MILITARY STANDARD

MIL-STD-810D
19 July 1983
SUPERSEDING
MIL-STD-810C
10 March 1975

ENVIRONMENTAL TEST METHODS AND ENGINEERING GUIDELINES

AMSC Number F3208

FSC ENVR



MIL-STD-810D
19 July 1983

ENVIRONMENTAL TEST METHODS AND ENGINEERING GUIDELINES

MIL-STD-810D

1. This Military Standard is approved for use by all Departments and Agencies
of the Department of Defense.

2. Recommended corrections, additions, or deletions shall be addressed to

Commander, Aeronautical Systems Division, Attn: ASD/ENESS, Wright-Patterson
AFB, Ohio 45433.

ii



MIL-STD-810D
NOTICE 1
31 July 1986

FOREWORD

MIL-STD-810D has been revised to require 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 U4, General Requirements. The additional General
Requirements aid in preparation for design and preparation for test. Document-

ation requirements for the design and testing process have also been added to
section 4.

The bulk of the standard remains devoted to test methods. Each individual
method has been revised to encourage accurate determination of the environ-
mental 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 includes 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, relatively simple routine. Instead, an environmental
englneering specialist will have to choose and alter the test procedures to
sult 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. Safety compliance testing may require tests not covered
herein.

Technical questions may be addressed to the following offices:

Air Force Wright Aeronautical Laboratories

ATTN: FIEE

Wright-Patterson AFB, Ohio 45433-6553

Telephone: Commercial (513) 255-5752
Autovon T85-5752

Hq US Army Test and Evaluation Command

AMSTE-TC-M

Aberdeen Proving Ground, MD 21005-5055

Telephone: Commercial (301) 278-3677/2170
Autovon 298-3677/2170

Naval Air Engineering Center

ESSD Code 9313

Lakehurst, NJ 08733-5000

Telephone: Commercial (201) 323-T7458
Autovon 624-T7458

Supersedes page i1ii of 19 July 1983
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FOREWORD

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

The bulk of the standard remains devoted to test methods. Each individual
method has been revised to encograge more accurate determination of the
environmental stresses that an QQﬁ&pmeﬂb 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 includes 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, relatively simple routine. Instead, an environmental
engineering specialist will have to choose and alter the test procedures to
suit a particular combination or sequence of environmental conditions for a
specific equipment application.

The methods of this standard are not 1ntended to qatlsty all safety compllanoe
testing requirements. 2 : S
aered-—

Technical questions may be addressed to the following offices:

Air Force Wright Aeronautical Laboratories

AFWAL/FIEE

Wright-Patterson AFB, Ohio 45433

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

/Hd’US Army Test and Evaluation Command
PRETE=ED=M-Am s TE-AD ~ M
Aberdeen Proving Ground, MD 21005 - £257€
Telephone: Commercial (301) 2783677
Autovon 283=3677
29§

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 Purpgge. This standard provides:

a. QGuidelines for conducting envirconmental 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 pAeplication. 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 .

¢. To verify contractual compliance.
1.3 Limitations. This standard purposely does not address the following:
a. Electromagnetic interference (EMI).
b. Lightning and magnetic effects.
c¢. Nuclear weapons and 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 munitionswsudr-a:s-ﬁugh-
~andting-tests

2. REFERENCED DOCUMENTS

2.1 Government documents .
2.1.1 Specifications, standards. and handbocks. 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

MIL-S-901 Shock Tests, H.I. (High Impact), Ship Machinery, Equipment
And Systems

STANDARDS

MILITARY

MIL-STD-167 Mechanical Vibrations O0f 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 Air-Launched
Weapons

MIL-STD-45662 Calibration System Requirements

PUBLICATIONS

AR T70-38 Research, Development, Test And Evaluation Of Materiel
For Extreme Climatic Conditions

STANAG 2831 Climatic Environmental Conditions Affecting The Design
Of Materiel For Use By NATQ Forces Operating In A Ground
Role

STANAG 3518AE Environmental Test Methods For Aircraft Equipment And

Associated Ground Equipment

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

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

3. DEFINITIONS

Al

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 during field use.

b. Aggravated test. 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.

c. mbient vir nt. The conditions (e.g., temperature and humidity)
characterizing the air or other medium that surrounds materiel.

d. vir tal conditions. (see Forcing function).

2
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e. Environmental engineering specialist. 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 climatic or mechanical environmental input to an
item efwquipmend that affects its design, service life, or ability to
function. (Also referred to as an environmental condition or an environmental
stress.)

g. ermeti al. A permanent air-tight seal.

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

i. Life cyecle history. A time history of events and conditions
associated with an item sf-eguipment~ from its release from manufacturing to its
? @ltimat2 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. That portion of the life cycle associated with a
specific operational mission.
,7':54.
k. Platform. Any vehicle, surface, or medium that carries the
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.
o 1Tenm
1. Platform environment. The environmental conditions an egquipment

experiences as a result of being attached to or loaded ontc a platform. The
platform environment is a result of forcing functions induced or modified by
the platform and any on-board environmental control systems.

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

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

0. Test method. The and procedures used to formulate-an

environmental test, Test methods are identified by environment (or
combinations) in section 5 of this document.
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p. Test procedure. A sequence of actions, the correct performance of
which will result in a %sddd test of an item's response to a particular forcing
function or combination of functions. Within each test method there are one or
more test procedures.

4. GENERAL REQUIHREMENTS

4.1 gGeneral. 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 Tailering

4.2.1 QObjective of tailoring. The objective of tailoring, as applied in this
standard, is to assure that military equipment is designed and tested for
registance to the environmental stresses it will encounter during its life
cyele., Figure 1 illustrates the environmental tailoring process. Figure 2
shows gerneralized 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-T7123.

§.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 life 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

b
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locations of expected deployment; and platform environments. The environments
and combination of environments the equipment will encounter at each phase
shall be determined. All potential deployment scenarios should be described.
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:
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. Number of times phase will occur; intermittency of phase.
g. Probability of occurrence of environmental conditions.

h. Geographical location.

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

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

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 4.2.2.2 above shall be
utilized, along with the individual environmental test methods listed in
section 5 of this document. Consideration should be given to the following:

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-T7125.
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4.2.2.% Operational Environmental Verification Plan. 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
ecriteria. 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.

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

a. Equipmen{ 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 idea situation is often unattainable
early in the development of new equipment. Therefore, 1t 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 s liar for evaluating environmental
stress conditions. %;<\\_~f/,/

b. Data quality. The following minimum standards should be satisfied
before field data 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
measuremenis 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 quantity. Sufficient data is needed to adequately describe the
conditions being evaluated, but the requirements for sufficilency 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 data
when constraints limit the number and location of measuremeni 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., pre- and
post-test) are conducted at room ambient conditions as follows:

Temperature: 2590C *109C (T7OF *+189F)
Relative humidity: Uncontrolled room ambient
Atmospheric pressure: Site pressure

b. Controlled ambient. When the ambient conditions must be closely
controlled, the following shall be maintained:

Temperature: 230C +20C (T73°F *3.6°F)
Relative Humidity: 50 percent %5 percent
Atmospheric Pressure: 96.45 *?8 0 kPa
+50
(725 *2g mmiig)

(28.5 *2-3 1inHg)

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 } 20C
(*+ 3.69F) of the test temperature and shall not exceed 1°C per meter or a
maximum of 2.29C total (equipment 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.

¢. 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. Humidity. Relative humidity at the chamber control sensor shall be 5
percent RH of the measured value.

e. Vibration amplitude

Sinusoidal: *10 percent
Random: See method 514.3

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

g. Acceleration. Acceleration (G's) shall be measured to within *10
percent,

h. Time. Elapsed time shall be measured with an accuracy of *1 percent.

i. Air velocity. Air velocity shall be within 10 percent of the
specified value.

an
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4.2.2.4 Qperational Environmental Verification Plan. 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.

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

a. Equipment similarity. Whenever practi cal measurements shall be made
on (a copy of) the test item or on the same ~atform type as that which will
carry the equipment to be tested. This idedl situation is often unattainable
early in the development of new equipment #/° Therefore, it is sometimes
necessary to derive data from appropriatély similar equipment or carrying
platforms. Under such circumstances, gkact equivalence shall not be expected
or required. It is important to notesthat equipment may be functionally
dissimilar and still be considered aéfsimilar for evaluating environmental

stress conditions. fﬁ
&
i
b. Data quality. The follpwing minimum standards should be satisfied

before field lata is considered/suitable for substitution into the test
procedures. Supporting information should include:

(1) A descriptionlof the equipment or the carrying platform.
(2) The locatioh on the hardware or carrying platform at which the
measurements were made.

¢

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

() Thejfype and calibration status of data recording and analysis
equipment and instrumentation.

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

c. Dgtg'gggntity Sufficient data is needed to adequately describe the
conditions bélng evaluated, but the requirements for sufficiency will vary with
the env1ronmental conditions, physical and performance characteristics of the
hardware g&pe, and program needs. Consideration shall be given to:

i/

j (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 data
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., pre- and
post-test) are conducted at room ambient conditions as follows:

Temperature: 259C * 109C (77°F * 189F)
Relative hﬁmidity: Uncontrolled room ambient
Atmospheric pressure: Site pressure

b. Controlled ambient. When the ambient conditions must be closely
controlled, the following shall be maintained:

Temperature: 230C t 29C (73°F t 3.69F)
Relative Humidity: 50 percent } 5 percent
Atmospheric Pressure: 96 .45 t?g 0kPa
+50
(725 20 mmHg )

(28.5 *2-0 inflg)

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

(* 3.60F) of the test temperature and shall not exceed 1°C per meter or a
maximum of 2.2°C total (equipment 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.

¢. 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. Humidity. Relative humidity at the chamber control sensor shall be 15 &u
percent of the measured value.

e. Vibration amplitude

Sinusoidal: *10 percent

Random: See method 514.3
f. Vibration frequency. Vibration frequency shall be measured with an ‘{ ?
accuracy of }2 percent, or *1/2 Hz below 25 Hz. JA :

J
,ir g. Acceleration. Acceleration shall be measured to within *10 percent.

h. ime. FElapsed time shall be measured with an accuracy of *1 percent.

;i Qe \/e(vcd'? !
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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 calibration 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-

ment for accuracy in any one of the test methods of this standard, the latter
~shall govern.

4.h.3 Stabilization of test temperature

4.4.3.1 Test item operating. 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 is changing no more than
2.0°C (3.69F) 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
critical component (e.g., battery electrolyte for engine starting test) will be
within 19C (1.80F). Structural or passive members are not normally considered
for stabilization 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 conditions. 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 General test performance guidance
4.5.1 Pretest performance record. Before testing, the test item should be
operated at standard ambient conditions (see U4.4) to obtain and record data for

determining compliance with the requirements document(s) and for comparison

11
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with data obtained before, during, and after the environmental test(s). The
identification and environmental test history of the specific test item(s)
should be documented for failure analysis purposes. 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 addition to 4.5.7).

4,5.2 Installation of test item in test facility. 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.

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

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

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

f. If the item %o 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
determine whether the test exposure is producing changes in performance when
compared with pretest data.

4.5.% 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.

4.5.4.1 In-tolerance interruptions. Interruptions during which the prescribed

test tolerances are not exceeded shall be considered as part of the votal test
duration. (No allowance is necessary if exposure to the proper test levels was
maintained.)

12
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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
predeterrzined intervals and shall meet the requirements of MIL-STD-45662 to the
satisfaction of tne procuring activity. All instruments and test equipment
used in conducting the tests specified herein shall:

a. Be calibrated to laboratory standards whose calipfation is traceable
to the National Standards via primary standards.

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

K
&

4.4.3 Stabilization of test temperature K

4.4.3.1 Test item operating. Unless othepwise specified, temperature
stabilization is attained when the tempergture of the operating part of the
test item considered to have the longesgfthermal lag is changing no more than
2.09C (3.69F) per hour. !f

/
4.4.3.2 Test item nonoperating. Ugi%ss otherwise specified, temperature
stabilization is attained when the femperature of the operating part of the

test item considered to have the )Yongest thermal lag reaches a temperature
within test tolerances of the nofinal test temperature, except that any
critical component (e.g., battefy electrolyte for engine starting test) will be
within 19C (1.89F). Structurgd or passiye members are not normally considered
for stabilization purposes. /Mhen changing temperatures, for many test items,
‘the temperature of the chamjer air may be adjusted beyond the test condition
limits tc reduce stabilizayion time, provided the extended temperature does not
induce response temperatufe in a critical component or area of the test item
beyond the test temperaqﬁre limits for the test item.

4.4.4 Test sequence. f;xperience has shown definite advantages to performing
certain tests immediafely before, in combination with, or immediately foilowing
other tests. Where Ahese advantages have been identified, guidance has been
put in I-3c of theftest methods and shall be followed. Other sequences and
combinations consjystent with 1.2 and 4.2.1 of General Requirements may be used
with the permissjon of the procuring agency.

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

§.u.6 Iggt/égngitiong. Whenever practical, specific test levels, ranges,
rates, and’durations shalI'E3“HEFTVéa'TFaﬁ*ﬁgggaFgﬁgﬁFgﬂaade on actual or
“appropriately Simi alely siml Tar eqiipment (see §.3). When specific measired data are not
avallable, the test characteristics shall be tailored using the guidance found

in section 5.

4.5 General test performance guidance
4.5.1 Pretest performance record. Before testing, the test item should oe
operated at standard ambient conditions (see 4.4) to obtain and record data for

determining compliance with the requirements document(s) and {'or comparison

1
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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 deocumented for failure analysis purposes.

e

4é:5.1:9 Pre-test record. The pre-test record shall inelude (23 applicable):

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

. Additional evaluation criteria (in addition to 4.5.7).

4.5.2 Installation of test item in test facility. Unlass otherwise aspecified,
the test item shall be installed in the test facility in a mannsr that will
simulate service usage, with connections made and instrumentatiocn attached as
necessary.

a. Plugs, coversa, and inspection plates not used in operation, but used
in servicing, shali 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 aiso be protected.

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

¢

Ad7 d. The test item shall be operated according *o Yhe appl;cableuﬁeohnlcal
‘EEmage has resulted from faulty installation or hand‘1ng The r@qulrement to
operate the test item after its installation in the test facility applies only
when the item is required to operate during the test.

e. Test items shall be positioned at least 15 cm (6 inches) from each
other «r from walls, {loors, ceilings, etc. to allow for adeguate circulation.

f. If the item to be tested consists of several separate units, these
uniits 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
determine whether the test exposure is producing changes in performance when
compared with pretest data.

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

4.,5.4.1 Ju-tolerance interruptions. Interruptions during which the prescribed
test folerances are uot exceeded shall be considered as part »f the total test

dupation. (Ho allowance is necessary if exposure o the nroper test levels was
maintained.)
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4.5.4.2 Methods 503.2, 506.2, 510.2, 511.2, 514.3, 516.3 and 519.3. (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
test cycle is achieved.

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 considered
invalid.

4.5.4.3 Methods 500.2, 501.2, 502.2, 505.2, 508.3, 509.2, 512.2, 513.3, 520.0
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 cyecle, 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.
4.5.6 Post-test data. At the completion of each environmental test, the test
item shall be inspected in accordance with the equipment specifications, and
the results shall be compared with the pretest data obtained in accordance with
4.5.1. Post-test data shall include:

a. Complete identification of all test 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 engineer.

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

13
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Start
¥
SEE 1< No Interruption?
Yes
A
SEE 1l No Outside
Tolerances
Yes
\
SEE 1 < No Overtest?
Yes
Y
SEE 2be-N2 | Ttem No Safety
Damaged? Problem?
Yes Yes
Y
SEE 2a<—N2] Ttem SEE 2a
Repairable?
lYes
SEE 2b

NOTES:
1. Continue test (see individual methods); extend test time if necessary.
2. Alternatives:
a. Restart at the beginning.
b. Complete the test with undamaged or repaired test item.

(NOTE: Test results will be invalid ifYam item failure occurs.)
< Test

FIGURE 3. Interrupted test cycle logic - Methods 503.2, 506.,2,
510.2, 511.2, 514.3, 516.3, and 519.3.
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4.5.7 Failure criteria. Failure of the test item to meet any one of the
following conditions shall constitute a test item failure.

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

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

b. Nonfulfillment of safety requirements or the development of safety

hazards.

c. Nonfulfillment of specific test item requirements.

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

e. Deviation from established environmental requirements.

f. Other (see 4.5.8).

4.5.8 Additional or different failure criteria. 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-7127.

4.6 Climatic regions. For the purposes of this document, three climatic
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 4a and 4b show land areas where the
various climatic 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 430¢
(1109F) occur frequently, but except for a few specific places, temperatures
will seldom be above 49°C (120°F). 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
dewpoints do not occur at the same time.
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b. Basic 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 not necessarily
occur in any one place. Each single condition (high temperature, low
temperature, high humdity) occurs in a wide area. When taken together, the
design 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 humidity levels are equalled in the mid-latitudes.
The 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 excellent environment for insect and
microbiological damage.

c. 1 evere-col i i i . These areas include northern
North America, Greenland, northern Asia, and Tibet. In the cold area,
temperature during the coldest month in a normal year may be colder than the
basic cold extreme of -329C (-259F). 1In the severe-cold areas, temperature
during the coldest month in a normal year may be colder than the ccld extreme
of -46°C (-50°F), but colder than -51°C (-60°F) no more than 20 percent of the
hours in the ccldest month of the coldest part of the area (northern Siberia,
where absolute minimum temperatures as low as -68°C (-909F) have been
recorded). Because the extreme low temperatures are not controlled by a daily
solar cycle, they persist for a long enough period of time for materiel to
reach equilibrium at a temperature near the minimum.

5. TEST METHODS
5.1 1Individual methods for environmental testing follow section 6.

6. NOTES

6.1 Intended use. The purpose of this standard is to standardize the design
and conduct of tests for assessing the ability of military equipment to
withstand environmental stresses it will encounter during its life cycle, 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
idervified below shall be delivered only when the task paragraph{s}! applicable
to & specific DID is applied in a contract and the applicable DID is specified
on the DU /~rm 1423, "Contract Data Requirements List (CDRL}." When the DD
Form W23 Ls not used and DAR 7-104.9(n)(2) is cited, the data identified below
snall be delivered in accordance with requirements specified in the contract or
purchases order. Deliverable data associated with the requirements of this
standard s @ ~ited ia the following paragraphs.

Paragranp he. Data laquirement Title &roddaable DID
oz, Environmental Management Plan Dlegs 712%
.2.0.00 Life Tycle Environmental RN A
Profile Plan

B.7,2.3 Environmental Design Criteria Johe IR
and Test Plan

9Lk Cperalional Environmental DI DU

Verification Plan
Environmental Test Report

Non
o F
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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- 0020

Review activities:
Army - MI, ME, AV, GL, MT, AT, CE, AR, AW
Navy - SH, 0S, YD, EC
Air Force - 10, 18, 19, 69

International interest (see 6.3)
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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 nternational standardization reement. 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 anges from previ 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 4
Air Force -~ 11 Project No. ENVR-0013

Review activities:
Army - MI, ME, AV, GL, TE, MT, AT, CE, A
Navy - SH, 0S, YD, EC
Air Force - 10, 18, 19, 69

International intérest (see 6.3)
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METHOD 500.2

LOW PRESSURE (ALTITUDE)

Page
SECTION I
I-1 PURPOSE . . . . e e e e e e e e e e e .. . . 500.2-1
I-.2 ENVIRONMENTAL EFFECTS e e e e e e 4 4w« « . . . 500.24
I-3 GUIDELINES FOR DETERMINING TEST
PROCEDURES AND TEST CONDITIONS . . . . . . . . . . . 500.2-1
I-4 SPECIAL CONSIDERATIONS . . . . . . . . . « . . . . . . 500.2-5
I-5 REFERENCES . . . . . . . . . . . . . . . . . . . 500.2-5
SECTION II
II-1 APPARATUS . . . . e e e e e e e w e e e 4. . .. B00.2-7
II-2 PREPARATION FOR TEST e e e e e e e e e e e e e ... B00.2-7
II-3 PROCEDURES . . . e e e e e e e i . . . . . . 500.2-8
II-4 INFORMATION TO BE RECORDED e e e e e e e u o . . . . 500.2-9

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 ENVIRONMENTAL EFFECTS. Examples of some problems that could occur as a
result of exposure to reduced pressure are:

a. Leakage of gases or fluids from gasket-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.

e. 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 CONDITIONS.
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
500.2-1
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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. Restrictions. This method is not intended to be used to test
equipment to be installed in and operated in aircraft, missiles that fly at
high altitudes (i.e., above 4,570m (15,000 ft)), external stores, or space
vehicles, since such equipment would be subjected to method 520. This altitude
test would be a duplication of effort and a less effective test for such
equipment.

¢. 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
I-2) on the test item and may have to be conducted before this method. For
example:

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

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

d. Test variations. Before conducting these tests, determine any
required variations of the 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 Choice of test procedure(s)

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

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.

(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
500 222
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c. Selection of the test procedure(s). Three test procedures are
included within this method: storage, operation, and rapid decompression.
Based on the test data requirements, determine which of the test procedures or
combinatién of procedures is applicable. Consideration should be given to
temperature-altitude effects as appropriate.

(1) Procedure I - Storage. Procedure I is appropriate if the test
item is to be stored at high ground elevations or transported in its
shipping/storage configuration.

(2) roc re - eration. 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) Procedure 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 oice of related test conditions. 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 altitude. 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:

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

(2) Transport aircraft cargo compartment pressure conditions. Table
500.2-1I provides the minimum cargo compartment pressures for various aircraft
used to transport cargo. These pressures can occur as a result of failure of
the automatic 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.

SUPERSEDES
Page 500.2-3 METHOD 500.2
19 July 1983 31 JULY 1986
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TABLE 500.2-I. m r m m r r
Minimum Cargo Equivalent Altitude

Aircraft ’ Compartment Pressure (reference c)

(psia) (kPa) | (ft) (m)
C-130 8.29 57.2 15,000 4,570
C-141 8.63 59.5 14,000 4,270
C~5A 8.81 60.7 13,500 4,110
DC-8/707/DC-9-80 8.29 57.2 15,000 4,570
DC-10/747/KC-10 8.29 57.2 15,000 4,570
L-1011/767 8.29 57.2 15,000 4,570
C-160 Transall 8.63 59.5 14,000 4,270
A-300/C 10.71 73.8 8,000 2,400

(3) Maximum flight altitude for explosive decompression testing: 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: In general, and with the exception of the
explosive decompression test, the rate of altitude change should not exceed 10
m/s (2,000 ft/min) unless justified by the anticipated deployment platform. In
a full military power takeoff, military transport aircraft 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.

c. Rapid decompression rate. There are several conditions for which

the rapid rate of decompression may vary. These include:

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

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

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

Explosive decompression (c(1)) should be accomplished within 0.1 second. Rapid
decompression (c(2)) and (c(3)) should not take more than 60 seconds.

SUPERSEDES
Page 500.2-4

10 T..1« 10Q72

METHOD 500.2
31 JUuLY 1986

rAan A h



MIL-STD-810D
19 July 1983

c. lection of t t _prqocedure . Three test procedures are
included within this method: storage, operation, and rapid decompression
Based on the test data requirements, determine which of the test ‘procedures or
combination of procedures is applicable. :

(1) Procedure I - Storage. Procedure I is appropriate if the test
item is to be stored at high ground elevations or transportated in its
shipping/storage configuration. 4

(2) Procedure II - Operation. Procedure I1‘is used to determine the
performance of the test item under low-pressure conditlons and can be preceded
by procedure I, procedure III, or both. If there,ﬁre no low-pressure storage
or explosive decompression requirements, this probedure can stand alone.

(3) Pr r api mpr on. Procedure III is used to
determine if a rapid decrease in pressure ofy the surrounding environment will
cause a test item reaction that would endanger nearby personnel or the aircraft
in which it is being transported. After phe rapid decompression test, a
potential safety problem could exist thab is not obvious. Caution should be
exercised during the post-test operatlonal check. This procedure can be
preceded by either the storage or the operational test.

I-3.2 Choice of related test conditions. 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 altitude. Base determination of the specific test altitudes on
the anticipated deployment oriflight profile of the test item. If this
information is not avallable; use the following guidance to determine the test
altitude: (

(1) World groun Q areas. The highest elevation currently contemplated
for ground military operdtions (equipment operating and nonoperating) is 4,570m
(15,000 ft), 57 kPa (8. ;fp51a) (reference a).

]

(2) £ aircraft cargo compartment pr r iti . Table
500.2-1 provides the ﬁinimum cargo compartment pressures for various aircraft
used to transport cafgo. These pressures can occur as a result of failure of
the automatic pressyrization system. Redundant systems prevent rapid loss of
pressure unless explosive decompression occurs. Testing to the 4,570m (15,000
ft) equivalent altfitude will assure that the equipment shipped by air will
successfully withsStand the low-pressure environment.

METHOD 500.2
19 July 1983
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TABLE 500.2-I. inimum car ompartment pr res.
Minimum Cargo Equivalent Altitude

Aircraft Compartment Pressure (reference c)

(psia) (kPa) (ft) (m)
C-130 8.29 57.2 15,000 4,570
C-141 8.63 59.5 14,000 4,270
C-5A 8.81 60.7 13,500 4,110
DC-8/707/DC-9-80 8.29 57.2 15,000 4,570
DC-10/T47/KC-10 8.29 57.2 15,000 4,570
L-1011/767 8.29 57.2 15,000 4,570
C-160 Transall 8.63 59.5 14,000 4,270
A-300/C 10.71 73.8 8,000 2,400

(3) Maximum flight altitude for explosive decompression testing: 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. 1t] rat 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 aircraft 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.

c. id ompr i te. There are several conditions for which
the rapid rate of decompression may vary. These include:

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

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

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

The decompression in procedure III should be accomplished as quickly a
pkssible but shall not take more than 15 seconds.
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d. Test duratjon. 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
III do not require extended periods at the test pressure, once it has been
reached and any required functions are performed.

e. t item configuration. Configure the test item in a manner that
is characteristic of its normal configuration, i.e., operational for high
ground elevation simulation, in its shipping/storage container for air
transport, etc.

f. Additional guidelines. Review the equipment specifications and

requirements documents. Apply any additional guidelines necessary.
I-4 SPECIAL CONSIDERATIONS

I-4.1 Fajlure criteria. Failure criteria for procedures I and II are as
described in General Requirements, 4.9. For procedure III, the test item fails
only if rapid decompression causes a hazard to the aircraft or to the
personnel; the test item need not show satisfactory post-test performance
unless othérwise specified.

I-4.2 mmar test i rmation ired. 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).

[¢]

Altitude change rates.
d. Test duration.
e. Test item configuration.
f. Additional guidelines used.
I-5 REFERENCES ¢

a. MIL-STD-210, Climati xtrem f jlitar ipment. 15 December
1973.

b. Synopsis of Background Material for MIL-STD-210B, Climatic Extremes
for Military Equipment. Bedford, MA: Air Force Cambridge Research
Laboratories, 1974. DTIC number AD-780-508.

c. Handbook of Geophysics and Space Environments. Bedford, MA: US Air
Force Cambridge Research Laboratories, Office of Aerospace Research, 1965.

d. US Standard Atmosphere: 1976. NOAA/NASA/USAF, 1976.

METHOD 500.2
19 July 1983
500.2-5



MIL-STD-810D
19 July 1983

METHOD 500.2
LOW PRESSURE (ALTITUDE)
SECTION II
II-1 APPARATUS

IT-1.7 Test 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 I1II, the
facility shall be capable of providing decompression in the prescribed time
period.

II-1.2 Controls

a. Unless otherwise specified, the altitude change rate shall not exceed
10 m/s (2,000 ft/min).

b. Continuous recordings of chamber pressure shall be taken if required.

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

IT-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)
environment without interruption.

a. Undertest interryptions. 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 followed by 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

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

a. Which test procedures are required.
b. The low-pressure operation and storage requirements.
1I-2.2 Pretest standard ambient checkout. All items require a pretest

checkout at standard ambient conditions to provide baseline data. Conduct the
checkout as follows:

METHOD 500.2
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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 4. Conduct as complete 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.

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

II-3.1 Procedure I - Storage

Step 1. Adjust the test item's configuration to that required for storag
or transit.

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

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

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

Step 5. Conduct a complete visual examination and an operational checkou
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 is required, proceed to step 1 of

procedure III.

II-3.2 Procedure II - Operation

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

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

METHOD 500.2
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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. 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 and an operational checkout

of the test item in accordance with the approved test plan, and document the
results.

Step 6. Compare these data with the pretest data.

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

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 aircraft.

Step 3. Reduce the pressure to an equivalent altitude of 12,200m (40,000
ft) (18.8 kPa), or as otherwise specified in the test plan, as quickly as
possible 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.

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

II-4 INFORMATION TQ BE RECQRDED. Test data shall be recorded as specified in

General Requirements, 4.5, and shall include the following:

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

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

METHOD 500.2
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(1) Pretest.
(2) During test.

(3) Post-test.

Time-versus-pressure data.

Room ambient conditions.

Initial failure analysis.
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METHOD 501.2

HIGH TEMPERATURE
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SECTION I
I-1 PURPQSE. High-temperature chamber tests are performed to determine if

materiel can be stored and operated under hot climatic conditions without
experiencing physical damage or deterioration in performance.

I-2 ENVIRONMENTAL EFFECTS. 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 occur as the result of high-temperature exposure are:

a. Parts binding from differential expansion of dissimilar materials.

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

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

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

€. Gaskets displaying permanent set.
f. Closure and sealing strips deteriorating.
g. Fixed-resistance resistors changing in values.

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

i. Transformers and electromechanical components overheating.

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

METHOD 501.2
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k. Shortened operating lifetime.
1. Solid pellets or grains separating.

m. High internal pressures created within sealed cases of projectiles,
bombs, etc.

n. Burning of explosives or propellants accelerated.

o. Cast explosives expanding within their cases.

p. Explosives melting and exuding.

q. Organic materials tending to discolor, crack, or craze.
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 sections 1 and 4 of this standard.

a. Application. This method is used when the test item is likely to be
deployed in areas where climatic conditions will induce high temperatures
within the test item. These procedures will be used when it is judged that the
test item performance can be verified by chamber exposure to controlled air
temperatures and that the high temperature effects have not been identified
during other tests (e.g., temperature-altitude, solar radiationm).

b. Test obiectives. The primary objectives of the high-temperature tests
are to determine if':

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

(2) The test item can be operated and handled without affecting its
integrity.

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

¢. Restrictions. This method is not applicable for:

(1) Evaluation of equipment 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) Identification of time-dependent performance degradation which
occurs during long-term storage in or exposure to high temperatures. (Such
testing would require extended test exposures.) Selection of test durations
and conditions for such extended exposure would have to be based upon a
specific test program requirement and consideration given to natural environ-
mental testing.

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

METHOD 501.2
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d. Sequence. (See General Requirements, U4.4.4.) 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. Test variastions. 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.

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

4

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

(a) The anticipated temperature and humidity ranges of the
geographical deployment area.

(b) Test item response temperature(s) (critical component
temperature) .1/

(¢) The anticipated duration of exposure at the deployment area.
(d) Test item configuration (operational and storage).
(e) Additional guidelines as appropriate.

I-3.1 Choice of test procedure

I-3.1.1 The operational purpose of the test item. From the requirements
document, determine the function to be performed by the test item in, or

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
consider whether the item will be:

a. Under cover in an enclosure.

b. Directly exposed to sunlight.

1/ Critical components of the test item directly affect the functioning of
equipment. The temperatures that these 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
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¢. Exposed to reflected solar radiation.
d. Stacked.
e. Wind ventilated.

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

I-3.1.3 Selection of test procedure(s). Two test procedures are included
within this method: storage and operation. Determine the procedure(s) to be
used. :

I-3.1.3.1 Procedure I - Storage. Procedure I is used to determine how storage
at high temperatures affects the test item's safety and performance. This test
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 4a and 4b, section 4) where high storage temperatures
are typically encountered: Hot and Basic Hot. 1In 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: Is this exposure directly on the test
item, shipping container, protective package, shelter, etc.?

b. Climatic area of concern.

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

I-3.1.3.2 Procedure Il - 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 determine performance characteristics. The
operational phase can be accomplished by:

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.

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. Iype of exposure. In order to determine the test temperatures, the
way in which the test item is exposed to heat must be determined first. 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 aircraft where the test
item is shaded from direct solar heating. Ambient air temperature and humidity
conditions are those measured in standard meteorological shelters at a height
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-I and 501.2-II. Table 501.2-III gives a summary of high-temperature
diurnal cycle ranges for different areas of the world.

(2) 1Induced 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 conditions occur are:

(a) Inside unventilated enclosures.
(b) Within enclosed vehicle bodies.

(¢) Within aircraft sections having surfaces exposed to solar
heating.

(d) 1Inside 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 501.2-1
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 700 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 extending the levels of the temperatures given
in tables 501.2-I and 501.2-1II.

b. Test temperature(s). Determine the test temperature(s). If field
measurements of actual exposure and response are available, the chambzr
conditions shall be derived from these data. Without availability of field
measurements, the chamber conditions will be derived from the following
information and evaluations.
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Table 501.2-I. High temperature cycles, climatic category - Hotl/

Ambient Air Conditions Induced Conditions
Time Temperature Humidity, Temperature Humidity,
of °c  (°F) % RH oC (°F) % RH
Day
0100 35 (95) 6 35 (95) 6
0200 34 (9%4) 7 34 (94) 7
0300 34 (93) 7 34 (94) 7
0400 33 (92) 8 33 (92) 7
0500 33 (91) 8 33 (92) T
0600 32 (90) 8 33 (91) 7
0700 33 (91) 8 36 (97) 5
0800 35 (95) 6 40 (104) y
0900 38 (101) 6 4y (111 y
1000 41 (106) 5 51 (124) 3
1100 43 (110) y 56 (133) 2
1200 4y (112) 4 63 (145) 2
1300 u7 (116) 3 69 (156) 1
1400 48 (118) 3 70 (158) 1
1500 48 (119) 3 71 (160) 1
1600 4g (120) 3 70 (158) 1
1700 48  (119) 3 67  (153) 1
1800 48  (118) 3 63  (145) 2
1900 46 (114) 3 55 (131) 2
2000 42 (108) y 48 (118) 3
2100 41 (105) 5 41 (105) 5
2200 39 (102) 6 39 (103) 6
2300 38 (100) 6 37 (99) 6
2400 | 36  (98) 6 35 (95) 6

1/ AR 70-38, 1 August 1979

METHOD 501.2
19 July 1983
501.2-6



MIL-STD-810D
19 July 1983

Table 501.2-II. High temperature cycles, climatic category - basic hotl/
Ambient Air Conditions Induced Conditions
Time Temperature Humidity, Temperature Humidity,
of oc  (9F) % RH oC (OF) % RH
Day
0100 33 (91) 36 33 (91) 36
0200 32 (90) 38 32 (90) 38
0300 32 (90) 49 32 (90) 41
0400 31 (88) 4y 31 (88) 4y
0500 30 (86) 4y 30 (86) 4y
0600 30 (86) 4y 31 (88) 43
0700 31 (88) 41 34 (93) 32
0800 34 (93) 34 38  (101) 30
0900 37 (99) 29 42 (110) 23
1000 39 (102) 24 45  (113) 17
1100 41 (106) 21 51  (124) 14
1200 k2 (107) 18 57  (134) 8
1300 43 (109) 16 61  (142) 6
1400 43 (110) 15 63 (145) 6
1500 43 (110) 14 63 (145) 5
1600 43 (110) 14 62  (144) 6
1700 43 (109) 14 60 (140) 6
1800 y2  (107) 15 57  (134) 6
1900 4o  (104) 17 50 (122) 10
2000 38  (100) 20 By (111) 14
2100 36 (97) 22 38  (101) 19
2200 35 (95) 25 35 (95) 25
2300 34 (93) 28 34 (93) 28
2400 33 (91) 33 33 (91) 33
1/ AR 70-38, 1 August 1979
METHOD 501.2
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Table 501.2-III. Summary of high temperature diurnal cyele rangesl/
Category Location Ambient Air Induced 2/
oCc (°F) oc (°F)
Hot (A1) Northern Africa, Middle 32 - 49 33 - 71
East, Pakistan and India, (90-120) (91-160)
Southwestern United States
and Northern Mexico
Basic Hot (A2) Many parts of the world, 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 501.2-1I and 501.2-II.

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

METHOD 501.2
19 July 1983

501.2-8




MIL-STD-810D
19 July 1983

(1) Storage test: The test temperatures for storage test exposures
should include cyclic conditions that are derived from the natural diurnal
cycles. The cycles provided in tables 501.2-I and 501.2-II and information in
I-3.2a(3) are the extreme meteorological and induced diurnal cycles for major
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 4, shows the boundaries of the areas of concern. The chamber air
temperature and humidity conditions can be derived or calculated from the
analysis of the storage situation (I-3.1.3.1) and the cycles provided in tables
501.2-1 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
critical component(s) must be determined. If the thermal path is a form of
convective heat transfer free of the effects of solar radiation, then the
ambient conditions of tables 501.2-I and 501.2-II and of paragraph I-3.2a(3)
could be used to derive the chamber air temperature and humidity test
conditions/cycles. Operational testing should occur with the test item
experiencing the maximum response to the established exposure. This exposure
can be accomplished by operating the test 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 cyeling
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-I and 501.2-II and from
paragraph I-3.2a(3). When the test item or its critical 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.

c. ratj X re. Determine the test duration. The duration of
high-temperature exposure may be as significant as the temperature itself.
Because procedures I and II 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
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most severe location. (The maximum temperature occurs for approximately 1 hour
in each cycle.) When considering extended storage, critical test items, or
test items determined to be very sensitive to high temperature, the number of
cycles should be increased to assure that the design requirements are met.

(2) Operation. 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) 1In its normal operating configuration (realistic or with
restraints, such as with openings that are normally covered).

(4) Modified with kits for special applications.

e. mid . Low relative humidity (RH) may occasionally have a
significant effect on some material during high-temperature testing. In such
instances, consideration must be given to controlling RH as indicated in tables
501.2-1 and 501.2-I1I. Otherwise, relative humidity (RH) control during high
temperature tests is not necessary.

f. Critical item component. 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
"oritical item components." These components should be identified and
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 Failure analysis. 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
the 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.

SUPERSEDES
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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 section II:

a. Test procedure.
b. Critical components, if applicable.
c¢. Location of temperature sensors.

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

e. Test duration.

f. Test item configuration.

g. Relative humidity control requirements (if necessary).
h., Additional guidelines.

I-5. REFERENCES

a. AR 70-38, Research, Development, Test and Evaluation of Materiel for
xtreme Climati ditions. 1 August 1979.
b. MIL-STD-210, Climatic Extremes for Military Equipment. 15 December
1973.
c. opsi round rial for =STD=- limatic Extrem
r Militar ment. Bedford, MA: Air Force Cambridge Research

Laboratories, 24 January 1974. DTIC number AD-780-508.

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

e. NATO STANAG 2831, Climatic vir ntal dition f n
i f Materiel for e r eratin n .
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most severe location. (The maximum temperature occu?s for approximately 1 hour
in each cycle.) When considering extended storaga, critical test items, or
test items determined to be very sensitive to hlgh temperature, the number of
cycles should be increased to assure that the d631gn requirements are met.
5

(2) Operation. 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. & maximum of seven cycles is suggested
when repeated temperature response is dlﬂflcult to obtain.

d. Test item configuration. Determlne the test item configuration. The
anticipated configuration(s) of the tést item during storage and operation
should be used during the test. Asa minimum, the following configurations
should be considered: i

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

(3)° In its normal eperatlng configuration (realistic or with
restraints, such as with opgnlngs that are normally covered) .

(4) Modified w1§h kits for spe01al applications.

e. Humjdity. LOW'leatlve humldlty (RH) may occasionally have a
significant effect on sgme material during high-temperature testing. In such
instances, con31derat1?gmmust be given to controlling RH as indicated in tables
501.2-1 and 501.2-11. [0Werwisa, eouYrol of e Rl during Kisd Vemuaravare
TZGfE %3 nﬂv* ﬂ&@:‘_ .

f. Components of a test item that are known or

"eritical item components." These components should be identified and
thoroughly evaluatgd before this test to eliminate testing exposures that would

. Review the equipment specifications and

requlrements do‘{‘ A.A Apply any additional guidelines necessary.
I-4
I-4.1 The failure of a test item to meet the requirements

of the equ1pm:ft spe01flcatlons must be analyzed carefully, and related

information mgst be considered, such as:

a. Resylts of nondestructive examinations (if any) of materiel following
the storage Yest may be conducted at the extreme temperatures.

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

¢. Necessity for special kits or special operating procedures for high
temperature exposure.
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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 section 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.

e. Test duration.
f. Test item configuration.
g. Relative humidity control requirements (if necessary).
h. Additional guidelines.
I-5. REFERENCES

a. AR 70-38, Researc evelopment, Test and Evaluation of Materiel
Extreme Climatic Conditions. 1 August 1979.

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

C. n i a round terial r - =21 limati xtreme
for Military Equipment. Bedford, MA: Air Force Cambridge Research

Laboratories, 24 January 1974. DTIC number AD-780-508.

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

e. NATO STANAG 2831, Climatic FEnvironmental Conditions Affecting the
Design of Materiel for Use by NATQ Forces Operating in a Ground Role.
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METHOD 501.2
HIGH TEMPERATURE

SECTION II

II-1 APPARATUS
II-1.1 Test Facility

a. The required apparatus consists of a chamber or cabinet together with
auxiliary instrumentation capable of maintaining and continuously 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 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 heat transfer in the test item.

c. 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
(3.69F)) 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 otherwise specified, the rate of temperature change shall not
exceed 10°C (189F) per minute.

II-1.3 Test interruption. (See General Requirements, 4.5.4.)
a. Undertest interruption

(1) Cycling. 1If 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 (noncyclic) test is being
conducted and an unscheduled interruption occurs that causes the test condi-
tions to fall out of allowable tolerances toward standard ambient condjtions,
the test item shall be restabilized at the required test temperature and the
test continued from the point where test conditions were left. Duration of
initial and final test periods shall be recorded.

METHOD 501.2
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b. Qvertest interruption. Any interruption in a cyelic 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. 1If 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 a test item failure occurs during the remainder of the test, the
test results could be considered invalid because of the overtest conditions.

If no problem has been encountered, reestablish pre-interruption conditions and
continue from the point where the test tolerances were exceeded.

II-2 PREPARATION FOR TEST

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

a. Which test procedures aré required.

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

¢. 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 test item into the chamber and stabilize the test item
at controlled ambient conditions (General Requirements, U4.4b).

Step 3. Conduet 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 test item configuration.

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

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

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

METHOD 501.2
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II-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.

II-3.1 Procedure I = Storage

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

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

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

Step 4. Expose the test item to the temperature (and humidity, if
applicable) conditions of the storage cycle for at least seven cycles (a total
of 168 hours) or as 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, adjust the 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.

11-3.2 Procedure II - Operation

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 cyclic, and whether the temperature(s) was:

a. Specified by the requirements documents: Proceed to Step 7 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 cyeling exposure.

¢. Cyeclic and derived 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
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StepIS. 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). A

maximum of seven cycles is suggested if repeated response is difficult to
obtain.

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

Step T. tant tem re ex . With the test item in the chamber
in the operational 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 Requirements, 4.4.3).

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

Step 9. Document the results.

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

Step 11. Proceed to Step 15.

Step 12. Cyeling 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 item to at least three cycles or the number of
cycles necessary to assure repeated test item response. Conduct as complete a
visual examination of the test item as possible considering chamber access
limitations. Document the results.

Step 14. Operate the test item during the maximum response period of the
exposure cycle.l/ 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 coincide with the maximum temperature
cycle conditions because of thermal lag of the test item.
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Step 15. With the test item not operating, adjust the chamber air
temperature to controlled ambient conditions and maintain until temperature
stabilization of the test item has been achieved.

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

Step 17. Compare these data with the pretest data.
II-4 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.

¢. Record of chamber temperatures (and humidity if applicable) versus
time conditions.

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

e. Initial failure analysis.
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METHOD 502.2

LOW TEMPERATURE
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SECTION I

I-1 PURPQSE. 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 test 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.

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

d. Changes in electronic components (resistors, capacitors, etc.).
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e. Changes in performance of transformers and electromechanical
component 3.

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.

~1i. Static fatigue of restrained glass.
j. Condensation and freezing of water.

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

1. Change of burning rates.

I-3 GUIDELINES FQR 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 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. Restrictions. This method is not intended for testing equipment to be
ihstalled in and operated in aircraft, since such equipment would usually be
tested according to method 520.

e. Sequence. {(See General Requirements, U4.4.4.) 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.

d. Test 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. In addition, the variables for each test must be determined.

(1) The choice of test procedure(s) depends on the likelihood 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).

v
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(b) Stored at low temperatures.
(¢) Manipulated at low temperatures.

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

by:
(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. erati 1 r of the 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 cold environment.

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

(3) The handling (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.

c. 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

sequence of procedures is applicable., In most cases, all three procedures
should be applied.

(1) Procedure ] - 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 - QOperation. 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 —
before use, procedure II is conducted directly.

(3) Procedure ~ _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 appropriate conditions.

a. Test temperature. The specific test temperatures are preferably
selected from the requirements documents. If this information is not
available, determination of test temperature(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 storage.Z/

- Worldwide use with extended storage periods.

(1) elected regiong. Table 502.2-1 and the map in General -
Requirements, figure 4, 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 1% 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 cycle. For this method, the lowest value in
each range is usually considered.

(2) HYorldwide use. When the test item is to be stored or operated
throughout the world, temperature selection must include 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,

2/ Extended storage is defined as storage for 2 years or longer.

SUPERSEDES -
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(b) Stored at low temperatures.
(¢) Manipulated at low temperatures.

(2) The test conditions that are used during tpé test are determined
by !

(a) The expected temperature at the{dgployment loecation.
{(b) The expected duration at thgfdgbloyment location.

(¢) The test item configurati&#ﬁ
(d) Additional guidelines gg?appropriate.

I-3.1 Choice of test procedure(s)

5

Ed
a. Qperational purpose of the test item. From the requirements

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

b. | t objectives. The primary objectives of the low-temperature test
are to determine if: # ) '

(1) The test 1tem can meet the performance specifications after
storage or during operatloﬁ in a cold environment.

i

i . .

(2) The test/ item can be operated safely during or following low-

temperature exposure. #
/

(3) The handllng (manipulation) requ1red to make the test item

operational can be donducted without affecting its functional performance.
(e{l

Based on this 1nf®rmatlon and the purpose of the test item, determine what test
data are necessaﬁy to ascertain to what extent the test item will satisfy its

low-temperature/requirements.

C. Sgﬁéction of the test procedure(s). Three test procedures are
included witiin method 502.2: storage, operation, and manipulation. Based on
the test dafa requirements, determine which test procedure, combination, or
sequence of procedures is applicable. In most cases, all three procedures
should befapplied.

(1) Procedure I - Storage. Procedure I is appropriate if the test
item i¢ likely to be stored at low temperatures during its service life.
Procedure I is used when it is necessary to determine how low-temperature
stordge affects the test item's safety or performance.

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

tZe 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
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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
before use, procedure II is conducted directly.

(3) Procedure IIL - 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 appropriate conditions.

. a. Test temperature. The specific test temperatures are preferably
selected from the requirements documents. If this information is not
available, determination of test temperature(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 storage.Z/-

- Worldwide use with extended storage periods.

(1) Selected regions. Table 502.2-I and the map in General
Requirements, figure 4, 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-I1 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 cycle. For this method, the lowest value in
each range is usually considered. :

_ (2) Worldwide use. When the test item is to be stored or operated
throughout the world, temperature selection must include 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,

; M‘ er

' it b
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l

2/ Extended storage is defined as storage for 2 years or longer.
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TABLE 502.2-I. low t ture diur cle t 3/
Temperature

Climatic Region

Location

99e?atibnal
. ~

Induced

Mild Cold (CO)

Basic Cold (C1)

Cold (C2)

Severe Cold (C3)

Coastal areas of
Western Europe under
prevailing maritime
influence, southeast
Australia, lowlands
of New Zealand

Most of Europe

Northern contiguous US

Southern Canada

High-latitude coasts
(e.g., southern coast
of Alaska)

High elevations in
lower latitudes

Northern Canada

Alaska (excluding the
interior)

Greenland (excluding
the "cold pole")

Northern Scandinavia

Northern Asia (some
areas)

High Elevations
(Northern and Southern
Hemispheres)

Alps

Himalayas

Andes

Interior of Alaska
Yukon (Canada)
Interior of the
Northern Islands
Greenland Ice Cap
Northern Asia

(—60 to =199C
(21°F to -29F)

-219C to -31°C
(-6°F to -24°F)

-379C to -46°C
(-35°F to -519F)

-51°¢C
(-60°F)

-109C to =219C
(14°F to -6°F)

-259C to -33°C
(=13°F to -27°F)

-370C to -46°C
(-359F to ~519F)

-519C
(-60°F)

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 -51°C 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 Occurrence
-510c/  (-60°F) 20%
-540¢ (-659F) 10%
-570C (=719F) 5%
-619C (=789F) 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 test requirements.

(3) rldwid e wit t d st i . If materiel is to
be stored for extended periods (years) without shelter or protection in areas
that experience very low temperatures, such as the "cold 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) n rd r - ty-related (non-life- t t
equipment. Most materiel in this category (in a nonoperating mode), with the
possible exception of organic plasties (I-2h and I-3.2b(2)), will not
experience deterioration following temperature stabilization of the test item
at low temperatures. Following temperature stabilization of the test item, a
storage period of U4 hours will be used for this materiel if no other value is
available.

(2) osiv muniti rganic plasti te. 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.

Y4/ Corresponds to Severe Cold condition.
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(3) BRestrained glass. Glass, ceramics, and glass-type products
(such as those used in optical systems, laser systems, and electronic systems)
that require mounting or restraining in specific positions may experience
static fatigue. A more extended period of low temperature may be required to
induce this phenomenon. A 24-hour exposure usually gives an 87 percent
probability of uncovering this type of design defect.

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

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

(2) Protected or unprotected.

(3) Deployed (realistically or with restraints, such as with
openings that are normally covered).

(4) Modified with kits for special applications.

d. Additional guidelines. Review the equipment specifications and
requirements 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
information must be considered, such as:

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

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

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

d. Evidence of improper lubrication and assurance that lubricants
specified 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 mmary of test information reqguired. The following information is
required in the test plan for adequate conduct of the tests of section II.

a. Test procedure(s).
b. Test duration.
METHOD 502.2
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c. Test item configuration.

d. Location of temperature sensors (if required).

e. Test temperatures and time-versus-temperature data.

f. Additional guidelines.
I-5 REFERENCES

- a. AR 70-38, Research, Development, Test and Evaluation of Materiel for
Ex_t;rsm_e_uLLaLj.s_QQ.n_;_m_a 1 August 1979.

b. MIL-STD-210, Climatj xtremes f ilitar ipment. 15 December
1973.

c. n i r terjal r - - limatic Extreme
for Military Equipment. Bedford, MA: Air Force Cambridge Research
Laboratories, January 1974. DTIC number AD-780-508.

d. NATO STANAG 2831, Climatj vironmental Condition cting t
ri r ting in round le.
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METHOD 502.2
LOW TEMPERATURE
SECTION II
II-1 APPARATUS
IT-1.1 est cilit

a. The required apparatus consists of a chamber or cabinet and auxiliary
instrumentation capable of maintaining and continuously monitoring the requirec
conditions of low temperature throughout an envelope of alr 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 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
(3.69F)) 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.

c. rat neasuyrenment.. Temperature sensor instrumentation is
required on or in the test item to establish temperature stabilization data.

d. Temperature recording. Continuous recordlngs of the chamber and test
item temperature shall be made if required.

II-1.3 Test interruption (See General Requirements, 4.5.4.)
a. Undertest interruptions. An interruption which allows test

temperatures to fluctuate outside allowable tolerances toward ambient
conditions should be followed by a complete physical inspection and operational
check (where possible). If no problems are encountered, restabilize the test
item at the test temperature and continue from the point of the interruption.

Any problems should constitute test item failure, since no extreme conditions
were encountered.

b. QOvertest interruptions. Any interruption that results in more extreme
exposure of the test item than required by the equipment specification should
be followed by a complete physical examination and operational check (where
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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
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 could be
considered invalid because of the overtest condition. If no problem has been
encountered, reestablish preinterruption conditions and continue from the point
where the test tolerances were exceeded.

II-2 PREPARATION FOR TEST

IT-2.1 Preliminary steps. Before initiating any testing, determine 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 temperature sensors in or on the test item as required to
determine the test item temperature(s).

Step 2. 1Insert the test item into the chamber and stabilize the test item
at standard ambient conditions (General Requ.rements, 4.4a).

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 test item configuration.

Step 6. Conduct an operational checkout 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 PRQCEDURES. The following test procedures, alone or in combination,
provide the bases for collecting the necessary information concerning the test
item in a cold environment. Operational checkouts should be conducted after
storage and after manipulation to verify successful completion of both
procedures. Proceed to the first test procedure as determined from the test
plan.
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I1I-3.1 Procedure I - Storage

Step 1. Adjust the test item to its storage conflguratlon and install it
in the test chamber. i

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

M
w

Step 3. Following temperature stablllzat%gn of the test item (General
Requirements, 4.4.3), maintain the storage temﬁerature for a period as

specified in the test plan. &
Step 4. Conduct a visual examination i of the test item and compare the
results with the pretest data. Record any’pertlnent physical changes or the
fact that there were no obvious changes.w
‘i -
Step 5. If low-temperature operation is required, proceed to II-3.2;
otherwise, proceed to step 6 below.
Step 6. Adjust the chamber a;r temperature to standard ambient and
maintain until temperature stab11$&at10n of the test item has been achieved.
#
&
Step 7. Conduct a completewv1sual examination of the test 1tem, and

document the results. &
E

F4 )
Step 8. Conduct an operﬁtional checkout of the test item, and document
the results. 4

Step 9. Compare thes¢ data with the pretest data.

II-3.2 ation

Step 1. With the st item in the test chamber, adjust the chamber air
temperature to the low pperating temperature of the test item as specified in
the test plan. Maintajin until temperature stabilization of the test item has
been achieved. ;

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

Step 3. Docu bnt the results.
Pl
Step 4. Conghct an operational checkout of the test item as in I1I-2.2,
step 6. i
{

Step 5. Dﬁcument the results.

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

Step 7 Adjust the chamber air temperature to standard ambient”and
malntaln until temperature stabilization of the test item has been achieved.

//
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Step 8. Conduct a complete visual examination of the test item.
Step 9. Document the results.
Step 10. Conduct an operational checkout as in II-2.2, step 6.
Step 11. Document the results.
Step 12. Compare these data with the pretest data.

II-3.3 Progedure III - Manipulation

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 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 L.

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. Option 1 - To be used when a "walk-in" type chamber is available:
With personnel clothed and equipped as they would be in a low-temperature
tactical situation, disassemble the test item as would be done in the field,
and repack it in its normal shipping/storage container(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
reestablished.

Step 5. If operation of the test item is required at low temperatures,

repeat step 2, above, and then proceed to step 1 of 1I-3.2. If not, proceed to
step 6 of this procedure.

Step 6. Conduct a complete visual examination of the test item.
Step 7. Document the results for comparison with the pretest data.
Step 8. Adjust the chamber air temperature to standard ambient and

maintain until temperature stabilization of the test item has been achieved.
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Step 9. Conduct a complete visual examination of the test item.
Step 10. Document the results.

Step 11. Conduct an operational checkout of the test item as in II-2.2,
step 6.

Step 12. Document the results.
Step 13. Compare these data with the pretest data.
II-4 INFORMATION TO BE RECORDED
a. Previous test methods to which the test item has been subjected.

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

(1) Pretest.

(2) During test.

(3) Post-test.
c. Length of time required for each performance check.
d. Status of the test item for each visual examination.
e. Defects noted during visual examinations.

f. Clothing and special equipment used to set up or disassemble the test
item.

g. Test temperatures.
h. Duration of each exposure.

i. Appropriate anthropometric measurements of personnel performing
manipulation tests.

»

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

k. Initial failure analysis.
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METHOD 503.2

TEMPERATURE SHOCK
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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 result of exposure to sudden temperature
changes, operation of the test item may be affected either temporarily or

permanently. Examples of problems that could occur as a result of exposure to
sudden changes in temperature are:

a. Shattering of glass, vials, and optical equipment.

b. Binding or slackening of moving parts.

c. Separation of constituents.

d. Changes in electronic components.

e. Electronic or mechanical failures due to rapid water or frost
formation.

f. Cracking of solid pellets or grains in explosives.

g. Differential contraction or expansion of dissimilar materials.
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h. Deformation or fracture of components.
i. Cracking of surface coatings.
J. Leaking of sealed compartments.
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 applicable to equipment which may ex-
perience extreme rapid temperature changes in its anticipated area or mode of
deployment. These 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 aircraft external stores (electrical equipment pods,
guided bombs, etc.), stores installed in bomb bays, and optical equipment.

(2) Air delivery/airdrop from high altitude (low temperature) to a
desert environment (high temperature).

(3) Transfer of (ground) equipment to and from heated areas within a
low-temperature environment (includes air delivery to a cold environment).

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

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

c. Sequence. (See General Requirements, 4.4.4.) This test
method should follow the high- and low-temperature tests where test item
response characteristics and performance determinations have been obtained.
Such information should be used for better defining the test conditions to be
used for this procedure.

d. Test variations. This method has 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:
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(1) The expected exposure temperatures.

(2) The test item's logistic configuration.

(3) The test item's deployment configuration.

(4) The test item's extreme storage temperatures.

(5) Additional guidelines as appropriate.
I-3.1 Choice of test variatjons
a. Qperational purpose of the test item. 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 temperature shock test
are to determine if:

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

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

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

and ground transfer 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) Aircraft flight exposure. This is appropriate if the test item

is 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) Air delivery - desert. This is appropriate for equipment which

is delivered over desert terrain from unheated, high-altitude aircraft.

(3) Ground transfer or air delivery - arctic. This is intended to

test equipment for the effects of movement to and from heated storage, mainte-
nance, or other enclosures or a heated cargo compartment in cold regions.

(4) Engineering design. This is used to detect marginal design or
workmanship practices.
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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.

a. Test temperatures. 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.

(1) Deployment application (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
(General Requirements) can be used to determine test temperatures for the
anticipated deployment locations.

(2) Air 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 aircraft cargo compartment
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 he found in
MIL-STD-210. This high temperature surface extremes should be determined
according to I-3.2a, from tables 503.2-I 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 (709F) and 25 per-
cent relative humidity. These conditions were selected to roughly corres-
pond to normal heating practices in the Arctic and on aircraft. Selection of’
the outside ambient conditions should be based upon the climatic categories or
areas listed in table 503.2-III. ‘
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Diurnal cycle of temperature for
high-temperature 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 9y 32 90 32 91
0300 | 34 93 34 9y 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 91 30 86 31 88
0700 | 33 91 36 97 31 88 34 93
0800 | 35 95 4o 104 34 93 38 101
0900 | 38 101 by 111 37 99 42 107
1000 | 41 106 51 124 39 102 45 113
1100 | 43 110 56 133 41 106 51 124
1200 | uy 112 63 145 42 107 57 134
1300 | 47 116 69 156 43 109 61 142
1400 | 48 118 70 158 43 110 63 145
1500 | 48 119 71 160 43 110 63 145
1600 | 49 120 70 158 43 110 62 144
1700 | 48 119 67 153 43 109 60 140
1800 | 48 118 63 145 42 107 87 134
1900 | 46 114 55 131 4o 104 50 122
2000 | 42 108 48 118 38 100 by 111
2100 | 41 105 41 105 35 97 38 101
2200 | 39 102 39 103 34 95 35 95
2300 | 38 100 37 99 34 93 34 93
2400 | 37 98 35 95 33 91 33 91
METHOD 503.2
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TABLE 503.2-II. - r m
Climatic Conditions
Categoryl/ Location2/ Operational Induced
oc (°F) oc (°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 southwest
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.

METHOD 503.2
19 July 1983

503.2-6




MIL~STD-810D
19 July 1983

TABLE 503.2-1II. - r r r m.
Climatic Conditions
Category Location3/ Operational Induced
Mild Cold (CO) | Coastal areas of -6° to -19°C -10°9 to -21°C

Basic Cold (C1)

Cold (C2)

Severe Cold (C3)

Western Europe under
prevailing maritime
influence, southeast
Australia, lowlands of
New Zealand.

Most of Europe,

northern contiguous US
southern Canada,

High-latitude coasts,
e.g., southern coast
of Alaska

High elevations in
lower latitudes

Northern Canada,

Alaska (excluding the
interior),

Greenland (excluding
the "cold pole"),

northern Scandinavia,

northern Asia (some areas),

Tibet,

High Elevations
(Northern and Southern
Hemispheres):

Alps
Himalayas
Andes

interior of Alaska
Yukon (Canada),
interior of the
Northern Islands,
Greenland ice cap,
northern Asia

(219 to -2°F)

-219 to -310C
(-6° to -24°F)

~379 to -U6OC
(=359 to -51°F)

-519C
(-600F)

(149 to -69F)

=250 to -33°C
(-139 to -27°F)

=37° to -U6°C
(=359 to -51°F)

-510C
(-609F)

3/ See 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
aircraft 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 achieved when equipment is exposed to the climatic
conditions of the various ground climatic categories could be obtained from the
test results of high- and low-temperature exposure (methods 501.2, 502.2, and
505.2) for either the operational or storage configuration. The latter
assumption must take into account the induced effects of 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 transfer, the high-temperature facility will be cycled through the
appropriate diurnal cycle (table 503.2-I) from the beginning of the hour at
which the maximum air temperature is experienced until the test item response
temperature is reached. Other tests, such as electronic screening, may require
even more extreme temperatures.

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

(2) Protected or unprotected.

(3) Deployed (realistically or with restraints).

(4) Modified with kits for special applications.

(5) Packaged for airdrop.
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f. lativ idity. 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 Test conditions. The test conditions 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 required. 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-temperature cycle, the test item response temperature, and the
initial temperature for the temperature cycling.

f. Additional guidelines.
I-5 REFERENCES

a. AR 70-38, Research, Development, Test and Evaluation of Materiel for
Extreme Climatjc Conditions, dated 1 August 1979.

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

c. n r r r =3TD~-
Military Equipment. Bedford, MA: Air Force Cambridge Research Laboratories,
24 January 1974. DTIC number AD-780-508.

d. NATO STANAG 2831, Climati vir
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METHOD 503.2
TEMPERATURE SHOCK

SECTION II

II-1 APPARATUS
II-1.1 TIest facilitjes

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. Air velocity in the vicinity of the test item shall not
exceed 1.7 m/s (325 ft/min) to provide standard testing conditions, unless
Justified by the test item platform environment.

¢. 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 Test interruption (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.
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b. Qvertest interruption. 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.

11-2 PREPARATION FOR TEST

I1-2.1 Egg;ig;ggnz_giggg. Before initiating any testing, from the test plan:
a. Determine the test temperature levels.
b. Determine the test item configuration,
¢. Determine the operational requirements.

d. Estimate the time required at each temperature. (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 also be examined by
nondestructive examination methods. Conduct the checkout as follows:

Step 1. Stabilize the test item at standard ambient conditions (General
Requirements, U.la).

Step 2. Conduct a complete visual examination of the test item with spe-
cial attention to stress 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 operational checkout in accordance with the approved
test plan.

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

Step 7. 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 198
503.2-11 y 1983



MIL-STD-810D
31 July 1986

II-3 PROCEDURE. The following procedure provides the basis for collecting the
necessary information concerning the test item in a severe temperature shock
environment: (The procedure is written to start with low temperature. However,
it is permissible to start with high temperature, and alternate between the two
temperature extremes in sequence.)

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

Step 2. Transfer the test item to the high-temperature environment (as
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 cycle 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 at that temperature.

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

Step 4. Repeat steps 2 and 3.

Step 5. Repeat step 4.

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

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

II-4 INFORMATION 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.
(3) Post-test.
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b. QOvertest interruption. 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, sueh as with munitions. If
a problem is discovered, the preferable course of agtion is to stop the test
and start over with a new test item. If this is ngt done and test item failure
occurs during the remainder of the test, the tesp ‘results could be invalid due
to the overtest condition. If no problem is diﬁcovered reestablish
preinterruption conditions and continue from Bhe point where the test
tolerances were exceeded. &

1I-2 PREPARATION FOR TEST
II-2.1 Preliminary steps. Before iniﬁiating any testing, from the test plan:

a, Determine the test temperagyre levels.
b. Determine the test item 95nfiguration.

¢. Determine the operatiodal requirements.
}
d. Estimate the time rqﬁuired at each temperature. (Install temperature
sensors if necessary.) 4

»Zé

II-2.2 wmmmmm; All test items require a pretest

checkout at standard am ient conditions so that baseline data can be estab-
lished. Munitions and jother items, where applicable, shall also be examined by
nondestructive examin%ﬁion methods. Conduct the checkout as follows:
ri
Step 1. Stabilﬁﬁe the test item at standard ambient conditions (General
Requirements, 4, ua)

Step 2. Con?%ct a complete visual examination of the test item with spe-
cial attention stress areas such as corners of molded areas and interfaces
between differeft materials.

Step 3. jﬁbcument the results.

Step u.fiPrepare the test item in accordance with General Requirements,
4,5.2, and jrequired test item configuration.
4

5. Conduct an operational checkout in accordance with the approved

. Record results for compliance with General Requirements, 4.5.1.

. If the test item operates satisfactorily, proceed to step 1 of
proc¢dure I. If not, resolve the problems and restart at step 1, above.
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IT-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 this temperature for 1 hour or until the test item has been
stabilized, whichever is longer.

Step 2. Transfer the test item to the high-temperature environment (as
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 cycle 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, etec.,
the test item can be left at the test temperature or returned to 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, U.4b) and stabilize.

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

II-4 INFORMATION 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.

(3) Post-test.
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Length of time required for each performance check.
High and low test temperatures.

Transfer times.

Duration of eaéh exposure,

Test interruptions.

Initial failure analysis.
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SOLAR RADIATION (SUNSHINE)

Page

SECTION I
I-1 PURPOSE . . . . e e e e e e e e e e e e s e . s 505.2-1
I-2 ENVIRONMENTAL EFFECTS e e e v e e e e e v e e . . B05.2-1
I-3 GUIDELINES FOR DETERMINING TEST

PROCEDURES AND TEST CONDITIONS . . . . . . . . . . . 505.2-2

I-4 SPECIAL CONSIDERATIONS . . v + ¢ 4 ¢ ¢ o ¢« s « « « « . 505.2-8
I-5 REFERENCES . . . ¢ ¢ ¢ ¢« ¢ v ¢ o o o o v o o o o o o o 505.2-8

SECTION II
I1-1 APPARATUS . . . . e s s e e s e s s 4 e s e s s . . 505.2-10
II-2 PREPARATION FOR TEST e e e e 4 e s s e e e e s e e . . 505.2-13
I1I1-3 PROCEDURES . . . . e e e e e e e e e s e .. 505.2-14
II-4 INFORMATION TO BE RECORDED e e e e e e s e e e .. . 505.2-17

SECTION I
I-1 PURPOSE. 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 EFFECIS
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. 1In 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. 1In 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 joints and glued parts.

¢. Change in strength and elasticity.

d. Loss of calibration or malfunction of linkage devices.

e. Loss of seal integrity.

f. Changes in electrical or electronic components.

g. Premature actuation of electrical contacts.

METHOD 505.2
19 July 1983
505.2-1



MIL-STD-810D
19 July 1983

h., Fading of colors of color-coded components.

i. Changes in characteristics of elastomers and polymers.

J. Blistering and peeling of paints and other finishes.

k. Softening of potting compounds.
I-2.2 Acgtinic effects. 1In addition to the heating effects of I-2.1, which are
caused by the infrared portion of the solar spectrum, certain degradation from
solar energy may be attributable to other portions of the spectrum,
particularly the ultraviolet. Since the rate at which these reactions will
occur generally increases as the temperature rises, the full spectrum must be

used to adequately simulate the actinic effects of solar radiation. Some
examples of deterioration caused by actinic effects are:

a. Fading of fabric color.
b. Checking and fading of paints.

6. Deterioration 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

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

b. 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.

¢. Sequence. (See General Requirements, 4.4.4.) The solar radiation
test may be applied at any stage in the test program.

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

(1) The choice of test procedure is based on the following:
(a) The anticipated exposure circumstances.
(b) The expected problem areas within the test item.
(¢) The duration of exposure to solar radiation.
(2) The related test conditions that are used during the test are

determined by:

METHOD 505.2

10 Iulv 1981



MIL-STD-810D
19 July 1983

(a) The anticipated areas of deployment.

(b) The test item configuration.

(e¢) Additional guidelines as appropriate.
I-3.1 gCholce of test procedure

a. QOperational 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.

(2) The physical degradation which occurs during exposure produces
adverse effects on the test item. Based on this information and the purpose of
the test item, determine what test data are necessary to evaluate the required
performance of the 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 requiremants, determine which of the
test procedures is applicable,

(1) r - in rh . 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
dyring and after exposure. The solar radiation test (as opposed to the high
temperature test, method 501.2) 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) Progedure II - Steady state for prolonged actinic effects. 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 prolonged,
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
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
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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 intensely and
duration), the spectrum must be as close as possible to that of natural

sunlight.

The 4-hour "lights off" period of each 24-hour cycle allows for test iten
conditions (physical and chemical) to return toward "normal" and provide
some degree of thermal stress exercising.

I-3.2 Choice of related test conditions. Having chosen the test procedure,

it is necessary to choose the diurnal cycle, test duration, test item config-
uration, relative humidity, and any additional appropriate conditions.

a. Diurnal cycle. For Procedure I, two high temperature dirunal
cycles are provided in table 505.2-I with the same solar radiation conditions
for both. Tae first cycl& (Hot Dry) has a peak temperature of 49°C (120°F)
and 1120 W/m“ (355 Btu/ft“/hr) and represents the hotest conditons exceeded
not more than one percent of the hours in the most extreme month at the most
severe locations in those portions of the earth 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 tﬁmperature of 44°C (110°F) and a solar radiation
intensity of 1120 W/m~. This cycle is used when there is a requirement
for the test item to perform without degradation in many geographical
areas of the world that extend outward from the "Hot Dry'" regions of the
United States, Mexico, Africa, Asia and Australia, Southern Africa, South
America, Southern Spain and Southwest Asia. (See Method 501.2 for area
descriptions.) This cycle is also used when special precautions are taken to
provide protection against the sun in hot, dry areas (such as with munitions).
(RH values in table 505.2-1 are for information only, not for test.)

b. Test duration

(1) Procedure I. The test item shall be exposed to continuous
24-hour cycles of controlled simulated solar radiation and dry bulb temper-
ature as indicated in table 505.2-1 or as specified in the requirements
documents. The number of cycles performed shall be either the minimum
necessary %o produce the peak response temperature of the test item's critical
component(s) (within 2°C (3.69F) of the peak response temperature achieved
during the previous 2U-hour cycle) or three continuous cycles, whichever is
longer. It is suggested that, for most applications, the maximum test
duration should be seven cycles.

SUPERSEDES
METHOD 505.2 Page 505.2-4
31 July 1986 19 July 1983
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(a) The anticipated areas of deployment.
(b) The test item configuration.

(e) Additional guidelines as appropriate.
I-3.1 Choijce of test procedure

a. rati 1 purpose m. From thg nequirements
documents, determine the function(s) to be performed b? the test item during or
after exposure to direct solar radiation,

b. Test objectives. The primary objectiveg{bf the test are to determine
if: K

(1) The test item can satisfy its operatlonal requirements during ‘and
after exposure to solar radiation. ;

(2) The physical degradation which occurs during exposure produces
adverse effects on the test item. Basedson this information 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.

c. 5g1ggLiQn_gf_gng_jgmmgnzgggﬁune. Two test procedures are included
with this method. Based on the test data requirements, determine which of the

test procedures is applicable.

(1) mmm;mm&_&r_m_emm This test procedure is
used if the test item is expectéd to withstand the heat from exposure in the
open in hot climates and stilk be able to perform without degradation both
during and after exposure, The solar radiation test (as opposed to the high
temperature test, method 501. .2) should be used when the test item could be
affected (see I- 2) by dlfferential heating or when the heating caused by solar
radiation is unknown. Aft;r the induced temperature and temperature effects
have been determined to bé comparable to the temperature and temperature
effects that could be prgduced by method 501.2 (high temperature), the latter
could (for economic reagons) be substituted for this solar radiation test.

(2) Proceduré II - Steady state for prolonged actinic effects. This
procedure is used when the principal concern is the possibility that long
periods of exposure ¢o sunshine will result in detrimental actinic effects.
Because actinice effqbts do not usually occur unless the exposure is prolonged,
it is inefficient gp use the cyecling test of procedure I, which could
conceivably take mgnths to conduct. The approach, therefore is to use an
accelerated test y%lch is designed to reduce the time to produce integrated
effects of long riods .of exposure. The key to using this procedure
successfully is maintaining enough cooling air to prevent the test item from
exceeding tempepatures that would be attained under natural conditions (such as
the cycling te§t simulates), so that there will not be an exaggerated test
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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 spectrum must be as close as possible to that of natural
sunlight.

The UY-hour "lights off" 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 exercising.

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. Diurnal cycle. For procedure I, two high-temperature diurnal cycles
are provided in table 505.2-I, with the same solar radiation conditions for
both. The first cycle (Hot Dry) has a peak temperature of 490C (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 extreme month at the most severe

‘{ocations under consideration. This cycle is used when there is a requirement

the test item to perform satisfactorily worldwide. The second cycle (Basic
Dry) is less severe and peaks at an air temperature of U4OC (111°F) and a

£

N}E,Vsolar radiation intensity of 1120 W/m2. This cycle is used when there is a
&

requirement for the test item to perform without degradation in many
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 special precautions are taken to
provide protection against the sun in hot, dry areas (such as with munitions).

b. Iest duration

(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 505.2-1I 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 29C (3.60F) of the peak ‘response temperature
achieved during the previous 24-hour cycle) or three continuous cycles,
whichever is longer. For most applications, the maximum test duration should
be seven cycles.

U s 37 .

(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 item is concerned. Eight hours of exposure to 1120 w/m2 (355
Btu/ft2/h), as in the steady-state test, is equal to 2l hours of the cycling
test (20 hours of light and 4 hours of no light per cycle). A duration of ten
24-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.
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(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 item is concerned. Eight hours of exposure to 1120 W/m2
(355 Btu/ft2/h), as in the steady-state test, is equal to 24 hours of the
eyeling test (20 hours of light and 4 hours of no light per cycle). A duration
of ten 24-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 1s 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.
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TABLE 505.2-I. Temperature solar radiation diurnal cyeles.l/
Solar Radiation
Hot-Dry Basic Hot (See Figure 505.2-1)
Time °C OF RH (%) °C OF RH (%) W/m2 Btu/ft2/hr
0000 37 98 6 33 91 33 0 0
0300 34 93 7 32 90 49 0 0
0600 32 90 8 30 86 4y 55 18
0900 38 101 6 37 99 29 730 231
1200 4y 112 4 42 107 18 1120 355
1500 48 119 3 4 110 14 915 291
1600 49 120 3 44 110 14 730 231
1800 48 118 3 42 107 15 270 85
2100 41 105 5 36 97 22 0 0
2400 37 98 6 33 A 33 0 0
, [ J¥
S
Max 49 120 8 44 110 4l 1120 355
Min 32 90 3 30 86 14 0 0

1/ Selection of temperature conditions depends on the requirements document(s)
and the condition to which the particular item will be subjected during normal
usage.
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c. nfiguration. 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
the heating effects, as will its mounting (on supports or on a substrate of
specified properties, e.g., a layer of concrete of specified thickness or a
sand bed of certain reflectivity).

d. Additional guidelines. Review the requirements document(s). Apply

any additional guidelines appropriate.

I44.1 Failure analysis (See General Requirements, 4.5.7.)

4 a. Procedure I. Both at peak temperature and after return to standard
f mbient conditions, the performance characteristics of the test item will not
v e 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 observations 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 informatjon 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.
¢. Location of temperature sensors.
d. Number of cycles.
e. Appropriate diurnal cycle (for procedure I).
f. Spectral radiation of the source.
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, Research, Development, Test and Evaluation of Materiel for
Extreme Climatic Conditions, 1 August 1979.
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b. MIL-STD-210, Climatic Extremes for Military Equipment,

15 December 1973.

C.

for Military Equipment. Bedford, MA: Air Force Cambridge Research
Laboratories, January 1974. DTIC number AD-780-508.

d. Draft STANAG 2895, Climatic Environmental Conditions Affecting the
Design of Materiel for Use of NATO Forces, 13 September 1977.

e. NATO STANAG 2831, Climatic Environmental Conditions Affecting the
Design of Material for Use by NATO Forces Operating in a Ground Role.
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METHOD 505.2
SOLAR RADIATION (SUNSHINE)

SECTION II

II-1 APPARATUS
I1-1.1 Test facility

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 test
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
consistent with achieving satisfactory control of temperature. Adjustments of
the temperature within the enclosure and control of chamber gradients by
suitable heating and cooling of the walls of the enclosure eliminate the need
for high air velocities. The air velocity shall be maintained between 0.25 and
1.5 m/s (50 to 300 ft/min).

¢. 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
11).

e. The irradiance shall have a maximum intensity of 1120 W/m2 (+10%), and
the radiation 4%%ling$on the test item shall be uniform to within +10% of the
desired value, with the spectral distribution given in table 505.2-II. Where
thermal effects only are to be assessed, deviation from this spectral distri-
bution is permitted, but the irradiance must be adjusted to give an equivalent
heating effect. 1In 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
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W/m2 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. r d m .

Spectral Region

CHARACTERISTIC ULTRAVIOLET VISIBLE INFRARED
Bandwidth 0.28 to 0.32 to 0.40 to, 0.78um 0.78 to
0.32um 0.40um R =5<f%fg 3.00 um
Irradiance 5 W/m2 63 W/m2 {517 to 604 W/m2J$ 492 wW/m2
Tolerance +35% +25% £108 ﬁ

®NOTE: The amount of radiation wavelength shorter than 0.30um 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.

g. Light source

(1) Tests conducted for degradation and deterioration of materials
due to actinic effects, as well as heat buildup within the test items, must
satisfy the full spectrum of table 505.2-I1 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 vapor with suitable reflectors.

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

(d) Carbon arc lamps with suitable reflectors.

NOTE: Other combinations of the lamps listed above and in I1I-1.1g(2) below
may be used if it is proven that the combination produces the spectrum
of table 505.2-11.

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

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

(d) Metal halide.

(e) Mercury xenon arc lamps with suitable reflectors.

(f) Multivapor (clear or coated bulb) with suitable reflectors.
(g) Tungsten filament lamps.

This 1ist is not intended to exclude new lamps made available by advanced
technology.

II-1.2 Controls

a., Temperature. 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, at 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 reasonagle control of the envelope of air
surrounding the test item. Gdd - VOT euwiy Wy o

b. Surface contamination. 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.

c¢. JInstrumentation
IIEM TOLERANCE

Pyranometer or pyrheliometer Total irradiation (direct and scattered)
to +47 W/m2 (+£14 Btu/ft2/h)

Spectroradiometer or filtered +5% of reading.
pyranometer

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 pyrheliometer. Spectral distribution of
irradiance as a function of wavelength shall be measured with a spectral
radiometer or filtered pyranometer.
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d. Calibration of chamber. Because of the variety of permissible lamps
and chamber designs, it is particularly important that the chamber be cali-
brated to assure that the proper levels of radiant infrared energy are
impacting the 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,

.....

This value is based on the manufacturer's guarantee for minimum bulb life.

II-1.3 Test interruptions (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 conditiondg 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 is low during the remaining reduced levels of temperature and solar
radiation.)

b. OQvertest interruption. 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.

I1-2 PREPARATION FOR TEST

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

a. Which test procedures are required.
b. The diurnal cycle to be used.
c. Other variables, such as number of cycles, etc.

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 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 specified.

Position the test item in accordance with the following:
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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
to the solar radiation, unless a prescribed orientation sequence is to be
followed.

¢. Separated from other items that are being tested simultaneously, to
insure that there is 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-3.2c), with the temperature
sensors necessary to determine test item response.

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

Step 6. Record results for compliance with General Requirements, 4.5.6.

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 accordance 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 practical. (See II-1.1c and
d.)

b. Oriented, within realistic limits, to expose its most vulnerable parts
to the solar radiation, unless a prescribed orientation sequence is 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 combination,
provide the bases for evaluating the performance of the test item in a solar
radiation environment.

II-3.1 Pr - £

Step 1. Raise the chamber air temperature to the 0000-hour temperature of
table 505.2-1. '
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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-I1 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 temperature of
the most critical area of the test item achieved during a cycle is within $2°C
(£3.6CF) 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-I). The test item may or may not be operated throughout the test, at the
option of the equipment specification. When an evaluation of the heating
effects 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 peak response temperature (measured at
representative locations) achieved during a cycle is within +29C (+3.6°F) of
the peak response temperature achieved during the previous 24-hour cycle, or
during 7 cycles, whichever comes first.

Step 4. Conduct an operational checkout of the test item as in II-2.2,
step 5.

Step 5. Adjust the chamber air temperature to standard ambient conditions
and maintain until temperature stabilization of the test item has been
achieved.

Step 6. Conduct a complete visual examination of the test item.
Step 7. Document the results.

Step 8. Conduct an operational checkout of the test item as in I1I-2.2,
step 5.

Step 9. Document the results.

Step 10. Compare these data with the pretest data.

IT-3.2 Procedure II - Steady state for prolonged actinic effects

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 U49°C (120°F).
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Step 2. Maintain these conditions for 20 hours.l/
Step 3. Measure and record the test item temperatures.
Step 4. Turn off the solar radiation source for 4 hours.

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

Step 6. Conduct a performance check and visual examination as in II-2.:
steps 2 and 5 and document the results.

II-4 INFORMATION TO BE RECORDED
a. Previous test methods to which the test item has been subjected.
b. Test procedure.
¢c. Results of each performance check.
d. Results of each visual examination (and photographs, if applicable).
e. Location of temperature sensors on the test item.
f. Test item temperatures and exposure periods.
g. Solar lamp 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.
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SECTION I

I-1 PURPOSE. The rain test is conducted to determine the following:

a. The effectiveness of protective covers or cases in preventing the
penetration of rain.

b. The capability of the test item to satisfy its performance
requirements during and after exposure to rain.

c. The physical deterioration of the test item caused by the rain.

I-2 ENVIRONMENTAL EFFECTS. Rain (when falling, upon impact, and as deposited
water) has a variety of effects on materiel.

a. In the atmosphere, it:
(1) Interferes with or degrades radio communication (reference d).
(2) Limits radar effectiveness (reference d).

(3) Limits aircraft operations by restricting visibility (reference
d).

(4) Damages aircraft in flight.

(5) Affects artillery and missile launching.
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(6) Degrades or negates optical surveillance.
(7) Decreases effectiveness of personnel in exposed activities.
(8) Causes some fuzes to function prematurely.
(9) 1Inhibits visibility through optical devices.
b. On impact, it erodes surfaces.
¢. After deposition, it:
(1) Degrades the strength of some materials.
(2) Promotes corrosion of metals.
(3) Deteriorates surface coatings.

(4) Can render electrical or electronic apparatus inoperative or
dangerous.

d. After penetration into containers, it:
(1) Causes malfunction of electrical equipment.

(2) May freeze inside equipment, which may cause delayed
deterioration and malfunction by swelling or cracking of parts.

(3) Causes high humidity, which can, in time, encourage corrosion and
fungal growth.

(4) Causes slower burning of propellants.

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 applicable to equipment which may be
exposed to rain under service conditions.

b. Restrictions. Where a requirement exists for determining the effects
of rain erosion on radomes, nose cones, fuzes, etc., a rocket sled test
facility or other such facility should be considered. Since any test procedure
evolved would be contingent on requirements peculiar to the test item and the
facility employed, a standardized test procedure for rain erosion is not
included in this test method. Because of the finite size of the test
facilities, atmospheric rain effects such as electromagnetic propagation may
not be determined with this method. This test method is not intended for use
in evaluating the adequacy of aircraft windshield rain removal provisions.
Additionally, this method may not be adequate for determining the effects of
extended periods of exposure to rain.
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c. Sequence. (See General Requirements, 4.4.4.) 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 test item. Equipment
that passes the leakage test may not require exposure to the rain test if its
configuration is unchanged and the effects of penetration are the main-concern.

d. Test 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
related test conditions that are used during the test are based on:

(1) The test item configuration.
(2) The operational purpose of the test item.

I-3.1 i test pr r

a. Test objectives. 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) The test item can meet its performance specifications during and
after exposure to rain.

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

b. ti t test pr . 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 out-of-doors and which will be unprotected
from blowing rain. The accompanying wind velocity can vary from almost calm t.
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 t«
simulate natural rainfall but will provide a high degree of confidence in the
watertightness of a piece of equipment.
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I-3.2 ice o lat test nditi . Variables under each test procedure
include the test item configuration, rainfall rate, wind velocity, test item
exposure surfaces, water pressure, and any additional appropriate guidelines in
accordance with the requirements document.

a. t item i ation. The test item should be tested in all the
configurations in which it can be placed during its life cycle. As a minimum,
the following configurations should be considered:

(1) In a shipping/storage container or transit case.
(2) Protected or not protected.

(3) 1In its operational configuration.

(4) Modified 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 (4 in./h) is recommended, since it is
not an uncommon occurrence and would provide a reasonable degree of confidence
in the test item. Asia, for example, is known to have high rainfall
intensities. The highest recorded intensity for 1 minute occurred in Maryland
and was 31.2 mm/min (1.23 in./min). For testing purposes, the following 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 r r differen
exposur rati

EDE A Rate

(yr) (in./h) (em/h)
2 4.0 10
5 y.7 12

10 5.2 13

25 5.8 15

¢. Droplet size. Nominal drop-size spectra exist for instantaneous

rainfall rates, but, according to MIL-STD-210B, for the long-term rainfall
rates they are meaningless, since rates are made up of many different
instantaneous rates possessing different spectra. For these tests, droplet
sizes should not be smaller than approximately 0.5 mm in diameter, 1/ which is
considered to be mist or drizzle rather than rain (reference e.), or larger
than 4.5 mm. )

1/ Observations show that there are no drops of less than roughly 0.5 mm
diameter during intense rains (reference c).
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d. Wind velocity. High rainfall intensities accompanied by winds of 18
m/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-force winds.

e. Test item exposure surface. Wind-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. Hater pressure. Procedure III relies on pressurized water. The
pressure may be varied according to the requirements documents, but a minimum
value of 377 kPa (40 psig) nozzle pressure is given as a guideline based on
past experience. This value will produce water droplets traveling at
approximately 64 km/h (40 mph) when a nozzle as specified in paragraph II-1.1le
is used.

g. Additional guidelines. Review the requirements documents for any
additional guidelines.

I-4 SPECIAL CONSIDERATIONS
I-4.1 Failure analvsis

I-4.1.1 Qperational requirements. The failure of the test item to satisfy the
requirements of the equipment specification must be analyzed carefully, and
related information must be considered, such as:

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

b. Necessity for special kits for special operating procedures.
¢c. Safety of operation.

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

a. Unconditional fajilure. Any evidence of water penetration into the
test item enclosure following the rain test shall be considered a failure.

b. Acceptable water penetration. Water penetration of not more than 4
em3 per 28,000 em3 (1 ft3) of test item enclosure 2/ shall be acceptable,
provided the following conditions are met:

2/ This quantity of water (4 em3) is approximately the quantity required to
raise the relative humidity of 1 cubic foot of air at standard ambient con-
ditions (50% RH at 210C (709F) to saturation at 49°C (120°F)). The u49°C
value is realistic for equipment exposed to higher temperature and solar
radiation effects.
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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 (18°F) 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. Exposure surfaces/durations.
f. Wind velocity.
g. Water pressure.
h. Water temperature.
i. Additional guidelines.

I-5 REFERENCES

a. AR 70-38, Research, Development, Test and Evaluation of Materiel for
trem imati diti , 1 August 1979.
b. MIL-STD-210, Climatic Extremes for Military Equipment, 15 December
1973.
c. nopsi r terial r - - limatj trem
for Mjlitary Equipment. Bedford, MA: Air Force Cambridge Research

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

d. Army Materiel Command Pamphlet AMCP-706-116, Engineering Design
nvironment t
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e. Huschke, R.E. (ed.). 1 teorol . Boston: American
Meteorological Society, 1970.
f. MIL-S-55286, Shelter, Electrical Equipment S-280( )/G.
g. MIL-3-55541, Shelter, Electrical Equipment S-250( )}/G.
h. RTCA/DO-160, Environmental Conditions and Test Procedures for
Airborne Equipment, January 1980.
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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-
meter range predominantly between 0.5 and 4.5 millimeters (see I-3.2¢). 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 source
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 water-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 volume 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.

e. 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 approximately 375 kPa (Y40 psig).
At least one nozzle should be used for each 6 ft2 of surface area and should be
positioned 19 + 1 in. from the test surface.3/

II-1.2 Controls

a. For procedures I and 1II, 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-S-55541.
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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. Interruption of a rain test is unlikely to

generate any adverse effects, and normally the test shall be continued from the
point of interruption.

b. rtest inter 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 point of interruption.

II-2 PREPARATION FOR TEST

I1-2.1 iminar t . Before initiating any testing, determine from the
test plan:

a. Which test procedures are required.
b. The rainfall rate and wind velocity for procedure I.
¢. The other variables applicable to the desired procedure.

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

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

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

NOTE: No sealing, taping, caulking, etc., 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 Requirements,
4.5.2, and required 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.
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II-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 it%\normal operating configuration immediately before
testing.) S Or woter confy £

e

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 conduct a visual inspection. It
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 fron
the test item to prevent a safety hazard. Measure the volume of water.

Step 7. Measure and document any free water found inside the protected
areas of the test item.

Step 8. If required, operate the test item for compliance with the
requirements document.

Step 9. Document the results.

II-3.2 Procedure II - Drip

Step 1. Install the test item in the test facility in accordance with
General Requirements, 4.5.2, in its operational configuration with all
connectors and 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 U45° angle, dial up.

Step 3. At the conclusion of the 15-minute exposure, remove the test item
from the test facility and remove sufficient panels or covers to allow the

interior o be seen.
Step 4. Visually inspect the test item for evidence of water penetration.
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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 Procedure III - Watertightness

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

Step 4. After each 40-minute spray period, inspect the interior of the
test item for evidence of free water. Estimate its volume and the probable
point of entry and document.

Step 5. Visually inspect the test item for evidence of water penetration.

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

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
photographs, if applicable).

(1) Pretest.
(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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SECTION I

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

I-2 ENVIRONMENTAL EFFECTS. Moisture can cause physical and chemical deteri-
oration of materiel. Temperature changes and humidity may cause condensation
inside of equipment. Typical problems that can result from exposure to a warm,
humid environment are:

a. Swelling of materials due to moisture absorption.

b. Loss of physical strength.

c. Changes in mechanical properties.

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

e. Electrical shorts due to condensation.

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.
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j. Chemical or electrochemical breakdown of organic surface coatings.
k. Deterioration of electrical components.

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

m. Absorption of moisture 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 ocecur year-round in
tropical areas and seasonally in midlatitude areas.

b. Restrictions. None.

c. 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 cycle 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 ic test r . 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
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 inelude
hermetically sealed items. The internal humidity may be caused by these or
other mechanisms: :

(1) Entrapped, highly humid air.
(2) Presence of free water.
METHOD 507.2

19 July 1983
507 .2-2



MLL=STD=0 10y
19 July 1983

(3) Penetration of moisture through test item seals.

(4) Release of water or water vapor from hygroscoplc material
within the test item.

c. r r - ravated. 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 on
the climate, duration, and test item configuration during shipping, storage,
‘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 conditions should form the basis for selecting the test and test
conditions to use.

a. t temperature-humidity. The specific tesf 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-I includes the temperature and relative humidity conditions for three
geographical categories where high relative humidity conditions may be of
concern, and two related categories of induced conditions. Figures 507.2-1 and
507 .2-2 are approximations-of the cycles and are to be used if chamber control
of table 507.2-I cycles is difficult to achieve. The curves are constructed
with consideration of chamber limitations. A description of each category
follows. L ;

o

b : Vo - -

1 t-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 year 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 .

(2) Constant high humidity. Constant high humidity is found most
often in tropical areas, although it occurs briefly or seasonally in the
midiatitudes. The constant-high-humidity cycle occurs in heavily forested
areas where nearly constant temperature and humidity may prevail during ralny
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 constantly wet or damp for many days at a
time. World areas where these conditions occur are the Congo and Amazon
Basins, the jungles of Central America, Southeast Asia (including the East
* Indies), the north and east coasts of Australia, the east coast of Madagascar,
and the Caribbean islands. The conditions can exist for 25 to 30 days each
month in the most humid areas of the tropics. The most significant variation
of this cycle is its frequency of occurrence. In equatorial areas, it occurs

4
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TABLE 507.2-I. High-humidity diurnal categories.l/

Natural Induced

Hot- High Humidity Hot - Cyolic
Humid Constant Cyelie Humid High Humidity

Time| (Cycle 1) (Cyole 2) (Cycle 3) (Cycle 4) (Cyele 5)

Temp RH Temp RH | Temp RH Temp RH Temp RH

OF ©OC ¢ OF OC ) oF OC ) OF o ¢ OF ©cC %
0000 88 31 88 1002/] 80 27 100 95 35 63 91 33 68
0100] 88 31 88 100 80 27 100 95 35 67 91 22 69
0200] 88 31 88 100 79 26 100 94 34 172 90 32 70
0300] 88 31 88 100 79 26 100 94 34 75 90 32 T1

93 34 77 88 31 72
92 33 79 86 30 Tu
91 33 80 88 31 75
98 81 27 94 97 36 70 93 34 64
97 | 84 29 88 104 40 54 101 38 54
95 87 31 82 111 44 42 107 42 43
95 89 32 179 124 51 31 113 45 36
95 92 33 77 135 57 24 124 51 29
144 62 17 134 57 22
95 94 33 T4 151 66 16 142 61 21

\ 156 69 15 145 63 20
160 71 14 15 63 19
156 69 16 144 62 20
95 92 33 79 151 66 18 140 60 21
145 63 21 134 57 22

ouoof 88 31 88
0500f 88 31 88
0600 90 32 85
0700{ 93 34 80
0800{ 96 36 76
0900| 98 37 73
1000{100 38 69
1100/102 39 65
1200|104 40 62
1300{105 41 59
1400}105 41 59
15001105 41 59
1600{105 41 59
17004102 39 65
1800f 99 37 69

100 79 26 100
100 78 26 100
100 78 26 100

Nearly constant at 249C (759F)
throughout the 24 hours
O
(S ]
(Vo)
—J
w
P —g
cq
LS |

19001 97 36 73 . 97 88 31 81 136 58 29 122 50 32
2000| 94 34 79 98 85 29 91 122 50 41 111 44 U3
2100f 91 33 85 100 83 28 95 105 41. 53 101 38 54
22001 90 32 85 100 82 28 96 103 39 58 95 35 59

2300| 89 32 88 100 81 27 100 99 37 62 93 34 63

1/ Temperature and humidity values are for ambient air.

2/ For chamber control purpose, 100% RH implies as close to 100% as possible
but not less than 95%.
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FIGURE 507.2-1. latural temperature-humidit 1
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FIGURE 507.2-2. Induced temperature-humidity cycles.
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FIGURE 507.2-3. Aggravated temperature-humidity cycles.
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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. Cyclic-high-humidity conditions are
found in the open in tropical areas where solar radiation is a factor. In
these areas, exposed items are subject to alternate wetting and drying, but the
frequency and duration of occurrence are essentially the same as in the
constant-high-humidity areas.

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

(4) 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
equlpment 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 cycles (total
test time) is critical in achieving the purpose of the test. It is preferable
to use the number of cycles given in the requirements documents for the
materiel. If this information is not available, use the following guidance
(see table 507.2-II):

NOTE: Any degradation that could contribute to failure of the test item during
more extensive exposure periods or during exposure to other deployment
environments, such as shock and vibration, shall be documented. Further,
testing shall be extended for a sufficient period of time to evaluate the
long-term effect of its realistic deployment duration (deterioration rate
becomes asymptotic).

(1) m i r - r

(a) Hazardous test jtems. 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 confidence in the test
results. Twice the normal test duration is recommended (see table 507.2-1I,
cyeles 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) Nonhazardous test items. 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 507.2-1I,
cycles 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.
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TABLE 507 .2-1II. cl

NATURAL INDUCED
Hazardous Items Cycle 1 Cycle 2 Cycle 3 C&cle y Cycle 5
Normal
Test Durationl/ 20 120 90 30 30
Quick Lookl/ 7 15 12 7 7
Non-Hazardous Items
Normal
Test Durationl/ 10 60 45 15 15
Quick Lookl/ 5 15 12 7 7

1/ Operational checks are required at least once every 5 days,
but more frequent checks are recommended for early detection of

potential problems.

507 .2-9
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(2) Tests employing procedure II - Induced

(a) Hazardous test 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-II, cycles 4 and 5). Each test can be terminated after the quick-look
level has been reached if the materiel has failed the visual or functional
checkout or if deterioration is obvious.

(b) Nonhazardous test jtems. 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. Nonhazardeus test
items should be exposed to test durations as specified in table 507.2-II,
cycles 4 and 5, depending upon the geographical category to which the materiel
will be exposed. Each test can be terminated after the quick-look level has
been reached if it has been determined that the test item has already failed
the test and additional testing is futile, or if deterioration is obvious.

(3) TIest employing procedure III - Aggravated. Based on past

experience, a minimum of 10 cycles is recommended to reveal potential test item
problems. For the test items incorporating seals to protect moisture-
sensitive materials, e.g., 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 cycle and is
specified in table 507.2-II. Termination at this time (or at any time before
completion of the specified test durations) should be considered if a failure
or "no-test" is accepted. A complete test cycle is still required but is not
recommended on the same test item.

c. t item i tion. During performance of the temperature-
humidity procedures of this method, the test item will be configured as
specified below or as specifically outlined in the requirements documents.
Test item configuration must be selected to reproduce, as closely as
technically possible, the configuration that the test item would assume when
deployed. The following configurations should be considered, but the
worst-case situations are usually used.

(1) 1In 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 (realistically or with restraints, such
as with openings that are normally covered).

d. Additional guidelines. Review the requirements 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 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 procedures or special
kits during exposure to the test levels of temperature and humidity.

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

NOTE: The fajilure mechanism of this test combines the effects of both high
temperature and high relative humidity.

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 item configuration and orientation.
b. Test procedure and category.
¢. Test cycle parameters.
d. Test item temperatures and relative humidities.
e. Test duration.
f. Any sealed areas to be opened during testing.
g. Additional guidelines.
I-5 REFERENCES

a. AR 70-38, Research, Development, Test and Evaluation of Materiel for
Extreme Climatic Conditions, 1 August 1979.

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

1973.
c. Synopsis of Background Material for MIL-STD-210B, Climatic Extremes
for Military Equipment. Bedford, MA: Air Force Cambridge Research

Laboratories, 24 January 1974. DTIC number AD-780-508.
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METHOD 507.2
HUMIDITY

SECTION II

II-1  ARPARATUS

oII-1.1 t facilit

» a. The required apparatus consists of a chamber or cabinet, and
auxiliary instrumentation capable of maintaining and continuously monitoring
the required conditions of temperature, and relative humidity throughout an

envelope of air surrounding the test item(s). (See General Requirements,
y.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
shal’l be determined by employing either solid-state sensors whose calibration
is not affected by water condensation or by an équivalent method, such as
fast-reacting wet-bulb/dry-bulb sensors or dewpoint indicators. Sensors that
are sensitive to condensation, such as the lithium chloride type, are not
recommended for tests with high relative humidity levels. A data collection
system separate from the chamber controllers shall be employed to measure test
volune conditions. A recording device shall be mandatory for the data
collection system. If charts are used, the charts shall be readable to within
+0.69C., If the wet-wick control method is approved for use, the wet bulb and
tank shall be cleaned and a new wick installed before each test and at least
every 30 days. Water used in wet-wick systems shall be of the same quality as
that used to produce the humidity. Water bottle, wick, sensor, and other
components making up relative humidity measuring systems shall, when physically
possible, 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 1,7 meters per second (98 to 325 ft/min).

¢. 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 test conditions and shall not be
injected directly into the test section. Condensation developed within the
chamber test volume during the test, shall be drained from the test volume and
discarded.
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d. No material other than water shall be brought into physical contact
with the test item(s) that will cause the test item(s) to deteriorate or that
will affect the test results. No rust or corrosive contaminants or any
material other than water shall be introduced into the chamber test volume.

e. Dehumidification, humidification, heating, and cooling 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.

II-1.2 Controls

a. JTest parameters. Unless otherwise specified in the requirements
documents, temperature and relative humidity measurements made during the test
shall be continuous if measurements are in analog form, or at 1ntervals 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,
4.4.1 and 4.4.2.

IT-1.3 TIest interruption (See General Requirements, 4.5.4.)
a. Undertest interruptions. An undertest interruption may be best

handled by keeping the chamber closed 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 cycle. Any test item
failure that occurs shall be treated as a failure.

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

I1-2 PREPARATION FOR TEST
II-2.1 Preliminary steps. Before initiating any testing:

a. Determine from the test plan which test procedures are required.

b. Determine from the test plan the temperature-humidity operation and
storage requirements and corresponding temperature-humidity cycle(s) from table
507.2-1.
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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
auxiliary instrumentation capable of maintaining and continuously monitoring
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 chloride type, are not
recommended for tests with high relative humidity levels. A data collection
system separate from the chamber controllers shall be employed to measure 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
+0.69C. If the wet-wick control method is approved for use, the wet bulb and
tank shall be cleaned and a new wick installed before each test and at least
every 30 days. Water used in wet-wick systems shall be of the same quality as
that used to produce the humidity. Water bottle, wick, sensor, and other <Aecé‘2
components 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
(300 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 (S8 to 39§‘ft/min). .7
1z

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 1is used
to humidify the envelope of air, the water shall be temperature conditioned
before its injection to prevent upset of the test conditions and shall not be
injected directly into the test section. Condensation developed within the
chamber test volume during the test, shall be drained from the test velume and
discarded.
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d. No material other than water shall be brought into physical contact
with the test item(s) that will cause the test item(s) to deteriorate or that
will affect the test results. No rust or.corrosive contaminants or any
material other than water shall be introduced into the chamber test volume.

e. Dehumidification, humidification, heating, and cooling 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.

II-1.2 Controls

a. JTest parameters. Unless otherwise specified in the requirements
documents, temperature 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 accuraeies, tolerances, etc., of General Requirements,
4. 4.1 and 4.4.2.

II-1.3 Test interruption (See General Requirements, 4.5.4.)
a. Undertest interruptions. An undertest interruption may be best

handled by keeping the chamber closed 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 cycle. Any test item
failure that occurs shall be treated as a failure.

b. QOvertest 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 completé physical examination and operational
check of the test item (where possible) before any continuation of testing.
This is especially true where a safety problem could exist, such as with
munitions. If a problem is discovered, the preferable course of action is to
terminate the test and reinitiate testing with a new test item. If this is not
done and test item failure occurs during the remainder of the test, the test
results may be considered invalid. If no problem has been encountered,
reestablish preinterruption conditions and continue from the point where the
test tolerances were exceeded.

II-2 PREPARATION FOR TEST
II-2.1 Preliminary steps. Before initiating any testing:
-a. Determine from the test plan which test procedures are required.

b. Determine from the test plan the temperature-humidity operation and
storage requirements and corresponding temperature-humidity cycle(s) from table
507 .2-1I.
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c. The test chamber should be operated and its proper operation
verified before the actual test is begun.

II-2.2 Pretest standard ambient checkout. All items require a pretest
checkout at controlled ambient conditions {(General Requirements, U4.U4b) to
provide baseline data. For procedure 1, this checkout should be conducted
before step 1. Conduct the prefest checkout as follows:

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

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

Step 3. Adjust the chamber to controlled ambient conditions (General
Requirements, U4.4b) and maintain for 24 hours.

Step 4. Conduct a complete visual examination 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 compliance with General Requirements,
h.5.1.

I1-3 PROCEDURES. 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.

I1-3.1 Procedure I -~ Naturail

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 ZLi-hour cycle with the time-temperature-humidity
values specified in the appropriate cycle or the approximated curves of figure
507 .2-1.

Step 3. Perform an operational checkout of the test item at any
convenient time in the 24-hour cycle during which test conditions are constant
and at maximum temperature and RH levels. Operational checks should be
conducted at least cnce every five cycles.

Step 4. Repeat steps 2 and 3 for the number of cycles indicated in
table 507.2-~I1 unless otherwise directed by the requirements documents.

Step 5. 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.
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Step 8. Conduct .an operational checkout of the test item in accordance
with the approved test plan.

Step 9. Document the results.

Step 10. Compare these data with the pretest data.
II1-3.2 Procedure II - Induced

Step 1. Insert the test item into the chamber.

Step 2. If specified, open any sealed areas (other than hermetically
sealed) of 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.

Step 4. Cycle the chamber air temperature and RH with time as shown in
the appropriate cycle of table 507.2-1 (or in the approximated curves of figure
507 .2~-2) through the 24-hour cycle.

Step 5. Repeat step 4 for the number of times indicated in table
507.2-II for the appropriate cycle unless other guidance is provided by the
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.
Step 8. Document the results.
Step 9. Put the test item in its normal operating configuration.
Step 10. Conduct a complete_operational checkout of the test item.
Step 11. Document the results.
Step 12. Compare these data with the pretest data.

I1-3.3 Procedure III - Aggravated (See figure 507.2-3.)

Step 1. Prepare the test item in accordance with General Requirements,
4.5.2, and perform the pretest standard ambient checkout.

Step 2. Gradually raise the internal chamber temperature to 60°0C
(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 (86°F) and 95% + 5% relative
humidity.
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Step 5. Maintain the 300C (86°F) and 95% + 5% relative humidity for an
additional 8 hours.

Step 6. Repeat steps 2, 3, 4, and 5 for a total of 10 cycles (not less
than 240 hours).

Step 7. Near the end of the fifth and tenth cycles, while still at
300C (860F) and 95% relative humidity, operate the test item ard obtain and
record results in accordance with General Requirements.

II-4 INFORMATION TQ BE RECORDED

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

b. Results of each performance check (pre-, during, and post-test) and
visuzl 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.
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Step 5. Maintain the 30°C (86°F) and 95% + 5% relative humidity for an
additional 8 hours.

2 £
Step 6. Repeat steps 2, 3, and ¥ for a total of 10 cycles (not less
than 240 hours). 4

Step 7. Near the end of the fifth and tenth cycles, while still at
300C (869F) and 95% relative humidity, operate the test item and obtain and
record results in accordance with General Requirements.

II-4 INFORMATION TO BE RECORDED

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

b. Results of each performance check (pre-, during, and post-test) and
visual examination (and photographs, if applicable).

c¢. Length of time required for each performance check.
d. Procedure and test levels used.
e. Exposure durations.

f. Time versus temperature and humidity.
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SECTION I

I-1 PURPQOSE. 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 impairs the functioning or use of
equipment by changing its physical properties.

I-2.1 Detrimental effects. The detrimental effects of fungal growth are
summarized as follows:

a. Direct attack on materials. 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:

(1) Natural materials. (Products of natural origin are most sus-
ceptible to this attack.)

(a) Cellulosic materials (e.g., wood, paper, natural fiber
textiles, and cordage).

(b) Animal- and vegetable-based adhesives.
(¢c) Grease, oils, and many hydrocarbons.

(d) Leather.
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(2) Synthetic materials:

(a) PVC formulations (e.g., those plasticized with fatty acid
esters).

*

(b) Certain polyurethanes (e.g., polyesters and some polyethers).

(¢) Plastics which contain organic fillers of laminating
materials.

(d) Paints and varnishes which contain susceptible constituents.

b. Indirect attack on materials. Damage to fungus-resistant materials
results from indirect attack when:

(1) Fungal growth on surface deposits of dust, grease, perspiration,
and other contaminants (which find their way onto equipment during manufacture
or accumulate during service) causes damage to the underlying material, even
though that material may be resistant to direct attack.

(2) Metabolic 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 Physical interference. Physical interference can occur as follows:

a. ElggLn1gal_gh_glgg;ngnig~axaggm§. Damage to electrical or electronic
systems may result from either direct or indirect attack. Fungal growth can
form undesirable electrical conducting paths across insulating materials or may

adversely affect the electrical characteristics of critically adjusted
electronic circuits.

b. Optical 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 asesthetic¢ factors. Fungal growth on equipment can 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 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.
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a. Applicatjon. Since microbial deterioration is a function of tem-
perature and humidity and is an inseparable condition of hot-humid tropics and
the midlatitudes, it must be considered in the design of all standard, general-
purpose materiel (reference a). This method is used when an item is to be
tested to determine if fungal growth will occur and, if so, how it will affect
the use of the test item.

b. Restrictions. This test is designed to economically obtain data on
the susceptibility of materiel. It should not be used for testing of basic
materials since various other test procedures, including soil burial, pure
culture, mixed culture, and plate testing, are available.

c. Sequence. (See General Requirements, 4.4.4.) This method should not
be conducted after a salt fog test (method 509.2) or a sand and dust test
(method 510.2). A heavy concentration of salt may affect the germinating
fungal growth, and sand and dust can provide nutrients, thus leading to a false
indication of the biosusceptibility of the test item.

d. TIest varjations. 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 fungal growth affects the test item.

d. To what extent the fungi will affect the mission of the test item.
e. If the test item can be stored effectively in a field environment.
f. If the test item is safe for use following fungal growth.

g. If there are simple reversal processes, e.g., wiping off fungal
growth.

I-3.2 Choice of related test conditions. Once a determination has been made

as to whether or not an operational requirement exists, the next decision must
concern test duration and test item configuration.

a. Test duration. Twenty-eight days is the minimum test period to.
allow for fungal germination, breakdown of carbon molecules, and degradation of
material. Since indirect effects and physical interference are not likely to
occur in the relatively short time frame of the fungus test, extension of the
exposure period to 84 days should be considered if a greater degree of
certainty (less risk) is required in determining the existence or effect of
fungal growth.
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b. Test item configurgtion. The test item configuration 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 config-
urations should be considered:

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

(2) Under realistic storage or use conditions.

(3) With restraints (such as with openings that are normally
covered).

c. Aggi&ignal_gnigglingg. Review the equipment specifications and
requirements documents. Apply any additional guidelines necessary.

I-3.3 Choice of test fungi: 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.

a. Because the test item is 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 those required in this
test method. However, if additional fungi are used, their selection shall be
based on prior knowledge of specific material deterloratlon For example,

Aureobasidium pullulans can be employed because of its known specificity for
degrading paints.

I-4 SPECIAL CONSIDERATIONS
I-4.1 Failure analysis

a. Any fungi on the test item must be analyzed to determine if the growth
is on the test item material(s) or on contaminants.

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 component(s) supporting growth.
Table 508.3-I can be used as a guide for this evaluation.

(2) The immediate effect that the growth has on the physical
characteristics of the test item.

(3) The long-range effect that the growth could have on the test
item.

(4) The specific material(s) (nutrient(s)) supporting the growth.
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c. Disturbance of any fungal growth must be kept to a minimum during the
operational checkout.

d. Human factors effects must be evaluated.
I-4.2 Miscellaneous

a. This 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
I-3.3).

b. This test must be performed by trained personnel at laboratories
specially equipped for microbiological work.

¢. The test temperature and humidity cycle selected for this test
involves a 59C drop in temperature to allow moist air to enter the test item
(breathing effect) and the moisture to condense onto or in the internal
components, thus simulating an outdoor diurnal cycle.

d. The presence of moisture is essential for spore germination and
growth. Generally, germination and growth will start when the relative

humidity of the ambient air exceeds 70%. Development will become progressively
more_rapjd as the humidity rises above this value, reaching a maximum in the 90

to elative humidity range.
v ey

e. The specified temperature range, 24° to 31°C (75° to 889F), is most
conducive to the growth of the test fungi.

f. Control items specified in II-3 are designed to:
(1) Verify the viability of the fungal spores used in the inoculum.

(2) Establish the suitability of the chamber environment to support
fungal growth.

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 section II:
a. Test item configuration.
b. Test duration.
¢. Optional pre- and post-test operational requirements.
d. Additional guidelines.
I-5 REFERENCES

a. AR 70-38, Research, Development, Test and Evaluation of Materiel for
Extreme Climatic Conditions, Chapter 2, Climatiec Criteria.

b. MIL-STD-210, Climatic Extremes for Military Equipment.
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TABLE 508.3-I.

Microbial test evaluation scheme.

Amount of
Growth

Grade

Organic Substrates

None

Trace

Slight

Moderate

Severe

Substrate is devoid of microbial
growth.

Sparse or very restricted micro-
bial growth and reproduction.
Substrate utilization minor or
inhibited. Little or no chemical,
physical, or structural change
detectable.

Intermittent infestations or loosely
spread microbial colonies on substrate
surface and moderate reproduction.

Substantial amount of microbial growth
and reproduction. Substrate exhibiting
chemical, physical, or structural change.

Massive microbial growth or reproduction.
Substrate decomposed or rapidly
deteriorating.
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METHOD 508.3
FUNGUS
SECTION II
Il-1 APPARATUS
II-1.1 ZIest facility

a. The required apparatus consists of chambers or cabinets, together with
auxiliary instrumentation capable of maintaining and monitoring the specific
conditions of temperature and humidity, that comply with 4.4.1 and 4.4.2,
General Requirements.

b. The chamber and accessories shall be constructed and arranged in such
a manner as to prevent condensation from dripping on the test item.

¢. The chamber shall be vented to the atmosphere to prevent the buildup
of pressure.

I1-1.2 Controls

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.
Lithium chloride sensors are not recommended because of their sensitivity to
water.

(1) When the wet-bulb control method is used, the wet-bulb assembly
shall be cleaned and a new wick installed for each test.

(2) The air velocity across the wet bulb shall not be less than 4.6
‘meters per second (900 feet per minute).

(3) The wet- and dry-bulb sensors shall not be installed 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 air throughout
the internal test chamber space so that the air velocity shall be between 0.5
and %;meters per second (98 to aeg’ft/min).
[ n
¢. Free circulation of air around the test item shall be maintained, and
the contact area of fixtures supporting the test item shall be kept to a
minimum. (See General Requirements, 4.5.2.)

d. Unless otherwise specified, the test chamber temperature and relative
humidity shall be recorded continuously.

e. Readout charts shall be readable to within +0.69C (+1°F).
METHOD 508.3
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f. The desired humidity shall be generated by using steam or water having
not less than 500,000 ohms/resistance.
<ay
(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:

(1)  All reagents shall conform to the specifications 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.

II-1.3 1Iest 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. If the test is
interrupted, the fact that live organisms are involved must be considered.

a. If the interruption occurs during the first seven days of the test,

the test should be restarted from the beginning with a new test item or a
cleaned test item.

b. 1If 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 test is required if:

(a) The temperature exceeds 40°C (1040F), or
(b) The temperature exceeds 31°C (889F) for 4 hours or more, or

(c) There is evidence of deterioration of the fungal colonies on
the control strips, or
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(d) The relative humidity drops below 50% during the period of
elevated temperatures.

Otherwise, reestablish test conditions and continue the test from the point of
interruption.

(3) Lowered humidity. A complete reinitiation of the test is
required if':

(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 control strips.

Otherwise, reestablish test conditions and continue the test from the point of
interruption.

¢. Cleaning. 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 72
hours before reinitiation and must be in accordance with II-3.2.1. New cotton
control strips shall be placed in the test chamber, and both the test item and
the controls will be reinoculated with the test fungi.

II-2 PREPARATION FOR TEST

I1-2.1 Preliminary steps. Before initiating any testing, determine from the
test plan:

a. The test duration(s).
b. The test item configuration(s).
¢. Any 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,
I.5.2, and the required test item configuration as determined from the test
plan. '

Step 2. Conduct a complete visual examination of the test item with
special attention to discolored areas, imperfections, or the existence of any
other conditions that could be conducive to fungal growth.

Step 3. Document the results of step 2.
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Step 4. Conduct an operational checkout in accordance with the approved
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 Iest preparation
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 (KHPOy) . . . . . . . . . . ... ... 0.7g
Potassium monohydrogen

orthophosphate (KoHPOy) . . . . . . . . . . . ... .. 0.7g
Magnesium sulphate heptahydrate

(MgSOy“TH20) . . . & v v v v v v v v s i e e e e .. 0.78
Ammonium nitrate (NHyNO3) . . . . . .. . . . . ... . 1.0g
Sodium chleride (NaC1). . . . . . . . . .. . ... ... 0.005g
Ferrous sulfate heptahydrate ,

(FeSOY*TH20). . . « . v v v v v v v v v v v v =« ... 0.002g
Zinc sulfate heptahydrate

(ZnSOy-TH20). . . . . . v v v v v v v v v v v v« . .. 0.002¢g
Manganous sulfate monohydrate

(MnSOR“Hp0) . . . . . v v v i v v v i i s e e e o ... 0.001g
Distilledwater . . . . . . . ¢ . . + . . . . 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

NOTE - PRECAUTIONS: Although the exact strains of fungi specified for this
test are not normally considered to present a serious hazard to humans, certain
people may develop allergies or other reactions. Therefore, standing operating
procedures (SOPs) for safety should be employed. Also, the tests should be
conducted by personnel trained in microbiological techniques.
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a. Using aseptic techniques, prepare the spore suspension containing at
least the following test fungi:

Table 508.3-II. Tesgt fungi.

Fungi Fungus Sources Identification No.
uspal/ atcca/
Aspergillus niger QM 386 T ATCC 9642
Aspergillus flavus QM 380 ATCC 9643
Aspergillus versicolor : QM 432 ATCC 11730
Penicillium funiculosum QM 474 ATCC 11797
Chaetomium globosum | 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 fungi 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.

c. Prepare mineral salts 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
6O + UOC (U430 4 TOF); after that time, prepare subcultures and use them for the
new stocks.

d. Verify 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° + 2.5C0F) 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 dioctyl sulfosuccinate or
sodium lauryl sulfate.
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g. Use a rounded glass rod to gently scrape the surface growth from the
culture of the test organisms.

h. Pour the spore charge into a 125 ml capped Erlenmeyer flask containing
45 ml of water and 50 to 75 solid 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 layer 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 supernatant
liquid.

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 counting chamber.

n.' Repeat this operation for each organism used in the test.

0. Perform a viability check for each organism in accordance with
I1-3.1.3a.

p. Blend equal volumes of the resultant spore suspension to obtain the-
final mixed spore suspension. '

NOTE: The spore suspension may be prepared fresh. If not freshly prepared, it
should be held at 6° + 40C (439 &+ 7OF) for not more than 7 days.

II-3.1.3 Control jtems. Two types of control tests are required. Using the
procedure of II-3.1.3a, verify the viability of the spore suspension and its

preparation. By the procedure of II-3.1.3b, verify the suitability of the
chamber environment.

a. Viability of .

(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 species.

(2) Distribute the inoculum over the entire surface of the plate.

(3) 1Incubate the inoculated potato dextrose agar plate at 24° to 31°C
(759 to 889F) for 7 to 10 days.
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(4) After the incubation period, check the fungal growth.

NOTE: The absence of copious growth of any of the test organisms over the
entire surface in each container will invalidate the results of any tests using
these spores. .

b. Test chamber environment
(1) Prepare the following solution:
(a) 10.0g glycerol.
(b) 0.1g potassium dihydrogen orthophosphate (KHoPOY) .
(e¢) 0.1g ammonium nitrate (NHyNO3).
(d) 0.025g magnesium sulfate heptahydrate (MgSOy°TH20).
(e) 0.05g yeast extract.
(f) Distilled water to a total volume of 100 ml.

(g) 0.005g of a nontoxic wetting agent such as sodium dioctyl
sulfosuceinate or sodium lauryl sulfate.

(h) HC1 and NaOH to adjust the final solution pH to 5.3.

(2) Dip cotton strips conforming to MIL-T-U43566A (Tape, Textile,
Cotton, General Purpose, Natural or in Colors, Type 1a, Class 2, bleached,
white flat construction) into the above solution. After dipping, remove the
excess liquid from the strips and hang them to dry before placing them in the
chamber and inoculating.

(3) Within the chamber, place the strips vertically close to and
bracketing the test items so that the test strips and test items experience the
same test environment. The length of the strips shall be at least the height
of the test item.

(4) These strips are installed and inoculated along with the test
item to insure that proper conditions are present in the incubation chamber to
promote fungal growth.

I1-3.2 Jest performance
II-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.
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c. Hold the test item in the operating chamber (at 240 to 319C (75° to
809F) and 95 + 5% RH) for at least 4 hours immediately before inoculation.

d. Inoculate the test item and the cotton fabric chamber control items
with the mixed fungal spore suspension by spraying the suspension on the con-
trol items and on and into the 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 available to aid in
exposing its interior surfaces for inoculation.

NOTE: In spraying the test and control items with composite spore suspension,
take care to cover all external and internal surfaces which are exposed during

use or maintenance. If the surfaces are nonwetting, spray until drops begin to
form on them.

e. Replace covers of the test items without tightening the fasteners (so
that air can penetrate).

f. Start incubation immediately following the inoculation.

II-3.2.2 Incubation of the test item

air ture of 300 &+ 19C (86° 4 2OF) followed by a 4-hour

¢f 95% (+5%, ~0%) relative humidity at 25° + 10C (77°
&€d for at least 2 hours. Up to a total of 2 hours of the l-hour period
be used for the transitions of temperature and relative humidity.
Temperature and humidity conditions during the transition periods must be as

follows: temperature 240 to 319C (75° to 889F) and relative humidity above
90% .

b. Repeat the 24-hour daily cycle for the test duration.

¢. After T 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 7 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 7-day results, the test
is invalid.
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I1-3.2.3 Inspection. 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, includlng information listed in
II-4, as applicable.

NOTE: Data shall be used for comparison with the data obtained in II-3.1.

I1-3.3 Qperation/usage (to be conducted only if required). If operation of
the test item is required (e.g., electrical equipment), conduct the operation
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 be available to aid in exposing its interior
surfaces for inspection and in making operation and use decisions.

II-4 INFORMATION TO BE RECORDED

a. Presence of evidence of fungal growth at the T-day check and at the
end of the test.

b. Location of fungi.
e¢. Narrative description of growth, including colors, areas covered,
growth patterns, density of growth, and thickness of growth (and photographs,
if necessary).
d. Test period.
e. Effect of fungi on performance or use:
(1) As received from chamber.
(2) After-use maintenance.
f. Test conditions.
g. Condition of test item at time of test.
h. All deviations from specified test conditions:
(1) Temperature.
(2) Humidity.
(3) Time.
(4) Air velocity.
(5) Other.
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i. Whether the test item arrived directly from the manufacturer.
j. Test item history (previous tests).
k. Physiological or aesthetic considerations.
1. Types of fungi used.
m. Results of performance checks:
(1) Pretest.

(2) Post-test.
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SECTION I

I-1 PURPQSE. Salt fog climatic chamber tests are performed to determine the
resistance of equipment to the effects of an aqueous 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 solutions following salt ionization in
water. .

I-2.2 Electrical effectg
a. Impairment of electrical equipment due to salt deposits.
b. Production of conductive coatings.

¢. Corrosion of insulating materials and metals.
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I-2.3 Physical effects

a. Clogging or binding of moving parts of mechanical components and
assemblies.

b. Blistering of paint as a result of electrolysis.

I-3 GUIDELINES FOR DETERMINING TEST PRQCEDURES 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 materiel will be exposed to
some form of salt during its life cycle that may affect its performance.

b. Restriotions

(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.

(e) 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.

c. 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.
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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, eycling 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 Choice of related test conditions

a. Salt concentration. 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) In 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 not used for this specifie
test.

c¢. Duration. A minimum exposure period of 48 hours is recommended,
followed by a U8-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. Cyecling. 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 2i~hour periods.
This alternative provides more damage potential than does the continuous
exposure.
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I-4 SPECIAL CONSIDERATIONS

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 test is not the sole
criterion for pass/fail.

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