~

e - s
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Step 9. Energize the internal case ignition source.

. ) Step 10. Confirm the occurrence of an explosion within the test item
using the insta}led 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 test item, repeat steps 7 through 10 five
times if the test item's case'is not 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 alr/fuel vapor and return to

., step 2 } . ,

Step 12. Check the potential explosiveness of the air-fuel vapor mixture
by attempting to ignite a sample of the mixture by.a spark or glow plug. If
chamber sample does not ignite, purge the chamber of all alr/fuel-vapor
mixture Land repeat the entire test from step 2. ‘

_Step_13. Documentethe test results.
I1-4 INFORMATION TO BE RECQRDED
. a. Test*procedure number

b. Chamber pressure and\temperatures at each test p01nt (simulated

altitude).
. ¢:. For Procedure I1, the locations of glow plugs or spark gaps 1nsta11ed
inside test 1tems -

d. For-Procedure II, energy requirement for .the glow plug or spark gaps
for operation.

e.. The quantify of fuel required at each test point.

f. The off/on cyeling rate for the test equipment.

METHOD 511.2
19 July 1983
511.2-9




MIL-STD-810D
19 ‘July 1983

APPENDIX A
METHOD 511.2
EXPLOSIVE ATMOSPHERE

CHAMBER, FLAMMABLE ATMOSPHERE TESTING
A-1 This appendix descrlbes one. test chamber capable of produclng the
flammable atmosphere conditions requlred for this test method. -
A=1. 1 Component parts. The f301llty shall con31st 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
methqd 511.2 for flammable atmosphere testing.

A-1.2 Desigg and construction. The explosive atmogphere testing facility
shall be a portable self-contained unit.or a permanent installation consisting
of a well-lighted test chamber equipped with .a-system for mixing and
circulation of explosive air-fuel vapor mixtures, a means of-ignition of
air-vapor mixture, an explosion relief valve system (figure A1 is a drawing -of
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 d331gn may conform in
general to figure A2 and shall be capable of compllance ‘with-the requirements
of thls method.

A—1.2.1 Chamber. A practically sized test chamber should provide a minimum
clear working space 3 feet in diameter and 5 feet long and should be capable
of maintaining any desired pressure altitude within perfo.mance llmits
specified in paragraph A-1.3.5 below.

A-1.2.1.1 Qpenings. 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
econtrols, as required. Observation windows shall be provided in both sides of
the chamber. '

A-1.2.1.2 Floor. A removable floor, having a minimum area of 0.75 squére
meter ‘{8 square feet) and capable of supporting 4880 kilograms per square
meter (100 pounds per square foot) within the chamber.

A-1.2.1.3 Llighting. The test chamber shall be lighted with two 150-watt
lamps of explosion=-proof design, one located at each end of the chamber, to
provide uniform illumination. '

A-1.2.1.4 Stuffing boxes. Two stuffing boxes shall be provided to facilitate
the penetration of cabling connectors and control shafts.

METHOD 511.2
APPENDIX A
19 July 1983
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Low Pressure Relief Valve for Air . Needle Valve for Manual

Pressure Release and Control of R§E§§Sﬂ Control of Facility
Main Valve Action When a Negative N\ Pressure Release Valve
Pressure Does Not Exist
Within the Explosion _ '
Facility .
Ea
L Yy

Needle Valve For Automatic Control
Of Pacility Pressure Release Valve

This Valve is Designed for the Release of Internal
Facility Pressure by the Controlled Application of a Negative

Force which Lifts the Valve Off its Seat when an Explosion
Ocecurs within the Test Facility
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A-1.2.1.5 Mixing and eirculation system. A system shall be provided for the

mixing of air and fuel to produce 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 c¢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
chamber -and test item, and to bring in outside air for mixing. The outside
incoming air port should be equipped with a drying chamber which contains
gilica 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 1njection and mixing operatlon shall require not more than 3
minutes.

'A—1.2.1.6 Fyuel metering system.. 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-vapor ratio.

A-1.2.1.7 Fuel vaporizer. A vaporizer shall be provided in the mixing

and circulation system to vaporize liquid fuel for mixing with air. The
vaporizer should consist ofia heat exchanger using water as an exchange media.
The water shall be heated by immersion type heaters in order to warm the mixing
air prior to initial contact between the air and the atomized fuel from the

ffuel injectors.

:A—1 2.1.8 Explosion relief valves. anee pressure reller valves (see an
example type 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 pressure equalization of the test.area and the. surrounding atmosphere
through suitable restrictive orifices. Each valve shall have a minimum cross-
sectional area of (.13 square meters (200.square inches)}.

a_1 .2.1.9 Fuel The exnlosion facilitv shall be capable of utilizing n-hexane
Fuel. lity shall be capable of uti g n-hexane
es.

42 CApLvELAWI: 2@l

i
fuel to produce flammable vapor mixtur

A.1.2.1.10 . Ignition system. 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 for plugs installed in test item cases. Spark plugs shall be
positioned so as to eliminate any effect by wall conditions on spark
temperature.

METHOD 511.2
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A-1.2.1.117 [Eleg¢trical system. All electrical components of this facility
shall be explosionprecof 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 requlred through the chamber
wall to the item under test. For example:.

12 - 150 amp. jack and plug terminals T .

12 = 75 amp. jack and plug terminals . . c .

12 - 40 amp. jack and plug terminals

i2 - 10 amp. jack and plug terminals (male Jacx 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 1nterchangeable with existing laboratory equipment.

A-1.2.1.12 Iggnug_nugn. A vacuum pump eapable of produeing 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 Sampling chamber. 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 veloecity specified in A-1.3.3 and shall be appropriately located.-
The volume of. the sampling chamber shall be not less than 1 cubic foot and the
configuration symmetrical, to prevent end effects resulting from ignition of

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 as possible. The inlet side of the
sampling chamber mixing blower shall be provided with a flexible probe which
can be placed in the viecinity of any potential arcing sources on the test item.
Provision should be made to insure that sampling cnamber wall nemperature will
be equal to main chamber wall temperature.

A-1.2.1.14 . Heater gsystem. A thermostatically regulated heater system capable
of controlling the air temperature in the chamber within performance limits

specified in A-1.3.4 shall be provided. The heater system shall be built into
the chamber walls so that the chamber 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 (10.0°F) in magnitude nor

2 minutes in duration.
A-1.2.1.15 Instruments. The following instruments shall: be provided:
a. Altimeter 0-25,000 meters (0-80,000 feet)
b. Maximum pressure indicators (2) 0-2400 pascals (0-350 psi)
c.’ Chamber air temperature indicator 0-260°C (0-5009F)
d. Chamber wall temperature indicator 0-260°C (0-500°F)
METHOD 511.2
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e.. Fuel temperature indicator 0-409C (0-100°F)
" F. Vaporizer, air temperature indicator 0-2609C (0-5009F)
*g. Vaporizer media temperature indicator 07é60°C;(0-500°F5

h. Fuel quantity gage (calibrated for n-hexane of 0.659 specific gravity
at 20°C relat1ve to water at 4°C and reading in milllllters of fuel)

i. Fuel inert pressure indicator 0-T00 kPa'(6.76 psia)
. j. Heater thermostat 0-260°C (0-500°F)

A-1.2.1.16 Controls. The facility shall be provided with switches, valves,
ete. for control of all comhonents and systems of the test chamber. Controls
shall be mounﬁed so that their use,is'copvenient.

A-1.2.1.17 Safgix_nngzlalgnﬂ

A-1.2.1.17.1 jlngiggggg_lignga. 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 statua or condition of a
system or piece of equipment not in an observable position. .All conditjons
invelving operational safety shall be so indicated and any othera will be
included if spgpified by the procuring activity. ,

A-1.2.1.17.2 ﬁaﬁe&x;inkgnlégk_aiaig_ ' 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 openings to
the main test chamber, including the main 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 c¢losed.

#-1.2.1.17.3 Emergency pressure relief device. A rupture disk or other.

suitable type of fast acting pressure relief device shall be provided. The -
device shall be designed to rupture or otherwise relieve, when .subjected to a
pressure.in excess of the chamber de51gn pressure. The pressure relief device
shall be located on top of the test chamber and protected by a vented dome to -
prevent fragmentation hazard.

A-1.3 Performance
A-1.3.1 Ehamngn_dsaign;nngaaung. The test chamber shall be capable of
withstanding any explosion pressure up to and including 2 megapascals (300

pounds per square inch).

A-1.3.2 Pressure altjtude. The chamber shall be capable of malntélning any

. desired pressure altitude from sea level to 18 250 meters (0-60,000 feet)

within the limits specified in A-1.3.2.1.
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A4-1.3.2.1 (Chamber leakage. With the vacuum pump turned off, the chamber shall
be capable of maintaining any pressure altltude from -sea level to 3000 meters
(10,000 feet) for a period of 10 minutes, and “any altitude from 3000 meters
(10,000 feet) to 18,000 meters (60,000 feet) for a period of 20 minutes, with a
1oss not to exceed 5 percent of the total pressure altitude dur1ng either time.

A-1.3.3 BlowWer air velocity: The bloﬁerg employed for mixing and circulation
of air-vapor mixtures within the mixing c¢ircuit, the main chamber and the
sampling chamber shall be capable of producing outlet air veloc1ties between
300 and 600 meters per miniute (1,000 and 2,000  feet per minute).

A<1.3.4 Chamber air temperature. The alf'temperaturc within the test chamber
shall be controllable between 20°C and 240°C *3°C (70°F and 450°F *50F) at. all
points 1-1/2 ‘inches or further from the chamber walls, Within the 209C to the'
1209C (T0°F to 250°F)’temperature range no hot spots in excess of 40°C (75°F)
over the thermostat setting shall exist in the ¢hamber atmosphere. For the"
1200C to 240°C (250°F to 450°F) temperature range hot spots in excess of 159C
(250F) above the thermostat setting are not permissible in the chamber
atmosphere. Time required to raise the ambient air temperature from 20°C
(T09F) to any de81red value w1th1n the speclfled range shall not exceed 60
einGtes. o

I3

1 .

A-1-3;5"Iglgtan§§i T |
A-1.3.5.1 Instruments and controls. Unless otherwise specified, instrcnents'
and controls shall be accurate withln the following 11m1ts

a. Temperature indicator (including thcpmostats): +1°C (*2°F)

b. Pressure indicator: #5°kPa (11‘5315"
c. Altimeter: %1 percent

d. Thermostat: *19C (#20F) =~ =~ ° e T 7

. ;
[P T C

A-1.3.5.2 Environments. Unless otherwise speclfled, env1ronmental conditions
induced wlthin the chamber shall not vary in excess of the follow1ng limits:

" a. Air or mixture velocity: 1.5 percent (ln ‘meters per minute)
- b. Altitudes: *2 oercent (in meters)
¢. Temperature: *3°C (¥5°F)

NOTES

- v
oo

1. Intended use. The explosion-proof testing chamber descrlbed hereln is
intended for use in the accomplishment of explosion-proof tests in. acoordance
with thls standard

METHOD 511.2
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2. Instruction manuyal. An instruction manual should be available to provide
. the following information concerning the explosive atmosphere test chamber:

a. Operating instructions.
b. Maintenance instruction.

c. Assembly and disassembly procedure.

il

d. List and description of all replaceable parts.
- e. Detailed assembly drawings.
f. Wiring diagrams.

. 3. Fagility capability data. The following information should be stamped on
) data plates, which should be attached to the test faecility at the location

specified:
a. Maximum chamber design pressure: By chamber pressure indicator.
b. .Vaporiéer mixing air veloecity: By vaporizer control switech.

. e. Outlet air velocities of blowers: On side of test facility in a
clearly visible location.
. e Y s T : )
. S d. Emergency relief pressure: 0On dome of emergency pressure relief

device,

e. Identification by name and purpose of each instrument, control, or
indicating light: 0On or near the item concerned.

. f. -Explosion relief valve minimum opening pressure: On base of middle
valve,

g. Free-volume (in cubic feet)} of main and sampling chambers: On sides
of chambers.

4, Facility calibration charts and data. Calibration charts and other data

should be available as follows:

"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.

¢. Calibration charts for correction of scale error of various
. indicators.
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METHOD 512.2

LEAKAGE (IMMERSION)
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SECTION I

I-1 PURPOSE. Leakage (immersion) tests are conducted to determine whether
materiel is constructed so that it can be immersed in water without leakage
of the water into the enclosure

I-2 ENVIRONMENTAL FFFECTS. Penetration (seepage) of water into 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 to operate.

c. Corrosion due to direct exposure to the water or to the relatively
high humidity levels caused by the water.

d. Diminishment of the burning qualities of explosives propellants,
fuels, ete. '

I-3 GHIDELIHES_EQB_DEIEBMINING_IESI_EBQQEDHBES,AHD_IESI_CQHDIIIQHS

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

a. Application. Thls method is used when the test item is designed to
be watertight and may be exposed to partial or complete immersion in water,
This test may, in some cases, be used to verify watertightness in lieu of a
rain test, provided that the test item configuration is the same and erosion is
not a problem.

T
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b. Restriction. This method does not necessarily dupllcaﬂe service
conditions but is used to verify the mtegmty of the test item's seals. .

e¢. Sequence. (See General Requirements, 4.4.4.) This test should
be performed before and after structural tests such as shock and vibration to
aid in determlnlng the test item's watertightness after dynamlc tests.

]

d. Test variations. This method consists of one test procedure with
several related test conditions that must be given values before the test is
initiated, such as:

(1) Test item eonflguratxon. v »f SR "f. : -
 (2) Preheat temperature. . e
(3) Depth of immersion. ' .
(4) Duration of immersion. : o -
(5) Aaditional guidelineslas appropriate.
1-3.1 Choice of test procedure

: a. Jeat objectives. The primary objectlves of the leakage (1mmer31on)
test are to determine whether:

[

{1 The test item can be 1mmersed in water w1thout penetratlon of
the water into the test jtem.

(2) The penetration of any water. into the test item will cause
operational degradation of the test item.

(3) The test item can be operated safely following immersion.

(4) Other possible effects may be caused by water leaking into the -
test item. .

Based on this information and the purpose of the test item, determine any
variations to the basic test that are required.

b. Procedure I - Basic leakage. This procedure is used to test
relatively small test items (man-packed or man-portable for the most part) that
employ seals or gaskets to prevent water penetration:into the interior.l/

I-3.2 thics_o_f_ngla.r&d__gakj_o_u_z&im

a. Igg;_iigm_gggﬁ;gnggglgg. The conflguratlon of the test item is an
important factor affecting water penetratlon into the test item. The fol- -
low1ng are examples of conflguratlons to con31der. Co

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

1/ Shelter-size test items may be subjected to thé fording tests of
MIL-S=-55286 or MIL-S-55541.

METHOD 512:2 . ,
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(2) Sealed with protective covers, caps, plugs, ete.
. ' (3) Modified with kits for special applications.

). Normal operanlng conr1guraclon . - S s

£

4

b. Conditioninsg. Thls test usually includes heatlng 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 pressure

- (1) - The test.item temperature of 27°9C (49°F) above (At) the water
temperature is used to produce a preasure differential inside the test item
following immersion.

(2) The temperature of the water shall be 189 3 109C (64° & 180F).

{(3) Duration. The test item shall be heated until temperature stabi-
lization of the test item has occurred or for 2 hours, whichever occurs first
{a sufficient time to raise the internal air temperature.to a value approach-
ing 45°C (113°F)).

c. Depth of jmmersion. 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 1-meter test depth is suggested.
This, combined with the initial test item temperature, should result in twice
the pressure differential of immersion to 1m without heating. Cther values

. such as those shown in table 512.2-I may be used if appropriate.. .

TABLE 512.2-I.  Mater pressures at-various depths.

Head of Water Pressure Difference
(meters) . (kPa)
(1 psi = 6.895 kPa)
0.15 at o S O
0.91 , 90
1.0 98
1.5 147
4.0 392
6.0 588
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. Duration of immersion. 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.

i
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e. Additional guidelines. Review the equipment specification and
requirements documents. Apply any additional guidelines necessary. . .

I-4 SPECIAL CONSIDERATIONS

I-4.1 Failure analysis. Based on the individual test item and the require-
ment for its leakage resistance, the following failure criteria apply:

a. Hater penetration. Determine which of the following is abplicable:

(1) Unconditional failure. Any'evidence'of'water penetration into
the test item enclosure following the immersion teat shall be a basis for -
failure. '

(2) Acceptable water penetration. Waﬁer penetration of not more than
} em3 per 28,000 em3 (1 f£t3) of test item enclosure 2/ shall be
acceptable, prov1ded the following conditions are met:

(a) ' The water has no immediate effect on the operation of the .
test item. : ’ ;

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

b. Qperational fajlure. Failure of the test item to satisfy its fune-
tional requirements shall constitute an immersion test failure.

A c. Safety. The test item must be safe to operate following the immer-
sion test. : . '

I-4.2 Additional considerations

a. When testing a shipping/storage container or transit case without the
test items enclosed, all dunnage, packing, padding material, etc., that may
absorb water shall be removed, if possible, before the test.

b. Extreme caution must be exercised when using the test item handles,

protrusions, etc., to pull the test item under the water. This could produce
unrealistic stress and leakage into the test item.

1-4.3 Snmma:x_9ﬁ_&ea&_;nrgnmekxgn_nﬁguineg The following information is
required in the test plan for adequate conduct of the tests of section IT: T

a. Test procedure number.

A
>

2/ This quantity of water (4 em3) is approximately the quantity required to
raise the relative humidity. of 1 cubic foot of air from 50% at 219C (70°F)
to saturation at 499C (120°F). The 49°C value is realistic for equipment
exposed to high-temperature and solar-radiation effects.
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Phy51ca1 size of the teat item (to determine test faellity_
requlrements) -

¢. Tiedown nrecaufions {to prevent unrealistic stress). - -

d. Test item configuration.
e. . Conditioning temperature and duration.

f. Covering/immersion depth.

‘. g. 'Dﬁrgtidn-of'immefsionif IS -
h. :Addltlonal gu1delines.

oo 0 o Ty LE -

I-5 REFERENCES | | |
4a. MIL-S-55286, Shelter, Electrical Fquipment S-280()/G¢ ~ . -

b. MIL-8-55541, 5hQlLQn+_ElggLziga;_EgninmgnL_S=25QLleﬁ
0l ¥ -
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St . -1 5. @ METHOD 512.2 - ..

LEAKAGE (IMMERSION)

SECTION I

II-1 Ammms . kvt '.-.- Tyt R - . . L ;).
I1-1.1 Test facility L e e

a. The required test apparatus should include a water container that can
achieve a covering depth of 1m (3.3 ft) (or other required depths) of water
over the uppermost point of the test item and maintain the test item at that
depth. Also required is a chamber or cabinet capable of heatlng the teat item
to the required temperature. LT

b. A water-soluble dye. -such as fluorescein may. be added to the water to
aid in locating and analyzing water leaks.

-I'."'

II-1.2 GControls
~a. The temperature of the water shall be 18° & 10°C (64° + 18°F).

b. The temperature of the test item shall be 27° % 2°C (49° 1 UOF) above
( t) the temperature of the water.

¢. The temperature of the water shall not change more than 3°C (5°F)
throughout the duration of the test.

II-1.3 . Test interruption (See General Requirements, 4.5.4.)

a. Undertest interruptions. An interruption that results in less severe
conditions than specified should be treated as a "nmo 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. ngn;ga;_in&gzzuh&ignn. 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..

II-2 PREPARATION FQR TEST

I1-2.1 Preliminary steps. Before initiating any testing, determine from the
test plan: .

a. The immersion depth and time and, if applicable, the
preheat temperature and duration.

-METHOD . 512.2
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b. The means to be used to secure the test item at the _
appropriate .depth. - . - : . e S L

¢. The test item configuration.

II-2.2 Preteat checkout.'' 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. | o e

Step 2.  .Examine the: test item for evidende of free water.: If any is
found, dry the test: item completely before continuing. AL L

T

Step 3. Visually examine the test item, giv1ng spec1a1 attentlon to ‘areas
around seals.

Step 4. - Document the results. - S #-

Step 5. Conduct an operational check in accordance with the requirements
document . :

- a . - .. = . . : . .
IR ’ . M . . '

Step 6. Document the results. )

Step 7. Proceed to step 1 if no problems are found; otherwise, correct
the problem and restart ati!step 1 above. '-: - I .

II1-3 PROCEDURE I - Bagic Leakage - - : - Lo e

Step 1. Three times, immediately before the test; open-and close (or
‘remove and replace) any doors, covers, etc., that would be opened during normal
use to insure that any seals are fUnctlonlng properly and aré not adhering-to
the sealing surfaces.

. e ) o

Step 2. Condition the test item as in I-3.2b. The teat item's sealed
areas (where practicable) shall remain open throughout the heating cycle. -
Also, equipment occasionally incorporates valves or venting devices which may
or may not be openéd in normal service use. 'If the'test item incorporates such
a device, it should be opened throughout the heatlng portion of the test

Step 3. Measure and record the immersion water temperature. If not in
accordance with II-1.2b, adjust as required.

Step 4. Close all sealed areas and valves, assemble the test item in its
test configuration and, as quickly as possible, immerse the test item in' water
so that the uppermost point of the test item is 1m + 0.1m (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 intervals
following immersion of the test item.

METHOD 512.2:1%*
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Step 6. The test item shall remain immersed for 120 + 5 minutes.
Step 7. Remove the test item from the:water.f PN

Step 8. . Wipe the, exterior surfaces of the test item dry, g1v1ng special
attention to areas around seals and relief.valves. : -

Step_ 9. If appllcable equalize the air pressure 1n31de the test
container Dy actlvatmg any manual vauve(s) . L

Step 10.. Open the test item and examine the interior and contents for
evidence of and quantity of leakage and for probable. areas where the leakage -
occurred.

"Step 11. Document the results. R :-i”'a S e
Step 12. Conduct an operational check of the test item, if applicable.

Step. 13. Document the results. S . ..

~ - . - P

Step 14. Compare the results with the baseline data obtained in Ii-2.2.‘,1

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

b. Amount of leakage into the test item.

e¢.™ Point(s)~of 1eekagef -, 3f R

- . i X o N ‘-, - R

..d.. Water and test item temperatures. . TV

e. Test 1tem conflguration
r A

~ - -

£. Depth of*lmmer31on , e e R T
g Duraticn of 1mmersion* . e RPN

h. Results of performance checks (pretest and post test)

LN . . e g . . A M

v
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METHOD 513.3
ACCELERATION
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" SECTION II - T ' :

II-1 APPARATUS . . . . C e e e e e e e .. .513.3-11
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1I-3 PROCEDURES . . . . . .. . . . .513.3-13
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SECTION 1
I-1 PURPQSE. The acceleration test is performed to assure that equipment can
structurally withstand the g forces that are expected to be induced by acceler-

ation in the service environmment, and function without degradation during and -
following exposure to these forces.

I-2 ENVIRONMENTAL EFFECTS. Acceleration generally increases the forces acting
on equipment and the hardware used to mount the equipment. An exception is
acceleration that induces forces in opposition to gravitation forces, in which
case the equipment can approach or attain a state of weightlessness and become
reverse loaded in excess of the opposing gravitational forces. The forces
induced by acceleration can cause: s

a. Structural deflections that interfere with equipment operation.

b. Permanent deformations and fractures that disable or destroy the
equipment. . ’.-

¢.. Broken fasteners and mounting hardware that cause equipment to become
loose projectiles. :

d. Electronic c¢ircuit boards to short out and circuits to open up.
e. Induétances gnd capacitances to change values.
f. Relays to oﬁen or close.
g. Actuators and-othér mechanisms to bind.
h. Seals to leak.
i. Pr_'eséure and f‘l‘ow.regul.ators to change value.
METHOD 513.3
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-.J. Pumps to cavitate. - o o . i -

k. Spools in servo valves to be displaced and cause erratic and dangerous
control system response.

I-3 ﬁHIDEhIﬂES_EQB_DEIEBMIHIHQ_IE5I_EBQQEDHBES_AND_IESI_QQHDIIIQNS

NOTE: Thls test method should be. applled at the end of the tailorlng process .
described in section 4 of this standard. iy

Ca. Annliggtigng. This test method is applicable to‘equipment and -devices
that are installed in aircraft, helicopters, manned aerospace vehlcles, "
air-carried stores, and ground-launehed missiles. '

b. Bestnigtigns. None.

c. JSequence. The high temperatureitest should be condected prior to -
acceleration. .o : .

4d. Test varjations. The tests vary-in acceleration, axis of acceler—
ation, duration, test apparatus and on/off state of item.

(Structural Test) is used to demonstrate 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 subjected to both Procedure I -

A L A A T Y

and Procedure II tests unless otherwise speclfled

1-3.2 Qhg;ge_gf_tgatuggngltlggg. Acceleratlon values for: 1nd1v1dua1 equ1pment

items should be obtained from the aireraft structural loads analyses When the

anmliamnhla a-?pnnﬁ“& sawnlewn e gan aren T auom o o A Ta= 473 = —mad A

dppiilauic arrélraic J..‘.t UNKNOWII, the values vl tables 213.3~1 and jlj.3-I.l. ana
the fellowing paragraphs may be used.

For the purpose of these tests, the-direction of forward -acceleration is always

considered to be the direction of forward acceleration: of the host vehicle.
The test item is tested in each direction along three mutually perpendicular
axes for both test procedures. One axis is alined with the forward -

acceleration of the vehicle, one axis is alined with the spanwise direction of

the vehicle, and the third axis is perpendicular to the plane of the other two
axes. . Figure 513.3-1 shows the six acceleration test directions -

Except for hel1copters, the test levels for the six test dlrectlons are always
based on the forward acceleration of the vehicle. In the case of hellcopters,

forward acceleration is unrelated to acceleration in the other directions.

Tables 513.3-1 and 513.3-II list test levels for Procedure I (Structural Test)

and Procedure II (Operational Test), respectively Factors which influence the
test levels are:

a. Forward acceleration of the vehieie, known or unknown?
b. Orientation of test item in the vehicle, known or unknown?
METHOD 513.3.'
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I- 3 1 _th_;ge_o_f__LQ_st_cg_ggggm There are - two test proeedures Procedure I..

-
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¢. For fighter and attack aireraft, acceleration loads induced by roll,
pitch and yaw change maneuvers.

L

These factors are accounted for as follows.

() ‘Wheri the
forward acceleratlon of the vehlcle is known and the orientatlon of the test
item is known, the acceleration test levels for Procedure I tests are those
values that are obtained from table 513.3-I when the known_forward acceleration
is substituted for A in the table. The acceleration test levels for Procedure
II tests are .obtained in the same manner .using table 513.3-II. For
helicopters, .the.test levels in the tables apply regardless of forward
acceleration. :

I-3.4 b : . When the
forward aeceleratlon of the vehlcle is known and the orlentatlon of the test
item is unknown, the acceleration test levels for Procedure I tests are the
values obtained from table 513.3-I, which gives the highest test level when the
known forward acceleration is uuuuu.buued for A in the table. Use this value
to test the item in each.of the six test directions. The acceleration test
levels for Procedure II tests are obtained in the same manner using -table
513.3-II. For helicopters, the highest test level in each of the tables

applies regardless of the forward acceleratlon

I-3.5 EQruard_agge_ena_iQn_nnknQun_and_Lh5_LgaL_lke__gzienﬁe_;gn_kngun 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 513.3-1 when the probable forward acceleration
as listed in the table for the relevant vehicle category is substituted for A.
The acceleration test levels for Procedure II tests are obtained in the same
manner using table 513.3-II. -(Not applicable to helicopters.)

DasmrrmanAd Aammatowmed 2 ;e wmlrmmmrmn ol bl bamt Lk amm st awmbad S A e lsenmran LTlm o e

1-3.6 i . 4] it i g 9 i [ i vl 1 . WS
the forward acceleration is unknown and the orientation of the test item is .
unknown, the acceleration test level for Procedure I tests is the highest value
obtained from table 513.3-I when the probable forward acceleration as listed in
the table for the relevant vehicle catégory is substituted for A. Use this
level to test the item'in each of the six directions. The acceleration test
level for Procedure II tests is obtained in the same manner using table
513.3=II.  {Not applloable to hellcopters ) - -

1-3.7 Fighter and attack ajreraft. The test levels as determined from tables
513.3-I and 513.3-II are 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 rcll and pitch change maneuvers. "Rell

immnanta $ha an amAd Aars Tatamal Tafs anmd Tatanma) niaché anaalamatinan I1aads
dilpavi-ro LIS WPy alild uuwll ﬂllu daLial 41TL Vv Gllu Javciad I J.bllll AW TlLTl GUJ.UI.I J-VG\:IQ -

Pitech change impacts the up and down and fore and aft acceleration loads.

METHOD 513.3
19 July 1983 .
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. .TABLE 513.3-1 Suggested G -levels for Procedure-I.- Structural test.
Test Level -
‘ Direction of Vehicle Acceleration
: . Forward (See figure 513.3-1)
Vehicle Acceleration - 5
Category A ‘ .« Lateral
- : in g's 1/ Fore Aft .Up Down
' \ ' Left Right
Aircraft 2/, 3/ 2.0, 1.54 4.54 | 6.75A |2.25A | 3.0A |3.04
HeliOOpters 'Y, 4.0 4.0 10.5 4.5 |16.0 6.0
Manned Aerospace 6.0 to 12.0 A - ‘ ;
Vehicles _ 5/ 1.54 0.54 | 2.25A ] 0.75A | 1.0A |1.0A
Wing/ , ) -
Sponson” . 2.0 7.5A T.54 }9.0A 4.94 | 5.4 |5.6A
Aircraft | Mounted : : '
Stores - - -
Fuselage y e :
Mounted 2.0 5.25A -1 6.0A |-6.754 | 4.1A- | 2.254 |2.25A
Ground-Launched 6/, 8/ 1.2 | 0.5 | 1.28' [1.2a' |1.2a' {1.2a"
Missiles - ' 1/ 1/ T/ 1/

When

. Levels in this coluhﬂzshould be_used when forward acceleratioﬁ is unknown.

. acceleration w111 oceur at the same time.
be tested with the annronriate factors using the orientation and levels for the

the forward acceleration of the vehicle is known, that value shall be used for A.
For carrier- based aircraft, the minimum value to be used for A is U, representing
a basic condition associated with catapult launches.
For attack and fighter alrcraft add pitch yaw, and roll aoceleratlons as
app11cab1e :

.

For helicopters, forward acceleration is unrelated to acceleration in ot 16T
;directions . Test levels are based on current and near futur e he elicopter design
requirements.

.When forward acceleration is, not known, the high -value of the acceleration range

should be used.

A is derived from the thrust curve data for maximum f1r1ng temperature.

Where A' is the maximum maneuver. acceleration.

In some cases, the maximum maneuver acceleration and the maximum longitudinal
When this occurs, the test item should

s

maximum (vectorial) acceleration.

METHOD 513.3
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" TABLE. 513 3-II SugzgﬂLﬁﬁ_ﬁ_lgxgla_fgn_ﬁnggggu

L . ‘ Test Level
- 3_”»~ AR Direction of Vehicle Acceleration
-‘ & Forward - " (See:figure 513.3-1)
Vehicle -~ - - [Acceleration = - —
+ 'Category A S Lateral *
: ) in g's 1/ '| Fore Aft | Up Down .
! Left Right
Afrcraft 2/, 3/ ¢ 2.0 | 1.0a | 3.08"|4.58 | 1.5a-| 2.0a | 2:04
 Helicopters - & |20 |20 7.0 |3.0 |40 [Ho ¥
Manned Aerospace | 6.0 to 12.0 S Y AR IR R
"Vehicles | b v/t toa | 0.33a.(1.54 | 0.5A | 0.66A| 0.66A
Wing/ | ' ' cood o
. Sponson v 2.0 0 -1 500 ) 5.04 |6.04 3.25A | 3.75A] 3.754A
Aircraft] Mounted I : :
-Stores- z L N - : -
. Fuselage . -
Mounted | . 2.0 ' 3.54 -| 4.04° |4.5a 278 }.a.54 | 1.54 .
. "Ground-Launched 6/, 877 | vaa | o3za) i | 1ok i i | P
Missiles © ' 1. ' ' ) _ ‘ 1/ 1/__ _ 1{h T/

1/ ‘Levels in this’ column should be used when forward acceleratlon is unknown. When

1 &1 Al i P
* TIig J.Ul wé‘uu ﬁbbﬂ.&“ldb.l.ull Ul. uuc VUH.J-\—J.C J-B I\IIUNII, L«lld.b VG..I.UIU ﬂlld.J..l. IJ'."' useu LUI ﬂ-

2/ For carrier-based aircraft, the minimum value to be used for & is H, representlng
a basic condition associated with catapult launches.

3/ For attack and fighter aireraft, add plteh, yaw, and’ roll acceleratlons as ‘
applicable. o

Y4/ For helicopters, forward acceleration is unrelated to acceleratlon in other
.‘directions. Test levels are based on current and near future helloopter d351gn
requirements.

5/ ‘When forward acceleration is-not known, 'the high’ value of the acceleratlon range
should be used. y

6/ A is derived:from the thrust curve data for max1mum flrlng temperafure

1/ Where A' is the maximum maneuver acceleratlon. - C voeb A

8/ 'In some 'cases, the maximum maneuver acoeleratlon and the maximum longltudlnal -

pr

i

acoeleration will“oceur at the same time. When this ocelirs, the test item‘should
: be tested with the appxupx iate Ld\,buxa?i‘iéii"g tu&“ omentatloﬁ‘ajd 16'»:'61:: -for the

maximum (vectorial) acceleration.

)
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equipment’,” the test®'levels for:Procedure I (Structural- Test) are: the up and:~
down levels as determined' in.table 513.3-I, plus 1.5 times Nz,  the add1t10na1
load induced by roll; wheres:1.5:is.a safety factor and -N; is. computed as

- follows. : T , N
(SR ,
ANZ = g
Where:: d = lateral distance:of ‘equipment . from,aircraft CG.in meters 37
‘$* = absolute value:of maximum.roll acceleration in rad/s 2 (if
unknown, use = 20 rad/s?) o R
g = 9. 80 m/sé
N3 'i'ﬂ.l‘. R " - - . N

For Procedure II (Operatlonal :Test), the test levels are the up and downnleveIS'

.as determlned in table 513 3-II plus A Ng.

P . a o
. . L ! . L e

I-3.7:2 - uver loads -al left.and lateral pi ; ions. For
wing mounted eoulnment the test levels for Procedure (Structural Test) are

T

the lateral left and lateral right levels as determlned in table 513.3=-I or 1.5,
times A Ny, the load induced by roll, whichever 1s.the higher, where 1.5 is.a. .-

safety factor andA Ny is computed as follows,

do< i
ANy = g . S )
Where: d. = :lateral distance offequlpmeﬂt from aircraft CG in meters
¢ = absolute value of maximum roll.velocity, rad/s (if- unknown, use
. ¢ =5 rad/s) L
g = 9, 80 m/s2 :
I L_, o i = . oty .. ' . . o - N i
For Procedure II (Operatlonal Test), the test_levels are the lateral 1 ft and _
lateral right test levels as determined in table 513.3-II or A N, ,_n;che r is

the. highen..— T S e e ) y

St - [ v A

1
-
-

p—— P 1 A 2 ok

aHQ ﬂOWﬂ aCCElEI‘aDlOH J.EVEJ..S as determined in table :)Ij J-.l. pJ.ua D LiLueS

AN, the additional load induced by piteh change, where 1.5 is a safety faétorl

and A N, is computed as follows. v

. i

At

ANgr= Tg 1w N A N - -
- . 4 ;‘ oo . !vr Lt .
Where: d = fore or aft dlstance of equlpment from\CG in meters
§ = maximum pitch acceleration fn rad/s2 (if unknown, use §=.
5 r‘ad/qz) ‘
g = 9.80 m/s2) - R R X

L o i r-' - LY ' -t

For Procedure II (Operatlonal Test), the test levels aré the up and down levels
as determined in table 513.3-II1 plus A Ng.

‘METHOD 513.3
19 July 1983
513.3-7 ' T g
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I-3.7.4 . Pitch change maneuver load, fore and aft test directiong. For
fuselage-mounted equipment, the test levels for Procedure I {Structural- Test)
are the fore and aft levels as determined from.table.513.3-I or 1.5 times A Ny,
the load induced by pitch change, whichever is higher, where 1.5 is a safety
factor and A Ny is computed as follows. :

dd2

ANy = g
Where: fore or-aft distance of equipment from aircraft . CG in meters
maximum gltch velocity in rad/s (if unknown, use: 2 5 rad/s).

d
¢
g 9.80 m/s _ o

. .
For Procedure II (Operational Test), the test levels are the fore and aft test
. levels as determined from table 513.3-1I or A Nx,-whichever is higher. .

I-3.7.5 Yaw maneuver loads lateral left and risht directions. For wing-

" mounted equipment,.the test levels for Procedure I (Structural Test) are the
lateral left and lateral right ‘levels as determined in table 513.3-I or 1.5
times A Ny, the load ‘induced by yaw,- whichever is higher where 1. 5 is a. safety
factor-and A Ny 1s computed as follows‘ : . . .

*

ANy = Tg
HQere: d = lateral distance of equipment from aireraft CG in meters
. ¥ =. absolute value of maximum yaw.acceleration in rad/sec? (it .
unknown, use § = 3 rad/s®) .
g = 9.80 m/s? .

For Procedure II (Operational Test), the test levels are lateral right test .
levels as determlned in table 513. 3-II or. A Ny, whichever is the higher.

I-3.7.6 Wﬂﬂ_ﬁft_tmwa For' fuselage-mounted
equipment, the test levels for Procedure I (Structural Test) are the fore and

aft levels as determined from table513:3-1 or 1.5 times A Ny the load induced

by yaw change, whichever 13 ‘higher, where 1. 5 is a safety factor and ANy is
computed as follows : . X N .
¥
ANx=gE
fore and aft distance of equipment from aircraft CG' in. meters
absolute value of maximum yaw v31001ty in rad/sec (1f unknown,

use ¥ = 4 rad/s)
g- = 9.80 m132

H H

For Procedure II tOperational Test), the test levels are fore and aft test
levels as determined from -table 513.3-II or 5 Ny, whichever is higher.

Y . H .. k4

"
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I-4. SPECIAL CONSIDERATIONS

I-4.1 Test interruption. If an unscheduled interruption occurs while the test
item is at a specified test level, the test should resume at the test level. '
The test duration time should be the sum of the times at the test level prior
to and following the interruption.

I-4.2 Qver-acceleration. If the test 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 inspeection and
functional test, an engineering decision should be made as to whether testing
should be resumed with the same test item or a new test item.

I-4.3 Suax_apaggﬂmggggzg_gnga If a piece of equipment is mounted on

isolators, the test should be run with the equipment mounted on the isolators
and the sway space should be measured to 1ndlcate potent1a1 interference with
ad jacent equlpment .

I=4.4 Agggiggg&;gg_a;gudaglgn Careful assessment of the function and

characteristics of the test item has to be made in selecting the apparatus on
which the acceleration tests 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.

I-4.4.1 Centrifuge. 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 'always radially away from the axis of rotation.
When mounted directly on the test arm, the test item experiences 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 360 degrees for each revolution of
the arm. Certain centrifuges have counter-rotating fixtures mounted on the
test-arm to correct for rotation of the test item., With this arrangement, the
test item maintains a fixed direction with respect to space, but the direction
of the acceleration and the induced load rotates 360 degrees around the-
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, respectlvely, of the sp901f1ed test level.

I-4.4.2 Inggk[ﬁggkg&_pgﬂg_gg_algg 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 upon the length of 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 significantly more 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 requires the use of

] an wmaread o am b T mermdnm o ;i menad = klia ko
self-contained power units and a remote control system to operate the te

s
while traversing the track. Telemetering or ruggedized instrumentation i
required to measure the performance of the test item while it is exposed to the
test load. e : . e

t item
8

a. Junker, V.J.  Ihe Evolution of USAF Environmental Testins. October -

1975. AFFDL-TR-65-197. DTIC number AD-625-543.

METHOD 513.3
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METHOD 513.3 - - - \

. \ ACCELERATION
G e . SECTION II

i

II-1 APPARATUS. 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 (Operational Test)
evaluations. A track/rocket-powered sled arrangement is recommended for .
Procedure II- evaluatlons when strictly linear accelerations are required

i c . ~

II-2 PREPARATION FOR TEST

IT-2.1 Inspection. The test 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 shall be obtained to provide a reference guide for the
evaluation of physical damage that may be induced during the tests.

II-2.2 Mounting of the test item. The test item shall be mounted on the test

apparatus using the hardware that is normally used to mount the item in its
service installation.

II-2.2.1 Centrifuge mounting. .For centrifuges, 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 test. 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.

G = KRN2
Where G, = g level to_be-applied
K = 1.12 x 10-3 for metric calculations ‘
R = radial distance from the center of rotation to the mounting
location on centrifuge arm in meters
N = centrifuge arm revolutions per minute

The orientation of the test item on the centrifuge for the six test directlons
ia as follows:

a. Fore: Front or forward end of test item facing toward center of
centrifuge. ' .

b. Aft: Reverse item 180 degrees from fore position.

METHOD 513.3.
19 July 1983
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¢. Up: Top of test item facing toward center of centrifuge.
d. Down: BReverse item 180 degrees from up position. . ' . .

e. Lateral left: Left side of test item facing-toward center of
centrifuge. .

f. Lateral pright: 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 test
item nearest to the center of the centrifuge will be subjected to no less than
90 percent of the 'g level established for the test. If the g level is found to
be less than 90 percent of the established g level, the test item must be
mounted further out on the centrifuge arm and the rotational speed adjusted -
accordingly or a larger centrifuge used so that the end of the test item ‘ *
nearest to the center of the centrifuge is subjected to at least 90 percent of

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 should be

made for load gradients based con the existing avallabllity of large centrifuges

in commercial or government test facilities.

I11-2.2.2 BggkgL:ngng:gg_algg_mgunLing. For rocket-powered sled mounting, the
test item and associated test Ffixture or apparatus shall be mounted on the sled
platform in accordance with the controlled acceleration direction of the sled.
{The test fixture or apparatus should have been designed to isolate sled
vibrations from the test item.) Since the sled and test item experience the
same g levels, only the orientation of the test item on the sled is critical.
The orientation of the test item on the sled shall be according to the
acceleration directions shown in figure 513.3-1 and the controlled acceleration
t- .

PO

direction of the sled for the s8ix test direc

II-2.3 Functional pretest. After the test item is 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 Speciflcations is cause for rejectlon for
test. ‘

For Procedure I (Structural Test), the functional pretest may be performed
prior to mounting the test item on the test apparatus. However, for Procedure
II (Operational Test), the functional pretest should be performed after the *

test item is mounted on the test apparatus to assure that the test item is
properly installed for operation during the Procedure II tests.

L3
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II-3 PROCEDURES

II-3.1 Procedure I - Structural 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 513.3-1 for the 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 six test directions, the item should be
functionally tested as specified in II-2.3 and inspected as specified in

II-2.1.

I1-3.2, Procedure ]I « Qperational test (centrifuge). Turn on the test item
and place it in its operational mode. With the test item operating, bring the
centrifuge to the speed required to induce the specified g level in the test
item as determined. from I-4 and table 513.3-I1 for the particular test 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 test and record the results.. Repeat this
test.- nr-nnndnr-p f‘nr- the five r-ﬂmnin'inc test directions.. Upon. oomn]pfinn' the
tests .in the 31x test dlrectlons, the test 1tem shall be inspected accordlng to
II-2. 1 - . .

II- 3 3 rocedur - rati 1 t rac c - 1 . 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-4-and table 513.3-II for 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 track and sled facilities, additional test ‘runs may be
required to adequately demonstrate acceptable performance -of the test item
while under the test loading. Repeat this test procedure for the five
remaining test directions. Upon completlng the tests in the six test

directicns, the test item shall be

a. Pretest 1nspect10n observatlons .and dimen31onal measurements made of
the test item. .

b. Pretest operational perforﬁance data obtained for the test item.

¢. Test procedure number, test apparatus, test item orientation, test
level; -and .time duration at the test level.

-d; For Procedufe IT tests, the Qperafional 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.

: S METHOD 513.3
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VIBRATION
SECTION I
. . . Page
PURPOSE. . . . . o u S g
ENVIRONMENTAL EFFECTS. . . . : . . . 514.3-1
GUIDELINES FOR DETERMINING TEST PROCEDURES AND TEST
CONDITIONS . . . . - LU A
'SPECIAL CONSIDERATIONS . . . : . wo.'v oo v v oo v o . 514.3-58
REFERENCES ... . . . oo oo o o o w emn e eie on o e 51,3465
-,’ ’_, .. SECTION II .. S,

APPARATUS. . . .« epe e o oot S e e e e ... 514.3-69
PREPARATION FOR TEST T T L TP T U D = &
PROCEDURES . . .+ « . + v 4 v v v’ b i e e e e o e o . . B14.32T2
INFORMATION . . . . ... 0 . . v i v o v v ww o vw o . 5143275

' PURPQSE. Vibration testing is perfohmed to detérmine the resistance of

equipment to vibrational stresses expected in 1ts shipment .and applicatlon
env1ronments . . .

I-2 EHIIBQHMENIAL_EEEEQIS Vibration- can cause::

Ca.

b.

Wire chaf;ng.

'Loosening of fasteners. L

Intermittent électricallsospastssh f. ,{
Touching and shorting of electrical paété,.f=
Seal deformat;sn,' |

Cbmponsnt'fatigué;;1

Optical misalignmént.

Cracking-and rupturing. . ’

) ' : METHOD 514.3
514 :3-1 ’ 19" July 1983



MIL-STD-810D

‘19 July 1983

i. Loosening of particles or parts that may become lodged. 1n 01rcu1ts or
mechanisms.

Jj. Excessive electrical n01se.
I-3 GHIDELlHES_EQB_DEIEBMININQ;IESI_ERQQEDHBES_AND“IESI_CQHDIIIQHS This
test method should be applied at thé end ‘of the tallorlng process described in

section Y of this standard.

a. Application. This method is intended for all types of m111tary
equlpment except as noted in the foreword to this standard T

'b. Restrictions. Nome. =~ o o
' *%  ¢. Seguence: Vibration testing may be performed anytime in the .

‘test program. The accumulated effects of vibration-induced stress may
affect equipment performance under other environmental conditions, such
as temperature, altitude, humidity; leakage or EMI/EMC. When it is desired
to evaluate the cumulative environmental effects of vibration and other
environments, a single test item should be exposed to all environmental
condltlons, with vibration testlng generally performed flrst

d. Iga&.xa:iagigna. = . _‘ -

(1) Test apparatus. S R

* . . =

(2) Test item configuration.
(3) On/off state of test item . S : L
(4) Vibration spectrum and intensity.

(5) Duration of exposure. ' g L e

(6) Axes of exposure. o -

(7) Location of accelerometers. ’ e e

I-3.1 Choice of test procedures. The choice of test procedure is governed by
the vibration environments to be tested for. These environments should all be
identified during the part of the tailoring.process described-in 4.2.2.2 of
General Requirements. ’ ' :
\ . i

Table 514.3-1 divides vibration environments-into twelve categorles—-three
transportation-induced and nine application-induced.”” Procedure ‘T is used for
testing an item to nine of these categories. Procedures II, III, and IV are
each used for one of the three remaining categories.
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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 category as a consequence of its .deployment, storage, or use.

An item will probably be tested to more than one category. For example,
equipment installed in jet aircraft is covered by categories 1 (Basic Trans-
portation) and 5 (Jet Aircraft/Tactical Missiles) and may be tested in both
environments.

I—3.‘1.1, ﬂmmnlamunnmwmmmg

I-3.1.1.1 More than one application environment. . If an item is expected to - -
encounter more than one vibration environment as a consequence of its intended .
use, the environments should be compared. If any of them would apply similar
stress levels or similar bandwidths, the most severe category test should be.
applied as representatlve

I-3-1-1-2 Immmﬁmummm If the transportation
vibration levels are more severe than the application-induced vibration levels,
ag 1s often true for ground-based and some shipboard equipment, both transpor-
tation and platform vibration tests should be performed. This is because the
transportation test is performed with the equipment noncperating and the plat-
form test is performed with the equipment on. S

- If the application vibration levels are more severe ‘than the transportationA
levels,. further analysis 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 test can be deleted.

I-3.2 Choice of related test conditions. Guidance for setting test values

is given below with the discussion of each vibration environment category.

The provisions of section I-4 of this method apply for each test designed under
this method. .

For categorles I thru III, the following definitions applyc

a. Secured carge. Cargo which is securely tied or blocked in all three
axes with respect to the bed of the transport vehicle.

b. Restrained cargo. Cargo which is blocked or tied in the two
horizontal .axes with respect to the bed of the transport vehicle.

¢. Loose cargo. Cargo whlch is not tied, blocked .or restrained when
placed on the bed of the transport vehicle. : .

A test for restrained cargo is not ‘included in the categories below Such a
test may be devised by using field measurements to tailor the most approprlate
procedure.

METHOD 514 .3
19 July 1983
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TRANSPORTATION VIBRATION

I-3.2.1 Category 1 - Basic traunsportation

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 sea stresses, and all air and sea
transport scenarios include prior or subsequent land tranaport.,

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 discontinuities. Representative conditions experienced in moving
materiel from point of manufacture to end use are depicted in figure 1 of
General Requirements. These conditions may be divided into two phases,  common
carrier transportation and mission/field transportation. Common carrier _
transportation is movement from the manufacturer's plant to any continental
United States 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 1mproved or paved
highways.-

Mission/field transportation is that movement of materiel as cargo where the -
platform may be two wheeled trailers, 2-1/2 ton to 10-ton trucks, 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. Test levels. Whenever possible, measured data should be collected on
a variety of large conventional trucks, semitrailera, forklifts with shipping
pallets, 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 mission/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
transport of cargo. This data shall then be used to develop test spectra as
outlined in appendix A. If measured data are not available, the vibration
inputs contained in figures 51& 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
environments. 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
levels 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 must
be developed from a typical mission/field transportation scenaric to obtain the
proper mix and representative combination of platform and mileage requirements.

METHOD 514.3
19 July 1983
514.3-5




MIL-STD-810D
19 July 1983

Figures 514.3-1 thru 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 coventional
suspensions and air-cusioned suspensions are represented. The data was,

collected from typical interstate highways with rough portions as part of
the data base.

be

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 specilally designed courses ranging from paved =
highway to offroad conditions at various vehicle speeds. As seen, the
spectrum is broadband random with peaks and notches at various discrete
frequency bands. The break points of the peaks and notches are given for
establishing the spectrum shape. 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 environﬁent at the cargo
bed of a composite of tactical wheeled vehicles} the 5-ton M813 truck and ’
the 12-ton M127- semi-trailer. The data include differing vehicle loading

conditions traversing over specially designed courses ranging from paved
h_ahmg}r to offrozad oconditions at varions vehiole apeeads, 'Again the gpegtpnm

LE 3L

is broadband random with peaks and notches at various discrete frequency bands.
Break points are provided for establishing the spectrum shape. Tactieal
wheeled vehicles of significantly different size and design from the M813 and
M127 may provide substantially different input to the cargo loaded on the bed
than displayed in figures 514.3=7 thru 514.3-9 and spectra should be adjusted
‘accordingly.

Figures '514.3-10 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 disecrete frequency bands. The broadband
random base iz from the basic movement of the vehicle, suspension-system and
road discontinuities. The narrowband random excitation is associated with the
track-laying pattern and road surface. '

b. Test durations. 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 1000 =
miles. For tests which utilize the test spectra contained in figures 514.3-1
‘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 test time for
that particular vehicle is 60 minutes per 16 miles, which consists of testing
in several phases per axis (the test time per phase is glven on the appropriate
figure) to accommodate the total swept narrowband random-on-random environment.

e
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These durations are derived from the mileage for a typical mission/fleld
transportation scenario which has been established to be 500 miles to the
Forward Supply Point (FSP); 15 miles from the FSP to the using unit; and 15
miles at the using unit itself (dependent upon the type of cargo: expendable

e m e e aue d e d e «Tmd 1E mi1aa mnA manavmandahla Ananen o

cargy, e.g. d.l.lll-l-ll.uu.b.l.uu, may be uquu:u io miies and uuuc.nycuuuua.w Caigpgy, <. g
generators, may not be hauled at all once it reaches the using unit). Figure
514,3-23 shows the typical scenario and the types of vehicles utilized most
frequently in the various segments of the scenario. .

16 miles

Area
(csa)

Trucks, Semitrailers Two-Wheeled " Two-Wheeled
T : —»]°  Trailers. .7 Trallers or
C|e— — M548 Cargo
. " Carrier
o : -

FIGURE 514.3-23. Typical mission/field transportation scenario.

AIthongh botn trucks and two-wheeled trailers are utiliz=d between the FSP and
the using unit and at the using unit, the vibration levels on the trailers are
significantly higher and thus should 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 environment should be used.

c. Isaﬁ.ﬂﬁ&un: Mount the test item in its transport configuration

- - \-...‘LJ mam AL smlk o inm Py e . el om m - -
on the vibration fixture/table using restraints and tie-downs typical of

those to be used during actual transport. Testing should be conducted using
all representative stacking configurations and excitation should be applied
through all representative axes. The equipment is not operated during this
teat. : T I P .
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1-3.2.2 Category 2 - Large assembly transport. In some cases, 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 set. The exposure consists of traversing
the transport vehicle over a prepared test course until the test item has ..
received exposure representative of anticipated deployment scenarios.

a. Test level. The vibration levels and 1nten31t1es received by the
test item during this test are based upon the course profile and vehicle speeds.
as specified in procedure III. Various road surfaces are to be used, each
traversed at speeds which will produce the desired vibration intensity.
Transport vehicle speeds are limited either by the vehicle's safe operating

speed over a specific course profile or by the speed limit set for the specific

course.

b. Test duration. The test duration shall be as specified in procedure
IIT or until the test item has received the exposure represenative of the an-
ticipated deployment scenarios, whichever is longer.

¢. Test setup. The test setup shall be as specified in procedure III.
The assemblage shall be mounted inte the transport wvehicle 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 shelter in the deployment
configuration.

The shelter should be mounted and secured on the transport vehicle(s) that is
normally used for the shelter under actual transport. Instrumentation is
provided to measure the vertical axis acceleration time history on the shelter
floor and at any other locations of concern.

I-3.2.3 ga;ggnx_3_:_nggg_ga:gg_gnanapgng. The loose cargo environment
includes conditions experienced by packaged and unpackaged items transported as
unsecured cargo on a vehicle traversing irregular surfaces. The cargo has the
freedom to bounce, scuff, or collide with other items of cargo or the sides

of the vehicle. This envirconment is simulated in the laboratory by imparting
motion to the test item and allowing it to collide with restraints established
within the test 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 the test- equipment must-be based upon the desired end result.

a. JTest levels. Two methods are presented. For both methods the basic
movement of the bed of the test equipment where the test item is placed is a
2.54-cm (1=inch) double-amplitude orbital path at 5 Hz, such as can be obtained

on ‘a standard package tester operating ih the synchronous mode. (In this mode .

any point on the bed of the package tester will move in a circular path in a-
vertical plane ,perpendicular to the axes of the shafts.) -

METHOD 514.3
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.b. -Test duration.: - The test duration for this .procedure 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 collide with each other as well as the restraints of the-
test-equipment.: A duration of 3 hours is recommended where the test item is
placed upon a plywood package tester bed and allowed only to colllde w1th the
restraints of the.test equipment. - -

c. :Test. getup. The differences in the methods for simulating this
environment:are associated with the test setup. The setup uses a package
tester-as-depicted in f1gure 514,324, " Theé fixturing required is as shown and
will not secure the item to the bed of the package tester. A vertical impact
wall and ‘sideboards as depicted-in figure 514.3-24 shall be implaced to contain
the test items on the bed of the package tester. The test is intended to
simulate the unrestrained collision of the test item with the bed and sides of
the transport vehlcle as well as w1th other cargo.

For the 30-m1nute test, the bed of the package tester shall be covered with a =
plate of cold-rolled steel 3/16 t6 3/8 inch thick. Several test items shall be
placed within the enclosure created by the vertical wall and sideboards. The -
total frée space surrounding each test item placed on the table of the package
tester will be at leéast 5.08 cm (2 inches) between the test item and the
opposing sldeboards and any other test item. All loading configurations (i.e.,
test items-laid horizontally or stood on end vertically) deemed practical shall
be included in the placement of the test items on the package tester to '
evaluate the item 1ntegr1ty

For the - three—hour test, the constralnt fences are constructed of suitable wood
and' are sized for a s1ngle test item. The fences shall be positioned so that
the horizontal motion of the test item is limited to not more than two inches.
The bed of the package tester shall be covered w1th a sheet of 1/2 inch plywood
sultably secured by na111ng ‘ -

.In both methods, ‘the teet 1tem(s) is placed on the bed o6f the test equipment

secured in its transit case combination or as otherwise prepared for loose-
cargo field transportatlon The test 1tem shall not be operated durlng

e s

vior aulon. ”

APPLICATION VIBRATION

I-3.2.4 Qatgggzz H Engpgllgr aircraft Service vibration frequency spectra

for equipment installed in propeller alrcraft consist of a broadband background
with superimposed narrowband spikes: The background spectrum results from
various random sources (seé¢ I-3.2.5) with many periodiec (not pure sinusoidal)
components due to the rotating elements (engines, gearboxes, shafts, etc.)
associated with turboprops. - The spikes are produced by passage of pressure
fields rotating with the propeller blades These occur in relatively
narrowbands centered on the propeller passage frequency (number of blades
multiplied by the propeller rpm) and harmonics.

The spectrum for equipment mounted directly on turbine engines is similar to
the propeller aircraft spectrum except the primary spike frequency is the
rotational speed of the rotor(s).

METHOD 514.3 -
19 July 1983
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(::—H\\ ‘One-inch eircular
motion of package tester

One-inch plywood-

2" x 6" pine

Enclosure where test ltems could be placed.
Enclosure where tés;,items could be placed
Angle iron structure s@pporf

Front fence (restraint)

o
-

Back fence (restraint) >

®
®
®
®
®
®
@

Bed of package teﬁter

FIGURE 514.3-24. Typical package tester.
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Most current turboprop aircraft and many turbine engines are constant-speed
machines. This means that rpm is held constant. and power changes are made
through fuel flow changes and variable-pitch blades, vanes, and propellers.
These machines produce the fixed frequency spikes of figure 514.3-25. These
spikes have an associated bandwidth because-there is minor rpm drift and
because there is minor rpm drlft and because the vibration is not pure
sinusodial (I-4.5).

There are indications that future turboprop or propfan engines will not be
constant-speed machines. All reciprocating engines and many turbine engines
are not constant-speed. Also modern turbofan engines usually have two and
sometimes ‘three mechanically independent rotors operating at different speeds.

The spectra of figure 514.3—25 must be modified if used for these cases.

These vibration env1ronments can be practlcally approximated in the laboratory
by the source dwell test described in I-4.2.2. Many vibration problems in this
type of environment are associated with the conincidence of equipment vibration
modes and the excitation spikes. The notches between spikes are used in
intelligent design as'safe regions for critical vibration modes. Thus source -
dwell tests minimize the likelihood that equipment will be overstressed at non-
representative conditions and that reasonable design provisions will not be
subverted. : .

a. Iest level. Whenever possible, flight vibration measurements should be
used to develop vibration criteria for laboratory tests. Appendix 1 provides
guidance for the development of test criteria from field data. In the absence
of flight measurements, the test levels of table 514.3-II can be used with the
spectra of figure 514.3-25. The turboprop levels are based on data from
various 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 on data measured on
several current Air Force aircraft engines.

b. Test duration. Test durations should be developed from fiight

measurements or field data. Refer to appendix 1 for guidance in develop1ng
fP‘Hf dur'ai"lnnq from f‘1n'|rl dnfn . Tf‘ fiald Aata are nat availahla Pnn
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development of the test duratlons, then tests should be 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, I-4.7, I-4.8 and I-U4.9. These levels
represent maximum actual operating conditions and are functional test levels.

¢. Iest setup. The test time shall be installed in a vibration fixture
which simulates the actual application configuration. To the extent practical,
the vibration test setup should incorporate actual 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 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 I1-3.2,12 with the test item hard-mounted to the fixture.
METHOD 514.3
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I1-3.2.5 ' - ircraft tactical missiles. The vibration
environment for equipment installed in jet aircraft and tactical missiles
{except engine-mounted) stems from four principal mechanisms. These vibrations
are random and, except where the elastic response of primary alrcraft structure
is the source, broadband. These sources are ' as follows:

. 3
&

(1) Engine ncise impinging on aircraft structures.

{2) Turhulant
Ve 7 A VLA B A ARV

structures. . . N . - .

- (3) . Pressure pulse impingement due to repetitive firing of
guns. . o .

(4) Airframe structural. motlons due to maneuvers aerodynamic
buffet, landlng, taxi, ete. . - -

The guidance provided in this sectlon considers sources (1) and (2). Method
519 covers source (3). General airframe motions (4) cannot be adequately
covered by general criteria. They are the result of responses of flexible
structures to various transient events. Two examples of such responses are
rebound of wings and pylons when heavy stores are ejected, and separate flow
or shed vortex excitation of flight surfaces during sustained marneuvers. The"
vibration spectra are characteristic of the particular 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-nounted equipment. : ' :

Jet-noise-induced vibration is usually dominant in vehicles which operate-at
lower dynamic pressures, i.e. limited to subsonic speeds at lower altitudes and

tranaonic sneeds at hich altitudes, ﬁnhndvn=m1n=11u indneed vibration nanally

Va ARi A e Peetans Qv dad s S i VD i1 RMALWERA L ) Al MWL VAWL GQuraWiil MouG ey

predominates in vehicles which operate at transonlc 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 based on a worst-case composite.

Only functional tests are performed for tactical missiles.

a. Test levels. 1In 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-II1 and figures 514.3-26
and 514.3-27.

METHOD 514.3
19 July 1983
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TABLE 514.3-II. Suggested functional test conditions for

. Equipment Vibration Level
Leca»;un &/, 3/ of Li, at Fj, (EE/HZ) 4/

In fuselage or wing
forward of propeller 0.1

In fuselage or wing
aft of propeller : 0.3

In engine compartment

. or pylons 0.6
~ Eduipmeny mounted directly
- ot aircraft engines . 1.0
i/ F4i = fundamental excitation frequency
Fa = 2Fq, F3 = 3Fq, Fy = 4F

2/ When panels and racks are not available for equipment installed on
vibration isolated panels or racks, or when the equipment is tested with
isolators removed, use "fuselage or wing forward of prOpeller“ category
with levels reduced 44dB.

3/ Increase test levels 6dB for equipment mounted on fuselage or wing skin
within one propeller blade radius of the plane of the propeller disec. For all

pther skin mounted equipment, increase levels by 3dB.

4/ Bandwidth of vibration around each Fi will equal *5% F;j for constant-speed
excitation, When.excitation is not constant-speed bandwidth will encompass

PR P NI P g [ &

operating speeds for cruise and high power operation.

METHOD 514.3
19 July 1983
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TABLE 51u.3¥III- Broadband vibration tegt values for jet aircraft equipment.

CRITERIA

Aerodynamically induced vibration (figure 514. 3-26) 1/

Functional test level 3/ ﬂ/
'ﬂo = K(Q) -

Jet engine noise induced~vibration'(figure 514.3-26) 1/

Functional test level,a/ 3/, 4/, 5/, ﬁ/

(o 48 cos? 8/R) [D0 (vo/1850)3+nf/1350)31

DEEINITIONS

K

= 2.Tx 10-8 for cockpit panel equipment and equipment attached to
structure in compartments adjacent to external surfaces that are smooth,
- free from diseontinultles :

1

Yy x 16=8" for ‘equipment attached to structure in compartments adjacent to

or immediately aft of external surfaces having discontinuities (cavities,
chins, blade antennas, speed brakes, etc.)} and equipments in wings,
pylona, stabilizers, and fuselage aft of trailing-edge wing root.

1200 1b/ft2 or maximum aireraft q, whichever is less.

= engine core exhaust diameter, feet. (For engines without fans, use

maximum exhaust diameter.)
engine fan exhaust diamétér, feet.

minimum distance between center- of engine aft exhaust plane and the center
of gravity of 1nsta11ed equipment, feet.

= engine core exhaust velocity, feet per -sec.--(For engines without fans, use
. maximum exhaust veloeity without afterburner )

. engine fan exhaust velocity, feet per sec.

angle between R line and engine exhaust axis, aft-vectored, degrees.

METHOD- 514.3
19 July 1983
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TABLE 514.3-III1.

for jet aircraft equipment. - Continued -

-NOTES

1. Envelop aerodynamically induced and jet engine 1nduced and use the worst- -
case composite, ‘

2/ If aircraft has more than one engine, Wy shall be the sum of the
1ndividua11y computed values for. each engine. :

3/ "For equlpment weighing more than 80 pounds, the.vibration test level may be
reduced accordlng to figure 514.3-27.

4/. For T0° < e<180° _use 8.= 70° to compute W.

5/1 For engines with afterburner,.use Wo, which is four times larger than Wo _'

- computed using maximum Vo and Vg without afterburner.

6/ For 1nstrument panel equipment reduce the 0.04 gzlﬂz value of figure
"514.3-25 by 3dB and reduce the calculated value Wo by 6dB for functional
testing Endurance is 0 Ol4-g /Hz :

'3

METHOD 514.3
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b. Test duration. Test durations should be developed from flight
measurement 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 the.test levels of table 514.3-II1 and guidance --
dlscussed in I-4.3, I-4.6, I-4.7, I-4.8, and I-4.9 apply. These levels
represent maximum actual operatlng conditions and are functional test 1evels. .
The: requlrements of paragraph I-3. 2 12 also apply. »

4
r J
B

c. Iest setup. See test setup crlterla, paragraph I-U.11.

- -
I- 3 2. 6 ceLes9nx_§___Hel1egnLen_a;neneingnaLalleg Helicopter vibration is .;
characterized by broadband random with superimposed strong vibration peaks, as
depicted in flgure 514 .3-28. These peaks are generated by the rotat1ng
components in the helicopter, such as the main and tail rotors, engines and
gear meshing. The operating -speeds of these components under flight conditions
are:essentially constant, varying by only about five percent. L '

&

The relative levels of these peaks differ thruout the helicopter, depending on-
the proximity of the sources, geometry of the aircraft, and 1ocation of the *
test item. Thus, the need for measured data is especially acute. ' An obvious
requ1rement for helicopter equipment design is to avoid a match or near match
between an item's resonant frequencies- and 'the excitation frequencies at the
installment location. The major peaks in the helicopter vibration spectrum are
usually associated with the main rotor. However, each type of helicopter will
have different sources within different areas of each aircraft. Since the -
vibration environment is dominated by discrete frequency peaks, it is logiecal.
to use some of these frequencies for exposure in the laboratory test. Normally
about four. frequencies are. chosen. for.the tests. Foriequipment mounted on .

engines, refer to paragraph I-3.2.4. For equipment exposed to gunfire, refer
to method 519.

a. Test leyels. 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 enveloplng potential worst-
case environments. They do not represent env1ronments under which vibration-
sensitive equipment should be expected to perform to specification. Costs for
many devices are a strong function of the performance required in a particular
vibration environment. Consequently, performance vibration levels should be .
tailored to particular appllcatlons and are not appropriate.for a general B
standard. For testing purposes, 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 frequencies of the maln
rotor for the values of L¢, Lp, L3, and Ly at frequencies Fj, Fp, F3, and Fu -
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 Ly,
L2, L3, and Ly. The fundamental main and tail rotor source.frequencies, F1,2
for a few helicopters are given in table 514.3-V. All equipment located on ™’ @
drive train components such .as. gear boxes and -drive .shafts should use the
source frequencies of ‘that drive train component {(i.e., gear mesh frequencies,
shaft rotational speeds).

R i';‘(;_,‘ [

b. Test duration. Test durations shall be derived from the field
measurements and actual fllght characterlstlcs and durations.
- s_ - . ] ‘x . 4y '._ ,'."

-METHOD- 5143
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TABLE 514.3-IV.
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Suggested function test levels for

EQUIPMENT SOURCE VALUE OF PEAK VIBRATION
LOCATION FREQUENCY Wo & Fp LEVEL
Fj (Hz) Lj, AT Fj in G
525 0.5 + 0.1 {(F; ~ 5)
Wo = 0.002
25"”‘0 2-5
GENERALLY/ F¢ = 500
40-50 2.5 -« 0.1 (Fi-40)
50-~500 1.5
ON
INSTRUMENT 0.7 x GENERAL
PANELY/ .
EXTERNAL
STORESL/ 1.5 x GENERAL
ON OR 5~50 0.5 + 0.1 (Fy~5)
NEAR DRIVE
SYSTEM ) W> = 0.02
ELEMENTS2/ 50-2000 _ 5.0 + 0.01 (F3)
Fy = 2000 \

1/ Fp = 2Fy, F3 = 3Fy, Fun = UF4.

table 514,3-V,

Choose F; from figure 514.3-29 and

2/ F4 ~ Fy should be chosen based dn drive train source frequencies.

514 ,3-43
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TABLE 514.3-V. mj ment
'ROTARY WING MAIN ROTOR TAIL ROTOR - .
- _AIRCRAFT Fq (Hz) XL Ey (Hz) 2L
' CcH-3 17 7 |
OH-584 1.8 4o
OH-58D 26.3 ' 40
UH-60 17 20 ;
CH-47D 11.3 1.3
CH-47¢C C12.3 .. 12.3 .
AH-1 10.8 27.8
UH-1 10.8 7.8
AH-614 19.3 23.4
OH-6 31.9 51.3
CH-54 18.5 14,1
500MD 41 49
Lynx 2.7 32
BO-105 30

1/ These frequencies are the number of rotor blades times rotor rotational
speed.

2/ Rotor rotational speed.

514.3-44
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c. Iest setup. The test item shall be attached to the vibration
exciter by means of a fixture capable of transmitting the vibration conditions
specified. The fixture shall be designed by utilizing actual racks, panels
or platform structures of the helicopter to minimize the introdduction of
unrepresentative response within the test item. Low-~level (0.5«g). 5 to 500 Hz
sweeps to identify the resonant and transmissible frequencing the item shal be
conducted before and after its exposure to the test vibration environment.
Significant changes in resonant properties shall be considered as failures even
though the item still functions to specification levels.

- 1-3.2.7 Category 7A - Assembled external gtores, jet aircraft. Assembled jet

aireraft stores will encounter three distinet vibration env1ronments. captive
flight, buffet maneuver, and free fllght

Qan&ixg_;lighg: Extensive measurement programs have shown that the vibration
experienced by an externally carried store on a jet aireraft arises from three
distinet sources:

{(2) Buffet maneuvers.
(3) Aircraft-induced vibration.

In general, store vibration is primarily caused by broadband aerodynamic
boundary layer turbulence and is relatively independent of the carrying
aircraft and mounting location on the aircraft. Instead, vibratory excitation
is mostly influenced by store shape, mounting configuration and dynamic
pressure. This source of vibration is distributed along the entire surface of
the store and is difficult to simulate by point input of vibration, such as
from a vibration shaker, unless the store is relatively stiff. Therefore, an
acoustic test (method 515) is recommended for this environment.

The lower-frequency portion of the assembled store vibraticon spectrum comes
from either aircraft-induced vibration or buffet maneuvers. Aircraft-induced
vibration generally is present during the entire captive flight phase for a
store. Its frequency range is covered by the response threshold spectrum shown
in figure 514,3=30.

Buffet maneuver. Recent flight test programs on the F-16 and F-15 with various
externally carried stores have shown intense vibrations associated with buffet
maneuvers. Other similar ajreraft, such as F-14, F-18, or next generation
fighters, have the potential to produce intense vibrations during high-
performance maneuvers. The buffet maneuver envelope is generally bounded by
speeds of 0.8 to 0.9 MACH and altitudes of 3 to 10 kilometers (9,840 to 32,800
ft). Although the vibration levels during high-performance maneuvers are very

intense, they generally do not last for more than 10 seconds, reaching their

peak in less than a second and rapidly detericrating in 5 to 10 seconds. For
the purpose of establishing test durations, a commonly used assumption is that
an aireraft store may experience as much as 30 seconds of maneuver buffet
vibration for each hour of captive-carriage flight (figure 514.3-31).

METHOD 514.3
19 -July 1983
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Buffet maneuver vibration energy is concentrated in the low frequency range,
typically between 20 to 100 Hz, dominated by the store’'s structural charac-

* teristices. Depending upon the store location on the airecraft and configuration
on the rack, pylon, and aircraft, additional distinet 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-
dynamic vibration tests may be combined or performed separately.

Free flight. 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

R =12 =1 Llll = e L Roaglil uw T S

does not exist, the factors Aq and Ay 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. Test levela: 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. Test dupation. 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 givgn in paragraphs I-4.3, I-4.6, I-4.7, I-4.8 and I-4.9.

c. Test setup. Suspend the store from a structural frame by means of
its normal mounting lugs hooks and sway braces which simulate the operational
mounting apparatus. The test setup shall be such that the rigid body modes
(translation and rotation) or vibration for the store/frame/suspension 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 shakeb, 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 Io frequency. For both methods,
launcher rails shall be used as part of the test setup, where applicable.

Accelerometers to monitor the vibratory respoﬁbe of the store should be mounted
on two relatively hard points or rings within the store, one in the nose
section and one in the aft section. For stores such as bombs 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 zlong the axis of the store, the vertical direction is

Vaate TRiemie TeA wrvwa Ty wadls Pl vivicoe mac Tl albris

defined as perpendicular to the longitudinal axis and contained in a plane
passing through the mounting lugs).

METHOD 514.3
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TABLE 514.3-VI. at iteria for. external st 1
Parametrié Equations for Figures_51u.3§9 and 514.3-12
Eq (1172 ¥y = (5)(10-3) (81)(B3)(C1) (D) (E1)g?/Hz
Eq (2)1/: Wy = (5)(10-5)(q/ )2 (A2)(B2)(C2)(D){Ep)g2/Hz
Eq (3)27,3/: £1 = 105 (t/R2) Hz
Eq (#)2/,3/: £5 = £{ + 1000 Hz
Eq (5)5/,5/,1f: fo = (£/R2) x 105 + 100 Hz
Location, Conflguratlon Speclal Ad justments
Factor .
A | A
TER (tri-ejection rack, cluster mount) 1 2
MER (multiple ejection rack, cluster mount.) 2 y
Single station 1 1
By | B
Aft half of air fired missiles i g -
Aft half of all other stores " 2
Forward half of all stores 1 g
. Ch JCo
Blunt nosed stores, single station and TER 2 y
Blunt nosed stores, MER 1 2
All other stores 1 A}
Bs Do
Free fall munitions with non-integral finned 8 16
sheet metal tail cones -
Air fired missiles 1 1
All other stores 4 .| u
‘ Eq Ez
Firebombs (Jelly filled) 1/21 1/4
All other conditions 1 ~1
Representative parameter values to be used for‘captive
flight when specific parameters are not available
Max _ .| T )
Store Type - q Endurance | Endurance | f1(Hz) | f2(Hz)
Missile, air to ground 1600 | 100 3 None 500 - 1500
Missile, air to air 1600 | 100 100 1 500 1500
Instrument pod - 1800 50 | 500 1 500 1500
Dispenser {reusable) 1200 50 50 1 200 1260
Demolition bomb 1200 | 120 3 None 125 2000
Fire bomb 1200 Lo 3 None 100 1100
See next page for Definitions and Notes ' o
METHOD 514.3
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TABLE 514.3-VI. ¥ibratjon criteria for external
‘ stores carried on airplape. - Continued

DEFINITIONS
'q = maximum captive flight dynamjc pressure in 1bs/ft2. (See note 1)
p = average store weight density in lbs/ft3 (total weight + total volume)
t = local store average skin thickness where R is measured - inches
R = one-half the average of the major and minor diameters (1nches) for a store
Wwith an elliptical cross-section (for cylindrical sections use local
geometry; for conical sections use smallest fy 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
monocogue irregular cross-section, fq1 = 300 Hz)
NOTES
1. For endurance test, q = 1200 psf or maximum q, whichever is less.
2. Free fall stores with tail fins, use fqi = 125 Hz; fp = 109(t/R2) + 1000 Hz.
3. For general-use fuzes which can be used in several stores; use Wy =
0.04g2/Hz; Wo = 0.3.g2/Hz; fq = 100 Hz; fp = 1000 Hz.
4. Acceptance range for parameter values: 40 ¢ P 2150
.0.001 St/R2 002 - - 7
or if calculated values fall outside these limits, use these limit values.
5. PFor ecircular and elliptical cross-gections.
6. 500 Hz for all other cross-sections.
7. If fo 21200 Hz is calculated, use 2000 Hz.
METHOD 514.3 .
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Apply broadband vibration to the store using an input spectrum shape of the
store-mounted forward accelerometer response spectrum from paragraph I-3.2.7a.
The input level shall be 6dB down from the calculated response level of the
forward accelerometer.

Identify ‘those frequencies at which the store-mounted accelerometers, 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 thé applied input spectrum until both the forward- and aft-
mounted accelerometers in the direction of applied vibration at their
respective frequencies identified above equal or exceed the required test
levels 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-axis accelerometer response (those accelerometers 90 degrees to the
applied vibration) should be examined. For each frequency where the response
of an off-axis accelerometer is above in-axis response levels, the following
actions are suggested. For each of these frequencies, calculate the ratio of
required to observed levels for each accelerometer 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 frequencles,
their respective average value is equal to unlty

I-3.2.8 ) ] :
Equipnment 1nstalled w1th1n an externally carried store w111 experlence a
broadband vibration spectrum that depends chiefly on the captive-carry response
of the atore. Vibration testing, whenever possible should be based on
in-flight measurements. If satlsfactory flight measurements are not available,
functional tests may be derived from figure 514.3-33 and table 514.3-VI. Note.
that the test levela for equipment installed in stores are the same as the
response test levels of assembled stores. The response of the store is the
input vibration to an item installed in the store. If buffet-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. Tesat levels. 1f SUfflClent measured data does not exist, use flgure
514 .3-33 and refer to I-3.2.7. Vibration testing of equipment to be installed
in externally carried jet aircraft stores should be input-controlled testing
(see I-4.2.6).

b. Test dyration. 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. Test getyp. Use I-4.11 for setup.
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FIGURE 514.3-33. Susgested vibration test levels for equipment

I1-3.2.9 = : Complex .
periodic waveforms characterize the service vibration environment encountered .
by assembled stores externally carried on helicopters. Unlike stores carried
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 reaches the equipment through
the attachment points between the aireraft and the store. Some excitation,
however, is added along the entire store structure due to periodic rotor-
induced  pressure fluctuations. The result is a complex response, unique to

the particular aircraft-store configuration. Therefore, realistic testing
depends almost 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 fundamentals of the aircraft main rotor (source dwell- testing -
see paragraph I-4.2. 2). ‘

'a' Iest level.  As stated above, because of the strong dependency of the
vibration level on the aircraft-store combination, the use of measured data
taken on the store itself is recommended for setting the levels. The resulting
test spectrum shall include exposure based upon the source dwell concepts of
I-4.2.2. The suggested vibration conditions from table 514.3-IV and figure
514 .3-28 can be used for initial testing prior to acquisition of field data.

[

b. Test duration. The test duration shall be deve10ped from flight test
data. Exposure periods shall be developed by constructing a life cycle based .
on the measured flight environment, equipment life requirements and aircraft
mission profiles. If flight test data are not available, then test durations .
can be selected from information provided in I-3.2.12,

METHOD 514.3
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¢. Test getup. 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

. 3 . . - +
feas‘lblc, actual azircraft \..uu.lpuucub-‘.l for nccompllshlﬂg this test attachment.

Low level 0.05g, 5 to 500 Hz sweeps to identify the store's rescnant fre-
quencies and transmissibilities shall 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 still functions to
spec¢ification levels. ’

I-3.2.10 banggnx_&_:_ﬁzguﬁﬂ_mghilg. 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 speed, 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 vibr de.UIl spectrum of wheeled

.vehicles and trailers is predominantly random, with peaks 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 1-3.2.12. The use of a smooth spectrum similar to figure 514.3-36,
generally will produce an overtest at some parts 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 conditions for installed equipment. When these curves
are used, congideration must be given to the structure's response at the
location where the equipment is installed as it relates to the major structural
members supporting the cargo bed :

Mihn +rnanl . nn "Aln e R Tatal  -T.t o ‘lﬂ\n_nl\_‘- nwmd wad ha Lo~ nl-nnnn -..n-"‘l TP, V. Y%
LI vi G LIV I Viilelly 1l L L ‘l. L L4TU U LIS SULIVHM 1111 J-UCN.L-G
of the track-layln pattern. "The movement of the vehicle, its suspension

system, and road discontinuities produce a broadband random excitation which is
further extended or excited at frequencies associated with the track pattern.
This environment is best simulated by superimposing narrowband random over a

" broadband’ random base.

a. Test levels. 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 J-=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.  JTest duration. 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 to the
specific equipment's service scenario. In development of the test duration
from measured data, the procedure outiined in appendix A should be reviewed.

'
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¢. Jest setup. The test item shall be attached to the vibration
| generator directly or with a fixture, and securely held by its normal means of .
attachment. The fixture shall 1ncorporate actual service structures as much
as possible to minimize unrealistic response characteristics during test
exposure. Any c¢onnection to the test item, such as cables pipes, wires, and
the like, shall be arranged so that it imposes restraints and mass similar to
those present when the equipment is installed in the operational configuration.
‘ Excitation shall be applied through the three orthogonal axes of the test item.

‘ 1-3.2.11 Category 9 = Shipboard vibration. Equipment installed in ships will
receive vibration stresses resulting from natural environmental inputs to the .
ship's superstructure and local unit transmissibilities (amplifications) within
the equipment and its mounting structure. Vibration testing of shipboard
equipment should address both the levels of environmental inputs and the
susceptibility of equipment/mounting resonances to input frequencies.

Shipboard vibration spectra have a random component induced by the variability
of cruising needs, sea states, maneuvers, etc. and a periodic component imposed
by propeller shaft rotation and hull resonances. Equipment mounted on masts
(such as antennas) can be expected to receive higher input than equipment
mounted on the hull or deck.

a. JTest levels. 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 514.3-34 should be used. The random vibration test
of shipboard equipment should follow either the Basic Transportation Test
(I.3.2.1) or the Bench Handling Shock Test (method 516.3, Procedure VI).

In order to verify structural integrity and the compatibility of equipment/
meunting resonance frequencies with shipboard input frequencies, a sinusoidal
vibration test should 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 I, the test levels should be tailored to envelope -
the highest values for each frequency, with appropriate consideration given to
the fatigue life of the equipment. .

b. JTest duratjon. The test durations for shipboard applications should
be based upon the anticipated deployment scenarics. 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 axes. . . -

c, " Test getup. Equipment should be mounted in its normal configuration
| with normal shock/vibration isclation mounts used throughout the test.
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FIGURE 514.3-3&. Ihreshold performance random vibration spectrum for

T1.3.2.12 Categorv 10 = Mininum integrity test. The following information is

fal ™)
provided for -developing a test program. for 1tems which will not encounter any
of the other vibration environments listed in table 514.3-I and for items
mounted on vibration isolation devicea (I-4.10). The test program may include
a secured-cargoe test 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 additicnal
vibration tests are for helicopter and aircraft/external store equipment
applications. These vibration levels are found in figures 514.3-35 and
514.3-36 and have no relationship whatsoever to the application environment.
However, historical experience has shown that equipment which ¢an withstand
these tesat conditions can function satiafactorily in the field. These
expoaures are sometimes called "junk level"™ tests and provide some assurance
that ‘the ‘equipment can withstand operations and handling during removal and
repair, but certain risks must also be assumed 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, and which weigh less than 75 pounda.” The
weight penalty associated with this unrealistic test begins to become
significant for elec¢tronic boxes that weigh more than 75 pounds.

a. Test level. The test levels shown in figures 514.3-35 and 514.3-36
are based upon a variety of platforms.

b. JTest duration. The suggested test durations are provided in table
514.3=-VII. The time of exposure can be varied to meet the test requirements.
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"Suggested test: durations for equipment

SOURCE

IEST DURATION

Figure 514.3-35

Figure 514.3-36

Maximum three hours per axis
30 minute logarithmic sweep 5

to 500 hz

One hour per axis.
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accomplished as indicated in paragraph I-3.2.1. The additional vibration
exposure shall be accomplished with the test item secured to the flxture/
exciter. Items which are mounted on vibration isolation equipment should be
tested with the isolation removed. The items shall be tested in each of three
orthogonal axes.

¢. Iest setup. The secured cargo transportation test phase shall be .

I-4 SPECIAL CONSIDERATIONS T ] -

I-4.1 m t r ibrati . To expose materiel to realietic
service stresses, a combined temperature-vibration test may be necessary. The
high and low tempeératures that materiel is expected to endure while being . .

transported are usually spe01fied in the requlrements documents in terms of

AT wmakiA At o e e

the climatic categories described in MIL-STD-210 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 tests can be used
for- combined temperature-vibratlonal testing. ’

I-4.2 Gommon Lga techniques

I-4.2.1 Random vibration. The ‘majority of vibration experienced by equipment
in operaticnal service has been determined by analysis to be broadband in .
snectral content. That is, all frequencies are present at all times in
various combinations of 1nten31ty Controlled experlments have demonstrated
that random vibration effectively simulates broadband in a test situation.
Therefore most of the tests in this method use random vibration.

Random v1brat10ﬁ spectra are defined in terms of acceleration spectral density
(also referred to as power spectral density, or PSD) profiles, which relate
energy density levels to specific 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 always relate
energy content to specific fr uency bandq i
As 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-hydraullc) may be employed if the desired

P w Y ey o de ar e A

spectral control can be achieved,

I-4.2.2 Source dwells. In some cases, the vibration environment is charac-
terized by periodic excitation from reciprocating or rotating structures 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.

514.3-58
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This technique differs from the traditional sinuscidal resonance dwell test.

A rescnance dwell emphasizes those frequencies at which the test item
resonates. A source dwell emphasizes 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 centered 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
eycled through a frequency band representative of the platform conditions).

I-4.2.3 Sinusoidal vibration. The service vibration environment in some
propeller aircraft and helicopters contains excitation which is basically
sinusoidal in nature. The excitation derives from engine rotational speeds,

nrnAanallan amd $f1nkhdina hlads nasansas frnannanaian maktnm hladsa masaasas and

velocity, and their harmonics. Environments such as this may be best simulated
by a sinuscidal 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 component to 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 sinuscidal
teating is a useful engineering development technigue.

I-4.2. 4 Response characterization. Response characterization is a technique

for measurlng 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 interactions 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 v
vibration levels since nonlinearities in equlpment response render charac-

terizations at other levels 1nconclu31ve.

I-4.2.5 Test 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. = - - ‘ ot

I-4.2.6 Input control vergus response-defined control. Input control is

the traditional approach to vibration testing. 1Ideally, this form of testing-

should represent the input from a carrying platform into equipment on thé ' -
platform. It should not be used when the equipment mass-loading could

significantly alter the platform behavior or when the actual service excitation

is applled to all parts of the structure simultaneously (i.e., aerodynamic

turbulence)} rather than through a few distinct attachment points. "

Response-defined testing 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 appropriate when service:
vibration measurements exist and close correlation between laboratory and -
service conditions is readily achieved.

I-4.2.7 Test durations. 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 I-4.6, I-4.7, I-4.8, and in appendix A.

lly v 1 rlterla are written in terms of total ‘time at a given level .
and are implemente However, service exposure is ' -
usually made up of a series of discrete or short-term events. Thus, continuous
application of vibration could result in unrealistic structural, isolator, or

other heat buildup effects. Vibration should be applied for short periods 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 gunflre

and aircraft maneuver buffet. : :
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I-4.3 Endurance versus functional testing. Fundtional 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 funectioning 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 equipment's degree of performance is uncertain, functional testing at
lower levels should be considered.

Endurance testing is conducted to demonstrate that the equipment has a w
atructural 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. .
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Endurance testing does not establish fatigue life. This is because'

(a) the test item is tested for the amount of stress anticlpated for one
lifetime but not necessarily to destruction, and :

(h)‘«because the sample size is too-small.

Rather endurance testing assures that the required life can be. achieved w1th
reasonable maintenance. The determination of the item's useful 1ife would
require a.combined environments test (method 520) where all relevant ]
environments were varied realistically and a sufficient number of samples -
were tested to. failure. A test item which has survived an endurance test

is 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 reliability demonstration, or a safety-critical application.
Other uses are acceptable: if the increased risk of failure is compatible with

the use.

ll ll Meohnn'lna‘l jimnedance effeots, A‘Hn sance should b ma_d_e for meghanigal

a
1mpedance effects whenever the benefits of increased realism are worth the
time, effort, and cost required for implementation.

Equipment structures dynamically influence their own response to an external
foreing 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 frequencles) “The
magnitude of loading effects is related to the relative impedance of the
equipment structure and support structures. As a rule of thumb, the resonant
element exhibits a loading force in proportlon to 1ts dynamic welght multlplled
by the. corresponding amplification factor. : . .

Mechanlcal impedance effects can be accounted for in establlshing vibration
test spectra. The dpnthq of notches are determined by measurement or by

calculation. Ref 54 gives guidance in this matter.

I-4.5 Determination of bandwidth for source dwell testing. A test spectrum
representative of this type of testing is presented in figure 514.3-14. Test"

.

bandwidths should be based on measured data if possible. When data are not
available, the bandwidth can be defined as: o '

| 172
BW3gp = ‘lﬁl‘

Where: BW3gp = the bandwidth at a level 3 db below the peak PSD level

F = the fundamental frequency, fp or one of the harmonics:

£, f2, r3, fy.
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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
simulated, wider bandwidths will be required.

I-4.6 Engineerine development testing. Engineering development testing is
used to uncover. design and construction deficiencies as quickly as possible and
to evaluate subsequent corrective actions. It should begin as early as
practical in the development phase and continue as the 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.

The tests have a variety of objectives. Therefore, considerable freedom can be
taken in selecting test vibration levels, excitation, frequency ranges and
durations. 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 compatibility 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 items' structural
integrity, or raised in steps to evaluate performance variations and obtain
failure data.

I-4.7 Environmental worthiness. 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. 1In cases where safety is a
factor, the test 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-3.8 Qualjfication. 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 I-4.3). This normally
requires funtional tests to accomplish the first goal and endurance tests for
the second.

METHOD 514.3
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Functional:test levels are normally the maximum service levels. When there is
significant 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 good way of adequatbly verifying .that equ1pment survives endurance

testlng in all respects.

In- the past, endurance test duration was normally .set at one hour per axis.
Test levels were esablished by 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 (approximately 10° cycles-at each resonant frequency).
These techniques. are basically valid; however, both have shortcomings. The
first technique results in test levels hlgher than fleld levels -- in some
cases, much higher.

The fatigue relationships (1I-4.9) used to generate these criteria are
simplified.representations at best and when structural nonlinearity at high
vibration.levels becomes a factor, the validity of the relationships is
questionable The second technique depends 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.

.Based on the above, the following apbroach is recommended. Use the simplified

fatigue relationship to determine the time at maximum 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 cases when this test
duration is too long to be compatible with program restraints. In this case
use as-long a test duration as is practical and use the fatigue relationship

to define the test level. However, in no case should endurance test levels

and durations be less than those specified in I-3.2.12.

I-M.Q Fatigue relationship. The foliowing 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 levels:

W o, ’ T 1/M
(i)
1 o

W = Vibration levels (acceleration spectral density)

where

T = Time (hours)

4
[}

Material constant
Ler constant
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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 = §.) ;

I-4.10 Vibpration isolation devigces. Vibration. isolators (shock mouﬁts),
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 rescnant 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 eguipment 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 versus frequency)
should be measured during all vibration tests. This is also true when
sub-elements are isolated within equipment items. Further, all isclated
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 devieces are nonlinear. -

I-4.11 Test setup. 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
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..

I-4.12 Equipment operation. During all platform-induced vibration
simulations, the test item should be functioning and its performance should be
measured and recorded. Performance to full specification requirements should
be reguired during all functional tests. Measurement of performance level
attained should be required when. endurance levels are higher than functional -
levels (I-4.8).

I-4.13 Summary of test information required. The following information is
required in the test plan to adequately conduct the tests of section II:

a. Teat procedure

b. Test item configuration

¢. Operational requirements

d. Test levels and durations

e. Test set-up descriﬁtion

f. Accelerometer 1oea£ion and calibration
METHOD 514.3
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SECTION II

II-1. APPABRATUS. Any vibration-inducing machinery capable of satisfying the
test conditions is acceptable. Specific requirements for test apparatus are
provided in subparagraph ¢ of each subdivision of I=-3.2.

II-1.1..Iolerances. The acceleration power spectral density of the test
control signal shall not deviate from the specified requirements by more “than :
+3dB 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, test item resonance, or facility limitations. The
cumulative bandwidth over which this reduction shall be allowed cannot be
greater than 5% .of the test 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 continue. The risk shall
be to assume no overtesting is occurring, test results are valid, and
appropriate corrective action will be taken in accordance with the nature of
the test. Tolerance levels in terms of dB are defined as: -

dB = 10 1051031
Wo . -

N
n

measured acceleration power spectral density in gZIHz units
Wo = specified level in gZ/Hz units.

Confirmation of these tolerances shall be made by the use of an analysis system
providing at least 100 statistical degrees of freedom. For all procedures
using broadband random vibration with random peaks, sinusoidal peaks, or source
dwell, analysis systems shall be less than or equal to 10 Hz in bandwidth up to
and including the frequency.of the 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
aceuracies in excess of standard analog analysis and control systems with the
following capabilities:

a. On-line contiguous filter, equalization/analysis systems having a
bandwidth as follows:

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
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b._ Swept frequency analysis systems 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 1,000 Hz
B = 100:Hz, maximum between 1,000 and 2,000 Hz

(b} Analyzer averaging time = T = 2 RC =
where T = True averaging time and RC
time constant.

1 second, minimum,
= analyzer

(¢) Analysis sweep rate (linear) = R = _B_or
' ' 4RC
B2 (Hz/second) maximum, whichever is smaller.
.8 ) . - N

(2) Constant percentage bandwidth analyzer.
(a)’ Filter bandwidth = pf, = one-tenth of center
frequency maximum (0.1f,), where p = percentage .

and f, = analyzer center frequency.

(b) Analyzer averaging time = T = 50 minimum

pfg
. . . pf
(c) Analysis sweep rate (logar1§hmlc) = R =.Eﬁg

2 N
or (pf.) " (Hz/second) maximum, whichever is
8 smaller. ’

II-2 PREPARATION FOR TEST

II-2.1 General preparation

‘ Step 1. Perform life cycle analysis desecribed in‘section 4 of this
standard.
Step 2. Identify test categories which are applicable and pertinent from

the life cycle analyszis.

Step 3. Determine test conditions for each applicable and pertinent
category.

Step 4. Select appropriate test apparatus, data collection and analysis
equipment.
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Step 5. Prepare the test item in accordance with General Requirements,
paragraph 4 and as specified for the test category.

Step 6. Examine the test item for physical defects, etec, and document
the results.

Step 7. Conduct an operational checﬁ'and document the results.

Step 8. Proceed to the required test procedure if no problems are found;
otherwise, correct the problems and restart with step 6 above.

II-3. _PROCEDURES

-

I1-3.1 Procedure I

Step 1. Complete step 1 through 8, paragraph II-2.1.

4

Step 2. Inspect test item to establish pre-test crlteria and physical
condition.

Step 3. Verify the test items' functionality.
Step 4. Mount the test item on the vibration equipment in accordance
with the provisions stated in the appropriate category from

section I-3.2.

Step 5. Expose the test item to the test level and duration as
determined from section I-3.2.

Step 6. During step 5 the test item shall be operated as if it were in
operational usage. This step only applies for categories and
equipment for which operations during exposure to vibration are
appropriate. ) ’

Step 7. 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.

Step 8. Repeat steps 2 through 7 for each axis (see paragraph I-4.2:5).

Step 9. Document the test results in accordance with paragraph II-4.

I1-3.2 Procedure II:
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.

" Step. U. Prepare the package tester/test equipment in accordance with
e provisions of paragraph I1II-2.1. -
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Step 5. Place the test item which has been prepafed for field
. . ) transportation on the bed of the package tester/test equipment.

Step 6. The package tester/test equipment shall be operated to provide
- the test level and duration as specified for category 3,
1-3.2.3.

The test duration 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 six faces.

i

NOTE: 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 hours
would be divided equally between the number of faces on which

- the test item is to be positioned. -
Step T. Inspect the test item and compare to pre-test criteria and
- physical condition. If applicable, verify the test items'
functionality., '

Step. 8. Document the test in accordance with paragraph II-4.
II-3.3 Procedure III
. | Step 1. Complete steps -1 through 5, paragraph II-2.1.

Step 2. Inspect test jitem to establish pre-test criteria and physical
condition.

Step 3. Verify the test items' functionality.

Step 4. Place the shelter on the transpobt vehicle(s) that is normally
used to transport the shelter.

Step 5. The shelter shall be secured in its normal manner to the
' transport vehicle.

Step 6. Install instrumentation in the shelter tc measure the vertical
axis acceleration time history on the shelter floor.

Step 7. Drive the trailer/shelter combination on the Munson Test Course
» at Aberdeen Proving Ground, Aberdeen, Maryland or an equivalent
course.

Step 8. The trailer/shelter combination shall be driven five times over
. the following sections of the course at specified speeds:
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NOTE:

Step 9.

Step 10.

Step 11,

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) Coarse waéhboard (6-inch waves spaced 72 inches apart) - §
MPH

(b) Belgian block - 20 MPH

(e) Radial washboard (2-inch to 4-inch waves) - 157MPH'-

(d) 2-inch washboard ~ 10 MPH B | :

(e) 3=inch spéced bump - 20 MPH

Inspect -the shelter/test item and comparé to pre-test criteria
and physical condition.

Verify the test items' functionality.

Document the test in accordance with paragraph II-4.

II-3.4 Procedure IV - Qualification (externally carried jet aircraft stores).

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step §.
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.Check test item for performance in accordance with requirements.

Expose test item to functional test levels. Function the test
item as if it were in operational usage. Duration of step 3
shall be one-half of the regquired duration of functional test.
See I-3.2.7b for durations.

Expose test item to endurance test ievels. The test item need
not be functioning during endurance testing. See I-=3.1.7b for
durations.

Expose test item to second haif of functional test. TFollow
step 3 procedure. ¢

If test item does not have a free-flight phase, g0 to step 9.

If free-flight test is required, expose test item to 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 analysis shows that store shall not be exposed to buffet

vibration, go to step 12.

514.3-74 .

ty

-




Ll

T

MIL-STD-810D
19 July 1983

Step 9. Expose the -store to 10 minutes of vibration levels and spectrum
of buffet-induced vibration as described in paragraph I-3.2.7
(Buffet)

Step 10. Verify performance of store after performance of step 10.

Step 11. Repeat steps 1 through 11 for each test axis.

Step 2. ‘Document test as outlined in paragraph II-4.

II-4 1NEQBMAIIQﬂJﬂlJELBESQBDED
a. Prior test history of the specified test item.

b. Inspectionand test procedures, including inspection requirements, test
eriteria, instrumentation, data requirements, and failure criteria. )

e¢. 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 accelerometers used to control and measure vibration.

f. HResonant frequencies, 1ncluding those selected for test, as
applicable.

g. Isoclation characteristies, including away amplitudes and trans-
missibility versus frequency.

h. Applied testrleﬁels, durations, and frequency ranges.

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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APPENDIX A

GUIDANCE FOR DEVELOPMENT OF
LABORATORY DYNAMIC TEST SPECIFICATION

s

A-1. INTRODUCTION - : ' ) ‘ S v

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 in 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 tesi specifications. Service scenarios
should be estimated and ballast loads used to obtain field data for interim
criteria. It-is imperative that the interim c¢riteria 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. Factors
such as cost, sample sizes, test facilities, conduct of test, and.pass-fail
criteria must be considered. Detailed procedures, including assumptions,

Aveiamrd madk < ama nd marnnAantdan matdiAanala oshnis1Ad ha 1111w Aasaiimant ad Tha -
approXimacions, and suppdr v.l.u.gs favilliga€, SnlULl o Luasy GUCUNCHUSO. e 1=

degree of accuracy should be consistent throughout the specification de-
velopment., test program, and evaluation of results. 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. SpGlelCathn can
be generalized as follows: N

a. Deflne service scenarios in accordance w1th sectlon 4 of thls
standard. )

b. Obtailn representative field stress data.”

c. Estimate the fragility of the item relatlve to the service conditions.
This information is used to: . . .

(1) Reevaluate the decision to conduct the test.

(2) Determine the degree of accuracy required for the specification
development. ' ’ : ’

2
-
respect to frequency.

d. Develop a failure model for potential use in the time sca11ng of the
laboratory test. '

e. Separate. types of data (periodic, random, transient) for processing by
individual techniques.
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f. Develop an equivalent scenario and an equlvalent duration by deleting
negligible stress levels, combining 51m11ar data and using maximum measured
field levels. - . :

g. Apply conservation (additional severity) to cover unknown conditions.
A factor of 1.2 may be used as a_ base. - However, the conservative. .factor is
determined by: '

(1) The tester's confidence in definitione of service conditions.
(é) The accuracy required (the conseqguences of passing a bad 1tem
versus the consequences of failing a good item). :

Conduct the laboratory test . - ;

i. Evaluate the results with consideration to overall speclficatlon
development . :

A_T DTNAT T A
[ Saie I idlrienl, VviDORA

_ This _section describes the development of a laboratory spécification for 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 Required scenario. The materiel user's requirements. and service
scenarios are identified. The required scenario defines the road, speed, and
mileage distributions as well as the frequency of missions and the test item
configuration. The test specification is based on these required scenarios.

A-3.2 - Field data requirements. The dynamic 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 which
are to be accounted for. Requirements include instrumentation, locations,
frequency response, roads, speeds, and provisions for validation of field data.

A-3.3 Data reduction and specification development

A-3.3.17 Data reduyction.- The overall data reduction and specification document
is summarized in flow chart format in figure A1. 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 reference A1l. -

The final vibration criteria will be in the form of a shaped random spectrum
with a periodic component mixed in to account for the tracklaying response.
Certain key features of the specification development are discussed below.

A~3.3.2 Equivalent damage theory. This provides a model for the failure

mechanism. It is assumed that the failure mechanism is fatigue. (Other
possible failure modes: fracture, wear, loosening, operational, and
heat-related failures.) As detailed in.reference A2, fatigue damage can be
accelerated by increasing the stress levels along a test exaggeration curve.
The specification development will use the composite test exaggeration curve
developed in reference A2. The curve is presented in figure A2.
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A-3.3.3 - Equivalent gcepnaric. The random and periodic levels are separated by
means of the autocorrelation and acceleration spectral density (ASD) functions,
and the required scenario of 3.1 is reduced to an equivalent scenario as
indicated by the data. This operation consists of combining road conditions
which produce similar data and eliminating conditions which produce levels that
are 6d4B below the maximum level. From a fatigue standpoint, these levels are

considered insignificant. The equivalent scenario replaces the required
scenario.

A-3.3.4 Equivalent duration: To reduce the time required by the equivalent
scenario without actually testing beyond the-field levels, .the ASD's are
collapsed (normalized} to the highest measured field level as indicated by the
individual random and periocdic gpps vS speed information. An example of this
operation is presented in table A-I. As table A-I illustrates, a service time
of approximately 50 hours can be reduced to an equivalent duration of
approximately 6 hours by using the test exaggeration curve and testing at
maximum measured field level. If necessary, the equivalent test duration

can be reduced further by again using the test exaggeration curve, but this
must be done with caution to avoid testing beyond peak, short duration levels.

A-3.3.5 - Conservatism. Conservatism (additional severity) is added to the
random spectrum and periodic component. The conservatism for the periodic
component is a factor of 1.2, For the random spectrum, a factor of 1.2
standard ‘deviations ( 0) as a function of frequency is added at frequencies
where the field levels are better defined (i.e., lowerg). Conversely, more
conservatism is added where the variance of the field levels is greater {which
indicates a poorer definition of field levels) The conservatism is also used
to account for items such as: -

a. OQOther terrains and vehicles for which no data was obtaineq.

b. Effects of vehiecle wear: track tension, temperature, etc.

¢. Available maximum‘field data.that‘maf not be trﬁe.maximum.

d. Greater variance of field levels thén laboratory levé}s.-

e. Test item differences within normal quality control requireménts.

‘A-3.3.6 Test tolerances. To obtain realistic test tolerances for the random
spectrum, the maximum and minimum envelopes of the collapsed ASD's or *3dB -
{whichever is greater) is used. 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 Laboratory teat performance. Using the developed specification, a
laboratory vibration test is performed. The physical setup duplicates, 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-rms iz maintained to preclude testing at extremes
{over wide bandwidthns) within the tolerance range. Control data sampling
bandwidths and sample averages aie consistent with that used in the speci-
fication development. .-
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TABLE A-I. Equivalent duration (example).
- | TEST TEST EQUIVALENT
SPEED DISTANCE TIME EXAGGERATED DURATION ~ DURATION
MpE) | (MILES) (HRS) | ~_FACTOR O | _FACTORA | - (HRS)
8 148 18.5 2.0 0.012 | . 0.22
12 118 . 12.3 2.0 0.012 0.15
e 97 6.1 1.5 0.073 0.45
20 102 - 6.1 1.5 _ 0.073 0.37
24 97 4.0 1.0 1.0 5.0
28 50 1.8 ”s 0.31 0.56
32 50 1.6 1.2 0.31 0.5
36 y 0.1 1.2 0.31 0.03
40 y 0.1 1.2 0.31 0.03
A700‘ u9:6' 6.31
* METHOD 514.3
* APPENDIX A

19 July 1983
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A-3.3.8 1In the test Sp&lelcatlon development, the following assumptions are
made:

a. Test item response along off-axes is negligible. This may not"beé an -

acceptable assumption and is evaluated during testing. Test duratlons are
" reduced aceordlngly, w1th particular eonsideration given to erit1ca1 '

frequencies. . Li“F A

! 2

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. 1If it is determined that this is not
a valid assumption, average, extremal and/or response control are considered to
minimize any mismatch of mechanical impedance. This is particularly signifi-

[ R Ny S 3 N

cant. for massive test items.

¢. 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

APPENDIX A

19 July 1983 .
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METHOD 515.3 -

ACOUSTIC NOISE

Page
, SECTION I ,
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11-3 PROCEDURES . . . e e e e e e e e i .. .. .5B15.3=14
1I-4 INFORMATION TO BE RECORDED . . . . . . . . . . . . .. 515.3-16

- SECTION I

I-1. PURPQSE. The acoustic noise test is conducted to measure how well a
piece of equipment will withstand or cperate in intense acoustic noise fields.
The acoustic noise test complements tests for atructure-borne vibrations
(method 514).

I-2. ENVIBONMENTAL EFFECTS. -Acoustic noiéercan produce vibration in equipment
similar to that produced by mechanically transmitted vibration. In an acoustioc

- 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 mieroelectroﬁic component lead wires.

b. Chafing of wires.

¢. Cracking of printed circuit boards.

d. Malfunction/failure of waveguides, Klystron tubes.

e. Vibration of optical elements.

I-3. GUIDELINES FOR DETERMINING TEST PROCEDURES AND TEST CONDITIOQNS. This
test method should be applied at the end of the tailoring process described in
section 4 of this standard.

a. Application. The acoustic noise test applies to any equibment operated
or stored in the intense acoustic noise fields that occur in or near aircraft,
missiles, and large machinery such as pumps and generators. In particular, it
applies to: . '

(1) Internally-carried airborne qu;pment
: METHOD 515.3
515.3-1 19 July 1983
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(2) Assembled externally-carried stores

(3) Ground support equipment on the flightline

Acoustic testing is performed if the operaticnal acoustic level exceeds 135 dB
or vibration testing is impractical.

b. Restrictions. This method is not applicable to space and water
vehicles and is not for hearing safety. Nor is it applicable to items which,
because of their construction, are insensitive to acoustic noise.  Examples of
such equipment are items that have small surfaces, high ratios of mass-to-area,
and high internal damping. Examples are (1) high density modules, particularly .

'S

‘if they are encapsulated and (2) equipment that is surrounded by a heavy metal-

case, particularly if the equipment is potted. A practical guideline is that
acoustic tests are not required if equipment is exposed to broadband random
noise at a sound pressure level less than 130 decibels (ref 20uPa) overall, and
if its exposure in every one-Hertz band is less than 100 decibels {ref 20 yPa).

c. Sequence. Acoustic testing may be perfoéormed anywhere in the test
process. The accumulated effects of acoustic stress may affect equipment
performance under other environmental conditions, such as temperature,
altitude, humidity, or EMI/EMC." When it is desired to evaluate the cumulative
environmental effects of acoustic noise (paragraph I-2) and other environments,
a single test item should be exposed to all environmental conditions, with
acoustic noise testing performed first.

(1 Igﬁ&_nnggggnngg; This method is composed of four procedures =--
the environmental worthiness test, the qualification test, the mission profile

teat, and the cavity resonance test.

(2) Test conditijona. Within each procedure, values must be assigned
to the following variables: ) .

(a) Sound spectrum

(b) Dynamic pressure level-
_(e) Duration

(d) Tolerances

(e) .Acoustic excitation field -- reverberent, progressive wave,
or jet engine. : "

»

I-3.1 Choice of teast procedures. The choice of test procedure(s) depends on:
a. The stage of the item in the design process.

b. Whether or not accelerated testing is desired.

¢. Whether an open cavity on an aireraft or aircraft store is involved. .
METHOD 515.3
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d. Test item configuration: externally-carried aircraft stores may have
. to be tested in both the assembled and free-flight configurations.

-e. Whether one test obviates 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 ) - i 1 ‘worthi t. The environmental
worthiness test is a relatively short test used during engineering development
to 1dent1fy defects in a prototype ‘or flight test item before attempting
service or fllght testing with the same unit. It helps to eliminate simple,
rapldly occuring problems that can delay or prevent service or flight testing.
The test simulates the most severe environmental conditions expected during
service or fllght testlng

. I-3.1.2 " Procedure II - Oualification test. The qualification test is used to
demonstrate the test item's compliance with contract requirements. Only the
most severe anticipated service environments are used as the basis for testing.

¢

It is divided into functional and endurance tests. The functional test must be
tailored to show whether the item can perform to specifiction in 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 accumlation.
Test sequence is o¢ne-half hour functlonal test, enduranee test, and another
one-half hour functional test-.

. I-3.1.3 Procedure III - Mission profile. A mission profile test can be used

when a c¢lose correlation is desired between test time and acoustic stress
exposure time in service. This is not an accelerated test 31nce testing is
performed at’ Peallstle stress 1evels

I-3.1.4 Bz_geguze_lI___an;_x_neagnange_geag Aireraft compartments or stores

that open during flight can expose cavities to the airstream. Standing waves
often become established in such cavities at the resonant frequenc1es of the
cavity. The resulting acoustic noise is very intense.

I-3.2 Choice of test conditions. The choice of test conditions'depends on

(1) The procedure chosen.
(2) The availability of measured data on the test item's operational
acoustic environment.

(3) The location of the test item with respect to the nocise seurce.

N

(4} Whether the noise source in the operatlonal environment is localized °
or distributed.

{§

(5) The mission profile(s).

(6) The predicted life-cycle history of the item.

' METHOD 515.3
19 July 1983
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I-3.2.1. - Spectrum shape. 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
carried aircraft stores, use the .spectrum given ‘in figure 515.3—2.' For cavity

______________ P ey e 1‘.1_ = A

ICSUHEHQU bCo‘.‘iblﬂg, use blle specirum glVEIl 1n 1igure dHioH. J-‘i

I-3.2.2 Acoustic 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 I, II, and IV - The most severe acoustlc stress conditions.
shall be used as test conditions. - ‘- 2

‘b. Procedure II1 - The measurements shall be ta :
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
regpect. " Test levels should be determlned using the technlque descrlbed in
paragraph I-3.2.3.1. ) -

I-3.2.3 Test duration. For procedure III, test duration should be determined
as described in paragraph I-3.2.3.1. For all other procedures, determine the
test duration by referrlng to table 515.3-1. .

I-3.2.3.1 Dxnamig_pngaggng_hig&ggnam.. For airborne equipment, the.test
mission profile should be based on the dynamic pressure histogram. Test cycle
duration should equal the average duration of the missions.used to develop the
histogram. The percentage of time spent at each dynamic pressure band level in
the test cycle should be in proportion to 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 ¢yele is then
repeated until the desired number of "missions™ has been accumulated.

Each mission profile should be expressed in a dynamic 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 dynamic pressure. This is accomplished as follows.

Using the highest measured value of dynamic pressure (regardless of mission) as
Quax, sum all of the mission time for which-dynamic pressures were within 5
percent of Qmay. Then, sum all of the mission time for which dynamic pressures
were between 0.95 Qpay and 0.90 Qpyy. Continue this process of summing mission
time for & percent increments of dynam1c pressure untll all values of measured
dynamic pressure are included.

For test purposes, the pressure levels can be determined using the midpoint
dynamic pressure value of the annrnnriafe 5 percent dynamic¢ pressure band.

This value will be assumed to be constant for the amount of flight time Wlthln
this band.

I-3.2.4 Teat tolerances. The tolerance can be adjusted to reflect the purpose
of the test and the available acoustic noise scurce. For environmental :
worthiness tests 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 quallflcatloh
testing the tolerances should be as shown on figure 515.3-1 and for flgure
515.3-2 they can be =3dB for each one-third octave band.

METHOD 515.3
19 July 1983 v 515.3-4
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1-3.2.5. Acoustic source. The fluctuating pressure environment experienced in
service is a complex combination of progressive wave and reverberant acoustic

fields. Because 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 BReverherant testing. This technique is used when the pressure
fluctuation source is distributed. Such a source is turbulent boundary layer
flow along a vehicle's skin. . Reverberant testing is also used for equipment
located in closed spaces inside a vehicle exposed to strong localized acoustic
sources.

I-3.2.5.2 Progressive wave testing. This technique is used to simulate a

strong localized acoustic source. The accoustic energy sweeps over the test
item like ripples spreading on water. This test environment is appropriate for
externally-carried components on all types of vehicles which are directly
exposed to localized acoustie sources such as rocket or jet engines. A
reverberant test environment can be used to approximate a progressive wave
environment but the level should be adjusted to account for the difference in
vibration efficiency of the. two types of fields.

I-3.2.5.3 ﬂaxi&x_zgagngngg;ggaging. It is recommended that sinusoidal

acoustic energy be used in the cavity resonance test.
I-4. SPECIAL CONSIDERATIONS
I-4.1 Acceptable measuyred data. . Measured operational or flight test data

can be in either of two forms: (1) acoustic pressure levels, or (2) vibration
response of the test 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 preferably to 10,000 --.-Hertz.

I-4.1.1 Aggua&ig_9ngzaLignal_gn_tlisnﬁ_ﬁeag_naza. The levels and spectra

measured in flight cannot be used directly as the test conditions for the
flight conditions under which they were measured. They must be adjusted
(recognizing that aerodynamic noise is less efficient than reverberent 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-I1 and
515.3-I1I can be used to extrapolate to other operational or flight conditions.

I-4.1.2 Vibration operational or flight test data. Vibration can be used
indirectly to establish acoustic test levels. The test 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 matches the previously measured operational or flight test data
within MIL-STD-810D 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. 3-11 and
515.3-II1 can be used to extrapolate to other conditions.

> ' METHQD 515.3
19 July 1983
515.3=5
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I-4.2 Test interruption. 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, 1t may be
necessary to start the test over using a new test item.

I-4.3 Bg;g;&_nggyiggmgnga. When failures occur during qualificatioﬁ,-theﬁ
failure will be fixed as appropriate. The test will be restarted and run -
through the complete qualification cycle to verify the fix. Parts which
survive a complete qualification cycle are considered to have passed and are-
repaired only if reguired to finish the retest.

I-4.4 Qvertest. 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 Failure apnalysis. All incidents where the test items do not meet

the equipment operating requirements shall be analyzed to determine the cause
and impact of such occurrences.. Corrective actions shall be proposed or
implemented as required to meet equipment performance requirements.

1-5. REFERENCES

a. Dreher, J.F., Lankin, E.D. Lankin, E.A. Tolle. "Vibroacoustic'
Environment and Test Criteria for Aircraft Stores during Captive Flight".
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b. Dreher, J.F. "Effects of Vibration and Acoustic Noise on Aircraft/:
Stores Compatibility". 1IN: Aircraft Compatibility Symposium, - Eglln AFB,
Florida, November 1969, fxggggglngg Vol 6. pp 245- 272

¢. , Burkhard, A.H. "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., "Captive Flight Acoustic Test Criteria for Aircraft
Stores". Snggk_gng_lannangn_Bullagln 43 Part 3 (January 1973), pp 113—126

e. Meeker, B.D. and W.D. Everett. "U.S. Navy Experience on the Effects
of Carrier-Aircraft Environment on Guided Missiles". 1980 NATO AGARD
Conference Proceedings No. CP270.

f. Heller, H., G. Holmes, and E. Covert. "Flow Induced Pﬁgssure
Oscillations in Shallow Cavities". December 1970. AFFDL-TR-70-104. DTIC
number AD-880-496. : - -

g. Smith, D., and L. Shaw. "“Prediction of Pressure Oscillations in
Cavities Exposed to Aerodynamic Flow". October 1375. AFFDL-TR-75-34.  DTIC
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TABLE 515.3-1I. Suggested acoustic test levels for -
assembled externally-carried ajrcraft stores.

Functional test _
LsV,% 8/ 1/ = 20 Log (q1) + 11 Log @ +7 Log (1-cosB )+ G+HdB
£527,3/ = 600 Log (X/R) + ¢ - - o
Endurance test o
Lol ,5/,8/, 1/ = 20 Log (qs/qq) + 2.5 Log (N/3T) + fpnctional 1§vgi dB_
£s2/,3/ = 600 Log (X/R) + C | o |
Definitions

captive flight dynamic pressure (lbs/ft2) < 1800

1200 psf or maximum captive flight dynamic pressure (whichever is
lower) (1bs/ft2)

maximum number of anticipated serv1ce missions (minimum N = 3)

R4/ = local radius of store in inches .
distance from nose of store along axis of store in inches '

~tést time in hours (minimum T = 1 hour -unless otherwise specified)
~200 locations within one D of either aft end of store or aftward of
re-~entrant angle ,

400 all other locations -

= maximum store diameter in inches : : R
local nose cone angle at X equals 1 / TanB (R/x)'(referénqe figure
'515.3-4) . : L
72 unless measured data shows otherwise

96 unless measured data shows otherwise

84 unless measured data shows otherwise

0 for 0.85 < M > 0.95 .

=3 dB for all other values of M

Mach Number

(e ] o]
—
nowon n ]

s
n H

TmTTMEG 'COE.:O

Representative parametric.values to be used for captive flight when specific
parameters are not available

Local Nose 7 ' . _ o

N Endur- | Cone Angle | q | f, Nose | f, Middle| fy Aft
Store Type ance Degrees - max | Section | Section | Section
Air-to-Air Missile 100 69 -~ | 1600 500 | 1000 .- 500
Air-to-Ground Missile 3 12 1600 800 . 630 630
Instrument Pod 500 69 " | 1800 - 500 - 1000 . ‘500
Reusable Dispenser 50 11 - 1200 630 " 1000 400
Demolition Bomb 3 - 24 1200 500 . 1000 - 630
Flat Nose Store 3 90 1200 400 "~ 630 ) 315

METHOD 515.3
. 19. July .1983
515.3=9
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NOTES

1. Raise computed Ly level by 3 dB for a store carried in a TER cluster rack'
by 6 dB for a MER cluster rack.

2. If calculated fy is above 2,000 Hz use upper frequency limit of 2,000 Hz.
If calculated f, is below 200 Hz use 200 Hz.

3. Round off fy 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 circle which circumscribes the
cross-section of the store.
5. For locations on flat nose stores (80° < g < 90°) where X < 100:

Functional test

Lo = 20 Log (qq) - 6 Log (X) + E + H

Endurance test

Lo = 20 Log (qp) - 6 Log (X) +E + 2.5 Log (N/3T) + H

6. For long cylindrical section, > 2D, use for locations more than one D
aftward into the cylindrical section:

Functional test

Lo = 20 Log (qy) + F + H

Endurance test -

Lo = 20 Log (gp) + F + 2.5 Log (N/3T) + H
7. For changing radius section either aft of a long cylindrical section or
when X > 100 on a flat nose store, redefine X so that X = 1 at beginning of
this gection: ' :

Functional test

Lo = 20 Log (q3) + 11 Log (X) + F + H

- Endurance test

Lo = 20 Log (gp) + 11 Log (X) + F + 2.5 Log (N/3T) + H

METHOD 515.3
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Pressure Level dB
" (Ref. 2 n_lPa (_0.0002 Microbar))

b ——— —— e

One-thii‘d Octave Band Sound

100 200
Frequency (Hz)

Note: See table 515.3-II for definition and calculations.

fo = 600 log (X/R) + C

A = 6 dB/octave when f, > 400 Hz
A = 2 dB/octave when fo £ 400 Hz .
FIGURE 515.3-2. =thir v m
rnal i r
B
<
X ——m——-
FIGURE 515.3=-3. ical stor

METHOD 515.3
19 July 1983

515.3=-11



MIL-STD-810D
19 July 1983

TABLE 515.3-1II. L i : jc t

Parametric Equations for figure 515.3-4

Functional Test Level

By = 20 iog(q) + 110 dB (Ref 20U Pa (0.0002 microbar)) .

Endurance Test Level

Bo = 20 log(q) + 2.5 log(H/T) + 110 dB (Ref 201 Pa (6.0002 microbar))
o = 6.13(N=0.25)(2. 4.M2/2)1/2 .
N = 0.57(L)(C) + (2.4-M2/2)1V/2 B2
Definitions

fy = resonance frequency for the N mode (where N = 1,2,3,4, etc.)

N = mode number

C = speed of sound at altitude of flight {#/8)

L = length, radius, of opening exposed to airstream {meters)
M = Mach number

A second set of resonance frequencies shall be identified by using the distance
parameter, L, as the depth of the cavity.

q = flight dynamic pressure when cavity is open (1lbs/ft?)
H = number of operational hours store is flown with cavity open. If H{1,
endurance test is not required.
T = duration of test in hours (minimum T = 1 hour)
@ =
A‘E% o j3 0L
vm O
ca>_.n
£83 % 0L
- v 1
382 = |
522
2w, E
Zaz o 0L
g a 2 -
25 %
@ - &
FIGURE 515.3-4.
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METHOD 515.3
. - .- ACOUSTIC NOISE

SECTION II

™~

II-1 APPARAIUS. Acoustic noise tests can be performed using a reverberant
test chamber of sufficient power and size. A reverberant test chamber should
have a volume at least ten times the test item volume. With the chamber empty,
the distribution of overall sound pressure levels should be uniform to within
-2 and +4 dB 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 measured 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 acoustiec environment as with a reverberent
test chamber. This approach may be suitable primarily for development, test-
analyze-fix, and environmental worthiness tests. However, because of the
difficulty in controlling test conditions, this approcach is not always suitable
for qualification testing. ‘ .

II-1.1 Controls. 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. '

Ii-2 PREPABATION FOR TEST
Step 1. Choose which test procedure shall be conducted (I=-4.1).

Step 2. Determine overall acoustic test levels, durations, and spectra
shapes to be produced during: testing. .

Step 3. Prepare test item in accordance with General Requirements, 4.5.2.
The item shall be in the operational configuration.

Step 4. Mount test item. For Procedure 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 =zoft 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
ma jor surface of the test item shall be installed parallel to the chamber wall.

Step 5. For tusting of assembled externally-carried stores, go to step 6.
Position at least three microphones to measure the sound pressure field. These
microphones shall be located in proximity to each major dissimilar test item
surface, 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 arocund the test item shall be
measured and be uniform within -2 and +4 dB of the desired value.

METHOD 515:3
19 July 1983
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Step 6. Microphone Placement. Establish three reference planes
perpendicular to the longitudinal gxis of the store at pesitions one-sixth,
one-half, and five sixths of the length of the store. 1In each of these,
reference planes, position three microphones around the store, 1200 apart.
Each microphone shall be within 45 em (18 inches) of the store surface, but no
further from the store than one-half the distance between the store and the
nearest baffle.

Spectrum Controi. The response of the microphones in each reference p}ane
shall be averaged to give an average noise spectrum for each reference plane.
The average noise spectrum for each reference plane shall be shaped to be
within -3 dB and +6 dB unless otherwise stated.

Step 7. Go to appropriate test procedure.
II-3. PROCEDURES
II-3.1 Procedure I - Environmental worthiness test

Step 1. Mount test item in test chamber and position instrumentation 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. {(heck test item for loose parts, chafed wires; and any other
obvious damage. Correct or repair before proceeding to Step 4.

Step U4.. Energize test item. Check test item functions for proper
operations. Correct or repair any damage.

Step 5. Expose test item to the fequlred acoustic noise for the specified
amount of time with the test item being functioned as if 1t 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 cofrect as necessary before f;ight.testing.
Step 8. Document test as in II-4.
11-3.2 Procedure II - Qualification 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 levels in Step 4.

Step 4. Expose test item to functional test levels as in I-3.2.
METHOD 515.3
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. ‘Step 5. Expose tést item to endurance levels as in I-3.2a.

Step 6. Check test 1tem for functioning in accordance with General
Requirements, 4.0.

Step 7. 1If test item is not a store, go to Step 10.

Step 8. If free flight test is required, expose test item to acoustic
levels as specified in I-3.2.2a and check in Step 9.

.Step 9. Function store through free flight pérformance requirements.
Step 10. Document test as in II-4.
11-3.3 Procedure III - Mission profile test

Step 1. Using the guidance of II-2, mount the test item in test chamber.

i

Step 2. Position instrumentation as given in II-2.
Step 3.' Expose test item to the mission profile developed in I-3.2.3.1.

Step 4. During mission profile test, perform functional checks on the
test item as required by General Requirements, 4.0.

Step 5. Conduct mission profile for desired number of missions.

. Step 6. During Step 5 testing, funcfion test item as given in General
Requirements. :

Step 7. Document test as in II-J4.

1] Demmadisma TI5 Nmved dor sommmin ;e o= o d

=3.4 Procedure IV ~ Cavity resonance test
Step 1. Conduct pretest inspection {reference I1I-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 surfaces 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 face outward so that its 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 acoustic exposure.

€3]

Step 5. Conduct post-test inspection.

. Step 6. Document as given in II-h.

METHOD 515.3
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I1-4. INFORMATION TO BE RECORDED. The following data shall be included in

test records.
a. Prior history of the test item.

b. Inspeetlon and test procedures including inspection requirements, test

'criterla, 1nstrumentation data requirements, and failure criteria

PR v g

c. Llst of test equipment including noise generators, measurement and

- data analysis equipment mounts, and fixtures.

;d. Descriptiona of the test setup and instrumentation locations including

'draw1ngs and photographs as appropriate

e. Log of all actlons from pretest through post-test 1nspect10n

_f... Recorded data.

g. Analyses of all failures, malfunctions, and test lncidents.

METHOD 515.3
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SECTION I

I-.7 PURPOSE. Shock tests are performed to assure that materiel can withstand
the relatively infrequent nonrepetitive shocks or transient vibrations
encountered in handling, transportation, and service environments. Shock tests
are alsc used to measure an item's fragility, so that packaging may be designed
to protect it, if necessary, and to tesat the strength of devices that attach
equipment to platforms that can crash.

I-2 ENVIRONMENTAL EFFECTS. Mechanical shocks will excite an equipment item to
respond at both forced and natural frequencies. This response, among other

things, can cause:

a. Failures due to increased or decreased friction, or interference
between parts.

b. Changes in dielectric strength, loss of insulation resistance,
variations in magnetic and electrostatic field strength.

¢c. Permanent deformation due to overstress,

d. More rapid fatiguing of materials (low cycle fatigue).

1-3 GUIDELINES FOR DETERMINING TEST PROCEDURES AND TEST CONDITIONS

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

a. Application. This method is applicable to all materiel which may be
subjected to mechanical shock during its life cycle.

b. Restrictions. None.

¢. JSequenge. There are often advantages to applying shock and vibration
tests before climatic tests, provided that this sequence represents realistic
service conditions. Test experience has shown that climate-sensitive defects
often show up more clearly after the application of shock and vibration forces.

METHOD 516.3
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d. Test variations. The tests vary in apparatus, axes of test, and
streas levels applied. ’ .
I-3.1 Chojce of test procedures. Method 516.3 is divided into nine

procedures:

Functional shock (Procedure I)

Equipment to be packaged (Procedure II)
Fragility (Procedure III)

Transit 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)

v

om0 QO oW

-

1 .
To find out whether a procedure is applicable, see 3ubparagraphs 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 of 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. ’

1-3.2 Choice of related test conditions. Guidance for setting values for teat
conditions is found in this section in subparagraphs b, ¢, and 4 of the
discussion of each procedure.

A
I-3.3 Procedure I - Functional shock . ‘ll'

a. Application. Procedure I is intended to test equipment asszemblies
(including mechanical, electrical, hydraulic, and electronic) in their
functional mode.

b. Hestriction. This teat procedure will not be required aleng any axis
for which a sufflclently severe random vibration test procedure is required,

J—} P R W,

pFOVlQeG that equ1pmenn 0peran10na¢ PGQULPBEEHDS are comparduxe Random test
severity is sufficient if its shock response spectrum, based 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 magnification factor 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 o’
the sdof system, by 3 ( /2)G(f)fQ in units of acceleration, where G(f) is

acceleration spectral density (ASD) at frequency f (wn?nnnnha a). A compariscn

(H B RN Syl

of the shock response levels found in figure 516.3-1 with ASD 1evels is found
in figure 516.3-2

i

c¢. Jest conditions

(1) trum t ient duration. The shock response
spectrum and the effective transient duration shall be derived from
measurements of the test item's funetional environment, or from dynamically
scaled measurements of a similar environment, if available.

METHOD 516.3
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(a) Measured data available. The shock response spectrum

required for the test will be determined from reduction of the environmental
data .to obtain either maximum absclute 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
intervals of 1/6 octave or smaller to span at least 5 to 2,000 Hz. When a
sufficient number of representative shock spectra are available, an appropriate
statistical basis should be employed to determine the required test spectrum.
Nonparametric statistical techniques are covered in reference e. Parametric

‘statistics can be employed if the data can be shown to satisfactorily fit an

assumed underlying probability distribution. (For example, in MIL-STD-1540
(USAF) the test levels are based upon a maximum predicted environment defined
to be equal to or greater than the 95th percentile value at least S50 percent of
the time. When a normal or lognormal distribution can be Justified, appendix
516.34 provides a method for estimating such a test level.)

When insufficient:data are available for statistical analysis, an.increése over
the maximum of the available spectral data should be used to establish the

"required test. spectrum to account for variability of the environment and

uncertainty in any predictive methods employed. The degree of increase is
based upon engineering judgment ana,should be supported by a rationale.for that
Judgment .

-Effective transient durations, Tg, will also be determined from the time

histories of the environmental data analyzed. The effective duration is
defined to be the minimum length of time which contains all data magnitudes
exceeding 1/3 of the peak magnitude associated with the shock event. Figure
516.3-3 illustrates this process. The shock input time history used for the
response spectrum analysis will be 2Tg in duration starting at a time to
include the most significant data prior to and following the effective duration
Tg. An average of environmental shock duration, Tg, will be determined and
included in the specification of the required test shock. In general, each
individual axis of three orthogonal axes can have a different shock test
spectrum and average effective duration.

(b) Measured data not available. If a data base is not
available, the applicable spectrum from figure 516.3-1 can be employed as the
test spectrum for each axis, provided that the effective (above 1/3 its peak _
value) duration of the test shock time history falls between 3ix 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 spectrum requirement over the frequency range of 5 to
2000 Hz (for example, a half-sine pulse applied in both directions of each
axis). As stated in I-3.3b, this shock testing may be omitted if random
vibration testing is required with input acceleration spectral density in
excess of the applicable spectrum in figure 516.3-2. A less desirable
alternative, only permissible if the tester has no shock response spectrum
analysis capability, is to employ a2 terminal peak sawtooth pulse that meets the
tolerances given in figure 516.3-U4 with application in both directions along
each axis. The presence of superimposed ripple falling within the waveform
tolerance band should be minimized to avoid significant overtesting at " the
frequency of such ripple.

METHOD 516.3
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' 1
10 o] 30 5 TO 90 5 700 900
Frequency (Hz)
TEST PEAK CROS3S OVER
PROCEDURE ACCELERATION T FREQUENCY

Functional Test

For Flight Equipment 20 g's 6-9 ms 45 Hz

Funetional Test

For Ground Equipment 4o g's 6-9 ms 45 Hz

Crash Hazard Test

For Flight Equipment Uo g's 6-9 ms Us Hz

Craah Hazard Test Sy )

For Ground Equipment 75 g's 3.5-5.ms 80 Hz

FIGURE 516.3~1. Test shock respopse spectrum for use
if measured data is not available.
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(2) Test axes and number of shocks. The equipment undergoing test
shall be subjected to a sufficient number of suitable shocks to meet the
gpecified 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
is 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 Tg value for the test shock time history, and when the effective
duration of the shock is within twenty percent of the specified Tg value. The
spectra are to be determined for positive and negative maximum accelerations
(either maximum absolute or equivalent static), Q = 10, and at least 1/6-octave
frequency intervals. If the required test spectrum can be satisified simulta-
neously in both directions-along an axis, three shock repetitions will satiafy
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 satisfy the spectrum requirement in the other direction;
setup change possibilities are to reverse the polarity of the test shock time
history or to reverse the test item orientation.

1t is permissible to simultaneously meeit the test requirements along more than
one axis with a single test shock. Consequently, it is 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 be required if each shock only satisfies the test
requirements in one direction of one axis,

(3) Qperation of test item. The test item shall be operational

before, during, and after test as is appropriate to its functional use.

d. Rationale. The intent of this test is to disclose failures which may
result from, or adjustments necessitated by, shocks experienced by an item
during use in the field. Even though an item has suceessfully withstood even
more severe shocka during shipping or transit shock 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 used,
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 Procedure II - Equipment to be packaged

a. Application. Procedure II is to be used when equipment will require a
shipping container. It establishes a minimum ¢ritical acceleration level for a
handling drop height. This acceleration level may later be furnished to a
package designer as an acceptable critical acceleration.

b. Restrictions. Procedure II is not intended for testing extremely
fragile equipment such as missile guidance systems, precision-alined test
equipment, gyros, inertial guidance platforms, etc. When the critieal
acceleration is required, procedure III (I-3.5) will be used.

METHOD 516.3
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Ideal Sawtooth Pulse-——""N\\\ ,

Tolerance Limits

&

MINIMUM PEAK VALUE NOMINAL DURATION (D) ms
TEST (P) g's . :
FLIGHT VEHICLE GROUND FLIGHT VEHICLE GROUND
EQUIPMENT 1/ | EQUIPMENT EQUIPMENT 1/ | EQUIPMENT
a b ’ Toe 49‘ N
Operational Test 20 4o 2/ 11 11 : '
Crash Safety . 4o 75 : 11 )

1/ Shock parameters a

2/ Equipment mounted only in trucks and semitrailers may use a 20g peak value.

_____

approximately in the center, The peak acceleration magnitude of.the sawtooth
- pulse is P and its duration is D. 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 the limits of V4§ ¥0.1 V4, where Vj is the velocity change associated
with the ideal pulse which equals 0.5 DP. The integration to determine
velocity change shall extend from 0.4D before the pulse to 0.1D after the
pulse. 3

o~
»

FIGURE 516.3-4. Terminal-peak sawtooth shock pulse configuration and its -
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c. JTest conditions. The test item shall consist of the unpackaged
equipment in a nonoperational mode. It shall be subjected to a series of
trapezoidal 30-g shock pulses having a time duratlon to be determined from

table 516.3-I and the equation
_ Tp = 2 V(2 2 V(2 n/g)

. " Ag . The pulse will be in
accordance with figure 516.3-5. A programmable shock machine will more than .
likely be required to produce these test conditions because of the displacement
limitations of shakers.

d. Rationale.- The trapezoidal waveshape was chosen because the
computation of velocity 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 levels.

1-3.5 'Engggdnrg_lll_zﬁcniLiQal_aggglﬁnatign_fnagiliﬁl

a. Application. Procedure III is used to determine an item's fragility
level so0 that packaging can be designed for it, or so the item can be
redesigned to suit packaging requirements.

b. Rgatzigtigna. Procedure III is to be used when the ¢eritical
acceleration for an item must be determined.

‘c. Test conditions. A design drop height will be selected based on

_meaeurement of the test item's shipping environment, or from table 516.3-1 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:

= 2 V2gh
where

AV = maximum product velocity change em/s (in/s)
(summation of impact velocity and rebound velocity)
design drop height,cmo(in)

980.6 cm/s<. (386 in/s<)

.h

E

The -shock machine is set to .a maximum acceleration levei (Am) beiow the
anticipated failure level. The approximate pulse duration is determined as
follows (see figure 516 3-5): :

v
v

Ap g (0.9 Tp) (Tr and TR assumed to be 0.1 Tp)
0.5 (g) Ag (2Tp-Tp-TR) (Tg and TR are known)

If an initial value for Ap does not exist, 15 g's may be used. If no damage
occurs, then Ap will be increased 1nerementa11y while the maximum test item

velocity change is held constant until damage to the test item occurs: This
will be. established as the test item's critical acceleration fragility level.

d. PBationale. Test levels used in this proeedure 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 (referénce d).

: METHOD 516.3
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Tdeal Trapezoidal Pulse

~ul

|
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{
di I
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l,] I W
r,i I W
i b
[ i -
t - |
i ]
054, B i
TEST PEAK VALUE (Am) g's NOMINAL DURATION (Tn) ms
Fragility 10 to 50
2 V(2 n/g)
Packaged 30 A
Shock

NOTE:

a’' pulse located approximately in the center.

of the trapezoidal pulse is Ap and its duration is Tp.

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
The integration to determine

approximately equals 0.5 Ap g (2Tp-Tgr-TF).

velocity change shall extend from 0.4Tp before the pulse to 0.17p after the
pulse. Rise (Tg) and fall (Tp) times shall be less than or equal to 0.1Tp.

FIGURE 516.3-5.

516.3-10

The time history display shall include a time about 3Tp long with
The peak acceleration magnitude

The measured
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TABLE 516.3-I. Suggested drop height for procedure ILI.

Design Dr

. _ op| Maximum Test Item

Package Gross Weight, . Height Velocity Change,®

Kg (1b) Type of Handling cm (in) cm/s (in/s)
0 to 9.1 (0 to 20) : manual handling 76 (30) 772 (304)
9.1 to 18.2 (20 to 40) . | manual handling 66 (26) . T22 (283)
18.2 to 27.2 (40 to 60) - | manual handling 61 (24) 691 (272)
27.3 to 36.3 (60 to 80). manual handling 46 (18) 600 (236)
36.3 to 45.4 (80 to 100) manual handling 38 (15) 546 (215)
45.4 to 68.1 (100 to 150) | mechanical handling 31 (12) 488 (192)
68.1 to 113.5 (150 to 250)| mechanical handling 26 (10) 447 (176)
113.5 - (250 = ) mechanical handling 20 (8) 399 (157)
®for 100 peréent rebound

METHOD 516.3
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I-3.6 Procedure IV - Transit drop S > .

a. Application. Procedure IV is intended for equipment in its transit or
combination case as prepared for field use (carried to a combat -situation by
man, truck, rail, etec.). It is used to determine if the test item is capable of
withstanding the shocks normally induced by loading and unloading of equipment.:

b. Restrictions. Procedure IV is not intended for shocks encountered in
a normal logistic shipping environment as experienced by shipping containers.

¢. Test conditions. Test levels for this test are shown in table
516.3-I1. The test item shall be tested in the same configuration that is - -
carried into a combat situation. For test items under 45 Kg {100 pounds), the
26=drop requirement may be divided among up to five copies of 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 should not be restralned as long as the test item does not leave

the required drop surface.

-

d. Rationale. 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 chest 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 cm (48 inches) an average of four to six times during its life
cycle., The 26-drop requirement exists to insure that each vulnerable position
(faces, edges, and corners) of a typical test item receives one impact.

~

I-3.7 Procedure ¥ - Crash hazard

a. Application. Procedure V is for equipment mounted in an air or ground
vehicle that could break loose 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. Restrictions. Procedure V is not intended for equipment transported
as cargo. (For cargo, use method 514.3)

¢. Test conditions. Use figure 516.3-1 as the test spectrum for the axis
of test provided that the effective shock duration Tg falls between & and 9
mllllseconds for flight equipment and between 3.5 and 5.0 milliseconds for
ground equipment. If shock spectrum analysis capabilities are not available,
figure 516.3-U4 may be used as an alternative to figure 516.3~1.

d. Raticpale. An aireraft crash level of 40 g's is based on the fact

that, during a survivable crash, localized g levels can approach 4o~g's.

ﬂrnund tr‘ansportati"“ vehicles are designed with a hi gher gafety factor and

therefore, can sustain a much higher g level; thus, the higher test_level.

K]

I-3.8 Procedure VI - Bench handling

a. Application. 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.

METHOD 516.3
19 July 1983 :
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TABLE 516.3-II. "Transit drop test.

Weight of Test *| Largest Notes | Height of Drop Number of drops
-Item and Case Dimensions i ‘

. Under 45.4 Kg Under 91 cm A 122 cm (48 in) | Drop on each face,
{100 1bs) : 5 . _ edge and corners
Manpacked or 91 cm and over | - A. 76 em (30 in) | Total of 26 dropsR/

manportable . . . -
45.4 -~ 90.8 Kg | Under 91 cm A 76 cm (30 in) -
{100-200 1lbs) (36 4n) :
inclusive .91 cm and over A 61 em (24 in) Drop on each
- corner; total of
90.8 - 454 Kg Under 91 cm A 61 em (24 in) | eight drops
- (200-1000 1bs) (36 in) . : .
inclusive 91 to 152 cm B 91 em (36 in)
(36-60. in) . .
Over 152 cm - B | 61 em (2§ in) }
(60 in) ‘
Over 454 Kg : No limit -C . 46 em (18 in) | Drop on each bottom
- - edge. Drop on
. bottom face or .
skids; total of
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 u‘ifh‘in shall hn aunpported at the ocorner

e L Wil WiaG VoY A Vil W viiads Ld 24 48, B WS WU BT

of one end by a block 13 em (five inches) 1n 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 shall be raised to the specified height at the lowest
unsupported corner and allowed to fall freely.

C. While in the normal. tran31t p031t10n the case and contents shall be
Subjected to the edgewise drop test as follows (if the normal transit position
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 case shall be supported on a
sill 13-15 cm (five to six inches) in height. The opposite edge shall be
raised to the specified height and allowed to fall freely. The test shall be
applied once to each edge of the base of the case .(total of four drops).

D. The 26 drops may be divided among no more than five test items (see
paragraph I-3.6).

H 16
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b. Restrictions. Procedure VI should not be used if it can be demon=-
strated .that the shocks from the transit drop test are of a higher. level. It
is considered appropriate for medium-to-large test items that have a maximum. .
dimension greater than approximately 23 ocm (nine inches).- (Small items will be
tested to higher levels during transit drop.) -

e, Igg;_ggngigigna. The test 1tem in thls test -shall. be raieed at one 4
edge four inches above a solid weoden bench top or until the chassis forms an
angle of U45° with the bench top or until point of balance is reached, whichever
is less. (The bench top must be at least 4.2% com [1.675 inches] thiek.) &
series of drops shall be performed in. accordance with II-3.6. ‘

d. Bg;igng;g.' The heights used during this. test were. set by examlning ' =

the typical drops that are commonly made by bench technicians and assembly line
personnel. . . o ;

1-3.9  Procedure VIL - Pyrotechnic shock .

I

a.. Applicaticn. Procedure VII 4
to shock from explosive devices. The shock can be characterized as. an
oscillatory transient, with significant frequency content from 100 to 10, 000
Hz, which decays to a few percent of its maximum acceleration in 5 to 15
milliseconds (reference b). The shock response spectrum often exceeds several
thousand g's at frequencies above 1,000 Hz {(for Q = 16}.u_This procedure also -
applies to situations which may yield shocks of comparable severity, such as
atmospheric reentry or water entry of miassiles and h1gh-veloclty aerodynamic
buffeting of hlgh—performance weapon systems.

b. Restrictions. This test procedure will not be required along any axis
for which both the following are satisfied: (1) the test aspectrum from a
random vibration test {see I1I-3.3b) or a functional shock test exceed this
spectrum requirement and (2) if the test spectrum requirement above the
frequency range specified for the random vibration or functional "shock test
does not exceed g values of 0.8 f, where f is the frequency in Hz. (The 0.8 f
acceleration limit corresponds to approximately 50 in/sec spectral velocity. A
basis for use of velocity as a ceriterion of severity is given in reference c.
The value of 50 in./sec is selected because of limited observations ,
(unpublished) that military-quality equipment does not tend to exhibit shock
failures below a response spectrum velocity of 100 in./sec.)

c. Test conditions. Field measured data, or data obtained from a similar
environment using appropriate dynamic scaling (reference.b, vol. VI}, will be
used to define the shock test response. spectrum requirement along each of three
orthogonal axes. Measured data will be converted into test requirements in . *
accordance with the guidelines outlined for the functional test conditions,
I-3.3, with two exceptions:

‘.

{1). Measured or empirically scaled data will always be required to
- determlne the test 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. .

METHOD 516.3 .
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d. Rationale. This procedure generally conforms to requirements for
pyrotechnic shock testing in MIL-STD-1540 (USAF) for space vehicles. The -
pyrotéchnic type shock test typically requires that the equipment to be tested
be subjected to an intense, high-frequency oscillatory disturbance. An attempt
to meet the test response spectrum using a single acceleration pulse will
" usually result in a severe overtest at the lower frequencies in order to meet
the hlgh frequeney requlrements . :

1-3.10 Procedure VIII - Rail impact

a. Application. Procedure VIII is for equipment that will be transported
by rail. It is intended to determine the effect of normal rallroad car impacts
that occur during rail shipment. .

b. Bg;;nig;igna. Procedure VIII is not intended for testing small
individually packaged pieces of eguipment separately when they would normally
be shipped (and tested) mounted on a pallet.

¢. Test conditions. This test is conducted by mountlng 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 direction 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. "Rationale. Data -for the rail impact test were derived from.
statistical data on frequency of impacts with relationship to speed and -
frequency of occurrence. Brakes are used on. the buffer car to make the test
conservative. : :

I-3.11 IX - t e

a. Application. This procedure is intended for equipment mounted in or
on fixed-wing aircraft that are subjected to catapult launches and arrested
landings. .

b. Restrictions. None

e. Test conditions. Whenever possible, test 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 bendlng modes, pylon 1nterfaces,
and structural damping.

However, if acceptable field-derived data are not available, the following
guidance is offered in which a sinusoidal burst is used to simulate each
catapult or launch event,

METHOD 516.3"
19 July 1983
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(1) Wave shape - damped sine wave :

(2) Wave frequency - determined by structural analy31s of specific
aireraft and location fundamental mode :

(3) Burst amplitude - same as above

(4) Wave Damping (quality factor) = Q = 20 _ ‘
{5} Axis - vertical, transverse pE

(6) Number of bursts - determined by the specific appllcatlon (for
example, 30 bursts, each followed by a 10 second
rest period) :

d. BRationale. The catapult 1aunch/arreeted landing shock env1ronment
differs from other typical shock events in that it is in reality a transient
periodic vibration (roughly sinusoidal) at a relatively low frequency deter-
mined by aircraft mass and landing gear damping characteristies. Typieal & ..

catapult launch and arrested landing shock time histories are shown in figure :
516 . 3-6. '

" In general, catapult time histories will show two tran51ent events
correaponding to initial load application and catapult separation from the
aireraft, with both transient everts having a distinet oscillatory nature
(reference f}. For the purposes of this.procedure, however,. this time history -
has been 81mplif1ed to a constant-amplitude sine burst of 2-second duration of
approxlmately 31mllar characteristics. . .o

Whlle the pulse amplltudes a33001ated with this env1ronment are 1ow, the
long periods of application and high frequency of occurrence have the potential

to cause significant damage in improperly de31gned equipment

A typlcal alrcraft may fly as many as 200 sorties ‘per year, of whlch nore
than two~thirds may involve catapult launches and arrested landings. However,
for laboratory test purposes, 30 simulated catapult/landing events in each of
two axes (longitudinal and vertical) should provide good confidence that .the
majority of significant defects will be identified for remedial. action.
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I-4 SPECTIAL CONSIDERATIONS

I-4.1 Test interruption. Generally, if interruption occurs during a pulse,
that pulse shall be repeated. Care must be taken to ensure that stresses
induced by the interrupted pulse do not invalidate subsequent test results

(See General Requ1rements )
I-M.2thlg .ed- shock ga;g
I-4.2.1 High impact/shipboard equipment. Shock tests for shipboard equipment

shall be performed in accordance with MIL-3-901. - Attention is directed to the
ability to tailor MIL-S-901 tests through design of the fixture attaching the
test item to the shock machine. As much as possible, the fixture should
provide compliance eimilar to that existing in the field environment of the
test item. -

I-4.2.2 Rough handling for packaged jtems. Tests for shipping and handllns
may be performed in accordance Wlth MIL-P-116 or FED-STD-101.

Fl

I-4.,2.3 Eyzgg_ang_zuzg_gggngngn_a Shock tests for.safety and operation of

fuzes and fuze components may be performed in accordance w1th HIL-STD-331

I-4.2.4 s9nn1naﬂ_&empena_nne_ang,ahggk_geege Tests may be performed at room

ambient cond1tions unless a hlgh or low temperature shock test is required
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METHOD 516.3
SHOCK -
SECTION II
I1-1 ARPARATUS

II-1.1 Apparatus I. Apparatus I is used for procédures I, 11, II11, V, VII,
and IX.

II-1.1.1 Test facility. The shock-producing apparatus shall be capable of
producing. the test conditions as determined according to the appropriate
paragraphs of section I of this method. The shock apparatus may be of the free
fall, resilient rebound, nonresilient, hydrauliec, compressed gas, electrody-
namic shaker, or other activating types. Procedure VII may require pyrotechnic
devices to simulate field conditions. Procedures II and IIl. require test
apparatus capable of producing relatively large displacement.

II-1.1.2 QGalibration. 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 teat conditions outlined in procedures I, II, III, V, VII or IX.
The calibration load shall then be removed and the shock test will be performed
on the actual test item,

II-1.1.3 Controls.  The instrumentation used to measure shock pulses or shock
acceleration spectra shall have the following characteristics. :

~a. Accelerometer
(1) Transverse sensitivity of less than or equal to 5%.

(2) An amplitude linearity within 10% from 5% to 100% of the peak
acceleration amplitude required for testing.
: (3) For procedures I, II,‘III, V and IX: A flat frequency reaponse
within *10% acroas the frequency 5 - 2,000 Hz.

(4) For procedure VII: A flat frequency response within *10% across

the frequency 20 Hz to the highest frequency speclfled in I-3.9,
b. Analxaia,axahgm

(1) Will not alias more than a 5 percent measurement error into the
frequency band of interest. (20 Hz to 10 KHz typieally.) '

(2) 1If filters are used to meet the previous requirement, a filter
having linear phase-shift characteristics shall be used.

(3) With filter (if used), shall have a pass band within 1 dB across
the frequency range specified for the accelerometer (see II-1.1.3a).

METHOD 516.3
19 July 1983.
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¢. Apparatus

(1) The shock apparatus shall.be capable of producing a transient
that meets or exceeds the required spectral or pulse amplitude. For
comparability or repeatability, the shock response spectrum of the transient
should not exceed the test condition by more than 3.5 dB for procedures I, V

and IX and 6.0 dB for procedure VII (dB = 20 log AO)

II-1.2 jppgza&ug_ll The drop tester used to conduet procedure IV (Transit
Drop) tests shall be capable of producing the required 1mpacts to the test

“item(s).

II-1.2.1 Test 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-reledse hook, or drop tester. The floor or barrier receiving the

impact shall be of two-inch plywood backed by concrete. For equipment over 454
Kg, the floor or barrier shall be concrete. :

II-1. 2‘2' Qgﬁﬁhgla Controls shall be adequate to assure that testlng 1s
conducted as specified in table 516.3-I1.

IT-1.3 Apparatus III. The platform used for performing procedure VI tests .
(bench handling) shall. be a solid wood bench top at least 4.25 em (1.675
inches) thick. )

II-1.4 Appardtus IV

II-1.4.1 Test facility. The following equipment will be necessary to perform
the rail impact test (procedure VIII). .

a. Two ordinary railroad cars, equipped with a draft gear coupllng that
will be used durlng shipment.

b. A prime mover for moving the cars.
II-1.4.2 Qgh&xgla. The fbllowiﬁg are minimum test‘eontrol'requiremenys.

‘a. A calibrated means to determlne that the speed at the t1me of im
ia’ 13i 1.5, or 16.2 Km/hr (eigp ght, nine or te miles per hgur) within *

pact
. £

5, Km/hy nine or ten f
percent.

ive
ive

b. Accelerometers and associated ¢ircuitry to measure the impact, shock,
and equipment response, if these measurements are specified.

II-2 PREPARATION FQR TEST

II-2.1 Preliminary steps. Prior to initiating any testing:
a. Choose the appropniatertest procedures {paragraph I-3).
b. Determine the shock levels for tﬁe'procedufes chosen.

ré a pretest

i1—2;2? Pretest checkout. 11 items reaui
ta. C

qu
ambient conditions to prov1de baseline da

nr
L
on

etes
nduct t

Step 1. Conduct a complete visual examination of the test item with
special attention to stress areas. -

H i6.
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Step 2. Document the results.
Sﬁep'3.' Where applioable,'install the test item in itsAtesf fixtﬁrem .

Step 4. . Conduct an operational checkout in accordance with the approved
test plan. . . :

£

Step 5. Document the. results for compliance thh General Requlrements

Step 6. If the test item operates satisfactorily, proceed to the
first test as required by II.2.t1a. If not, resolve the problem and restart
at Step 1. .

1I-3 PROCEDURES -
' II1-3.1 Procedure I - Fupctional shock

Step 1. Following the guidance of paragraph I-3.3c, select test
conditions and calibrate the shock apparatus as follows:

. a. Select accelerometers and analysis techniques which meet the
¢riteria outlined in II-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 similar to that
of the actual test item. If the test item is normally mounted on vibration
isolators, the isolators shall be functional during the test.

c. Perform calibration shocks until two consecutive shock applica-
tions to the calibration load produce waveforms which meet or exceed test con-
ditions 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 ghock apparatus.

Step 2. Perform a functional check on the test item.

'Step 3; Subject the test item (in‘its opeﬁational 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 isclated assemblies within the
test item, measurements and/or inspections should be made to assure these . -~
assemblies did not impact with adjacent assemblles :

Step 5. Perform functional cheek on the test 1tem Record performénce
data. - : .

Step 6. Repeat steps 3, 4, 5, and 6 three times for each orthogonal axis
that is to be tested in both the positive and negative directions. (If
negative and positive acceleration spectra of one transient meet or exceed
desired teat levels for an axis, they can be counted as two transients, one in
each direction.)

Step 7. Document the test.

METHOD 516.3. ;
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I1-3.2 Procedure II - Equipment to be packaged

Step 1. Following the guidance of paragraph I-3. lc, calibrate the shock
machine as follows: .

o a. Mount the calibration load (the actual test item, a rejected
item, or a rigid dummy mass) to the test apparatus in a manner similar to that
of the actual test item. Use a fixture similar in shape and configuration to
the shock attenuation system which will support the test item in its shipping
container. (The fixture should -be as rigid as possible to prevent distortion
of the’ shock pulse 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 (flgure 516.3-5).

~ Step 2. Remove the calibrating loéd and install the actualjﬁest item on
the shock apparatus.

Step 3. Perform a functional test on the test item.
Step 4. Subject the teat item to the test pulse.

Step'S Record necessary test data. This shall include test setup
photos, test logs, and photes of the actual test pulse '

Step.ﬁ. Perform a functional test on the test item.

Step 7. Repeat steps 2, 3, 4, and 5 once in each direction for three
orthogonal axes (six shocks).

Step 8. Document results.

11-3.3 Procedure LI - Eragility

Step 1. Install the test item on the shock apparatus using a fixture
similar in shape and configuration to the 8shock attenuation system which will
support the test item'in its shipping container. (The fixture should be as
‘rigid as possible to prevent distortion of the shock pulse imparted to the test
item. ) .

Step 2. Select the deeign drop height from paragraph I-3.5¢.
- Step 3. Adjust the shock apparatus to obtain a maximum test item velocity
change obtained from measured data or as .given in table 516.3-I. If maximum

test item velocity change values are required for design drop heights other
than those listed, the following relationship may be used.

= 2V(2 gh)

maximum test item velocity change, cm/s {in/s) (summation of

where AV =
C impact velocity and rebound velocity)
h = design drog height, em (in)
g = 980.6 cm/s2 (386 in/s?)

The drop height of the shock test apparatus will not necessarily be the same as
the design drop height.
METHOD '516.3
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Step 4. Set the shock test apparatus to obtain a maximum acceleration .
(Ap) 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:

= gAy (0.9Tp) N

.

-

Step 5. fehform one shock test using pu1$e shown in figure 516.3-5.

Step 6. Examine the recorded shogk pulse to be certain the desired
maximum acceleration (Ap) and velocity change were obtained. Methods for-
determining maximum acceleration and velocity change are given in step 3 above.

Step 7. Examine or fuhctionally test the test item to determine if damage
due to shock has occurred, .

Step 8. If no damage has occcurred, set the shock test apparatus for a
higher maximum aoeeleratlon (Ap) level while maintaining drop height (and ‘thus
velocity change).constant. : _

Step 9. For all faces, repeat steps 5, 6, T, and 8 with incrementally
increasing maximum acceleration (Ap) until test 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 Procedyre IV - Transit drop

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 hrops using the apparatus of paragraph
II-1.2. The drops should be in accordance with table 516.3-I1. It is
suggested that the test item be visually and/or operationally checked
periodically during the drop test to 31mp11fy any follow—on failure evaluatlon
that may be requlred : :

Step 4. Document the impact point or surface ‘for each drop and any
cbvious damage. :

Step 5. F0110w1ng completion of the requlred drops, visually examine the
test items(s).

Step 6. Document the results for comparison with data obtained in
paragraph I1-2.2, step 2. '

Step T. Cénduct-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.

METHOD 516.3 ,
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1I-3.5 Rr_o_qamne_l_-m:_namg

NOTE: 1If calibration of the test apparatus is requlred perform steps 1 and 2
of . paragraph II-3.1 first. . ‘ .

Step 1. Secure the test item mount to the shock apparatus by its normal
mounting means. The test item shall be a representative equipment item or a
mechanically equivalent mockup. If a mockup is used, it will represent the
same hazard potential, mass, center of mass, and mass moments about .the.

. attachment p01nts as the item simulated

Step 2. Perform two shocks in each direstion (as determined in paragraph
I-3.7¢) 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.

1I1-3.6 Procedure VI - Bench handling

Step 1. Configure. the item as it would bé 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 occcurs first).

a. The chassis forms an angle of 450 with the horizontal bench top.

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

¢. 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 horlzontal face as pivot points, for a total
of four drobs.

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.
METHOD 516.3 .
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Step 7. Document the results for comparison with data obtained in
paragraph II-2 2, Step 5. : . P

11-3.7 EzQggggng_lll___ﬁxgg&gghnig Same as II- 3 1, except that measured or
analytically derived data shall always be used as test condltlons S

11-3.8 mmmuum

AT e e e o

Step 1. Positlon one fully loaded railroad car on a level section of
track. . _ : S L

Step 2. Set the airbrakes in the emergency application oositiohjon the
buffer car. The. total gross mass (which will include a buffer:load securely. |
mounted to the car to prevent shifting) shall be 99,880 Kg (220,000 pounds) g
minimum. Co

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 them 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), * five percent.
Measure the speed just prior to impact by electronic or electrical means..

Step 6. Visually inspect the test item for physical degradation.

Step 7. Document the resulta for comparlson with data obtalned in
paragraph II-.2.2, .step 2. . . .

Step 8. Perform an operational eheekout of the test item in aceordance
with the approved test plan. ‘

Step 9. Document the results for eomparlson with data obtalned in
paragraph II-2.2, step 5. : .

1_1-3.9 -Procedure IX - Catapult launch/arrested -landing

, Step 1. Mount the test item to its vibratlon fixture as descrlbed in
method 514. 3 paragraph I-4.2.5 for the first test axis. -

Step 2. Attach accelerometers described in method 514.3 and other test
instrumentation.

Step 3. Conduct an operational checkout and visual examination in
accordance with the approved test plan.

METHOD 516.3
19 July 1983
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Step 4. -Apply sine bursts to the equipment in the first test axis. (Each
burst represents a single catapult or landing event.) Each burst should be
followed by a rest period to prevent unrepresentative effects. The test item
should-be operated in its appropriate operational mode while the bursts are
applied. : L

Step 5. If the equipment has not malfunctioned during testing, conduct an
operational checkout and visual examination in accordance with the approved
test plan. * If a failure has occurred, it may be desirable to perform a
thorough visual examination before proceeding with the operational checkout to
avoid initiating additional hardware damage. When a fallure occurs, the nature
of the failure and corrective action along with the purpose of the test -
(engineering -information or contractural compliance) should be considered in S
determining whether to restart the test or continue from the point of
interruption.

Step 6 B Repeat steps 4 through 5 for the second test axis.

Step 7 Document the test as descrlbed in General Requirements.

II-& 1ﬂEQBMAIIQN_IQ_BE_BEQQBQED : Test data'shall be recorded as epeclfied in
‘General Requlrements and shall include the following:
a. Prior test methods to which the spec1f1c teet item has been Subjected.
b. Pretest data required (see General Requirements)
¢. Procedure number.
d. Shock pulse selection, specifying shape, peak value, and duration; or
measured data selected for use in conjunction with the 'shock response spectrum
cutlined in procedure I and VI. : .

e. (For procedure VIII only) Whether the rail impact shock pulse input
and test 1tem response are to be measured

f. (For procedure VIII only) Test item positioning with respect to the
test car and whether packaging is necessary for the rail 1mpact test

g. Temperature extremes {if the shock test is done in conjunction with
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 tiedowns

.k. Fallure criteria.

METHOD 516.3
19 July 1983
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APPENDIX 516.34

DEFINING TEST SHOCK FOR NORMAL OR

LOGNORMAL DISTRIBUTION OF FIELD DATA
For each t/6th-octave (or more closely spaced) frequency, thé test shock
spectrum value G is given by : -

G=m+ ks T - ().

where "m" is the mean and "s" is the standard dev1ation of the sample values. ;
When the n sample values g; are assumed on the basis of experience with similar
data to be normally distributed

SR8y Bao

n n ’ .
m=zl7 $ g  and o2 = n—_‘—f S (gi-m)2 (2)
iz1 i=1 : o -
and when the sample values are assumed to be lognormally distributed
1. A .
= = Z log g and 82 = 7527- Z (log gj-m)2 - (3)
=1 : i=1 i T : ’

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 procedure becomes 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 abeve process is repeated for each frequency of the shock response
spectrum. The resulting G values may be enveloped in a manner deemed

TABLE A-I. Yalues of k. 1/

No of " No of
Test Runs k Test Runs k

5 1.78 12 1.69

6 1.75 15 1.68

T 1.73 | 20 1.87

8 172 |0 30 1.66

9 1.71 100 1.65 ' -
10 1.70. :

YV owen, D.B. Factors for One-Sided Tolerance Limits and for Variables
Sampling Plans. Sandia Corporation Monograph No. SCR-607, March 1963.

METHOD 516.3
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‘METHOD 519.3

- GUNFIRE VIBRATION, AIRCRAFT
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II-3 PROCEDURES . . . . e e e e e e e e e .. . 519.3=17

II-4 INFOBMATION TO BE RECORDED e s e s e e i e e w e s . . 519.3-18
SECTION I

\IJT PURPOSE. The gunfiré.vibration test is performed to assure. that equipment
mounted in an aireraft with onboard guns can withstand the vibration levels

______ 3 = b P —_— 2

caused- by the overpressure pulses emitting from the gun muzzle.

I-2 EHIIBQNMEMIAL_EEEEQIS;, 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 fallures, hydraullc malfunctions, and structural
fatigue failures. :

I-3 GUIDELINES FOR DETERMINING TEST PROCEDURES AND TEST CONDITIONS. This test
method should be applied at the end of the tailoring process described in
section 4 of this standard.

a. Application. This test applies to equipment installed in airecraft
that carry and fire onboard guns.

b. Restrictions. 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.

¢. Seguence. .This test 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. Tést variations. The test variables are vibration spectrum and
intensity, and test duration.

METHOD 519.3
_ 19 July 1983
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I-3.1 Qngigg_gﬁ*ggag_nzbggguggg. There' is only one procedure in this method.
I-3.2 Choice of related test conditjons - : ‘II'

I-3.2.1 Iest spectrum. Onboard gunfire
different sources:

produces vibration from three-

r ______ 1

a. the overpressure pulses emanating from the gun muzzle,
b. the recoil kick. of the gun on its mounts, and
¢. the motion of ammunition-handling mechanisms as the gun is firing.
Of these, the one having the greatest effect at most equipment locations is thé

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
gomplex 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 vehicle's structure. The narrowband vibration--that is, the
pressure pulses 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 case of equipment that is structurally coupled to the gun or its

mounting structure, test spectra should always be derived from measured data.
The gignificant vibration ocours at frequencies between 10 and 2000 Hz.

- e g e L=l

W
I-3.2.1.1 Measuring gunfire vibration spectra. It is recommended that
measured data be taken at the equipment location of interest while the onboard
guns are fired. These data should cover a freguency range of at least 10 to
2000 Hz. The data should be analyzed using no greater than a 10-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 least 50.° These data
should be recorded with the aircraft in actual flight because ground tests
could result in data that aren't representative of actual conditions.

I-3.2.1.2 Predicting gunfire vibratjon spegtra. If measured data are not

available, test spectra may be calculated using the following technique.

NOTE: This technique may over-predict those frequencies where theé structure or
equipment responsez become significantly nonlinear. L1kew1se, for those cases

in which the structure or equipment resonances coincide with -the frequencies in -

the gunfire, the vibration response could be under-predicted (resonance on
resonance) :

Figure 519.3~1 shows a generalized vibration spectrum for gunfire-induced
vibration. It is characterized by four vibration peaks and broadband random. -
The vibration peaks are at frequencies that correspond to the nominal gunfire
rata and its first thrae harmonios, The qnnﬂ1P1n walnea for each af the
parameters shown in figure 519.3-1 ¢an be determlned from table 519.3-1 using
the followlng distance factors.

METHOD 519.3
19 July 1983
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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 inveolving 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.

¢. Depth parameter (Rg}. The distance normal to the aircraft's skin to
the equipment location inside the aircraft. If Rg is unknown, use Rg = three
inches (see figure 519.3-2).

The vibration peaks bandwidths should be based on test data if possible. When
data are not available, the vibration peaks' bandwidths can be calculated as:

mE
BW3dB = 4 " .

the bandwidth at a level 3dB below the peak P3D level
the fundamental frequency (Fj) or one of the harmonics:
f1, fp, f3, or £y

Where: BW3gp
F

1o

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 harmoniec.

I-3.2.2 Duration of test. The duration of the gunfire test in each of the
three axes should be equivalent to the expected total 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
sorties 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-II by
dividing total rounds per aircraft by the firing rate. When a gun has more
than one firing rate, the test should 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/last 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 cyeling will prevent the ocecurrence of
unrealistic fajlure 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.

Al
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TABLE 519.3-I. Suseegted generalized parametric equations
c fire-ind | vibration.
10 log Tj = 10 log (NF{E) + H+ M+ W + J + By - 53dB
10 log Pj = 10 log T3 ; Ki + 17dB
Where:

R N =

Maximum number of closely spaced guns firing together. For guns that are
digpersed 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 levelz, for test purposes, are selected for the gun that
produces the maximum vibration levels.

E = Blast energy of gun (see table 519.3-I1I).

H = Effect of gun standoff distance (see figure 519.3-4).

M = Effect of gun location M = 0 unless a plane normal to the axis of the
gun barrel and located at the muzzle of the gun does not intersect the
aircraft structure, 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).

By = Effect of vector distance from gun muzzle to eguipment location (see
figure 519.3-7).

F1 = Gunfiring rate where Fj = fundamental frequency from table 519.3-II.

(Fp = 2F¢y, F3 = 3F1, Fy = 4Fq)

Tj = Test level in g2/Hz.

Pj = Test level for frequency F; in g2/Hz (where i = 1 to 4).

Ky = Effect of vector distance on each vibration peak, Pj (see figure 519.3-8).

NOTE: These equatlons are in metric units. The resultant dB values are

relative to 1 g 2/Hz .

METHOD 519 .3
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®

Gun Firing Rate Rounds
Aireraft/pPOD (Quantity) Location {(Rnds/Min) (Rnds/Sec) Capacity
A-Y MK12 (2) Wing Roots 1000 16.6 100/Gun
, A-TD M6141 (1) Nose, Left Side 4000 & 6000 66.6 & 100 1020
f A-10 GAU-8/4 (1) Nose 2100 & 4200 h '35 & 70 1175
- A-37 GAU-2B/A (1) Nose 6000 100 1500
F-1 M61A1 (1) Nose 4000 & 6000 66.6 & 100 638
.| F-5E M39 (2) Nose 3000 50 300/Gun
F-5F M39 (1) Nose 3000 50 140
F-14 M1AT (1) Left side of 4000 & 6000 | 66.6 & 100 | 676
Fuselage
F;15 M6141 (1) Right Wing Root ( 4000 & 6000 66,6 & 100 940
F-16 M61A1 (1) Left Wing Root 6000 100 510
F-18 M6141 (1) Left Side of 4000 & 6000 66.6 & 100 570
Cockpit
F-101 M39 (4) Fuselage 1600 & 1800 26.6 & 30 200/Gun
F—10H- M61A1 (1) Fuselage 6000 100 750
F=105 M61atT (1) Fuselage 5000 83.3 2084
F=111 M61A1 (1) Underside of 5000 83.3 + 2084
Fuselage :
GEPOD 30 GEL430 (1) POD 2100 40 350
(GAU-8/4)
SUU-11/4 GAU-2B/A (1) POD 3000 & 6000 50 & 100 1500
1 svu-12/a AN-M3 (1) POD 1200 19 750
SUU-16/4 M61A1 (1) POD 6000 100 1200
s SUU-23/A GAU-4/a (1) POD 6000 100 1200
® ,
METHOD 519.3",
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TABLE 519.3-I1II.

Gun specifications.

Gun Caliber Blast Energy, E
Gun (mm) {in) (J)%
GAU-2B/A 7.62 .30 6,700
GAU-4/A 20 .79 74,600
GAU-8/A 30 1.18 307,500
o : AN-M3 12.7 .50 26,000
M3 20 .79 _ 83,000
M2Y 20 .79 80,500
M39 20 .79 74,600
M6 141 -20 9 74,600
MK 11 20 .79 86,500
MK 12 20 19 86,500

% joules (J) x 0.7376 = foot-pounds

k
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I-4 SPECTAL CONSIDERATIONS

I-4.1 Test interruptions. In the event of the occurrence of an unprogrammed
test interruption, the test shall be initiated from the p01nt of 1nterruption
using the same epeclflc test item.

~\I-4 2 Qvertest. Any interruption in the test that results in a more extreme -

exposure of the. test item than required by the équipment specification should
be followed by a complete physical inspection of the test item and an
operational check prior to continuation of test. An engineering judgment shall
be made whether t6 continue testlng with the overtested item, to obtain a new
item, or to consider the test completed.

% I-4.3 Eai;nng_gnalxaia. All incidents where the test items do not meet the

equipment operating requirements shall be analyzed to determine the cause and

. lmpact of such occurrences. ‘Corrective actions shall be proposed or
. implemented to meet performance requirements.

!

R T . e s ot

ToI-4.4 .1 Bulge_ﬁéﬁhgﬂ.. Gunfire vibration testing is done using pulses repeated

f at the gunfire rate. The generated spectra should have discrete acceleration
magnitudes whose frequencies (f) correspond to the expression f = f4; where f4
- is the basic-gunfire rateand =1, 2, 3, . . . K. The last integer (K) is

- that value for for which f1.is nearest to the maximum test frequency of
" 2000 Hz. The pulse test spectrum shall be defined by an envelope that outlines

the amplitudes determined from the prediction method given in paragraph
I-3.2.1.2 or measured dafa

I-4.4.2° Broadband random method. - Gunfire vibration testing can be done using
a properly shaped broadband random vibration spectrum. It is characterized by

3, broadband random vibration.with four vibration peaks that occur at the first

three harmonics and the fundamental frequency - of the firing rate for the
onboard guns,

It has been experienced that the dynamic range required to produce- and control
this broadband random vibration is beyond the ability of most available
vibration controllers. A way of working around this problem is to enter into
the vibration c¢ontroller the desired broadband random spectrum with its strong
vibration peaks. At those frequencies which have the intense vibration peaks,
sine waves can be electronically added 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 is 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.

METHOD 519.3
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METHOD 519.3

GUNFIRE VIBRATION, AIRCRAFT

Lot A Lo )

SECTION' IT e

1I-1 . APRARATUS.. A random vibration source of SUfflClent capablllty to perform
the required test.

ii

n a vibration fixture
which simulates the actual application configuration. To the extent practlcal
the vibration test setup should incorporate actual 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. :

me. L 4. alam 11 T

I1-1.2 Contreols. The accuracy of the instrumentation for the gunfire
vibration test shall be as specified in method. 514.3 of MIL~-3TD-810D for random
vibration. For the broadband random method, the test tolerances will be as
follows: at fq, fo, f3, and fy *6 dB, and at frequencies above 400 Hz *6 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 e[lVBJ.Up(:-‘ the requu"eu SPECLI ui.

1I-2 P_BEEARAIIQH_EQE_IESI

Step 1. The test item shall be prepared in accordance with section 4, General
Requirements.

Step 2. Mount accelerometers following the practices for accelerometer
mounting, output averaging, and data analysis techniques outlined in method
514.3 of MIL-STD-810D.

1I-3 PROGEDURES

Step 1. Mount test items on vibration shaker.
Step 2. Operate the test items in accordance with equipment specifications.

Step 3. Begin vibration exposure to the required test levels and spectra per
paragraph I-3.3.

Step 4. Operate the test item during vibration exposure in accordance with
equipment specifications. Duration of vibration exposure shall be per
paragraph I-3.2.

‘Step 5. Operate the test items in accordance with equipment specifications.

Step 6. Rotate test item to an axis perpendicular to just-completed test.

rmtigh B
OQUEN D.
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Step 8. Rotate test item to the remaining axis that is mutually perpendicular

to the two axes of test. : .
‘ Step 9. _hepeat steps 1 through 5. '

Step 10. Dchment test per pgragraph I{—u.

II.4 INEQBMAIIQN_IQ_BE?BECQBDED

a. Test procedure numbér.

b. Test levels, spectra, durations.

¢. Previous testing done ﬁging the specific tes£ ifem(s).

d. Locatién of accelerometers used to measure vibration.

e. Test results. |

f. Failure‘criteria.

g. Analysis of each failuret

h. Proposed corrective aétiona.

i. Analysis bandwidth.

METHOD 519.3
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METHOD 520.0 -

¢

TEMPERATURE, HUMIDITY, VIBRATION, ALTITUDE.

A Pags
: . . SECTION I .
I-1 PURPOSE . . . . e e e e e e e e e e i . .. 520.0-1
I-2 ENVIRONMENTAL EFFECTS e e e e e e e e e e S . . B20.0-1 -
I-3 GUIDELINES FOR DETERMINING TEST o
PROCEDURES .AND TEST CONDITIONS . . . . . . . . . '520.0-2
I-4 SPECIAL CONSIDERATIONS . . . . . « v « « « « . . . 520.0-23
I-5 REFERENCES . - v v v v v v & v e v s s e e v v . . 520.0-24
SECTION II . :
IT-1 APPARATUS . . . . e e e e e e e e e e i 4. . B20.0-25
I1I-2 PREPARATION FOR TEST e e e e e e e ee e e e . . . 520.0-=25
1I1-3 PROCEDURES . . . i e e e 4 e s i e . . . B20.0-26
II-4 . - INFORMATION TO BE RECORDED e e e e e e e ... 520.0-2T7

SECTION I

I-1 PURPQSE. The purpcose 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 ground
and flight operations. It may be used for other similar purposes..

I-2 ENVIRONMENTAL EFFECTS. Studies have 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 forecing functions collectively account for all but 12
percent of the environmentally induced failures in the field. (Of course other
atresses such-as sand and dust, salt- fog, etc., are also 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. Sﬁattering of glass, vials,.and optical equipment.
b. Binding or sléckeping of ﬁdving parts.
¢. Separation of constituents.
d. Chahgeé in-electﬁonic componenté.

e. Electronic or mechanlcal failures due to rapid water or frost
formation. o

f..'Cracking of solid pelleﬁé or grains in éxplosives.
g. Differentia; contraction or expansion of dissihiiar materials.
h. Deformation or fracture of components.
i. Cracking of surface coatings.
J. Leakage of sealed compartmenfs.
METHOD 520.0

19 July 1983
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I-.3 This
test method should be applied only at the end of the tallor'mg process . .
described in section 4 of this standard.

.a. Application. This method is primarily 1ntended for. electronlc
equlpment mounted inside an aircraft. The procedures of this method can bp
used for engineering development, for support of flight testlng, and for _ .
quallflcatlon _ -

b. Restrictigns. This method does not apply to- electronlc equlpment
transported as cargo in an aircraft.
. ¢. Sequence. Proeedure I.is intended to be used before f1na1 equlpment
designs. are fixed. oo

e
'

, d. Test variations. The test variables are temperature, humidity,
vibration, altitude, cooling airflow, electrical stresses; rates of change and
test duration. .. o . - .

X

1-3.1 io test c

I-3.1.1 Procedure I - Engineering dévelopment test. The engineering -

development test is used.to find defects-in a new deslgn while it is still in

the development stage. The test is fallure-orlented meaning 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 tester first to

predict which stress states are most critical and then .to tailor the test to.

emphasize those states. Thls test is generally accelerated by eliminating. |
benign conditions or by using higher stresses than the item is likely: to

encounter in the field. » :

I-3.1.2 Procedure II - Flight or operation support test. This test is
performed in preparation for, or during, flight or operational testing. Its
purpose is to minimize delays in the flight testing program due to environ--.
mental factors. This test is not accelerated; the damage accumulation in-the -
test is no faster than in operational or in-flight testing. :Therefore, - .~
development hardware can be interchanged between laboratory and flight or
operational testing. This means that when unusual problems develop in flight
or operational testing, the equipment. system can be brought into the laboratory
to help identify any environmental contrlbutlon to the observed problem

I-3.1.3 ELQQ§QuI§_III_:_Quﬁ_ileQL;Qn_LEQL- The quallflcatlon test is a

formal test intended to demonstrate compliance with contract requirements.

Generally, qualification testing is an accelerated test that emphasizes the

most significant .environ- mental stress conditions. The use of Procedure-I of

this test method for.qualification is not recommended. The qualification test

shall- include the maximum amplitude of each stress and any unique combinations

of stress types that were found to be important in the englneerlng development “
testing of the test item.

L
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1-3.2 Choice of related test conditions
I-.3.2.1 MMWMM

I-3.2.1.1 VUse the analysis outlined in parag h I1-3.2.2, flight or
operational support test to determine realistlc environmental stress levels,
durations and rates of change. The more benign portions of the test profile
can be eliminated for an engineering development test. Likewise the amplitude
of environmental stresses can be increased to accelerate the occurrence of
failures. Depending upon available facilities, environmental stresses may be
tested in combination or singly. ‘

I-3.2.1.2 It is recommended that a Procedure II test of short duration be done
when the test item is fairly mature and its design stable. This would test the
accuracy of the prejudgments made as to which environmental stresses are
benign. ‘

1-3.2.2 Procedure II - Flight operational support test. The combined
environment test combines the environmental stresses of temperature, vibration,
humidity, and, if required, altitude and coollng airflow in a manner occurring
in actual deployment Mission profiles are used as the basis for formulating

" the environmental stresses. The failure data obtained from this test will help

determine the corrective actions 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 1life. -

I-3.2.2.1 Environmental conditions for test. This section deseribes 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.

1-3.2.2.2 Jest cycle formulation. A test cycle is defined as a unit of
time where several mission profiles are simulated under different atmospheric
conditions. A test cycle shall consist of at least three atmospheric segments
of the sequence, composed as follows: cold and dry, warm and moist, and hot
and dry. Within each atmospherice segment of the test cycle, several different
mission profiles may be simulated. A mission profile is defined as a Mach
number-altitude-time history that an aircraft can fly. For example, a fighter
aircraft may predominantly fly three different missions: air superiority,
ground support, and interdiction; therefore, this aircraft has three mission
profiles. Each mission profile is divided into flight phases, such as takeoff,
cruise, combat, low-level penetration, ete. (figure 520.0-2). During a test
eycle, temperature, vibration, humidity, altitude, and cooling airflow shall be
varied. Altitude simulation may be conaidered for a test item that is
hermetically sealed, uses pressurized cooling paths to transfer heat, has
components that contain a vacuum, has voltages of sufficient potential to arc
in the presence of rarefied air, long range missions, or for other appropriate
cases. Cooling airflow is required for all test items that use supplementary
airflow in the aircraft..

METHQOD 520.0
19 July 1983
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I-3.2.2.3 Migsion profile selection. The first-step in constructing a
combined environment test is to select the mission profiles to be used. &n
individual aircraft is designed to operate within a specified flight envelope
(Mach number/altitude regime) and to fly specific mission profiles. Generally,
an aireraft can fly many different missions, such as training, air superiority,
~ interdiction, ground suppert, 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 de31gned to traln operational
squadrons under realistic wartime conditions. .

Usually, not all the missions flown by the aircraft need to be included in the
test cycle. It is possible to identify two or three of the most highly
utilized missjion 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 mission profile will stress the
equipment under simulated combat conditions. To select the mission profiles to
be used, the following approach is recommended.

a. Identify all aircraft missions and the utilization rate for each
mission of the aircraft in which the equipment is to be installed. This
information may be obtained from the operational commands or the flight manual
uged by aircraft crews. For aircraft under development, the design flight
envelopes, design mission profiles, and the design utilization rate of each
mission shall be used when actual flight data are not available.

b. Determine the missions that comprise a majority (if possible, 80

_ percent of total flown) of the total routine, daily mission utilization. To do
this, examine the utilization rates for all mlssion profiles of the aircraft
and rank them in order from highest to lowest. Then, take the mission profiles
that compromise the majority utilization rate and use these as mission profiles
for combined environment testing. Missions with similar functions and flight

cnar'acnerlsulcs ¢an oe .Lumpeu. BUSEBHEI‘ LU muu.m].ze Dﬂe numuer OI p! UI l.LEB bO "E-)é
generated. Table 520.0-I shows an example distribution of missions.

. ¢. In order to simulate the high-threat environmen£ missions flown under
the wartime skill exercises shall be separately 1dent1f1ed These data may be
obtained from the operational command or provided by the procurlng 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 1-3,2.2.3b will be developed to simulate routine usage and another

- test cycle using the mission profiles in paragraph I-3.2.2.2c will be developed
to simulate usage under combat or combat-training qpnditioqs.

Obtain the altitude and Mach number versus time values for each mission profile
selected, as shown schematically in figure 520.0-3. These parameters of the
mission profile are used to calculate the envirconmental stresses.

+
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Maéh Number
1.00 4
0.75
' 0.50
0.25
0.00 \
Altitude (kft)
130,00
2250 - | N
115.00 - |
T.50
- R
0.00 — T L N SR
0.00 120.00 180.00 240.00 300.00 360.00
Time (min)_ .
FIGURE 520.0-3. ematic mission profi 1tit \ m
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I-3.2.2.4 Envirorimental stregses. The second step is to determine
environmental stresses include vibration, temperature, supplemental cooling,
humidity, altitude, and electrical stresses.- Test levels for each stress are
determined from mission profile information in the manner described in:
1-3.2.2.5 thru I-3.2.2.9. Other information, such as engine rpm or data on the
aircraft's environmental control system (ECS) may also be needed.

TABLE 520.0-1. m tiljizatj
Missi ) p ¢ Utilizati Rat
Ground Attack, Training 4o
Ground Attack, Combat 20
Defénsive Maneuvers . 20
Search and Rescue - 10
Functional Check r 5
Training Cycle ' Y
- 100%

Since the first three missions, as a group, total 80 percent of the utilizatién

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 conditions .not encountered in the first
three missions, then those missions containing these extreme or sustained
conditions and adding the most diversity to the test c¢ycle also should be
selected. If the first mission selected is utilized twice as much as theé other
two missions, then Mission 1 should be run twice as much per cycle.

I-3.2.2.5 lihnaglgn_gﬁzgga Random vibration shall be applied to all
equipment items designated for jet aireraft 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 similation
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-II.

Short duration vibration events and those that occur infrequently need not be
ineluded in the test cycle. These events include firing of onboard guns,
general aireraft motion, and shock of hard landings. These events may be
tested separately using the appropriate MIL-STD-810 test 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 extérnal
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 mission segment by careful use of measured data. Guidance
written below shall be applied in those cases. .

In many instances, measured flight data are not available for the specific
aireraft, equipment location in the aircraft, or flight phases. In such cases,
there are several analytical techniques for vibration spectrum and level
prediction that can be used to determine vibration test conditions {ref. a).

METHOD 520.0°
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The scaling of vibration test conditions from data measured on another
aircraft, 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
exampie, maneuver-induced vibration conditions generally cannot be predicted
from cruise vibration data. A more prudent approach is to utilize the linear .
dynamic pressure models in method 514. '

In all_casés,'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 vibration spectrum shape and the modified levels of method 514 of

MIL-STD-810 ield as good results in terms of equipment deficiencies as the use

{ naf kY
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Because of the nature of vibration control equipment, it is difficult to change
vibration level and spectrum shape in a continuous, smooth manner. Therefore,
the mission profile has to be divided into segments over which it will be
assumed that the vibration level and spectrum shape is constant for test
purposes. :

I-3.2.2.6 PBay thermal gtress. The thermal stresses that internally-carried
avionics euuinment experiences during a mission are dependent upon the amblent
conditions, flight condltions, and the performance of the ECS. For the
purposes of this test, the ambient outside air conditions shall be as shown in
table 520.0-II1 for thg hot, warm moist, and cold day environments. Hot and
cold ambient environments of table 520.0-IIT are based on the 20 percent
woridwide ciimatic extreme enveiopes from MIL-STD-2i10B, tabies XXII and XIiI.
The warm moist environment is based on the tropical environment shown in table
V of MIL-STD-210A. '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 temperatures in .each mission are not
necessarily related to measured data. The values shown in table 520.0-1II are
extreme conditions that have been used in previous programs to accelerate time
and reduce time between transitions from mission to another. '

'....... ook itam Annnmsdam
al ] YOIV LUV cu!: UGPWIIUGIID UI.I

the type of cooli ng for the compartment ich the equipment is to be.located
(air-conditioned or ram-air cooled)}. Av1on1es equipment systems that consist
of more than one black box may require different environmental test conditions
for each black box. (For example, when boxes are in different aircraft
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,
both 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 since the 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.
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TABLE 520.0-II.

JET AIRCRAFT
Use table 514.3-III with these modifications:

K = 6.8 x 1079 for cockpit panel equipment and equipmemt ttached to structure
+ nal a aqtbta

in nnmnnn%mnnf- addanant
uu .

all WIS VWLl v ellv re S *h froao Pnnm

LS 1~

discontinuities.

K=35%x 10~8 for equipment attached to structure in compartments adjacent to
~or immediately aft of external surfaces having discontinuities (ecavities,

chines, blade antennas, speed brakes, etc.) and equipment in wings, pylons,

stabilizers, and fuselage aft of trailing edge wing root.

If Mach number is not in the range of 0.85 to 0.95 the calculated levels can be
reduced by 5 dB. :

For propeller aircraft and helicopters, use approprlate tables in method 514. 3
of MIL~STD-810.

For those segments with the same vibration spectrum Shape, the following
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 or

propeller aircraft of method 514 of MIL-STD-810.

For test purposes a Wg vibration level for each mission segment can be i
determined using the altitude and Mach number plots for each mission. (Note:
For test purposes the larger of Wg due to aerodynamic or Wp due to jet engine
noise is utilized at any point in time in the mission.) The maximum Wy value
that occurs in each mission shall be identified. All segments of the mission
that have Wg values within three dB of the maximum shall be considered, for
test purposes, as having a constant Wy value determined using the value of
WoMpx -3 dB. All segments of the mission that have dynamic pressure values
between Womaxy -3 dB and Womax ~6 dB shall be considered for test purposes as
WoMax having a constant Wy value determined using the value of Womay -4%.5 dB.
This process of identifying three-dB bands of dynamic pressure values, over
which Wy is considered to be a constant and whose value is determined by using
the dynamic pressure values of the band's midpoint, is continued until the
calculated Wy value is less than 0.001. For test purposes, segments of the
mission with calculated values of Wy less than 0.001 can be set equal to 0.001
unless the test facility can control below this test level.

The value.of Wy reflects the changes in aerodynamic flow field around the
aircraft. A cruise Wy value reflects normal angle of attack flight, while a

maneuver Wy value reflects highly separated flow conditions which induce
intenge low-frequency aircraft vibration.

METHOD 520.0
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. TABLE 520.0-III. Ambient outside air temperatures.

. HOT ATMOSPHERE MODEL :

World-Wide |1 Relative Dew
_Altitude . Air Operations Humidity (%) Iemperature
(km) (kft) (°c) (°F) (°c) (OF)
0 0.00 43 109 < 10 O 1T
1 3.28 . 34 93 < 10 -2 29
2  6.56 ' 27 81 <10 -6 21
A 4 -13.10 ' 12 54 <10 -17 2
v 6 19.70 0 32 <100 © 0 32
8 26.20 -1t 12 <100 =11 12
10 32.80 -20 -4 <1001/ | -20 -4
12 39.40 -31 ~24 "~ <100 -31 =24
. 14 45.90 . -40 40 - <100 =40 -40
” 16 52.50 ~40 -0 <100 =40 - =40
18 59.10 =40 -40 <100 =40 -40
20 65 .60 -40 - -40 <100 -40 =40
22 72.20 -39 - -38 <100 -39 -38
24 78.70 -39 -38 <100 -39 ~38
26 '85.30 -38 -36 - . <100 -38 -36
28 91.90 -36 -33 <100 T =36 -33
" 30 98.40 -33 =27 - <100 : -33 =27
Hot Ground Soak2/ 71 160 - <10 26 - 78
. COLD ATMOSPHERE MODEL:
: World-Wide - Relative ' Dew.
_Altitude Air Operations Humidity (%) Temperature
(km)  (kft) (°c) (°F) -(9¢) (°F)
0 '0.00 -51 -60 <1001/ 51 =60
1 3.28 =49 =56 <100 =49 -56
2 6.56 -31 -2 <100 -3t . =24
Yy 13.10 =40 - b0 <100 -40 =40
6 19.70 =51 -60 <100 =51 -60
8 26.20 -61 -78 <100 © =61 -78
10 32.80 -65 -85 <100 " =65 -85
12 39.40 -67 -89 <100 - =87 -89
14 45.90 -70 =94 - <100 : -70 -94 .
16 52.50 -82 -116 <100 -82 ~116
3 18 59.10 -80 114 <100 -80 ~114
20 65 .60 -79 -112 <100 -79 ~112
22 72.20 -80 114 _ <100 -80 ~114
24 78.70 =80 -113 <100 -80 ~114
- 26 85.30 -79 -112 <100 =79 -~112
28 91.90 ~T7 -108 <100 =717 ~108
30 98,40 -76 -105 <100 -76 ~105
Cold Ground Soak2/ =54 -65 <100 -54 -65
1/ yncontrolled humidity
. 2/ Ground soak temperatures are not necessarily related to measured data but
are extreme levels to reduce ground soak test time.

i METHOD 520.0
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TABLE 520.0-111.

Ambient outside air temperatures - continued. '

WARM MOIST ATMOSPHERE MODEL:

Co World-Wide Relative - Dew
_ . Humidity (%) L B
(km) (kft) (°c) (°F) ‘ Co (°cy " (or) 1t~
0 0.00" 32.1" 90 2 85 29 ‘85
1 '3.28 25.0 7 2 85 2 o127
2 6.56 19.0 66 2 85 17 . 62 -
4 13.10 4.0 39 2 85 2 35
6 19.70 -11.0 13 2 85 =134 9
8 26.20 ~23.0 -10 > 85 =25 =13
10 32.80 -38.0 -36 <1001/ -38 ' -36
12 39.40 -52.0 -62 <100 -52° -62 - -
14 45.90 -67.0 -88 <100 -67 -88
16 52.50 -78.0 -108 <100 -78 -108
18 59.10 -73.0 -100 <100 =73 =100
20 65 .60 -65.0 -85 <100 =65 -85
22 72.20 ~-58.0 =72 <100 -58-" =72
24 78.70 -53.0 -63 <100 =53 =63
26 85.30 -48.0 =54 <100 -48 =54
28 ©91.90 ° -43.0 -ii5. <100 © -3 -5 -
30 98 .40 -38.0 =36 <100 =38 =36
Ground Soak2/ 43.0 109 2175 37 - 98

vV Uncontrolled humidity (dry as possible)

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 this test, the following type of thermodynamic analysis
is 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 is analyzed to identify. each break point- at which the slope of either
the altitude-or Mach number plots change. A thermodynamic analysis is done at
each break point using steady-state thermodynamic relationships. Between each
break p01nt linear interpolation is done.on each stress .to construct a
continuous profile for each environmental stress. At each such break point,
the thermal stress conditions for a test. shall be determined in accordance with
paragraphs I-3.2.2.6.1 and 1-3.2.2.6.2.

I-3.2. 2'6 1 Ram=cooled compartments. This section is to be used to determine

the bay temperature for an avionics system in a compartment that is ram-cooled.
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where T: = ambient air temperature at altitude being flown in degrees Kelvin
» . from table 520.0-III
M =

Mach number being flown

1-3.2.2.6.2 Supplemental-air-cocled bay. This section is to determine the bay
temperature for -an avionics system located in a bay that receives its cooling
from the aircraft's ECS. The mass flow rate and temperature level of supple-
mental .air needs .to be determined at each-break point in the mission profile.
The onboard ECS is modeled in terms of its primary components such as pressure
régulators, neat exchangers,. bu?bﬁﬁaCulﬁE?y, water separator, eto. . Also,
calculate the mass flow rate being injected into the bay and the location. of
other systems in order to determine if the heat load from these systems should
be considered (refs. ¢ and d). The calculation of the bay temperature stress
can be done using the following simplified thermodynamic analysis.

a. Assume that steady-state thermodynamic relationships are valid.

b. Assume constant but nominal or typical efficiency constants that can
be achieved from good design practices for turbomachinery and heat exchangers.

¢. Neglect secondary effects in components of ECS (i. e., pressure losses

in heat exchanger, temperature losses in ducts).
A

\

Tatsd nmantd asttinnlamambal bhaoammal =dmaoees

I1-3.2.2.6.3 Equipment supplemental thermal siress. 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 stress for an avionica system 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.

E
L]

I-3.2.2.7 Humidity stress. The humidity stress that an internally carried
aviconics system experiences is dependent upon the ambient humidity conditions
and the performance of the water separator of the environmental control. (Some

METHOD 520.0
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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 table -520. 0-III. For the hot

environment, dew temperatures will be less than or-equal to values shown in

table 520.0-III. In the case of the warm moist day, dew temperatures will be
greater than or equal to the values found in table 520.0-III up to 10km. Above
10 km, the dew temperature shall be less than or equal to the values found in
table 520.0-IIT1. If the platform has an ECS, the design specifications for ‘the
water separator shall be used to define humidity conditions for the warm moist
day. When the efficiency of the ECS is unknown, the approximation technique
put forth above should be used. ' '

Note:- The formation of free water on the test 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 realistic

condition.

I-3.2.2.8 Altitude gtress. Altitude simulation should be employed when there
is re.ason to believe that system performance may be affected by variations in
air pwressure. Examples of such situations are: hermetically sealed units that
use Pr-easurized cooling parts to maintain sufficient heat transfer, vacuum
components where the seal is maintained by air pressure, and units where change
in air p.ressure may cause arcing or change of component values. When altitude
effect ig to be tested, the altitude stress, or reduced atmospheric pressure

variaticng, shall be applied according to the mission profiles selected for
test. T"ha a'l!--li-nr'ln " or reduced pressure. iz initiallv Ann'li ed at the simulated

LT OLAG A VA W P TVMUWWWY M DIl ey edld W d G ¥ PP A [ ELLEY

'airOPaft takeoff and ‘continues at the pressure changes corresponding to the

various fljght phases from climb-out to landing. The rate of change of

pressur<a should reflect the climb or descent rate of the aireraft while

PePfOPFJing ‘the various flight mission phases. The maximum pressure {minimum
LBlbUde) used for the test shall be that of ground elevation at-the test site.

1-3.2.2.9 Electrical stress. Electrical stresses are deviations of the
equipment's 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 to
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 tests.
Special conditions, like emergency operation of certain aircraft equipment

within the ‘electrical/electronic system, shall be simulated only on request.

Depending upon the requirements and the availability of data, the simulation
may cover-the range from the exact reproduction of the specific.electric supply
conditions within a special aircraft for a. specific mission profile, down to a
standardized simplified profile for generalized applications. The following -
conditions and effects must be taken into consideration to determine whether
they affect the operation and reliability ‘of .the equipment to be tested.

520.0-14
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HéﬂngC‘system nefmel'operation,etresses
" b. Normal ON/OFF cycling of equipment operation
}e.:iﬁc systen normal:dperaﬁion'stresses

' d. ?,Eleetrlcal stresaes 1nduced by mission-related transients within the
eleetrleal system

I-3. 2. 2.9.1 - AC system normal operation stresses. Voltage variations are
qua31-steady changes in voltage from test cycle to test cycle. Input voltages
shall be maintained at 110 percent of nominal. for the first test cycle, at the
nominal for the second test cycle, and at 90 percent for the third test cycle.
This ecyeling procedure is to be repeated continuously throughout the test.
However, if a failure is suspected this sequence may be interrupted for

repetltlon of 1nput voltage conditlons.

I-3.2.2.9.2 Normal ON/QFF cycling of equipment operation. The equipment shall

be turned on and off, in accordance with equipment operating procedures
outllned in appropriate technical manuals, to simulate normal use.

I-3. 2.2.9.3 DC_ﬂxaLem_nQrme__gnenagign_a_:eeeea

B

< a. ‘Voltage. variation. See I-3.2.2.9. i

' '5,"Ripple voltage. Rlppie is the c¢yclie variation eboht the mean level
of the DC VOltage during steady-state DC electric system operation. Values

’shall be taken from actual flight data or from the appllcable system specifi-

cation if flight data are not available. Ripple voltage shall be applied
continuously during the mission simulation portion of each teat cyele.

I-3-2.2.9.4 3l 3 i isai I ansi i

the electrical system. Unless the equlpment has its own power supply whlch is
not affected by the transients mentioned, or the equipment is not influenced by
these electrical stresses at all, these stresses must be reproduced during test.
The reproductlon has to cover 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 m1331on-re1ated operation of the
aircraft's electrical/electronic equipment taken as a whole (sthchlng equipment
on or off, operating with changing power output, short-time system overload,
differing generator rpm, operation of regulating devices, ete.);

The test should reproduce measured transients exactly. 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 to, and
vice versa. The basis for calculations shall be the requirements document --
stress values that the equlpment must be able to withstand during normal
operatlon ~~ 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 transients, the
equipment shall be cycled on while performance measurements are made "and then
backed off for five minutes prior to the normal turn-on at the end of each
ground park phase.

METHOD 520.0,
19 July 1983
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I-3.2.3 Procedure III - Qualification test. 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 test; and a combined supplemental cooling airflow with humidity,
temperature, and mass flow rate as test parametera. The following guidance is

ranammandad far a
& N W ML WA R B e A WAL e

I-3.2.3.1 Yibration stress. Use the test condltlons and duratlons recommended
in method 514 of MIL-STD-810 for qualification testlng

I-3.2.3.2 Temperature-altitude-humidity test. This test is for the conditions
inside an equipment bay or cockpit. Identify the maximum and minimum tempera-
tures 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 520.0~V and 520.0-VI and figure 520.0-4 can be used.

The values in tables 520.0-V and 520.0-VI are based on measured data and are
representative of extreme temperature conditions {air temperature, not
equipment temperature). Therefore, there is reasonable’ confldence 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) insj)de a cockpit or equipment bay is different from that outside the
aireraft 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 520.0~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 w111 get to.the
imposed temperature.

~ The humidity stress is based upon reasonable levels that can be experienced
. in actual usage. Unless analy31s such as outlined in paragraph I-3.2.2 of
procedure II shows fhnf the equipment bay or coekn1f environment is signi-

flcantly more or less humid, the level shown in table 520.0~-V is recommended.

aFeat Wi  waald aaks S g iail Y

tggt. This test is. for supplemental cooling alrflow that flows dlrectly
through an equipment system. The temperature, humidity and mass flow rate can
be determined from an analysis as outlined 'in paragraph I-3.2.2 of procedure
II. If such an analysis is not available; the levels in table 520.0-V and
combined as shown in table 520.0-¥I and figure 520.0-5 are recommended.

I-3.2.3.4 Electrical stress. Unless otherw1se'def1ned use the electrical
stress conditions outlined in paragraphs I-3.2.2.9. 1 and I-3.2.2.9.2 as
applicable.

METHOD 520.0
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Max Mass Flow

Rate

AT > 59C/min

Tmin

Equipment On I -
, | | F“"4 ,
Max Altitude —
Tmax - AT > 209C/min
'Topermax -1
Thumsoak i
’ Topermin =
Tmin
| I LB ]
0 2 3 ] 5
HOURS
FIGURE 520.0-5. Qualification test cycle example.
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I-3.2.3.5 Test item operation. 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
envircnments were all combined.

I-3.3 Im_ﬂunaﬂgn

a. Procedure I. The test should be conducted so that the test item-
experiences 300 to 600 mission hours of stress exposure. The rate of
occurrence of defects in conjunction with schedule and cost generally
determines the duration of an engineering development test. If few or no
failures are occurring, little: new information is being generated as to how or
where to improve the test item and the test should be terminated.

b. Procedure II. Test duration shall be sufficient either (1) to give
the tester confidence that environmental factors will not cause significant
problems during the flight test program or (2} to resclve a problem that arises
during flight or operational testing.

¢. Procedure IJI. Procedure III shall be conducted for ten test cycles
per figure 520.0-5, or its 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 tests.

I-4 SPECIAL CONSIDERATIONS

I-4.1 - Test interruption. In the event of an unplanned test 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 to the test 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 should be resumed at the point of interruption and failed
test article(s) removed before beginning the next phase, unless the nature of
the failure precludes any useful equipment operation.

I-4.2 Failure criteria. -All incidents where the test item does not meet
equipment operating requirements shall be analyzed to determine the cause

and impact of such occurrences. Corrective actions shall be proposed or
implemented as required to meet equipment performance requirements.

I-4.3 (Chamber/sensqr tolerances. The accuracy required in General
Requirements of MIL-STD-810 applies for each stress measurement system. The
ability of a given test chamber to control to the specified stress conditions
is a function of the chamber's design and appropriate placement of transducers.
Thus, in evaluating the test tclerances for any given combined environment
test, the test plan should clearly identify the placement of the stress
measurement transducer relative to the test item.

I-4.4 Test profile tolerances. The tolerances for each stress in each phase

of procedure II can be derived from design specifications. For example, 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 galtitude of 25,000
feet with a tolerance of 15,000 feet.

METHOD 520.0
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METHOD 520.0
TEMPERATURE, HUMIDITY, VIBRATION, ALTITUDE
SECTION II

II-1 APPARATUS. The combined environment teat chamber(s) shall be capable of
producing the required c¢ombinations of temperature, altitude, humidity, random
vibration, and cooling air mass flow. All instrumentation shall be able to
meet the accuracy specified in section 4 of General Requirements.

IT-2 PREPARATION FOR TEST. Select which test procedure shall be implemented.
Identify if the test shall be a combined environment test or a series of single
and appropriate 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
defect disclosure. If neither axis seems to offer a distinet 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 provide multi-axis exeitation'usidg a single test setup. For Procedure III,
conduct vibration test in accordance with method $14.3.

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 514 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(a}.

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
egquipment under test shall be used to eontrol this environmental stress.

Step 6. Mount humidity sensor to measure bay air hum idity. A single-point
measurement is adequate as long as the measurement point is not shielded from
the bulk conditions around the test item. : ‘

METHOD 520.0
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II-3 PROCEDURES .

I1-3.1 o] = i I o .
Step 1. Mount test item in accordance with paragraph II-2.

Step 2. Confirm that the test item is operational.

Step 3. Start test and test to conditions specified in test plan developed as
outlined in paragraph I1-3.2.1. s :

Step 4. Conduct test and monitor performance of test item against failure
eriteria. o

v}

‘ Step 5. Continue test until malfunction occurs (see I-4.2).
Step 6. Analyze failures and take corrective agtions.
Step 7. Document malfunctions per paragraph II-ll and I-4.3.-

Step 8. Continue test until a suitable number of hours of env1ronmenta1
exposure have been achieved (see I-3.3a).

Step 9. Repeat steps 1 through 8 for each single stress or comblnatlon of
stresses until all the stresses have been comblned

Step 10. Document entire test per paragraph II-M.
11-3.2 Procedure I - Flignt/operational supoort test | . .
‘Step 1. Mount test item in accordance with paragraph II-2. |
Step 2. Conflrm that test item is operational.

Step 3. Start test cycle with a cold-day park 31mulat10n and continue the
sequence as shown in table 520.0-1IV. .

) Step 4. Monitor test item performance throughout environmental exposure.
Step 5. Continue test until a test item malfunction occurs.

Step 6. Analyze and document malfunction per paragraph II-4 and I-4.3.

#

Siep 7. Continue test until a suitable number of hours‘of enV1ronmenta1
exposure have occurred on at least one specimen (see paragraph I-3.3b).

Steb 8. Document entire test per paragraph II-U.

I My
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1T-3.3 Procedure III - Qualification test
Step 1. Mount the test item and instrumentation per paragraph II-2.
Step 2. Start the test cycle developed from paﬁagraph I-4.2.2.

Step 3. Function the test item while being exposed to environmental stresses
in Step 4.

Sﬁep'u. Expose the teat item to the number of test cycles decided on per
paragraph I-3.3ec.

Step 5. Check the test item for functioning in accordance with General
Requirements paragraph 4.5.

Step 6. Repeat steps 1 through 5 for each of the single or combined environ-
ment tests specified in paragraph I-3.3.2 unless they were conducted as one
test that combines all the environments. ‘

Step 7. Document test as given in paragraph II-4.

II-4 INFORMATION TO BE RECORDED

a. Pretest, during test, and pbst—test performance data according to
General Requirements, and the individual test specification and/or test plan.

b. Test cycle, including environmental conditions applied.
¢. Tesat 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
~each test cycle.

- f. AC voltage variation, as conducted during the missién-simulation
portion of each test cycle.

g. Type, location, and orientation of stress-meaéuriﬁgrsensors.

h. Description and calibration status of data reeoﬁding and analysis
equipment-

i. Voltage modulation, as applied during the mission-simulation portion
of each test cycle. .

J. Frequency modulation, as applied during the mission-simulation portion

of each test cycle.

k. Electrical stress induced by mission-related transients within the

_electrical system.

1. Prior test history of test item.

m. Corrective action proposed. _
METHOD 520.0
, 19 July 1983
520.0-27



MIL=-STD-180D
19 July 1983

w3

THIS-PAGE INTENTIONALLY LEFT BLANK

(4:'.

-
—

w o

520.0-28




*£)

@&

f.‘

MIL-STD-810D
_19 July 1983

METHOD 521.0
ICING/FREEZING RAIN
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SECTION I

I-1 PURPOSE. The icing/freezing rain test is conducted to evaluate the effect

of ieing produced by a freeging rain, mist, or sea spray on the operational
capability of materiel. This method also provides tests for evaluating the
effectiveness of deicing equipment and technigues, including field expedients.

I-2 ENVIRONMENTAL EFFECTS. A buildup of ice occurs in three principal ways:
from rain falling on an item whose temperature is below freezing (0°C), from
freezing rain falling on an item at or near freezing, or from sea spray which
coats equipment when temperatures are below freezing. MIL-STD-210 identifies
two conditions commonly encountered: (clear) glaze ice and {granular) rime
ice. Glaze jice 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
falls on surfaces colder than 0°C. 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 a

more significant factor and will be the focus of this test. The Synopsis of
Background Material for MIL-STD-210B (reference f, p. 104, p. 149) identifies

extremes for ice accumulation. These extremes may be used for calculating
design and atructural evaluations but are not asuitahle for eatabhlishing tast

i el e i = TRa =1 P PLELEL -0 = wrd WA ATl aam VDU

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.

521.0~1
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¢. Increases footing hazard.

d. Interferes with clearances between moving parts.

e. Induces structural failures.

f. Reduees.airflow efficiency.

g. TImpedes visibility through windshields and optical devices.

h. Affects transmission of electromagnetic radiation.

L 1]
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empioyment of mechanical, manual, or chemical ice removal measures.
I-3 GUIDELINES FOR DETERMINING TEST PROCEDURES AND TEST CONDITIONS - s

NOTE: This test method should be applied at the end of the tailoring process
desceribed in section U4 of this standard.

a. Application. This method is applicable to materiel which may be
exposed to icing or freezing rain conditions during normal use.

b. Restrictions. This method does not simulate snow conditions, nor =
does it simulate ice buildup on aireraft flying through supercooled clouds.

c. Sequence (See General Requirements, 4.4.4.) The possibility of
structural damage to the test materiel due to the icing test should be
considered when determining test sequence. This tesat should follow the rain
tests (method 506.2) and precede the salt fog tests {method 509.2) and
mechanical tests (such as 513.3 through 519.3) so that parts will not be
loosened before the icing tests. ’

d. Test variations. The freezing rain test contains one test procedure
that is applicable for most equipment. All test variables should be specified
in the test plan before actual testing is initiated.

I-3.1 Choice of test procedure

a. . Test obijectives. This method is designed to determine if the
materiel and ancillary equipment (mounted so that it is directly exposed to the
environment) can operate after ice accumulation from rain, drizzle, fog,
splash, or other sources. Where ice removal is required before operation, the
use of the integral deicing equipment or expedients normally available to the
operator in the field will be employed. Deicing equipment and expedients will
be evaluated to assess their effectivenesg and the potent1al for damage that
may degrade performance.

@

b. Igag_ngggggung. When an icing test is deemed necessary, the
procedure included in this method is considered suitable for most test items.
Since natural icing conditions will be the same for all materiel located

METHOD 521.0
19 July 1983
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out-of-doors on land, the same test is applicable’ for all such equipment. This
test involves a 6mm 1ayer of ice followed by a 13 mm layer of ice. For marine
materiel which may be exposed to sea spray, a third thickness of 75 mm is
suggested.

I-3.2 Choice of related test conditions. The test variables are configura-

tion, temperature, rain rate, rain delivery 'method, 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. i ti : jentation. The foliowing factors are to be
considered: ‘

(1) All equipment will receive icing on all sides and on top.

(2) 'Equipment must be in the coﬁfighratien that "it would be in
when. deployed. If required, duplicate tests may be performed in the shipping
or outside storage configuration. .

-(3) Some equipment covered with ice will be expected to operate
immediately without first 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
ice-removal system together with expedient means which could be expected to be
employed by military personnel in the field.

b: Test temperature. Test temperaturee_afe reconmended in the tesf
procedure that may be used to produce the required environmental conditions.
If extremes other than those shown are known, they should be used instead of

-the recommended values.

- ¢. -Rain delivery rate. The rain dellvery rates 1dent1f1ed in 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 ice.
Variations in delivery rate that produce uniform coatings of glaze ice are
acceptable.

d. Bain_de;ixﬂnxﬁge&hgg. Rain delivery in the form of a unlform spray

can. be achleved by any of the arrangements described below:

(1) Nozzle arrays dlrecting spray to the top, sides, front 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 dlrectlng the spray over the.
surfaces of the test item. :

METHOD 521.0
19 July 1983
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e.  Droplet gize. Droplet size is not considered to.be of any ‘
particular significance; however, fine spray (1.0 to 1.5 mm nominal droplet
gize is suggested) may be necessary to produce the icing.

I-4 SBEEIAL_QQHSIDEBAIIQES
I-4.1 Fajlure analysis. (See General Requirements, 4.5, 7 )
a. The test item shall be considered to have failed the test if:
(1) . For equipment that must'operate without ice remo%al, the

performance of the test item has been degraded below that specified in the
requirements document. :

(2) For equipment that can await ice removal before operdation, the
performance of the item has been degraded below the specified requirements
after normal ice-removal efforts have been undertaken or-if ice removal damages
the equipment. .

. (3) A nonapparent hazardous situation has been created. (A
slippery platform would not be considered a nonapparent hazard.)

b. The failure of a test item to safisfy its operational and
maintenance requirements must be analyzed carefully, and related information
must be considered, such as:

{1) Degradation allowed in operating characteristics following the
freezing rain conditions.

1(2)‘.Necessity for special kits or special operatiﬁg procedures.

I-4.2 Summary of test information required. The following information must.be
provided in the test plan for the adequate conduct of the tests of section II:

a. Test item configuration.
b. Test temperature conditions.
é. . Rain delivery method.
d. Wind velocity (if applicable).
e. Additional guidelines

I-5 BEFERENCES

a. TOP 2-2-815, Bain_ﬂnd_ﬁnggzing_nain 19 June 1975. DTIC number
AD-AQ29=317. oo

b. Letter from C, Test & Support Branch, TERWT, Eglin AFB, FL, subject:
Freezing Rain Tests, to: US Army Test and Evaluation Command, ATTN:

'DRSTE-AD-M, Aberdeen Proving Ground, MD, 15 November 1979.
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¢. American National Standards Institute. Test Code for High Voltage Air
ﬁn;&ghga. ANSI C37.34A-1975, IEEE 326. ' :

d. AR 70-38, BgaganQhA_De1glQnmgnL4_Iga&_anQ_E1aluablggqgi;ﬁggﬂzlglﬂﬁgn
Extreme Climatic Conditions, 1 August 1979.

e. MIL-STD-210, Climaktic Extremes for Militapry FEquipment, 15 December
1973. x ‘

ﬁgn_M;l;&anx_Egn;nmgnLi Bedford MA.'“Air Force Cambridge Laboratories, January
1974. DTIC number AD-780-508. < ,

g. AMC Pam 706-116, Engineerine g1
Part Two, Natural Environmental Factors, 15 Apr11 1975

h. Tattleman, P. and Gringorten, I. EaL1maLgg_ﬁ;azg_lgg_ang_ninﬂ_Lgaaa
aLJHuLjEILh_a_Su2faQQ_ﬂQLJUELSQn&lEnQua_ﬂniiﬁd_Shﬂiﬁﬁ AFCRL-TR-73-0646,
October 1973.. DTIC number AD-775-068.

i. Bowden, D.T. et -al.

E , S ¢ Air F I Technical
- Data.: U.S.A.: Federal Aviation Agency, March 1964. F.A.A. Technical Report

ADSY.

j. 'DEF STAN 07-55 (Part 2} Section 2/1. Test - BIO ICING/FROSTING.
London, England: WMinistry of Defence, April 1975.
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METHOD 521.0
ICING/FREEZING RAIN

SECTION IT

II-1 APPARATUS
II-1.1 Test facilities

-a. The required apparatus consists of a chamber or cébinet with
auxiliary equipment which has the ability to establish and maintaln the test
conditions speclfled The chamber must be equipped so that test conditions
within the chamber can be stabilized within a reasonable time after the test |
item is loaded. Water delivery equipment (nozzles and drains) shall be
arranged to preclude the collection of puddles in the chamber. The chamber
shall be equipped with instrumentatlon capable of maintaining and continuously
monitoring the test conditions. ' (See General Requlrements, h.y.2.)

b. The thickness of the ice and the temperature during equipmént
operation are the important parameters. The precise methods for depositing the
ice on the equipment are not important. (See I-3.2d. )

II-1.2 Controls. Before each test, eritical parameters shall be verified. &
spray pattern wide enough to guarantee uniform impingement for all test wind
velocities shall be assured. Suggested techniques for spray calibration (if
speclfled or considered essential) can be found in reference I-5j. Unlegs
otherwise specified in the equipment specifications (or other documents), if
any action other than test item operation (such as opening the chamber door)
results in a significant change in the test item or chamber air temperature
(more than 29C (3.6°F), 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. ’

II?1.3 Test interruption. ({See General Reqpiﬁements, 4.5.4.)

a. Undertest interruption. 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.

b. t interruption. Any interruption 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 shall be
restored to its pretest condition and the test reinitiated.

- e T TATL AT ATAT AAT TRATY  mTOom

I11-2. PREPARATION FOR TEST
II-2.1 Preliminary steps. Before initiating any testing:
" METHOD 521.0
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a. Determine from the test plan the test item configuration and other
test parameters.

b. Determine from the test plarg' the operational requirements.

e¢. Clean all traces of oil and grease from-‘all outside surfaces of the
test item which are not oily in the normal operating mode. Even thin films of
0il or grease will prevent ice 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

1
horizontal position in places where they will receive the same general

in:z
as the test item. Other thickness measurement techniques may be used if they
can be shown to aecurately measure and indicate the jice thickness.

NOTE: 3tructures with large height variations, such as antenna masts, should
have test 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.

e. Water used in the sprav s ghould be cooled to bhetween 09 and
3°C (37°F). When chilled water cannot be obtained, unchilled water will
produce .acceptable results. The main factor affected by the warmer water
temperature is the ice buildup rate.

II-2.2 Pretest standard ambient checkout. A1l test items require a pretest
standard ambient checkout to provide basellne data. Conduct the checkout as
follows.

Step 1. 1Insert the test item into the chamber and stabilize the test
item at standard ambient conditions per General Requirements, 4.4.

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

I'nn 2
ll‘-lv J-

4.5.2, and required

Pre the test jtem in accor

epare Th vel
teat item configuration

Step 4. Conduct an operational checkout in accordance with the
approved test plan. , :

Step 5. Operate any integral deicing equipment, such as defroster,
w1pers ete., to assure satisfactory operation.

Step 6. Record the results for compliance with th equirements
document (s) .

Step 7. If the test item 'operates satisfactorily, proceed to Procedure
1 (II-3). If not, resolve the problems and restart at step 1 above. Repeat
atama 1 Fhrnmoelh £ mbdl bha baab fbham mnamabas aammedahTe
PLCYa r il Uubll Uoulivdl LIS LESL VOl UPUI aveo d\-bUpdely
II-3 PROCEDURE I = Glaze jce. The followiﬁg test procedure provides the basis

for collecting the necessary information concerning the test item in a freezing.
rain environment.

METHOD 521.0
521.0-7 19 July 1983
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Step 1. Stabilize the test item temperature at approximately 2 + 19C.

Step 2. Dellver a unlform rain spray of precooled water for 1 hour (a
[y N Ln__A__L._A -~ :gn Fna0oy L e wmanmTrman ond o faad e
wdLgl® Lvelpeiqauure Ul 2 \41°ry av C D bm![u da prvven Edb.l.:u.cltbbu‘l 'V.JK
De llvery can be any convenient method per I-3.2d. - SE .

Step 3. Lower the chamber air temperature to -10°C (+149F) ‘or as oo
specified and maintain the rain rate until 6 mm of-ice has accumulated on all
sides and on the upper surface. Wind or a side spray may be used ‘to accumulate
ice on the -sides. . . . - :

For tests representing sea spray on marine equipment, 1ncrease the ice
. to 37 mm, and use 75 mm in step 7. . )

Step 4, Adjust the chamber air temperature to ~69C (+219F} for 2 to 6 -
hours. Attempt to operate the test item and all. subsystems ‘at’ -6°C and examine
for safety hagzards.

D

Step 5. If step 4 has resulted in failure or if the specification
allows ice removal, remove the ice. Limit ice removal to integral methods plus -
.8imple, expedient, and obvious methods. Note the effectiveness of ice removal
techniques. B S : - S

Step 6. Attempt to operate the test item and all subsystems at -69C
and examlne for safety hazards.
Step 7 Repeat steps 1 through 6 w1th a 13 mn eeatlng of 1ee (75 mm
for sea spray) P g . ST

‘Step 8. Return the chamher temperature to amblent and restablllze the
test item temperature. Perform a post-test operational checkout.

Step 9. Document {with photographs if necessary) the.results for
comparison with those obtained in II—2 2

II-4 W
. 1+ Previous test methods to which the test item has been subjected 4
g-b:-;Iceathlckness. | )
¢. Results of each performanee‘check aed visual examination:
A.(1J Preeest. o |

(2) Post test.

:o-d.. Ice removal- method (if emploved). - . - ' Lol

B

f. Specific test conditions employed.

METHOD 521.0
19 July 1983
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METHOD 523.0 )

VIBRO-ACOUSTIC, TEMPERATURE

. Paca
SECTION I . . : . MUTCE

I-1 PURPOSE . . . . ¢ & « v & v & v 4 v s e e s s s e v« « . 527,01
I-2 ENVIRONMENTAL . . . . v e s e e e wTe s . . . B23.0=-2
I-3 GUIDELINES FOR DETERHIHING TES . :

PROCEDURES AND TEST CONDITIONS . . . . . . . . . . ... 523.0-6
I-5 REFERENCES 523.0-6

o SECTION II ) .

11-1 APPARATUS . . . . e e e e e e e i e e e e e e e .. . 8523.0-13
II-2 PREPARATION FOR TEST e e 4 s e e 4 e 4 e e e e e s . . . 523.0-15
II-3 " PROCEDURES . .-. s e e e e e e e e a e e - . . 523.0-18

II-4% INFORMATION TO BE RECORDED W e e e e e e i e .. . .7523.0-18

1| onroopAcn

I-1.1 ijﬁé&ixﬁ. This method seeks to reproduce the combined temperature,
vibration, and- other operating stresses as needed, that an externally-carried
aircraft store will experience during in-service fllghts

I-2 ENVIRONMENTAL EFFECTS
I-2.1 Qbgervable effectz. Pos
re

acoustic, and high temperatu
these 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-environment tests, but whlch do occur in actual

service. use.

I1-2.2 Effect mechanisms

I-2.2.1 Relative importance. All environmental stresses 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

. P om0y
for their possible relation to service failures.

sible effects of a combination of vibration,
astresses inolude all those effects yhich sach of

t.ﬂ

11111 Akl

I-2.2.2 Iemperature. The source of the heat that causes reliability problems
in electronic components of aireraft stores will generally 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 or transient registered at the outside
surface of the store does not appear as a shock to components somewhat
thermally isolated within.. Internal compohents experience thermal shock when

523.0-1
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The temperature of the external surface of the store tends to become that of
the boundary layer air, due to high convective heat transfer at flight speeds.
Boundary layer air temperature is primarily a function of flight speed and
altitude. An expression relating this temperature to flight conditions is:

YA
_ ri{k-1)M
P oen (1o ZbeD)

2

n

Where:
T, = adiabiatic recovery temperature (Kelvin)
Th = ambient air temperature (Kelvin) as a function of altitude

R recovery factor

k = ratio of specific heats (1.4 for air):

M = Mach number

When the expression within the brackets, the aerodynamic heating factor, is _
evaluated for atmospheric air brought to rest by friction along a store with.a
eylindrical surface, it reduces te a function of aircraft, velocity alone. The
equation for a store with a cyelindrical surface is:
= 2

T.=T (+ o.|7h M2)
Higher Mach number flights tend .to occur at higher, thus colder, altitudes and
there is a corresponding tendency for the velocity-dependent heating effect to
cancel the effect of decreasing temperature with altitude. When the above
expression is evaluated for normal mission profiles, flown in a standard
atmosphere, 90% of the time the skin temperature will be within the temperature
band -15°C to 359C. .

Temperature patterns at points deep within the store will depart considerably
from the corresponding skin temperature patterns, due to thermal lag in
conduction from the skin and internal heating sources sueh as electrical or

P

P e |
eleraveq Lo

R _

electronic components. A thermal model of the store can be
calculate internal temperature patterns :

An additional thermal parameter needed to satisfy mission conditions is that of
climatic departure from the standard atmosphere, which depends on the global
and seasonal variations of atmospheric temperatures (the Tp in the Ty formula
above).

.3 Yibration. Experimental evidence has shown that captive flight ‘
i

I-2.2
vibrations are due largely to aero-acoustic loads '“ﬂference :” This acoustic

forcing function, typically consisting of broad-band random noise, ie modified
as it is transmitted through the store structure to the component. When there
is sufficient transmission of frequencies causing resonances of the unit or

its components-or structural mechanisms, a vibration failure can occur.
Environmental testing, using a reverberant acoustic chamber, tries to duplicate
the directional, "spatial and spectral distributions of vibration expected
throughout the store during captive flight.

METHCD 523.0
19 July 1983
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The turbulent boundary layer is the most significant source of aero-acoustic
loads because it is always present during flight and acts on the total surface
area’ of the store over a broad frequency range which includes .resonant
frequencies of electronic components and structural parts. The intensity of
the turbulent boundary layer pressure fluctuation and resulting store vibration
primarily dependa on flight dynamic pressure, q, a function of flight speed and
altitude:

Where: 2
= dynamic pressure (pounds per sq. ft.)
k = ratio of specific heats (v 1.4 for air )
Pph = ambient pressure as a function of altitude (pounds per sq. ft.)
M = Mach number

Store vibration also includes lower frequencies (usually less than 100 Hz)
mechanically transmitted from the aireraft through the store's support
mechanism. Low frequency vibration is discussed in I-3.4.2.

I-2.2.4 gQperating stress. Operating stresses are usually estimated because
the service conditions (e. g., on-time/off-time, aircraft power fluctuations)
are seldom measured and recorded. This stress cannot be omitted, unless the
store has no Operating mode while carried on aircraft

I-2.2.5 Moisture. In combined environments teating, moisture often condenses
on the test item during transitions from low to high. temperatures. 1Its
presence, although uncontrolled, is useful as a test condition to indicate
leakage or sensitivity to moisture. Where humidity or corrosion problems are
expected separate tests are advised

I-3 .GHIDELIﬂES_EQB_DEIEBHINING_IESIiEBQEEDHBES_AHD_IESI_QQHDIIIQHS

This method should be applied only by qualified personnel at the end of the
tailoring process described in section 4 of this standard

" a. ‘Application. This method applies to reliability—related testing of
externally carried aireraft’ stores (see table 523 0-I).

b. Bgatzig&igna. This method is intended primarily for the electronics
and electroqmechanical assemblies within the store.

c. Sequence. This method applies the environmental stresses occuring in
the final phases of the store's logistic cycle, and when used in combination'-
with other test methods, should follow those methods

d. Test variations. Unlike the other methods in this standard this
method ccntains no step-by-step procedure for generating valid test data. The
vibro/acoustic/temperature 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 for writing a test procedure
which will be more or less unique for the item under consideration

METHOD 523. 0
523.0-3 19 July 1983
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I-3.1 Backeground. Experiments have shown (reference 1) that the only way 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, acoustic

. vibration, mechanical vibration, and store operatlng patterns to simulate

in=-service missions.

I-3.2 ﬁgngng;.- Military aireraft 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 levels,

skin temperatures) can be constructed. Data from instrumented flights may be
used in this construction. By treating the mission environment profiles
probabilistically, 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 interest. This composite environmental
profile is a sequence of stress levéls constructed to simulate the 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 proflle consists of

PR Py =

. 21 meaPilan Pam sxnbkh amudns
the combination of Lumpus;be environmencals pr ofiles for cu\.h envir uuu.lcuu, 'S0

coordinated that the mixture of strossrleyels at any point in time represents
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 f1e1d
experience.

I-3.3 Mission analysis. The first step in developing the composite mission
profile is to determine the types of aircraft and the types of missions with

which the store is to ba nmn‘lfs}rad For each aircraft i-vnn -each mission will

bl

have its own typical mission operational proflle, usually charted as altitude
and velocity versus time and indicating critical points or periods. A typiecal
aireraft mission operational profile is shown in figure 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 store use
expected for each aircraft type. Tables, such as table 523 0-1I. are usually
prepared to handle this 1nformatlon.

Since both v1bratlon-causing acoustic fields and skin temperatures of a

store can be related to altitude and aircraft speed, the pattern of expected
altitude/velocity combinations will be needed for each relevant mission. Table
523.0-1I11 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-weighted mean of missxon durations should
be calculated.
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I-3.4. 1 Iggpgzﬁ&gng_nngﬁi;g. With a Standard Atmosphere Table the.
corresponding ambient temperature for each altitude used in the mission
analysis may be found. Corresponding store skin temperatures may then be
calculated from the ambient temperature when the aircraft velocity is known
(see I-2.2.2). Sometimes 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 is, an example of a temperature profile for a single
mission. . '

The next step is to prepare a frequency distribution of store skin temperatures
for a gtandard day. One method of accompllshlng this is to divide each m1381on'
inte a group of representatlve stabilized temperature levels (temperatures
stabilized for a period of 3 minutes or more) and then determine the total
mission duration for each level. These mission temperature level durations are
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 duratlons for each temperature level
used. -

With a composite frequency distribution of temperature levels at hand, a
composite mission temperature profile 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

pv‘ef“l la in ghown in’ f"fn'nv-a EQQ ﬂ_ When the tamnaratnra nrafiloa Af tha

- A AT MR . AANFAL VAAN WAL TRV WS W L WE A WA Ve

various missions are dlSSlmilaP, segméntsfmay be separated into groups of
similar characteristics and: the composite profile constructed to include a _
mission or mission phase requiremehts'for each of the groups. Total duration .
at each temperature 1eve1 must still reflect the distribution function
calculated.

The standard composite mission temperature profile must now be adjusted for
climatic temperature variations since the standard atmosphere, based on the
"standard day", represents only an abstract elimatiec condition. Temperatures
both higher and lower than "standard day" values are commonly met due to
seasonal or gecgraphical changes in mission operations. Preparation of
temperature versus altitude information to cover all likely climatic mission
situtations would become too involved for practical consideration. Therefore,
estimation of the overall temperature range to be encounuexeu, 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
atep. .
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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 subtract 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 store
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
atandard value to reflect the higher frequency of operations in moreftempera-
ture climates. For practical test operation, each test cycle {one composite

3y 111
mission) will trace a composite temperature profile, starting and ending at 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 test
cycles will consist of a sequence of test cycles (usually 6 to 15) in which the
composite mission temperature pattern is 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 test to
the next, it is important that several full climate sets be completed before
the expected Mean-Time-To-Failure of the store is reached. A test minimum of

five sets is recommended. . A

I-3.4.2 Vibration profile. A.composite mission vibration profile may be |
generated by determining the dynamic pressures during each stable segment of
aireraft flight (refer to I-2.5). A rough profile can now be constructed. ~ The
periods of changing temperature will usually also be periods of changing q
since both are dependent on aireraft 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 q
profile is usually laid out as series of steps Figure 523.0-6 shows a typical
- composite mission dynamic pressure profile matching the correspondlng figure
523.0-T temperature profile. Data from instrumented flights is used to
determine the spectral envelope for various mission phases and the translation

Py |

from g to vibration level.

The 31mp11f1ed vibration profile shows intensity only. The spectrum envelope

" and the spatial distribution (including directivity) of the vibration are
-additional variables that, when uncontrolled, can cause error in the simulation
process. Experimental adJustment should be done in the test chamber so as to
achieve a reasonable correlation between accelerometer vibration records from
captive-flights and from the store under test. ;

T=-4 SPECIAL CONSTRERATIONS. Nrmp-
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TABLE 523.0-1I1. Relative frequency of mission types.

ey

MISSION TYPE A/C TYPE % OF SORTIES
. B Fighter A 50 - -
1. Patrol Mission I - I ‘ Lo
' : Fighter B 30 oo
_ Fighter A 20
2. Patrol Mission II ’
= Co ‘ Fighter B 20
. _ Fighter A 30
3. S8trike Escort Mission - -
' Fighter B . 30
4. Strike Mission Fighter B 20

TABLE 523.0-III.

MISSION MACH ALTITUDE | DURATION

ADDITIONAL DUTY CYCLE
PHASE NUMBER "(MIN.) ‘FACTORS " QF STORE
Takeoff & Climb Catapult off
shock? to Ready
Travel Ready
Refuel "
Ingress On
5 " (radiate)
Maneuver Buffet? Ready
Return e
Refuel "
Descend and Land Landing off
- shock? '
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METHOD 523.0
VIBRO-ACOUSTIC, TEMPERATURE

SECTION II

II-1 APPARATUS

»
-

I1-1.1 QGeneral. The fac iliﬁy muat inelude 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
temperature changes (49C per minute) in the range -40°C to +859C. Mechanical
or hydraulic shakers capable of stressing the store(s) under test may also be
required. Adequate instrumentation for controlling, monltorlng, calibrating

and recording the environment variables will be needed.

I1I-1.2 Tegt chambep. Chambgr shape and dimensions shall provide for diffusion
and uniform distribution of the acoustic field, and support reverberation of
acoustic frequencies of 150 Hz and above. Ports must be provided for
introduction of the acoustic energy, for pressure stabilization (exit of
modulator air), for entry and exit of temperature-condltloned air and for
access by multlple electrical cables and waveguides, light beams, anechoic
uuuo;ua, etc. as applicable. Some stores may reéquire speclalized test
apparatus such as artificial targets, r-f anechoic shrouds, or visible gages
which must be incorporated without compromising the combined environments.

II-1.3 Yibration equipment. & suitable acoustic energy field shall be
provided by an acoustic power source controlled to-reproduce the acoustic
mission profile. Typical apparatus consists 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 p1pnfr1oal?v by an amplified

audio signal. Considerable acoustic power is needed to reach requlred 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, electrodynamic or

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=T. 2o

TT_1 I Tammamatiime asisd mmamdy  Mamoawesdbiionn ase PR -

Il=7.% lemperature equipmept. Temperature conditioning o B8
under test must be accomplished without adversely affecting the acoustic

environment. One process for accomplishing this is to duet high velocity
conditioned air across the stores by means of thin flexible shrouds that are
acoustically transparent. They can be supported by light metal frameworks.
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Thin silicone rubber and rip-stop nylon sheetings have been found to be '_ .
suitable shroud materials. To provide the rapid temperature changes requ1red

one method uses insulated tanks or hot and cold fluids which are pumped through

heat exchangers as required to temnerature-condition the bloweredri ven air.

T v LUMPOULI R Vs TV VIR A b AWl VAT WawR TS _a -

By increasing the blower speed or by narrowing the circumferential -gap between
the surface of the test item and the shroud (usually 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 diagrammed in figure 523.0-T. .

II~-1.5 Electrical stress equipment. Basic electrical stresses always present
in electrical or electronic circuits are. produced by power on/off transients
and resulting localized thermal shocks, and also by hot spots accompanying the
full power condition. A switching system is normally used to form typical- -
patterns of store operation during the composite mission test cycle. The use
of equipment to modify the power source to the store(s), to simulate likely
variations (voltage, frequency, transients, ripple, n01se etc.) met during
mission operations, is optiocnal.

11-1.6 Instrumentation and control

II-1.6.1 Functional monitoring 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 crlterla,_based on equipment
specifications and functional requirements, must be clearly defined.
Functional monitoring must be accomplished without adversely affecting the
environmental simulation. Functions which can only be measured outside the
environmental chamber should be checked at intervals which are short. compared
to. the equipment's mean-tlme—to-failure

II-1.6.2 - ¥Yibration monitoring

II-1.6.2.1 Acoustic stimulus. The acoustic signal source is normally a. :
.pre-recorded tape or the shaped output of a noise generator. Filters are used
as required to control spectral distribution. Intensity level is monitored by
calibrated microphones. Microphone placement should conform with II-2, step 6,
method 515.3 unless other placement can be justified by measurement and

. analysis. :

II-1.6.2.2 Mechanical stimulus. The shaker input signal is normally a pre-
recorded tape or the shaped output of a noise generator. Filters are used as
required to control spectral distribution. Intensity level is monitored. by
calibrated accelerometers mounted on or in the store(s) which measure the
vibration.response (see 1I-1.5.2.3, next). The shaker frequency range is
limited (typically <200 Hz) so that feedback control is unnecessary.

METHOD 523.0
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II-1-6.2.3 Yibration response. Calibrated accelerometers mounted in and on ]
the store(s), when used with appropriate analysis equipment, provide the needed
response monitoring for both acoustic and mechanical stimuli. Accelerometer
positionsiin and on the store, at least during setup, should be as close as
possible to those used to obtain captive-flight data. Accelerometer placement
should aim to provide coverage for possible directional variation (e.g.,
longitudinal, lateral and vertical axes) and for possible extension or radial
variation (e.g., fore, mid, aft, external, internal). Power Spectral Density
(PSD) measurement or display (gé/Hz units) plus intensity readings (grms units)
furnish the needed information for comparing test chamber and captive-flight
vibration parameters (see I1-2.4).

II-1.6.3 Temperature monitoring. Temperature sensors on the surface of the

store(s) provide the best location for monitoring and feedback control. Refer
to figure 523.0=-7.

II-1.6.4 Humidity monitoring. Although humidity is not a controlled variable
for procedure I, the ducted airstream may be continuously monitored for
moisture content, either by dewpoint or relative humidity sensing. It should
be noted that moisture can collect on a store's surface when it has reached and
holds a cold temperature that is below the dewpoint of warmer air following in
the mlssion cycle. This is a normal and expected condition.

II-1 6. 5 Electrical input monitoring. All electrical inputs to the store(s)

. should be monitored whether or not they are modified to represent expected

mission irregular1t1es

1I-2 PREPARATION FOR TEST

IT-2.1 Test plan. A test plan shall be prepared to document tests using this
method. The following areas should be addressed in the test plan:

a. gScope and purpose. Test procedures differ with different test goals
(see table 523.0-I). A design qualification test might require demonstration
of a specific Mean-Time-To-Failure (MITF), a quantitative value. A Test,
Analyse, and Fix (TAAF)} during development would be qualitative in nature since
its primary’ purpose is the 1dent1ficat10n of failure modes to be expected in
serv1ee

b. Test items. 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. ngfgrmanggﬁpg:gggkgta. List those to be used in the test.

d. Failure criteria. These must be clearly stated and be based on the
performance monitoring system to be used. .

e. Fajlure apalysig. Indicate how failures are to be analyzed,
classified and reported. For example, failures can be classified by cause
(suspected stress), subsystem or unit involved, effect on store operation, or
responsibility (i.e., bad component or material, poor workmanship, inadequate
inspection, deficient design, ete.). '

METHOD 523.0
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] f. Mission prefile. 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 test plan. The information should include:

(1} The particular environments that are to.be controlled. _
Temperature and acoustic energy environments are always used.  .Shaker vibration
and/or shock stresses are optional additions. ‘ '

(2) Data on all operational migsions using the the test item in
_the aircraft captive—oarry mode. Needed information includes types of aircraft
used, length of missions, aireraft flight paths and patterns, aircraft velo-
cities in different operational modes, theaters of expected use and percent-
of~-time estimates for the various categories.

t3) Climatic and atmospheric data. ' World-wide seééonél alpitudéq[
versus-temperature tables or charts are needed.

g. Measured store responses to environments used in determining test
stresses. ‘ o ‘

h. Test data. List specific performance and environmental parameters to
be recorded before, during, or after a test cycle and whether recordings should
be continuous or made at stated intervals. 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 use in analyses or for graphic illustration (see II - 4).

"i. ZTest reporting. State how results are to bé reported and whether .'
conclusions and recommendations are to be inclu@ed.

j. Test procedures. Critical operations should be pointéd‘out and
requirements for step-by-step procedures stated (see II-3).

I1-2.2 Safety program plan. A safety program plan, shall be prepared which
shall incérporate all safety policies, practices and regulations applicable .to
the preparation and conduct of the test. Safety policies and directives of
the facility conducting the test, contractual safety requlrements where
applicable, safety precautions applylng to the stores under test, and special
hazards involved with the test apparatus shall be treated. The plan shall.
require that operating procedures prepared for this test method shall be event—
sequenced and contain suitable warnings to , and precaunlons to be taken Dy,
operators wherever and whenever potential hazards exist. MIL-STD-882,
Requirements for System Cafety Program for Systems and Assoexated Subsystems
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.

1I-2.3 Composite mission test cycle

11-2.3.1 Tegt cycle. 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 test cycles.
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II'2'3 2 En1;;gng§n&_p;gfilg_gh§n&a For each of the controlled environments,

prepare a chart plotting stimulus level versus time that best represents the |
composite mission. Each chart should be based on a standard atmosphere and the
time perlod for the composite mission. These plots define the basic
environment profiles that constitute a single test cycle and provide the
patterns for controlling the environmental test apparatus. Methods for

"“generating’ comp031te mission envlronmental proflles are dlscussed 1n I- 2 3.

I1-2.3.3 Climatic offset table. Prepare a table or chart indicating the

_'temperature offsets applying to consecutive test eycles in a climatic set of
about 6 to 15 cycles (refer to figure 523.0-5).° The offsets are chosen 30 that

one climatic set will represent the predicted mixture of cllmapes expected in
operdtional missjons. This process is discussed in I-3.4.1.

1I-2.3.4 Combined environments control directions. Provide directions for

adjusting each of the controlled environments throughout each complete climatic
set of test cycles. Levels are obtained from the composite mission environment
profile with the temperature pattern for each cycle of the climatic set offazet
according to plan. These directions should not be finalized until test’ setup
is completed (see II-2.4, next).

II-2.4 TIest getup

II-2°%.1 General. U31ng instrumented (but not necessarily operable) stores,
aszsemble test 1tems and environmental apparatus, with accompanylng
instrumentation and controls, into the planned configuration. ~ After sensor’
calibrations, test each environment separately to check ability to reach test
levels and rate-of-change requirements. With individual environments checked
out, run combined environments through a test cycle. Correct problems as
necessary. The general accuracy and tolerance requirements of section Y of
this standard shall be followed where applicable.

II-2.4.2 Vibration checkout. Adjustment of the vibration sources té provide
the best simulation of in-flight vibration response is an essential part of
test 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 spectrum shape at
any location and direction in or on the store}, and intensity (peak and rms -
values). An iterative process of adjusting vibration stimulus’ variables '
(1nten51ty, spectral envelope, limited directivity/store p031t10n1ng) and

' ‘observing responses is conducted to minimize these errors. The goal is to

find the stimulus adjustments for each test level which will optimize the
correlation of test setup with corresponding captive-flight total vibration
responses, Optlmum values are noted and made part of the Combined Env1ronments
Control Dlreotlons (I1-2.3.4).

IT-2.5 ngza&;gng;_gnggkgng Replace instrumented stores with .one or ﬁore

operable "practice" 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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test

MIL-STD-810D
19 July.1983

PROCEDURES

1 Gepneral. Written step-by-step procedures shall be prepared as called

out in the test plan.

2 Specific procedures. The following operations should be considered as

candidates for written procedures:

a. Pre-test visual inspection and checkout.

b. Mounting and connection of test units ip the-bhamﬁer.
c. réalibration of instruments and apparatus.

d. Functional testing of the store(s).

e. Controlling the test cycle environments.

. f. Post-test operations.

INFORMATION TO BE RECORDED

1 Geperal. The test information to be recorded shall be included in the
plan.

II-4.2 Examples of iuformation to be recorded
II-4.2.1 Test operation information. For each test cycle, starting with
number 1:

~a. starting and ending times

b. any deviations from specified time limits or environmental patterns,

or alternately, preservation of all continuous environment response records

¢. operators on duty

d. pertinent comments

II-4.2.2 Test jtem information. For each item under test:

‘a. specific identification

b. results of pre-test inspection and checkout

'

encou

METHO
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¢. position occupied in test chamber, if more than one used

d. time when item installed in chamber and number of the test cycle first
ntered

D 523.0
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e. time when item removed from chamber and test cycle number last
encountered ) ! ‘ '
f: reéson for remﬁval
"8: results of post-test inspection and checkout -
h. disposition of item
II-4.2.3 i 7' - . nin item

a. time non-conformance was noted and number of test cycle in or after
which it was discovered

b. evidence indicating non-conformance

¢. confirmation of failure if failure suspected and explanation of how it

was confirmed

d. failure analysis and diagnosis
e. disposition of item
f. failure report number

g. names of operators providing the above information

METHOD 523.0
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INSTRUCTIONS: In a continuing effort to make our standardization documents better, the DoD provides this form for use in
submitting comments and suggestions for improvements. All users of military standardization documents are invited to mv‘hb

suggestions. This form may be detached, folded along the lines indicated, tnped a.long the loose edge (DO NOT STAPLE) '
mailed. In block B, be & specific as possible about particular problem areas such as wording which required interpretation,
too rigid, restrictive, loose, ambiguous, or was incompatible, and give proposed wording changes which would alleviate the
womens. Enter in block 8 any remarks not reiated to a lpecmc paragraph of the document. If block 7 & filled out, an
acknowledgement will be malled to you wlthin 30 dny: to let you know tlnt your comments were melvod and are being

considered.

NOTE: This form may not be used to request copies of doctimentq. nor to request walvers, deviations, or clarification of
_specification requirements on current contracts. Comments submitted on this form do not constitute or imply authorization
to waive any portion of the referenced document(s) or to amend contractual requirementa.
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