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PART ONE

FOREWORD

1. This standard is approved for use by all Departments and Agencies of the Department of Defense (DoD).
Although prepared specifically for DoD applications, this standard may be tailored for commercial applications as
well.  While MIL-STD-810F incorporated a significant revision of MIL-STD-810E, MIL-STD-810G not only
consolidates the basic -810F with its three change notices to result in one comprehensive document, but also
includes a number of corrections, significant changes, and additions to the comprehensive -810F, to include five
new test methods, one of which (Method 526) was extracted from Method 516. The primary emphases are still the
same — (with the exception of Method 528) tailoring a materiel item's environmental design and test limits to the
conditions that the specific materiel will experience throughout its service life, and establishing laboratory test
methods that replicate the effects of environments on materiel, rather than trying to reproduce the environments
themselves. However, the "G" revision continues the up-front explanation of how to implement the environmental
tailoring process throughout the materiel acquisition cycle.

As in MIL-STD-810F, this revision recognizes that the environmental design and test tailoring process has
expanded to involve a wide range of managerial and technical interests. Accordingly, this revision orients
environmental design and test direction toward three basic types of users who have distinctly different, although
closely associated, interests: program managers who, among other responsibilities, ensure proposed concepts and
systems are valid and functional in intended operational environments; environmental engineering specialists (EES),
who enter the acquisition process early to assist combat and materiel developer tailoring efforts by preparing life cycle
environmental profiles and drafting tailored design criteria and test programs; and the design, test, and evaluation
community, whose analysts, engineers, and facility operators use tailored designs and tests to meet user needs.

2. Part One describes management, engineering, and technical roles in the environmental design and test tailoring
process. It focuses on the process of tailoring materiel design and test criteria to the specific environmental
conditions a materiel item is likely to encounter during its service life. New appendices support the succinctly
presented text of Part One. Annex A contains complete descriptions of environmental engineering tasks. These
tasks, along with management information in Annex B and EES guidance in Annex C, will help to ensure the
environmental design and test tailoring process is implemented and documented according to the disciplined, but
flexible approach to materiel acquisition called for in Department of Defense (DoD) 5000-series documents (DoDD
5000.1). Terms used in this standard relating to the materiel acquisition process are limited to terms used in the
DoD 5000-series documents; to avoid confusion and promote simplicity, service-specific terms/processes are not
used.

3. Part Two contains environmental laboratory test methods to be applied according to the general and specific test
tailoring guidelines described in Part One. It is important to emphasize that, with the exception of Method 528,
these methods are not to be called out in blanket fashion, nor applied as unalterable routines, but are to be selected
and tailored to generate the most relevant test data possible.

To support the tailoring process described in Part One, each test method in Part Two contains some environmental
data and references, and identifies tailoring opportunities for the particular method. Some methods afford a wide
latitude for tailoring; some can be tailored up to established limits, and some have relatively few tailoring options.
Whenever possible, each method contains background rationale to help determine the appropriate level of tailoring.
Each test method supports the test engineer and test facility operator by describing preferred laboratory test
facilities and methodologies. Any specific tailoring information and values contained in these test methods should
be supplanted by more up-to-date field/fleet or program-specific information when available.

When applied properly, the environmental management and engineering processes described in this standard can be
of enormous value in generating confidence in the environmental worthiness and overall durability of materiel
system design. However, it is important to recognize that there are limitations inherent in laboratory testing that
make it imperative to use proper caution and engineering judgment when extrapolating these laboratory results to
results that may be obtained under actual service conditions. In many cases, real-world environmental stresses
(singularly or in combination) cannot be duplicated practically or reliably in test laboratories. Therefore, users
should not assume that a system or component that passes laboratory tests of this standard also would pass
field/fleet verification trials. DoD 5000-series documents call for component technology to be demonstrated in
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relevant environments to reduce risk on components and subsystems that have been demonstrated only in laboratory
environments (DoDI 5000.2).

4. Part Three contains a compendium of climatic data and guidance assembled from several sources to include AR
70-38, “Research, Development, Test and Evaluation of Materiel for Extreme Climatic Conditions,” (1979), Draft
AR 70-38 (1990) that was assembled using 1987 Air Land Battlefield Environment (ALBE) report information,
“Environmental Factors and Standards for Atmospheric Obscurants, Climate, and Terrain,” and MIL-HDBK-310,
Global Climatic Data for Developing Military Products.

Part Three provides planning guidance for realistic consideration (starting points) of climatic conditions in the
research, development, test, and evaluation (RDTE) of materiel and materials used throughout their life cycles in
various climatic regions throughout the world. It is intended that this and related documents will help achieve the
objective of developing materiel that will perform adequately under the environmental conditions likely to be found
throughout its life cycle in the areas of intended use.

5. The US Department of Defense would like to thank the following individuals for their contributions toward the
development and publication of MIL-STD-810G:

Air Force
Dwayne Bell — Eglin AFB
Cheryl Copes — ASC/ENRS, Wright-Patterson Air Force Base
Lorraine Wright — ASC/ENRS, Wright-Patterson Air Force Base
Faustino Zapata — ASC/ENFS, Wright-Patterson Air Force Base

Army
Jimmie Barnett — Dugway Proving Ground
Michael Barry — Aberdeen Test Center
William (Skip) Connon— Aberdeen Test Center
Jeff Dallman — White Sands Missile Range
Herb Egbert — ECIII, YPG

Rick Errhalt — Electronic Proving Ground Navy
Judy Galloway — Aberdeen Test Center Brian Haugen — NAWC, China Lake
Mike Hale — Redstone Technical Test Center James E. Howell 111 - NSWC

John Harris — Redstone Technical Test Center Al Kukk — Navy Consultant

Al Kelley — YPG-NETO

Robert Kerr — SDDC, Ft Eustis

Paul Krause — COE, TEC

Bob McKinnon — Aberdeen Test Center

Joe Nash — AMRDEC

Randy Patrick — Yuma Test Center

Chris Reeks — Redstone Technical Test Center
Rick Reynaud — White Sands Missile Range
Linda Spears— YPG-NETO

Jamie Sullivan — Redstone Technical Test Center

Ken Thompson — DTC-NETO, APG
Scott Walton — Aberdeen Test Center

Ron Merritt — Naval Air Warfare Center, China Lake
Richard F. Taddeo — NAVSEA 05P12

Brett Tanner — Naval Air Warfare Center, China Lake

Private Industry
Vesta Bateman — Mechanical Shock Consulting
George Coonley — KHS Tech. Lighting
Gus Cutting — Honeywell

Organizations
IEST - Institute of Environmental Sciences and Technology
SAVIAC - Shock and Vibration Information Analysis Center

The MIL-STD-810G Working Group wishes to recognize with great appreciation Mr. Ken Thompson, MIL-STD-
810G Committee Chairman, for his exemplary leadership, guidance, and dedication to bringing this collaborative
project to fruition.
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6. This standard is intended to be a "living document™ that will be updated as new concepts, technologies, and
methodologies evolve.

Questions about this document’s technical content may be addressed to the following offices:

Aeronautical Systems Center, ATTN: ASC/ENFS, 2530 Loop Road West, Wright-Patterson AFB, OH 45433-
7101; Commercial Tel: (937) 255-8517 or 904-5863; DSN 785-8517 or 674-5863; Fax: (937) 476-4546 or 255-
2363.

Naval Air Warfare Center, Aircraft Division, ATTN: Code AIR-4.3.4, Patuxent River, MD 20670; Commercial Tel:
(301) 342-8049; DSN 342-8049; Fax: (301) 757-1213.

Naval Air Warfare Center, Weapons Division, ATTN: Code 476300D, China Lake, CA 93555-6100; Commercial
Tel: (760) 939-4667; DSN 437-4667; Fax: (760) 939-1065.

US Army Developmental Test Command, 314 Longs Corner Road, ATTN: CSTE-DTC-TM-B, Aberdeen Proving
Ground, MD 21005-5055; Commercial Tel: (410) 278-1476/1417; DSN 298-1476/1417; Fax: (410) 278-9170.

The Preparing Activity for MIL-STD-810 transfers from Air Force Code 11 to Army Code TE concurrent with the
publication of this Revision G.

Comments, suggestions, or questions on this document should be addressed to US Army Developmental Test
Command, 314 Longs Corner Road, ATTN: CSTE-DTC-TM-B, Aberdeen Proving Ground, MD 21005-5055; or e-
mailed to apgr-TEdtStandards@conus.army.mil. Since contact information can change, you may want to verify the
currency of this address information using the ASSIST Online database at http://assist.daps.dla.mil.
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PART ONE
PART ONE -
ENVIRONMENTAL ENGINEERING PROGRAM GUIDELINES
1. SCOPE.
1.1 Purpose.

This standard contains materiel acquisition program planning and engineering direction for considering the
influences that environmental stresses have on materiel throughout all phases of its service life. It is important to
note that this document does not impose design or test specifications.
tailoring process that results in realistic materiel designs and test methods based on materiel system performance

requirements. Figure 1-1 summarizes this direction.

DEVELOP ENVIRONMENTAL ENGINEERING
MANAGEMENT PLAN (EEMP).
(TASK 401, REF PARAGRAPH 4.2.2.2)

oSCHEDULE TASKS 402-406, PLUS TASK SUPPORT.

oCONSIDER ALTERNATIVES TO TESTING HARDWARE.

ePREPARE COST/BENEFIT/RISK ANALYSIS FOR
ALTERNATIVE(S) TO TESTING HARDWARE.

NOTE 1. COMPLETE TASK DESCRIPTIONS ARE IN
APPENDIX A.

NOTE 2: INCLUDE EEMP & ETEMP WITH OTHER
SYSTEM PLANS & PROPOSALS TO
ALLOW REALISTIC COST ESTIMATING.

NOTE 3: MAKE CONTRACT PROVISIONS FOR THE
EQUIPMENT SUPPLIER TO UPDATE EEMP &
ETEMP ON A PERIODIC BASIS AS ADDITIONAL
INFORMATION BECOMES AVAILABLE.

ENVIRONMENTAL TEST & EVALUATION MASTER PLAN (ETEMP)
(TASKS 402, & 404 REF PARAGRAPH 4.2.2.3)

PREPARE LIFE CYCLE
ENVIRONMENTAL PROFILE (LCEP).
(TASK 402, REF PARAGRAPH 4.2.2.3.1)

PREPARE OPERATIONAL ENVIRONMENT
DOCUMENTATION (OED).
(TASK 403, REF PARAGRAPH 4.2.2.3.2)

©DOCUMENT APPLICABLE SERVICE USE
PROFILE.

®IDENTIFY APPLICABLE ENVIRONMENTAL
CONDITIONS.

®CONSIDER STORAGE, TRANSIT, AND
OPERATIONAL ENVIRONMENTS.

PREPARE ENVIRONMENTAL
ISSUES/CRITERIA LIST (EICL).
(TASK 404, REF PARAGRAPH 4.2.2.3.3)

® BASE ON RESULTS FROM TASKS 402 & 403.
e LIST ALL TAILORED ISSUES & CRITERIA.

® PROVIDE RATIONALE FOR THEIR
DERIVATIONS.

PREPARE DETAILED ENVIRONMENTAL
TEST PLAN (DETP).
(TASK 405, REF PARAGRAPH 4.2.2.4)

* DOCUMENT REAL-WORLD PLATFORM
CHARACTERISTICS.

e OBTAIN DATA FROM DATABASES, MODELS,
SIMULATIONS.

* OBTAIN REMAINING DATABY MEASURING
REALISTIC PLATFORM ENVIRONMENTS.

ALTERNATIVES.

(SEE TASK 401

REF PARAGRAPHS
41.2,4221,&
APPENDIX B, PARA. F)

TEST
HARDWARE/

PROTOTYPES

?

o SELECT ALTERNATIVE
(e.9., MODELING &
SIMULATION, COUPON
SAMPLES, SIMILARITY,
OTHER ANALYSES.)

* SCHEDULE AND JUSTIFY|

o LABORATORY TEST PLANS: USE METHODS IN THIS
STANDARD, SELECTED & TAILORED TO THE
SPECIFIC TEST ITEM.

o FIELD/FLEET TEST PLANS: DEVELOPMENT/
OPERATIONAL TEST AGENCIES USE THEIR OWN
PLAN REQUIREMENTS/FORMATS. TAILORED
TO THE SPECIFIC TEST ITEM.

e ALTERNATIVE(S): EXPLAIN METHODOLOGY.

ALTERNATIVE(S) IN
TASK 401.

PERFORM ENVIRONMENTAL TESTS.

® LABORATORY TESTS: USE METHODS IN THIS
STANDARD SELECTED & TAILORED TO THE
SPECIFIC TEST ITEM.

e FIELD/FLEET TESTS: DEVELOPMENT/
OPERATIONAL TEST AGENCIES USE THEIR OWN
METHODS, SELECTED & TAILORED TO THE
SPECIFIC TEST ITEM.

© ALTERNATIVE(S): EXECUTE METHODOLOGY.

PREPARE ENVIRONMENTAL
TEST REPORTS (ETR).
(TASK 406, REF PARAGRAPH 4.2.2.5)

© LABORATORY TEST REPORTS: USE THE
FORMAT IN TASK 406.

® FIELD/FLEET TEST REPORTS:
DEVELOPMENT/OPERATIONAL TEST
AGENCIES USE THEIR OWN TEST
REPORT REQUIREMENTS/FORMATS.

e ALTERNATIVE(S): APPROPRIATE REPORT(S).

Figure 1-1. Environmental engineering program guide.
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This document supports the functions of three different groups of personnel involved in the materiel acquisition
process. Each of these groups is critical to the goal of successfully incorporating environmental considerations into
materiel design, test, and evaluation. Although each group has different tasks to perform, none of these tasks can be
isolated from the others in a successful acquisition program. As shown on Figure 1-2, this information is intended
for the following:

a.

Materiel acquisition program managers among whose responsibilities is ensuring materiel will function
as required in intended operational environments. (See 4.1, below.)

Environmental engineering specialists (EES) who assist combat and materiel developers throughout the
acquisition process to tailor their materiel designs and test designs to environmental stresses/constraints
expected during the materiel's service life. (See 4.2, below.)

Design, test, and evaluation community analysts, engineers, and facility operators who meet user needs
by focusing on tailored designs and tests. (See 4.3, below, and Part Two of this standard.)

MIL-STD-810G
ENVIRONMENTAL DESIGN/TEST
TAILORING GUIDANCE

ENVIRONMENTAL ENGINEERING
MANAGEMENT PLAN

LIFE CYCLE ENVIRONMENTAL
PROFILE

e OPERATIONAL ENVIRONMENTAL
DESIGN/TEST REQUIREMENTS

ENVIRONMENTAL TEST
PLANS/REPORTS

e ENGINEERING DESIGNS AND
SPECIFICATIONS

e MIL-STD-810G, PART 2
LABORATORY TEST METHODS

e NATURAL ENVIRONMENT
FIELD/FLEET TEST FACILITIES
AND PROCEDURES

MISSION NEED STATEMENT

OPERATIONAL REQUIREMENTS
DOCUMENT

SYSTEM ENGINEERING
MANAGEMENT PLAN

TEST & EVALUATION MASTER
PLAN

DESIGN/TEST

PROGRAM ENVIRONMENTAL
MANAGER ENGINEERING FACILITY OPERATORS
SPECIALISTS

Figure 1-2. Roles of acquisition personnel in the environmental design/test tailoring process.

1.2 Application.

The tailoring process described in this standard (i.e., systematically considering detrimental effects that various
environmental factors may have on a specific materiel system throughout its service life) applies throughout the
materiel acquisition cycle to all materiel developed for military or commercial applications, including foreign and
non-development item (NDI) procurements, procurements, or modifications of Allied systems or materiel, and
cooperative development opportunities with one or more Allied nations to meet user and interoperability needs
(DoDD 5000.1).

a.

Part One lays out a disciplined, tailored approach for acquiring systems that will withstand the stresses of

climatic, shock and vibration environments that they expect to see in their service lives. The basic
process for acquiring materiel that satisfies users' needs from this environmental engineering viewpoint
is depicted on Figure 1-1.

Part Two also is an integral part of the environmental tailoring process. It contains tailoring
information, environmental stress data, and laboratory test methods. The environmental data contained
in the methods may help, but should not be used exclusively to define environmental stresses that
materiel will encounter throughout its service life. This will help engineers to tailor analyses and tests to
specific materiel and its defined life cycle. It is not valid to call out all of the methods in this standard in

PART ONE-2



MIL-STD-810G
PART ONE

a blanket fashion for a materiel system; nor is it valid, once a method is determined appropriate, (except
for Method 528) to regard the environmental stress data, test criteria, and procedures in the method as
unalterable.

Part Three provides planning guidance for realistic consideration (starting points) of climatic conditions
in the research, development, test, and evaluation (RDTE) of materiel and materials used throughout
their life cycles in various climatic regions throughout the world. It is intended that this and related
documents will help achieve the objective of developing materiel that will perform adequately under the
environmental conditions likely to be found throughout its life cycle in the areas of intended use.

Guidance and test methods of this standard are intended to:

M)
O]
®)
(4)

Q)

Define environmental stress sequences, durations, and levels of materiel life cycles.
Be used to develop analysis and test criteria tailored to the materiel and its environmental life cycle.
Evaluate materiel performance when exposed to a life cycle of environmental stresses.

Identify deficiencies, shortcomings, and defects in materiel design, materials, manufacturing
processes, packaging techniques, and maintenance methods.

Demonstrate compliance with contractual requirements.

1.3 Limitations.

Although environmental analysis, design analysis, and laboratory testing are valuable tools in the materiel
acquisition process, there are inherent limitations in analysis and laboratory testing techniques that must be
recognized. The methods in Part Two of this standard do not include many of the naturally-occurring forcing
functions that may affect materiel performance or integrity in service use. Further, analytic and laboratory test
methods are limited in their abilities to simulate synergistic or antagonistic stress combinations, dynamic (time
sequence) stress applications, aging, and other potentially significant stress combinations present in natural
field/fleet service environments. Use caution when defining and extrapolating analyses, test criteria, and results.
Part Two test methods purposely do not address the following but may, in some cases, be applied:

Electromagnetic interference (EMI).

Lightning and magnetic effects.

Nuclear, biological, chemical weapons or their effects.

Certain aspects of munitions and pyrotechnics safety testing.

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

Packaging performance or design.

Suitability of clothing or fabric items that are described in specific specifications.
Environmental stress screening (ESS) methods and procedures.

Reliability testing.

Safety testing.

a.

Se o a0 o
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2. APPLICABLE DOCUMENTS.

2.1 General.

The documents listed in this section are specified in sections 3, 4, or 5 of this standard. This section does not
include documents cited in other sections of this standard or recommended for additional information or as
examples. While every effort has been made to ensure the completeness of this list, document users are cautioned
that they must meet all specified requirements of documents cited in sections 3, 4, or 5 of this standard, whether or
not they are listed.

2.2 Government documents.

2.2.1 Specifications, standards, and handbooks.
The following specifications, standards, and handbooks form a part of this document to the extent specified herein.
Unless otherwise specified, the issues of these documents are those cited in the solicitation or contract.

INTERNATIONAL STANDARDIZATION AGREEMENTS

QSTAG 360 Climatic Environmental Conditions Affecting the Design of Military Materiel

STANAG 4242 Vibration Tests for Munitions Carried in Tracked Vehicles

STANAG 4370 Environmental Testing

STANAG 4370 Allied Environmental Conditions and Test Publications (AECTP)

AECTP 100 Environmental Guidelines for Defence Materiel
AECTP 200 Environmental Conditions
AECTP 300 Climatic Environmental Tests
AECTP 400 Mechanical Environmental Tests

(Copies of these documents are available online at http://assist.daps.dla.mil/quicksearch/ or the North Atlantic
Treaty Organization Online Library; or from the Standardization Document Order Desk, 700 Robbins Avenue,
Building 4D, Philadelphia, PA 19111-5094. The QSTAG may be requested via e-mail at
elizabeth.bush@hqgda.army.mil.)

DEPARTMENT OF DEFENSE SPECIFICATIONS

MIL-S-901 Shock Tests, H.1. (High Impact) Shipboard Machinery, Equipment, and Systems,
Requirements for

DEPARTMENT OF DEFENSE STANDARDS

MIL-STD-167-1 Mechanical Vibrations of Shipboard Equipment (Type | — Environmental, and Type Il —
Internally Excited)
MIL-STD-331 Fuze and Fuze Components, Environmental and Performance Tests for
MIL-STD-882 Standard Practice for System Safety
MIL-STD-2105 Hazard Assessment Tests for Non-Nuclear Munitions
DEPARTMENT OF DEFENSE HANDBOOKS
MIL-HDBK-310 Global Climatic Data for Developing Military Products

(Copies of these documents are available online at http://assist.daps.dla.mil/quicksearch/ or from the Standardization
Document Order Desk, 700 Robbins Avenue, Building 4D, Philadelphia, PA 19111-5094.)
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2.2.2 Other government documents, drawings, and publications.

The following other Government documents, drawings, and publications form a part of this document to the extent
specified herein. Unless otherwise specified, the issues of these documents are those cited in the solicitation or
contract.

DEPARTMENT OF DEFENSE DIRECTIVES, INSTRUCTIONS, AND REGULATIONS
DoDD 5000.1 The Defense Acquisition System

(Copies of this document are available online at The Defense Technical Information Center Website and are
available from DTIC Headquarters, 8725 John J. Kingman Rd., Ft. Belvoir VA 22060-6218; telephone (800) 225-
3842.)

DODI 5000.2 Operation of the Defense Acquisition System

(Copies of this document are available online at The Defense Technical Information Center Website and are
available from DTIC Headquarters, 8725 John J. Kingman Rd., Ft. Belvoir VA 22060-6218; telephone (800) 225-
3842.)

AR 70-38 Research, Development, Test and Evaluation of Materiel for Extreme Climatic
Conditions

(Copies of this Army Regulation are available online at The Army Publishing Directorate Website and are available
from the US Army Publications Distribution Center, 1655 Woodson Rd., St Louis, MO 63114-6181; telephone
[314] 263-7305.)

2.3 Non-Government publications.
The following documents form a part of this document to the extent specified herein. Unless otherwise specified,
the issues of these documents are those cited in the solicitation or contract.
AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)/
NATIONAL CONFERENCE OF STANDARDS LABS (NCSL)
ANSI/NCSL Z540.1 General Requirements for Calibration Laboratories and Measuring and Test Equipment

(Copies of this document are available online at The NCSL International Website or from NCSL International, 2995
Wilderness Place, Suite 107, Boulder, Colorado 80301-5404; telephone (303) 440-3339.)

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO)

1ISO 10012-1 Measurement Management Systems — Requirements for Measurement Processes and
Measuring Equipment

(Copies of this document are available online at The ANSI E-standards Store and The International Organization for
Standardization Website, or from ANSI, 25 West 43™ Street, 4" Floor, New York NY 10036-7406; telephone [212]
642-4900.)

2.4 Order of precedence.

Unless otherwise noted herein or in the contract, in the event of a conflict between the text of this document and the
references cited herein, the text of this document takes precedence. Nothing in this document, however, supersedes
applicable laws and regulations unless a specific exemption has been obtained.
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3. DEFINITIONS.

3.1 Terms.

This terminology section is meant to define the general terminology as it is used in this standard. In certain cases
the terminology use may be somewhat different from its use in the general engineering community. No attempt has
been made to be complete, therefore limiting the glossary to such terms as are found in the standard and that are
important to the application of the standard. Terminology unique to a particular method is defined, as appropriate,
in that method.

NOTE: A continuation of this terminology section that contains terminology more closely related to the
dynamic (mechanical) test methods such as vibration, shock, gunfire vibration, etc., is in Part One, Annex

a. Absolute humidity. The density of water in a particular volume of air. The most common units are grams
per cubic meter, although any mass unit and any volume unit could be used. Warm air can hold more
water vapor than cold air.

b. Accelerated test. A test designed to shorten the controlled environmental test time with respect to the
service use time by increasing the frequency of occurrence, amplitude, duration, or any combination of
these of environmental stresses that would be expected to occur during service use.

c. Aggravated test. A test in which one or more conditions are set at a more stressful level than the materiel
will encounter during service use.

d. Ambient environment. The conditions, either outdoor or confined (e.g., temperature and humidity), that
characterize the air or other medium that surrounds materiel.

e. Climatic categories. Specific types of world climates in which materiel is designed to withstand during
operation, storage, and transit. See Part One, Annex C, Table C-I and Figure C-1.

f. Combat developer. Military specialist concerned with training, doctrine, and materiel needs
documentation.

g. Critical threshold value. The level of an environment forcing function that degrades the capability of
materiel significantly or requires degradation prevention measures be taken.

h. Cumulative effects. The collective consequences of environmental stresses during the life cycle of
materiel.

i. Detailed Environmental Test Plan (DETP). Detailed plans for conducting environmental tests required
to determine if the environmental criteria developed in Task 404 are met and their associated critical issues
are satisfied, and to identify critical environmental threshold values for system effectiveness that may be
evident during testing

j- Engineering judgment. Expert opinion based on engineering education and experience, especially in the
area in which the judgment is made.

k. Environmental analysis. Technical activity covering an analytical description of the effects that various
environments have on materiel, subsystems, and component effectiveness.

I.  Environmental conditions. (See Forcing function (environment).)

m. Environmental engineering. The discipline of applying engineering practices to the effects that various
environments have on materiel effectiveness.

n. Environmental engineering specialist (EES). A person or group of people skilled in one or more
environmental engineering areas. Areas include, but are not necessarily limited to: natural and induced
environments and their effects on materiel; expertise in measuring and analyzing in-service environmental
conditions; formulating environmental test criteria; determining when environmental laboratory tests are
appropriate/valid substitutes for natural in-service environmental tests; and evaluating the effects of
specific environments on materiel. (See 4.2.)

0. Environmental test. A structured procedure to help determine the effects of natural or induced
environments on materiel.
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Environmental worthiness. The capability of materiel, subsystem, or component to perform its full array
of intended functions in intended environments.

Equipment. For purposes of this standard (with the exception of Method 528), equipment includes the
instrumentation, facilities, and support apparatus used to conduct or monitor tests. This does not include
the test item itself or the materiel of which the test item is a sample or a part.

Exaggeration factors. The ratio of the test condition severity to the in-service severity and is used to
develop a time compression factor for a particular failure mode.

Forcing function (environment). A natural or induced physical environmental stress condition on
materiel that may affect its ability to function as intended or to withstand transit or storage during its
service life. (Also referred to as an environmental condition or an environmental stress.)

Frequency of occurrence. Refers to the process used to differentiate among daily cycles of the climatic design
types; i.e., the empirical result observed in real world data. It is based on tabulations and binning of hourly
temperatures obtained over many years of observations at data reporting sites.

Hermetic seal. A permanent, air-tight seal.

Induced environment. An environmental condition that is predominantly man-made or generated by the
materiel platform. Also, refers to any condition internal to materiel that results from the combination of
natural environmental forcing functions and the physical/chemical characteristics of the materiel itself.

In-service use. The anticipated use of materiel during its intended service use life.

Integrated Product Team (IPT). A group of individuals from different professional disciplines and
organizations (government and industry) who work together on a product from concept through production
stages. Individuals who cover a discipline may change from stage to stage, but the discipline is covered,
and the information pertinent to that discipline is passed to the succeeding team member(s) in that
discipline.

Life Cycle Environmental Profile (LCEP). Design and test decision baseline document outlining real-
world, platform-specific, environmental conditions that a specific materiel system or component will
experience during service-related events (e.g., transportation, storage, operational deployment/use) from its
release from manufacturing to the end of its useful life.

Life cycle profile. A time history of events and conditions associated with materiel from its release from
manufacturing to its removal from service, including demilitarization. The life cycle should include the
various phases materiel will encounter in its life, such as: packaging, 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.

Material. The physical constituents comprising materiel, e.g., metals, plastics, cloth, paper, etc.

Materiel. A commodity or set of commodities. With the exception of Method 528, a generic class of
hardware designed to perform a specific function. All items (including ships, tanks, self-propelled
weapons, aircraft, etc., and related spares, repair parts, and support equipment, but excluding real property,
installations, and utilities) necessary to equip, operate, maintain, and support military activities without
distinction as to its application for administrative or combat purposes.

Materiel developer. An agency or group of individuals involved in designing, testing, or evaluating
materiel to meet developer performance requirements.

Mission profile. That portion of the life cycle profile associated with a specific operational mission.

Operational check. This is a failure finding task to determine if an item is fulfilling its intended purpose.
Means to operate the materiel or component as usual (all modes and functions) and determine whether or
not it is useable for its intended purpose.

Operational worthiness. The capability of materiel, a subsystem, or component to perform its full array
of intended functions.

Parameter. Any quantity that represents a descriptive generalization of a certain characteristic physical
property of a system that has a certain value at a particular time.
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Parameter level. The value of a physical property that documents the degree, extent, or level at which a
parameter exists at a given location at a given point in time, or the value to which a variable test control is
set (see test level).

Platform. Any vehicle, surface, or medium that carries the materiel. For example, an aircraft is the
carrying platform for installed avionics items or transported or externally mounted stores. The land is the
platform for a ground radar set, for example, and a person for a man-portable radio.

Platform environment. The environmental conditions materiel experiences as a result of being attached
to or loaded onto a platform. The platform environment is influenced by forcing functions induced or
modified by the platform and any platform environmental control systems.

Probability of occurrence. The measure of how likely it is that some event will occur. It is the theoretical

distribution and not the actual distribution of the temperatures themselves. It is similar to a sample mean from a data
set versus the actual mean of the underlying distribution from which the sample is drawn.

Program manager. The (Government) official who is in charge of the acquisition process for the
materiel.

Relative humidity. The ratio of the actual vapor pressure of the air to the saturation vapor pressure.
Source: American Meteorological Society. (1959). Glossary of Meteorology. Boston: AMS Relative
humidity (RH) indicates the degree of saturation of the air.

Service life. Period of time from the release of materiel from the manufacturer through retirement and
final disposition.

Tailoring. The process of choosing design characteristics/tolerances and test environments, methods,
procedures, sequences and conditions, and altering critical design and test values, conditions of failure,
etc., to take into account the effects of the particular environmental forcing functions to which materiel
normally would be subjected during its life cycle. The tailoring process also includes preparing or
reviewing engineering task, planning, test, and evaluation documents to help ensure realistic weather,
climate, and other physical environmental conditions are given proper consideration throughout the
acquisition cycle.

Temperature shock. A change in temperature greater than or equal to 10° C (18° F).

Test item. Specific materiel, a subsystem, or component being tested, including its container and
packaging materials, that is representative of the materiel being developed. A representative sample of
materiel that is used for test purposes.

Test level. The value at which a test condition is set or recorded. (Also, see parameter level.)

Test method. The criteria and procedures used to formulate an environmental test. Laboratory test
methods are identified by the environment (or combinations of environments) in Part Two of this
document.

Test plan. A document that may include test procedures and test levels, failure criteria, test schedules, and
operational and storage requirements.

Test procedure. A sequence of actions that prescribes the exposure of a test item to a particular
environmental forcing function or combination of environmental forcing functions, as well as inspections,
possible operational checks, etc.

Time compression. The process of increasing the rate of degradation of materiel in a quantitative manner.
The goal is to shorten the test time by increasing the severity of the environment using a physics-based
method that retains the correct failure mechanisms without inducing others.

ww. Virtual proving ground. Suite of tools, techniques, and procedures by which the tester will verify,

validate, test, and evaluate systems, simulators, and models by exposing them to a synthetic rendition of the
ground truth. “Ground truth data” are data collected from real-world tests or experiences.

Acronyms.

Acronyms used in this document are defined below.

AECTP Allied Environmental Conditions and Test Publication
ANSI American National Standards Institute

COEA Cost and Operational Effectiveness Analysis
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DETP Detailed Environmental Test Plan
DoD Department of Defense
DoDD Department of Defense Directive
DoDI Department of Defense Instruction
DoDISS Department of Defense Index of Specifications and Standards
DTIC Defense Technical Information Center
EEMP Environmental Engineering Management Plan
EES Environmental Engineering Specialists
EICL Environmental Issues/Criteria List
EMI Electromagnetic Interference
ESS Environmental Stress Screening
ETEMP Environmental Test and Evaluation Master Plan
ETR Environmental Test Report
IPT Integrated Product Team
ISO International Organization for Standardization
LCEP Life Cycle Environmental Profile
MAIS Major Automated Information System
MDAP Mandatory Procedures for Major Defense Acquisition Program
MIL-HDBK Military Handbook
MIL-STD Military Standard
MNS Mission Need Statement
NATO North Atlantic Treaty Organization
NCSL National Conference of Standards Laboratories
NDI Non-development Item
OED Operational Environment Documentation
OEDP Operational Environment Documentation Plan
OEDR Operational Environment Documentation Report
ORD Operational Requirements Document
QSTAG Quadripartite Standardization Agreement (American, British, Canadian, and Australian)
SEMP System Engineering Management Plan
STANAG  Standardization Agreement (NATO)
TEMP Test and Evaluation Master Plan

MIL-STD-810G

4. GENERAL PROGRAM GUIDELINES.

4.1 Program managers.

4.1.1 Roles of the program manager.

In the context of this standard, the program manager's primary role is to ensure environmental engineering
considerations are addressed systematically, thoroughly, and effectively at appropriate times throughout the materiel
acquisition process. The process for accomplishing this integration is diagrammed on Figure 1-1. An associated
role is to ensure environmental effects information is documented, available, and communicated from one program
phase to another.

4.1.2 Guidance for program managers.

a.

DoD 5000-series documents call for a total systems approach through systems engineering, considering all
life cycle needs, including storage, transport, and operation in natural environments (DoDD 5000.1).
Specifically, they call for a description of how performance in natural environmental conditions
representative of the intended area of operations will be tested. This includes identifying test beds that are
critical to determine if developmental test objectives are achieved, taking into account such stressors as
temperature, vibration (random or sinusoidal), pressure, humidity, fog, precipitation, clouds,
electromagnetic environment, blowing dust and sand, icing, wind conditions, steep terrain, wet soil
conditions, high sea state, storm surge and tides, etc. (DoDI 5000.2). The environmental tailoring process
shown on Figure 1-3 and the generalized life cycle environmental profile on Figures 4-2a and b use
systems engineering approaches, helping to ensure that system design and test criteria are tailored to
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environmental conditions within which materiel systems are to operate and that total ownership costs are
reduced..

DESIGN
NATURAL ENVIRONMENTS REQUIREMENTS
CHARACTERISTICS
TAILOR DESIGN
IDENTIFY THE NATURAL REQUIREMENTS TO
ENVIRONMENT PLATFORM ENVIRONMENT
CHARACTERISTICS FOR PLATFORM ENVIRONMENTS CHARACTERISTICS WHICH
REGIONS IN WHICH ITEM IS WILL AFFECT ITEM, ITEM
TO BE DEPLOYED. DEFINE PLATFORM EFFECTIVENESS, AND
ITEM ENVIRONMENTS BASED ON: INTEGRITY.
REQUIREMENTS A) NATURAL ENVIRONMENT l
DOCUMENTS FORCING FUNCTIONS
ITEM PLATFORM TRANSFORMED BY PLATFORM TEST PROCEDURES
CHARACTERISTICS DYNAMICS
B) FORCING FUNCTIONS TAILOR TEST METHODS AND
IDENTIFY CHARACTERISTICS INDUCED BY PLATFORM ITSELF PROCEDURES TO PLATFORM
OF PLATFORMS ON WHICH ENVIRONMENTS AND
ITEM IS TO BE CARRIED OR DESIGN REQUIREMENTS.
OPERATED (FIGURE 4-2).2

1. CONVENTIONAL METEOROLOGICAL DATA ARE NOT COLLECTED WITH
MILITARY HARDWARE IN MIND. GREAT CARE MUST BE TAKEN TO ENSURE
THAT THE METEOROLOGICAL DATA USED ARE RELEVANT TO THE SPECIFIC
MATERIEL BEING TESTED.

2. IN THIS CONTEXT, A PLATOFRM IS ANY VEHICLE, SURFACE, OR MEDIUM
THAT CARRIES THE MATERIEL. FOR EXAMPLE, AN AIRCRAFT IS THE
CARRYING PLATFORM FOR AN AVIONICS POD, THE LAND ITSELF FOR A
GROUND RADAR, AND A MAN FOR A MAN-PORTABLE RADIO.

Figure 1-3. Environmental test program tailoring process.

As indicated on Figure 1-1, there may be times that the program manager has valid alternatives to testing
actual hardware or hardware prototypes when conducting laboratory, development, or operational tests.
These alternatives include, but are not necessarily limited to, using simulation to reduce the costs involved
in producing and testing hardware prototypes, using coupon samples instead of entire systems when
specific materials are the central acquisition issue, and using analytical procedures such as verification by
similarity to systems already tested and approved. An environmental engineering specialist (EES) can aid
program managers to establish an engineering basis for selecting such alternatives. When these
alternatives are selected, Task 401, Environmental Engineering Management Plan, must contain the
rationale for their selection, including an explanation of expected cost savings, other benefits and risks to
system effectiveness/safety. (See Part One, Annex A, Task 401; and Annex B, paragraph F.)

The following paragraphs, organized by major acquisition documents, capsulize environmental effects
information for program managers and serve as background information for design engineers, test
engineers, and environmental engineering specialists. Annex B provides detailed direction for program
managers.

Mission Need Statement (MNS).

The MNS identifies environments that may constrain the operation or survivability of materiel, including natural,
induced (e.g., temperature and vibration during transportation), and special operational threat environments (e.g.,
electronic emissions during battle) in which the mission is to be accomplished. The MNS defines the desired levels
of mission capability in these environments. An EES can assist the program manager in formulating this
environmental effects input to the MNS.
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4.1.2.2 Operational Requirements Document (ORD).

The ORD identifies materiel performance parameters that will meet the need described in the MNS. In identifying
required capabilities and critical system characteristics, the ORD describes mission, storage, handling, and transport
scenarios that the materiel will experience throughout its service life as shown on Figure 4-2. In so doing, broad
performance requirements (e.g., design for worldwide deployment) that may conflict with tailored issues can be
avoided. This input to the ORD, covering natural and man-made environments and expected mission capabilities in
those environments, is derived from the fundamental aspects of a Life Cycle Environmental Profile (LCEP). The
LCEP, prepared through the assistance of an EES as described in Task 402 in Part One, Annex A, supports
development of the ORD.

4.1.2.3 System Engineering Management Plan (SEMP).

Program managers integrate environmental technical considerations (effects of various environments on system
performance and reliability) into the SEMP. The mechanism for accomplishing this integration is provided in Task
401 in the form of an Environmental Engineering Management Plan (EEMP) prepared through the assistance of an
EES. The EEMP basically lays out a schedule for implementing the remaining environmental engineering tasks,
Tasks 402 through 406.

4.1.2.4 Test and Evaluation Master Plan (TEMP).

The TEMP includes plans for testing in natural (field/fleet) environments, simulated (laboratory) environments and
virtual proving ground (synthetic) environments. An EES assists the program manager in preparing the TEMP by
developing an Environmental Test and Evaluation Master Plan (ETEMP), the preparation of which may be merged
into the Integrated Test Program Schedule. Annex C provides information on the balance of field/fleet tests,
laboratory tests, and modeling/simulation, and on the values chosen as design criteria or test criteria. Part Two of this
standard provides details for developing laboratory test procedures. Component parts of the ETEMP are Tasks 402
through 404. Thus, the ETEMP contains the following:

a. Life Cycle Environmental Profile (LCEP) displaying the series of events, and environmental conditions
derived from those events that materiel is expected to experience from manufacturing release to the end of
its useful life. Include in TEMP the system description. (See Task 402.)

b. Operational Environment Documentation Plan (OEDP) outlining plans for obtaining specific natural or
platform environment data to be used in developing tailored environmental test criteria. The OEDP does
not have to be included in the TEMP, but is a necessary subtask within the ETEMP for creating a valid
basis for environmental test criteria. (See Task 403.)

c. Environmental Issues and Criteria List (EICL) containing fundamental environmental design and test
criteria derived from the tailoring process. Include criteria in the required technical and operational
characteristics of the TEMP. Include related critical issues in the TT&E or OT&E outline of the TEMP.
(See Task 404.)

4.2 Environmental Engineering Specialists (EES).

EES are government or industry professionals in the acquisition process whose experience allows them to support
program managers by helping to perform the tasks in Annex A. Their backgrounds may span many
scientific/engineering disciplines. They already exist in Government and contractor agencies involved in the
acquisition process (e.g., serving as design, test, and reliability engineers/scientists). Several EES of different
backgrounds may work on an integrated product team (IPT) at one time or in sequence throughout the program,
employed by or on contract to agencies of the services as appropriate at the time. Their work is documented and
passed on through the products of each successive task.

4.2.1 Roles of environmental engineering specialists.

EES from agencies within and on contract to government agencies support program managers throughout the
acquisition cycle. EES are assigned by agencies that are responsible for performing the tasks outlined on Figure 1-1
and explained in detail in Part One, Annex A. EES should be involved early in the acquisition process, serving as
critical sources of environmental effects expertise and as technical facilitators throughout the entire acquisition
process as part of an IPT. As shown on Figure 1-2, EES form facilitating bridges among design and test needs of
program managers and technical procedures used by testers. The primary mechanisms for accomplishing
environmental engineering goals are the tailoring tasks described below.
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4.2.2 Environmental engineering tailoring tasks.

4.2.2.1 General.

a. Environmental engineering tailoring tasks are the basic strategy and structure for integrating environmental
considerations into acquisition programs. The task sequence outlined on Figure 1-1 is designed to meet the
environmental effects integration called for in the DoD 5000-series documents. To accomplish this
integration, EES personnel working for government or contractor staffs throughout the acquisition process
help to perform these environmental engineering tasks to help create a scientifically sound, cost effective
design and test program in the area of environmental effects. This process, including the hardware test
alternatives indicated on Figure 1-1, applies to all materiel developed for, or intended to be used by the
military or industry. Detailed task descriptions are in Annex A.

b. As indicated in 4.1, above, the primary benefits of performing these tasks come from the technical
information and structure they provide for the MNS, ORD, SAMP, and TEMP. This information covers
natural and induced environmental conditions. The structure provides an orderly means of uncovering
potentially significant environmentally-related failures during the acquisition cycle rather than after
fielding (storage, transit, operational modes). The environmental engineering tasks, then, help reduce total
ownership costs in terms of decreasing early system failures, reducing system downtime, saving
repair/parts/logistic expenses, and even saving lives.

4.2.2.2 Preparing an Environmental Engineering Management Plan (EEMP), Task 401.

The EEMP is the basic management schedule used to integrate environmental effects considerations into the SAMP.
This integration helps ensure materiel will be prepared for all environmental conditions to which it will be
subjected during its life cycle. The EEMP identifies manpower, dollar estimates, timing and points of contact
necessary to complete the remaining tasks (402 through 406). As indicated on Figure 1-1; 4.1.2; and Annex B,
paragraph F, there may be times that the program manager has valid alternatives, such as modeling and simulation
or other analytic techniques, to testing actual materiel or working prototypes. These alternatives are scheduled and
justified in the EEMP. The EEMP is described in Part One, Annex A, Task 401.

4.2.2.3 Developing an Environmental Test and Evaluation Master Plan (ETEMP).

This plan is not a formal document, but is comprised of the products from three separate tasks (Tasks 402, 403, and
404). Early in the acquisition process, initial work on these tasks helps build materiel need and performance
requirements documents by identifying basic environments in which the materiel will operate, and fundamental
issues to be addressed during the remainder of the acquisition process. These three tasks contribute to the TEMP
when they are completed. See Figure 1-1. The ETEMP contains basic guidance/background information not to be
confused with detailed test planning documents explained in Task 405.

4.2.2.3.1 Defining a Life Cycle Environmental Profile (LCEP), Task 402.

The LCEP describes service-related events and environmental conditions that materiel will experience from its
release from manufacturing to the end of its useful life. The scope and structure are shown on Figure 4-2 that serves
as a generalized guide for developing LCEPs for acquisition programs. Tailor LCEPs to specific programs, treating
each line in the body of Figure 4-2 as a survey or questionnaire item to see if it applies to the specific program for
which the LCEP is being developed. It may be useful to develop a questionnaire based on this LCEP format, taking
care to add unique, system-specific environmental stressors that may not appear on Figure 4-2. Fundamental
progress is required on this task early in the acquisition process to influence the MNS and the ORD. The completed
LCEP is needed later in the process to help system designers and evaluators build the TEMP. It is important to note
that the LCEP does not specify design or test requirements. Rather, it serves as a tailored guide for deriving
materiel designs and test parameters through Tasks 403 and 404, based on performance requirements.

4.2.2.3.2 Developing Operational Environment Documentation (OED), Task 403.

The OED task entails producing two documents. One is a plan for obtaining data that will serve as the basis for
design and test criteria development. The other is a report that contains those plans and the resulting data. The
plan, the Operational Environment Documentation Plan (OEDP), provides for two types of data. First, it contains
plans for securing data that have been collected previously and are still valid for developing the materiel's design
and test criteria. Second, it contains plans for collecting data not available currently, describing how to obtain those
environmental data under realistic operating or field conditions using actual or closely related systems/platforms.
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The OEDP and the resulting data (existing and new data) form the Operational Environment Documentation Report
(OEDR).

4.2.2.3.3 Developing an Environmental Issues/Criteria List (EICL), Task 404.

The EICL is developed from the LCEP and OEDR. It contains a list of tailored issues and criteria, complete with
appropriate criterion levels for the materiel being acquired. Also, it includes rationale and assumptions for how
environmental effects issues and criteria were derived. This rationale aids designers, developers, and assessors as
they revise criteria when materiel deployment concepts and designs change.

4.2.2.4 Preparing a Detailed Environmental Test Plan (DETP), Task 405.

Developers, evaluators, assessors, and testers prepare detailed environmental test and evaluation plans in various
levels of detail (e.g., Independent Evaluation Plans through Detailed Test Plans), consulting with on-board EES as
necessary. These detailed plans serve as the primary means for calling out specific laboratory and field tests, test
sites, instrumentation, procedures, and criterion levels for environmental tests. The DETP may stand alone as an
environmental test planning document or may appear as a subset of a larger test plan. Quite often, the highest level
of detail in these plans appears in standard test procedures referenced in those plans. For environmental laboratory
tests, detailed methods are in Part Two of this standard.

4.2.25 Preparing an Environmental Test Report (ETR), Task 406.

Environmental test reports are produced at various points in the acquisition process. Specifications for conducting
development and operational tests, and formats for resulting reports are provided by development and operational
test agencies. This task pertains mainly to the results of materiel tests performed in environmental testing
laboratories. The ETR defines the test purpose, lists test issues/criteria, lists or describes test equipment/
facilities/instrumentation, explains the test design/set-up, contains detailed test data/logs, provides failure analyses,
and interprets test results. The laboratory ETR is appropriate for design evaluation tests, operational worthiness
tests, and qualification tests. Data from these laboratory tests serve as early warnings of unanticipated deviations
from performance requirements. They support failure analyses and corrective actions related to the ability of
materiel to withstand specific environmental conditions. These laboratory test data do not serve as substitutes for
development or operational tests conducted in natural field/fleet environments.

4.3 Design and Test Engineers and Facility Operators.

4.3.1 Roles of design engineers.

Design engineers conduct engineering analyses that predict responses of materiel to the stresses of the
environmental life cycle. These analyses are used to prepare materiel designs that incorporate necessary resistances
to environmental stresses, to modify test criteria to account for factors that cannot be fully accounted for in
laboratory testing, and to interpret test results during failure analyses and redesign.

4.3.2 Roles of test engineers/facility operators.

Test engineers develop test implementation plans/instructions that are carried out by other engineers or facility
operators. Facility operators conduct tests according to direction established in system test planning and assessment
documents and specific instructions prepared by test engineers/scientists who base their procedures on the
environmental tailoring process. As a result of the tailoring process, laboratory testers will conduct only those tests
that are appropriate, using exposure levels that will be neither too high nor too low because they will have been
established according to the environments and levels that the materiel would be expected to see throughout its
service life. In the same manner, field/fleet testers will conduct tests in those natural environment in which the
materiel is expected to operate.

4.3.3 Guidance for design and test engineers and test facility operators.

4.3.3.1 Natural environment (field/fleet) testing.
Plan for and conduct natural environmental field/fleet tests, incorporating the principles of environmental tailoring
information into established field/fleet procedures and facilities.

4.3.3.2 Laboratory testing.
Plan for and conduct laboratory tests according to the tailoring information above and specific guidelines below in
Part One, plus specific guidelines in each method of Part Two of this standard.
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5. GENERAL LABORATORY TEST METHOD GUIDELINES.

NOTE: Safety is an inherent concern in all test programs. Specific concerns are addressed in appropriate test
methods. Guidelines for establishing a materiel safety program are in MIL-STD-882.

5.1 Test Conditions.

a.

Standard Ambient

When the term "standard ambient” is specified in the methods of this standard, use the values shown
below. If the term is not used and no specific values are called for in the test method or the materiel
specification, conduct item tests (e.g., pre-, during, and post-test) at standard ambient conditions.

Temperature: 25° + 10°C (77 + 18°F)
Relative humidity: 20 to 80 percent
Atmospheric pressure: Site pressure

Controlled ambient.
When the ambient conditions must be closely controlled, maintain the following:

Temperature: 23°+2°C (73 + 3.6°F)
Relative humidity: 50 percent + 5 percent
Atmospheric pressure: 96.45 +6.6 / -10.0 kPa

28.5+2.0/-3.0in Hy

NOTE: Every effort has been made to use metric units throughout this document. The initial figures are
followed by US units in parentheses, but these conversions are not usually repeated throughout this document.

5.2 Tolerances for Test Conditions.

Unless otherwise specified, adhere to the test condition tolerances shown below for the following parameters. Any
tolerance shown as X following a specified value is intended to mean the specified value is what is intended but,
because of instrumentation or measurement inaccuracies, a slight deviation is acceptable but not outside of the
tolerance.

a.

Test section air temperature. Surround the test item totally by an envelope of air (except at necessary
support points), considering boundary effects. Keep the air temperature uniform in the immediate vicinity
of the item. To ensure the test item is bathed in the required air temperature, place verification sensors at
representative points around the entire item and as close to the test item as possible, but not so the airstream
temperature is affected by the test item temperature. Keep these temperatures within + 2°C (3.6°F) of the
required test temperature. Ensure the air temperature gradient across the item does not exceed 1°C (2°F)
per meter or a maximum of 2.2°C (4°F) total (test item nonoperating). Wider temperature tolerances are
acceptable in situations such as:

(1) For large items with a volume greater than 5 m®, the temperature tolerance can be + 3°C. Justify any
larger tolerance and obtain approval for its use from the procuring activity.

(2) For required temperatures greater than 100°C, the temperature tolerance can be + 5°C. Specify the
actual tolerance achieved.

Pressure. +5 percent of the value or +200 Pa, whichever is greater.
Humidity. Keep relative humidity at the chamber control sensor to +5 percent RH of the specified value.
Vibration amplitude.

Sinusoidal Peak +10 percent
Random See Method 514.6.

Vibration frequency. Measure vibration frequency of 25 Hz and above to an accuracy of +2 percent.
Below 25 Hz, use +%2 Hz.

Acceleration. See the tolerances specified in the test methods.
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g. Time. Control time (e.g., test durations and data gathering intervals) within +5 minutes for a total test
duration greater than 8 hours, and within +1 percent of the specified value for durations or intervals of 8
hours or less, unless the nature of the test requires greater accuracy.

h. Air velocity. Maintain within +10 percent of specified value.
i. Water purity. See 5.16.
5.3 Test Instrumentation.

5.3.1 Suitability for environment.

Ensure the sensors and instrumentation to be used for recording environmental conditions and responses are suitable
for the intended environments. (For example, accelerometers used in a combined high temperature/vibration test
could give erroneous readings if not designed for high temperature use.)

5.3.2 Calibration.

Prior to and following each test, verify the accuracy of instruments and test equipment used to control or monitor
the test parameters. Calibration intervals must meet the guidelines of ANSI/NCSL Z540.1 or 1SO 10012 to the
satisfaction of the procuring activity. All instruments and test equipment used in conducting the tests in this
document should:

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

b. Have an accuracy at least equal to 1/3 the tolerance of the variable to be measured. In the event of conflict
between this accuracy and guidelines for accuracy in any one of the test methods of this standard, the latter
governs.

5.4 Stabilizing Test Temperature.

Temperature stabilization is generally important to ensure reproducible test conditions. Stabilizing test item
elements critical for operational requirement (i.e., components, subassemblies, etc.) normally is more important than
stabilizing temperatures of structural members. The following information is based on this intent.

5.4.1 Test item operating.

Unless otherwise specified, operating temperature stabilization is attained when the temperature of the functioning
part(s) of the test item considered to have the longest thermal lag is changing at a rate of no more than 2.0°C (3.6°F)
per hour.

5.4.2 Test item non-operating.

Unless otherwise specified, non-operating temperature stabilization is attained when the temperature of the
functional part(s) of the test item considered to have the longest thermal lag reaches a temperature that is within the
temperature tolerance of the air surrounding the test item. Structural or passive members are not normally
considered for stabilization purposes. When adjusting temperatures, 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 a response temperature beyond the test item's temperature limits.

5.5 Test Sequence.

Base the specific sequence on the item, its intended situation-dependent use, available program assets, and
anticipated synergetic effects of the individual test environments. In defining a life cycle sequence of exposures,
consider recurring exposure(s) that might reasonably occur during service use. In most cases there is no single
defined sequence. See Annex C of Part One for additional information.

a. Use the anticipated life cycle sequence of events as a general sequence guide. However, 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 in the information in the
test methods, follow the test sequence. Use other sequences and combinations consistent with good
tailoring practices with the permission of the acquisition agency. With the exception of information
provided in the individual methods, do not alter test sequences to ease the effects of the tests.

b. Relate cumulative effects on performance and durability of a materiel item to a test sequence that stresses
materiel in the proper order according to its mission profile (see Part One, Figure 4-2 as an example).
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Developing such a test sequence requires communication among the test sponsor, the tester, the evaluator,
and the end user early and often to ensure a trackable, reliable, and realistic test effort.

5.6 Test Level Derivation.

Derive specific test levels, ranges, rates, and durations from data that occur on identical or appropriately similar
materiel that is situated on platforms under similar natural environmental conditions (see Annex A, Task 403,
403.2.1). When data from actual situations are not available or cannot be obtained nor estimated easily, tailor the
test characteristics using the information found in specific methods.

5.7 Pretest Information for Facility Operators.
Provide the following (in addition to any information required in the individual test methods):

a.

Se "o oo o

Test facilities and instrumentation.

Required test procedure(s).

Critical components, if applicable.

Test duration.

Test item configuration.

Test level, duration, and method of stress application.

Location of instrumentation/sensors, e.g., thermocouples, transducers.

Test item installation details (including mounting provisions, orientation, interconnections, etc.).
Cooling provisions, if appropriate.

5.8 Test Setup.

5.8.1

Installing the test item in test facility.

Unless otherwise specified, install the test item in the test facility in a manner that will simulate service use to the
maximum extent practical, with test connections made and instrumentation attached as necessary.

a.

d.

To test the effectiveness of protective devices, ensure plugs, covers, and inspection plates used in servicing
are in whatever position is appropriate for the test and in their normal (protected or unprotected) mode
during operation.

Make electrical and mechanical connections normally used in service, but not required for the test being
performed (e.g., tests of items not running) with dummy connectors installed (connected and protected as
in field/fleet use) so that all portions of the test item will receive a realistic test.

If the item to be tested consists of several separate units, these units may be tested separately, provided the
functional aspects are maintained as defined in the requirement’s document. If units are being tested
together and the mechanical, electrical, and RF interfaces permit, position units at least 15 cm (6 inches)
from each other or from the test chamber surfaces to allow for realistic air circulation.

Protect test items from unrelated environmental contaminants.

5.8.2 Test item operation.
Operate the test item in the most representative operating modes (from performance and thermal standpoints) using
duty cycles and durations that represent service use.

5.9 Pretest Baseline Data.

Before environmental exposure, operate the test item under standard ambient conditions (see 5.1) to ensure the test
item is operating properly and to obtain baseline performance data. Include the following information in the pretest
documentation:

a. Background data of each item:

(1)  Item nomenclature, model, serial number, manufacturer, etc.
(2)  General appearance/condition.

(3)  Specific physical anomalies.

(4)  Environmental test history of the specific item.
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b. Collect pretest data on the functional parameters that will be monitored during and after each
environmental test. Use functional parameters and operational limits specified in the materiel specification
or requirements document. If such specifications are not provided, establish and apply appropriate
parameters/limits for the pretest, the main test, and the post test.

5.10 Information During Test (for inclusion in the Test Report).

a. Performance check. Monitoring and recording of test items’ critical performance parameters is required
before and after all tests. Monitoring of performance parameters is not required during non-operational
tests such as storage and transportation. Monitoring of performance parameters during operational tests is
strongly suggested. Where cost concerns preclude monitoring during an operational test, consideration
should be given to the consequences of undetected, intermittent failures.

b. Test facility. Maintain a record of environmental conditions applied to the test item.

c. Test item response. Maintain a record of test item response to applied environmental forcing functions.
d. Test interruptions. See guidance with respect to specific test methods.

5.11 Interrupted Tests.

For the purpose of standardization and valid testing, and unless otherwise specified in the individual methods, apply
the following procedures when a test is interrupted. Explain test interruptions in the test report, and any deviation
from the following information.

5.11.1 In-tolerance interruptions.

Interruption periods during which the prescribed test conditions remain in tolerance (e.g., power interruptions that
do not affect chamber temperature) do not constitute a test interruption. Therefore, do not modify the test duration
if exposure to proper test levels was maintained during the ancillary interruption.

5.11.2 Out-of-tolerance interruptions.
A logic diagram for these methods is on Figure 1-5.

a. Undertest. If test condition tolerances fall below the minimum tolerance value (i.e., environmental
stress less severe than specified) resulting in an undertest condition, the test may be resumed (after
reestablishing prescribed conditions, except as noted in the individual methods) from the point at which
the test condition fell below the lower tolerance level. Extend the test to achieve the prescribed test
cycle duration.

b. Overtest. If an overtest condition occurs, the preferable course of action is to stop the test and start over
with a new test item. But, as shown on Figure 1-5, if there is no damage to the test item, continue the
test, realizing that if the item fails the test from this point on or fails subsequent tests, you have a "NO
TEST" unless it can be shown that the overtest condition had no effect on the test item. Overtest
conditions can damage the test item and cause subsequent failures that may not have occurred otherwise,
thus failing a test item because of an invalid test. However, if damage resulting directly from an overtest
occurs to a test item component that has absolutely no impact on the data being collected, and it is
known that such damage is the only damage caused by the overtest (e.g., rubber feet on bottom of a test
item melted by high temperature where those feet have no impact on the performance of the test item),
the test item can be repaired and the test resumed and extended as in the undertest condition. Coordinate
with the customer before repairing and continuing to test an item after it has been overtested. This
coordination is aimed at preventing customer objections if the test item fails during the remainder of the
test program (claims that the test was invalid past the point of the overtest because the overtest caused
undiscovered damage to a critical component).

5.11.3 Interruption due to test item operation failure.
Each method contains information for handling interruptions due to test item failure. Analyze any such interruption
carefully.
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5.12 Combined Tests.
Combinations of tests may represent the effects of the environment more realistically than a series of single tests.
Combined environment testing is encouraged when these conditions may be expected in operational environments.

5.13 Post-test Data.

After completing each environmental test, examine the test item in accordance with the materiel specifications.
Operate the test item when appropriate for obtaining post-test data. Compare the results with the pretest data
obtained in accordance with 5.9. Include the following information in the post test record and report:

a.

o o o0 T

> e

Test item identification (manufacturer, model/serial number, etc.).
Test equipment identification, including accessories.

The actual test sequence (program) used.

Deviation from the planned test program (including explanation).

Performance data collected on the same parameters at the same operational levels as those of the pretest
(including visual examination results and photographs, if applicable).

Test item identification (manufacturer, model/serial number, etc.).

Room ambient test conditions recorded periodically during test period.

Other data specified in individual methods or requirements document(s).

Initial failure analyses, if applicable.

A signature and date block for the test engineer/technician to certify the test data.
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Figure 1-5. Interrupted test cycle logic.
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5.14 Environmental Effects and Failure Criteria. (See also 5.17, below.)

Interpretation of the effects of an environmental test depends on the purpose of the test in the context of a specific
acquisition program. Structural degradation and performance anomalies may be considered as useful information
during engineering development tests, but as failures during formal tests for contractual compliance. The following
are some of the most common conditions that could constitute a materiel failure, depending on specific contract
requirements.

a. Deviation of monitored functional parameter levels beyond acceptable limits established in the pretest
performance record and specified in the requirements document. NOTE: Certain types of materiel
(e.g., propellants and electrically driven devices) often are expected to demonstrate decreased
performance at an environmental extreme, particularly low temperature. A failure would occur only if
degradation is more than permissible, or remains degraded after removal of the environmental stress.

b. Not fulfilling safety requirements or developing safety hazards.
c. Not fulfilling specific materiel requirements.

Test item changes that could prevent the materiel 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 impact requirements. (For example: Exhaust emission levels
beyond established limits or seal failures that allow oil spills.)

f.  Additional failure criteria as specified in the materiel specification.

5.15 Environmental Test Reports
Complete environmental test reports according to Part One, Annex A, Task 406.

5.16 Water Purity.

It is essential that water used for humidity (water vapor and wet bulb socks), salt fog and fungus growth (all
aspects) tests not unfairly impose contaminants or unintended products on test items, or affect fungus germination.
Chemicals commonly found in commercial water supplies such as chlorine can cause unintended corrosive effects.
Solubles such as calcium carbonate (lime) or insolubles can cause nozzles to clog or leave deposits. Water with a
non-neutral pH could cause unintended effects on materiel. Accordingly, rather than impose unrealistic water purity
requirements on test establishments, recommend water used for these tests be relatively clean of impurities and
chemicals, and have a pH in the range of 6.5 to 7.2 at 25°C at the time of the test.

NOTE: A water resistivity in the range of 0.15 megohm cm to 5 megohm cm is
recommended, but document any water used that is outside this range. This can be produced
using distillation, demineralization, reverse osmosis, or deionization.

5.17 Analysis of Results.

a. The analysis of test results is to be consistent with the guidance provided in 5.14, above, as well as Part
One, Annex A, Tasks 405 and 406. Additionally, the analysis of results will, in general, consist of
presentation in some appropriate format as called out by the DETP, the (1) measured input environment
to the test item; (2) the measured response environment of the test item, and (3) the functional or
operational performance of the test item under the environmental stress. With regard to (1) and (2),
these may include temperature, humidity, pressure, acoustic, acceleration, velocity, displacement,
vibration or shock. With regard to (3), this may include the mechanical, electrical, overall functional or
safety performance while under environmental stress.

b. The goal of the “analysis of results” paragraph in each test method is an attempt to correlate the
measured response environments and the functional or operational performance of the test item with the
measured input environment considering any synergistic effects. Performance of this correlation may
require an understanding of an idealized model of the test item, a careful study of the physics of failure,
and some rudimentary understanding of the synergistic effects of combined environments. In extended
duration environmental tests, an understanding of the general “fatigue” stress receptivity of the test item
is required. Underlying all of this is the purpose of the test and the relationship of the test to the goals of
the test, i.e., environmental qualification, test-analyze-and-fix, developmental testing, etc. In some cases
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the test will be designed to simulate the in-service environment. In other cases it will be designed to
envelope the environment in hope of providing a conservative margin to a design and, in other cases, the
test may be exploratory in nature to examine the “fragility” of the test materiel.

5.18 Monitoring.

5.18.1 Monitoring test chamber parameters.

It is good scientific and engineering practice to monitor chamber conditions to ensure that the chamber settings are
correct and that the desired environmental conditions within the chamber are being maintained within specified
tolerances throughout the duration of the test. An environmental engineering specialist should work with the
customer to tailor monitoring requirements to the customer's needs. Considerations include:

a.  The frequency of monitoring may vary depending on the data requirements and how the data are to be
used. Monitor test parameter levels throughout the test at intervals that are meaningful for the item
under test such that a failure to maintain prescribed parameter levels may be corrected without
jeopardizing the validity of the test.

b.  Establish an alarm system to be triggered by parameter levels that stray out of tolerance beyond
acceptable limits.

c.  To provide proof of parameter level maintenance, keep a manually- or electronically-produced log of
parameter levels. Exact parameter monitoring intervals and exact methods of recording parameter levels
may vary for different methods and for different items being tested using a specific method. In some
instances, monitoring chamber parameters may be required only at long intervals (15-minutes or even
several hours). In others, continual, non-stop recording may be necessary.

d. The technology involved in recording parameter levels may involve visual checks at prescribed
intervals, real time continuous recording such as a circular chart, periodic recording on a device such as
a data logger, or other techniques established in a contract or agreed upon by the tester and the customer.

e.  From a quality assurance standpoint, the intervals at which monitoring should occur depend on how
meaningful the interval length is to the customer, who should be provided with monitoring records that
are no longer, or shorter in interval than the customer’s needs.

5.18.2 Monitoring the item under test.

It is equally important to monitor the test item itself to record the effects of the chamber environment on the
physical condition or performance of the item under test. The reason for such monitoring is to ensure that pertinent
changes in the condition of the item under test are captured at relevant intervals throughout the duration of the test
so that meaningful test item failure analyses may be performed. Consider the following:

a.  The tester must meet contractual or other monitoring requirements established by the customer to fulfill
test data needs.

b.  The frequency of monitoring will vary depending on the data requirements and how the data are to be
used. For example, during conditioning, it may desirable to monitor the condition of the test item
infrequently because the information gathered during this period of testing, though important, may not
be highly critical. However, during cycled static testing or system performance testing, the frequency of
monitoring the test item may be higher at the beginning of a test to capture initial, fast-occurring
degradation. Other minimum intervals may be set to capture transient events that may occur at any time
during the test.

5.19 Total High Temperature Exposure Duration.

The total materiel temperature conditioning exposure duration time for the test program should be less than the life
expectancy time of any component material. Determine the total exposure time from the sum of the pre-
conditioning time, plus any standby time, plus actual laboratory testing time. A total exposure duration greater than
the materiel life limit can create an accelerated material failure mode or materiel degradation that is unrelated to the
simulated environmental test condition. In particular, use caution during testing of energetic or chemically-reactive
materials that degrade under elevated temperature conditions. To determine the total exposure time, the test
program engineer must consider each phase of environmental testing, mechanical climatic and electrical, and any
additional standby time prior to final operational or performance tests. Standby or pre-conditioning time, such as
maintaining the item at conditioned temperature over a weekend, can have a significant impact. The actual test
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conditions concern the duration for high temperature storage and operational tests, high temperature soaks during
vibration, and possibly solar radiation tests.

6. NOTES.
(This section contains information of a general or explanatory nature that may be helpful, but is not mandatory.)

6.1 Intended use.

This standard is intended to organize and standardize the approach within the materiel acquisition process for
considering how environmental stresses affect materiel design, test, and evaluation of materiel designed and
developed to perform combat and support missions in environments unique to military weapons systems. It
emphasizes tailoring materiel to withstand the stresses it is intended to see during its life cycle, and testing such
materiel accordingly. The intended result is to eliminate over- and under-designed/tested materiel with respect to
environmental stresses; to ensure environmental considerations are addressed systematically; to ensure test plans are
tailored realistically as well as thoroughly; to ensure test execution adheres to tailored test plans, and to ensure test
reports are complete and meaningful.

6.2 Acquisition requirements.
Acquisition documents should specify the following:

a. Title, number, and date of this standard.

6.3 Subject term (key word) listing.

Acceleration

Acidic Atmosphere
Acoustic Noise

Climatic Environment
Dust

Environmental Life Cycle
Environmental Test Procedures
Explosive Atmosphere
Fluid Contamination
Freeze / Thaw

Fungus

Humidity

Immersion

Low Pressure (Altitude)
Multi-Exciter Testing
Natural Environment
Rain

Rail Impact

Salt Fog

Sand

Shock

Solar Radiation
Temperature

Time Waveform Replication
Vibration
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6.4 International standardization agreement implementation.

This standard implements STANAG 4242, Vibration Tests for Munitions Carried in Tracked Vehicles; and
STANAG 4370, Environmental Testing (AECTP 200, Category 230, Section 2311; Environmental Conditions).
When changes to, revision, or cancellation of this standard are proposed, the preparing activity must coordinate the
action with the U.S. National Point of Contact for the international standardization agreement, as identified in the
ASSIST database at http://assist.daps.dla.mil.

6.5 Changes from previous issue.

The margins of this standard are marked with vertical lines to indicate where changes from the previous issue were
made. This was done as a convenience only and the Government assumes no liability whatsoever for any
inaccuracies in these notations. Bidders and contractors are cautioned to evaluate the requirements of this document
based on the entire content irrespective of the marginal notations and relationship to the last previous issue.
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ENVIRONMENTAL MANAGEMENT AND ENGINEERING TASKS
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TASK 401
ENVIRONMENTAL ENGINEERING MANAGEMENT PLAN (EEMP)

401.1 Purpose.

The EEMP is basically an administrative document prepared by the program manager's staff or contract personnel
responsible to the program manager. It provides a schedule for integrating Tasks 402 through 406 into the System
Engineering Management Plan (SEMP). By so doing, the EEMP lays out a viable and cost effective environmental
effects program to help ensure that materiel will be designed and tested for all pertinent environmental conditions to
which it will be subjected during its life cycle. The EEMP also outlines critical environmental engineering technical
and communications interfaces between the materiel developer and the procuring agency.

401.2 Task description.
As a minimum, perform the following subtasks and include subtask products in the EEMP:

a. ldentify Government agencies and contracts that will include EES personnel to assist in organizing and
executing environmental engineering tasks. Include list in EEMP.

b. Include in the EEMP the environmental engineering tasks listed below. Note that Tasks 402, 403, and 404
comprise the Environmental Test and Evaluation Master Plan (ETEMP) that provides fundamental input to
the MNS and ORD and detailed input to the TEMP (see Part One, Figure 1-1, and 4.1.2.4).

(1) Task 402 - Life Cycle Environmental Profile (LCEP)

(2) Task 403 - Operational Environment Documentation (OED)
(3) Task 404 - Environmental Issues/Criteria List (EICL)

(4) Task 405 - Detailed Environmental Test Plans (DETP)

(5) Task 406 - Environmental Test Report (ETR)

(6) Other program-specific tasks as appropriate

c. Provide risk assessments for any tasks that are eliminated or curtailed, and for alternatives to testing actual
hardware or prototypes. For example, if an analytical procedure, acceptance by similarity to another
system, coupon samples, or simulations are used in lieu of testing actual systems or prototypes, explain the
cost savings, other benefits, and risks to system effectiveness/safety. Because the EEMP is a living
document, it may be changed at any time to accommaodate such alternatives.

d. Develop schedules, milestones, and personnel requirements needed to accomplish these tasks.

e. Identify lines of communication among the specific developer and acquisition agency organizational
elements responsible for environmental engineering.

f. Develop methods/schedules for monitoring, assessing, reporting government and contractor progress on
tasks; updating task products (e.g., profiles and plans), and for implementing corrective actions for
problems in developing and executing the EEMP, and include them in EEMP.

401.3 Details to be provided by the acquisition agency.

a. Complete description of the materiel to be developed and the scenarios associated with its intended service
application(s).

b. Schedule and procedures for EEMP submittal.
c. ldentification as a contract task or submittal.

d. Special conditions or restrictions.
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TASK 402

LIFE CYCLE ENVIRONMENTAL PROFILE (LCEP)

402.1 Purpose. The LCEP, prepared by an environmental engineering specialist (combat/materiel developer staff
or contractor), identifies and characterizes environments or combinations of environments to which the materiel
could be exposed throughout its service life. Use the LCEP as the baseline document to support design and test
activities throughout the materiel development process.

402.2 Task description. This is one of three tasks (Task 402, 403, and 404) that make up the Environmental Test
and Evaluation Master Plan (ETEMP). The LCEP accurately describes real-world environmental conditions that
are relevant to the materiel being developed. It provides a consistent baseline for design and test decisions
regarding materiel performance and survival under realistically outlined operational environmental conditions. As
such, it should not contain conservatism factors, parameter exaggeration, or test procedures that will be covered by
other tasks. The LCEP is a living document that should be reviewed and updated periodically as new information
regarding operational environmental conditions becomes available. A comparable NATO document, Allied
Ordnance Publication 15 (AOP-15), “Guidance on the Assessment of Safety and Suitability for Service of Non-
Nuclear Munitions for NATO Armed Forces” (1998), provides methodology to define specific details of the service
environments, and to identify appropriate testing to demonstrate that munitions will perform acceptably under those
conditions.

402.2.1 Contents of an LCEP. As a minimum, perform the following subtasks and include subtask products in the
LCEP:

a. Describe the anticipated logistical and operational events associated with the materiel from the time of
final factory acceptance until the end of its useful life. Include description in the LCEP.

b. Develop a list of significant natural and induced environments or combinations of environments
associated with each of the events described in "a" above, and include the list in the LCEP.

c. Prepare narrative, tabular, graphic, and statistical characterizations, to the extent practical, of the
environmental stress conditions identified in "b" above. These characterizations may be a combination
of analytical calculations, test results, and measurements on materiel systems in service. Include
characterizations in LCEP.

402.2.2 Special considerations. When appropriate in developing the LCEP, describe the following special
considerations along with any others that may apply, and include their descriptions in the LCEP:

a. Anticipated materiel configuration (s) during manufacturing, handling, repair/rework, environmental
stress screening (ESS), and transport.

b. Environments to be encountered and their associated geographical and physical locations.

c. Packaging/container designs/configurations.

d. Platform on which the materiel is mounted, stored, or transported.

e. Structural, operating, and other interfaces with adjacent materiel.

f.  Absolute and relative durations of exposure to environmental conditions in each life cycle phase, as well

as any other circumstances of occurrence.

g. Number of times each life cycle phase is expected to occur and its frequency or likelihood of
occurrence.

h. Anticipated limitations and critical values that the environment may have on the materiel because of
materiel design or natural laws (e.g., fog or other precipitation may inhibit the effectiveness of infrared
Sensors).
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402.3 Details to be provided by the acquisition agency. The LCEP must be the product of the shared knowledge of
both the materiel supplier and the acquisition agency. The acquisition agency must provide, as a minimum:

a. A thorough description of all anticipated logistical and operational events associated with the materiel
from the time of final factory acceptance until its terminal expenditure, removal from the inventory, and
demilitarization. Include:

(1) Geographical areas of service or deployment.
(2) Platforms on which the materiel will be mounted, stored, or transported.

(3) Actual measurements of environmental conditions related to the same or similar materiel and
platforms.

(4) Concept of Operation (CONOPS)
b. Schedule and procedures for LCEP submittal.
c. ldentification as a contract task or submittal.

d. Special conditions or restrictions.
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TASK 403
OPERATIONAL ENVIRONMENT DOCUMENTATION (OED)

403.1 Purpose. This is one of three tasks (Task 402, 403, and 404) completed by one or more environmental
engineering specialists (combat/materiel developer staff or contractor) whose products comprise the Environmental
Test and Evaluation Master Plan (ETEMP). To develop the Environmental Issues/Criteria List called for in Task
404, it may be necessary to obtain specific data that describe the environmental conditions laid out in the Life Cycle
Environmental Profile established through Task 402. These data, the OED, are produced by preparing a plan and a
report: the Operational Environment Documentation Plan (OEDP), to obtain data that will serve as the basis for
design and test criteria development; and the Operational Environment Documentation Report (OEDR), that
contains the OEDP and the data called for in that plan.

403.2 OEDP subtask description. The Operational Environment Documentation Plan (OEDP) provides for two
types of data. First, it contains plans for obtaining data that already exist and are valid for developing the materiel
design and test criteria. Second, it contains plans for collecting data not available currently, describing how to
obtain those environmental data under realistic operating or field conditions using actual or closely related
systems/platforms. As a minimum, perform the following subtasks and include subtask products in the OEDP:

403.2.1 Obtain available field/fleet data. Prepare a list of field/fleet data descriptions of materiel or platform
environment conditions that can be used to develop environmental issues and criteria. Include the list in the OEDP.
Adhere to all of the following guidelines:

a. Materiel similarity. Whenever practical, obtain data on the same type of materiel on the same platform
type that will carry the materiel to be tested. This ideal situation is often unattainable early in the
development of new materiel. Therefore, it is sometimes necessary to derive data from appropriately
similar materiel or carrying platforms. Under such circumstances, exact equivalence would not be
expected nor required. It is important to note that materiel may be functionally dissimilar but still be
considered comparable for documenting environmental stress conditions.

b. Data quality. Satisfy the following minimum standards before considering field data suitable for use as
criterion values in laboratory test procedures. Obtain, analyze, and format field data to be compatible
with the specific test procedure for which those data are being considered as criteria. Include the
following supporting information:

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

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

(3) The ambient environmental and operating conditions under which the measurements were made.
(4) The type and calibration status of data recording and analysis equipment and instrumentation.

c. Data quantity. Sufficient data are needed to adequately describe the conditions being evaluated, but the
definition of sufficiency will vary with the environmental conditions, physical and performance
characteristics of the hardware type, and program needs. Some engineering judgment may be required
to assess the applicability of data when constraints limit the number and location of measurement points.
As a minimum, consider:

(1) The number and nature of data points.
(2) The number and scope of test trials.

403.2.2 Develop plans for new data. When field/fleet data are not available (in data bases or other data sources) to
describe specific environmental conditions, develop plans to acquire these needed data under actual service
conditions. Prepare a list of new data requirements that can be used to develop environmental issues and criteria.
Prepare plans for obtaining these new data. Include the list and the plans in the OEDP. In addition to following the
guidelines and providing the information required in 403.2.1, above, for available data, include the following in the
OEDFP:

a. A description of precisely what data are to be collected and to what degrees of accuracy.
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b. A description of the materiel locations at which measurements are to be made.
c. ldentify the instrumentation to be used to make these measurements.

d. Provide mission profile time histories, durations, and the number of tests for which environmental
measurements are to be made.

e. Describe the assets and personnel to be provided by the procuring activity to obtain the required data,
including vehicles, facilities, and information collection and processing equipment.

f.  Provide schedules for acquiring data.
g. ldentify the geographic locations at which measurements are to be made.

Identify points of contact and lines of communication between the procuring activity and the contractor
environmental engineering organizations.

403.2.3 Details to be provided by the acquisition agency.

a. Platforms and personnel availability for acquiring data.
b. Geographic locations available for data acquisition.
c. Data acquisition instrumentation and analysis equipment available at test sites.

403.3 Operational Environment Documentation Report. The OEDP, along with the data resulting from its
implementation, form the Operational Environment Documentation Report (OEDR).
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TASK 404
ENVIRONMENTAL ISSUES/CRITERIA LIST (EICL)

404.1 Purpose. This task, completed by one or more environmental engineering specialists (combat/materiel
developer staff or contractor), provides a list of issues and criteria that cover the effects that various environments
have on materiel performance and reliability. It includes design and test criteria and issues, and their supporting
rationale and assumptions. This is one of three tasks (Task 402, 403, and 404) that make up the Environmental Test
and Evaluation Master Plan (ETEMP). Critical issues and basic criteria may appear in the MNS, ORD, and TEMP.
Environmental design and test issues/criteria are derived from the LCEP and OED data.

404.2 Task description. For each environmental stress type or combination of stress types to be considered in
materiel design/testing, include the following information, as a minimum, in the EICL. Note that design and test
criteria may not be the same in all cases because some form of time compression, stress exaggeration, or other
simplifying assumptions may be needed to perform tests, particularly laboratory tests, in a practical schedule with
available facilities. However, test criteria must always be tailored realistically.

a. Develop specific design and test criteria (including specific criterion values) and their associated critical
issues. Include these issues and criteria in the EICL.

b. Develop rationale and assumptions used to select the specific criteria, including the significance of the
criteria with respect to materiel performance and durability, and including factors of conservatism.
Include these in the EICL.

c. Explain differences between design and test criteria, including test compression algorithms, fatigue
acceleration models, and test facility limitations.

d. Estimate expected degree of correlation between laboratory test results and anticipated service
experiences.

404.3 Details. Details to be provided by the acquisition agency.

a. Service scenarios of greatest concern for performance and durability.
b. Data analysis methodologies (optional).

c. Test time compression algorithms or stress models (optional).
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TASK 405
DETAILED ENVIRONMENTAL TEST PLANS (DETP)

405.1 Purpose. This task calls for detailed plans for conducting environmental tests required to determine if the
environmental criteria developed in Task 404 are met and their associated critical issues are satisfied, and to identify
critical environmental threshold values for system effectiveness that may be evident during testing. Environmental
test plans are prepared by materiel developers, evaluators, assessors, and testers in various levels of detail during the
acquisition cycle. Development and operational testers prepare plans for testing in laboratory and natural field/fleet
environments.

a. Laboratory test plans. This task pertains mainly to plans for materiel tests performed in environmental
laboratories. The laboratory DETP provides the acquisition activity with plans for environmental
laboratory tests early in the development cycle.

b. Natural environment field/fleet tests. The information in 405.2 and following may be used as examples
of some of the types of environmental testing procedures that are useful guidelines for some
development and operational test plans. These plans are influenced automatically by previous
environmental engineering tasks. Agency EES normally assist in preparing these plans.

405.2 Approach. Use decisions and data obtained through the tailoring process to determine the need for
laboratory tests, specific criterion values (settings) for the individual environmental test methods in Part Two of this
document, and the types and timing of development or operational tests in natural environments. Early coordination
with the development and operational test community is essential to facilitate preparation of DETPs and to avoid
costly omissions or duplications in environmental test planning. Consider the following:

a. Probability of occurrence of specific environmental forcing functions, alone or in combination.
b. Occurrence of similar environmental stresses in more than one life profile phase.

c. Experience from other materiel similarly deployed/tested.

d. Expected environmental effects and materiel failure modes.

e. Expected effects on hardware performance and mission success.

f. Likelihood of problem disclosure by a specific laboratory test method using a specific chamber test
sequence/setting or natural environment test location/method.

405.3 Contents. Include the following in DETP's:

405.3.1 Pretest information. Include the following in the test plan as information that is required prior to
conducting an environmental test.

a. Background data of each item:

(1) Item nomenclature, model, serial number, manufacturer, etc.
(2) General appearance/condition.

(3) Specific physical anomalies.

(4) Environmental test history of the specific test item.

b. Pretest data on the functional parameters that will be monitored during and after the main test. Use
functional parameters and operational limits specified in the materiel specification or requirements
document. If such specifications are not provided, establish and apply appropriate parameters/limits for
the pretest, during the test, and the post test.

c. Pretest information for facility operators. (Additional information may be required in specific methods
in Part Two of MIL-STD-810G.)

(1) Test facilities (if applicable) including instrumentation.
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(@) apparatus

(b) fixture(s)

(c) heating or cooling provisions

(d) requirements for combined environment

(2) Test item installation details.

(@) procedures for installation including test item configuration relative to a fixture
(b) orientation
(c) interconnections

(d) pretest setup photographs as appropriate
(3) Test instrumentation, monitoring, and recording.

(@) schedule

(b) individual test duration of exposure

(c) axes of orientation

(d) level criteria and tolerances

(e) method of test stress application

(f) shutdown procedures

(g) completion criteria

(h) test item functional and operational requirements for pretest, during test, and post test

(4) Test procedure:

(@) schedule

(b) individual test duration of exposure

(c) axes of orientation

(d) level criteria and tolerances

(e) method of test stress application

(f) shutdown procedures

(g) completion criteria

(h) test item functional and operational requirements for pretest, during test, and post test

405.3.2 During test information. Include the following in the test plan as data to be collected during the test.

a.
b.

C.

Environmental design parameters and test criteria.
Test configuration and quantity of items to be tested.

Description of the testing to be performed, including specific climatic categories in which tests are
conducted, subtests (e.g., initial examination (including packaging adequacy), pretest data (see 405.3.1,
above), storage, performance, operational modes, human factors, safety, etc.), and failure criteria.

Test procedure criteria, limits and tolerances.

Test sequence and schedule.

Test instrumentation, including, but not necessarily limited to:

(1) Specific instrumentation, calibration criteria, and procedures.
(2) Data to be collected and accuracies to be achieved.

(3) Description of all filtering performed on data.

Descriptions of test installations, facilities, and equipment currently available to the contractor or
available for procurement for the specific test program.
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Facilities/equipment required from the Government and dates required.

Data reduction/analysis techniques and statistical criteria.

405.3.3 Post test information. Include the following in the test plan as information that is required after conducting
the main test.

a
b.

C.

e

Test item identification (manufacturer, model/serial number, etc.).
Test equipment identification, including accessories.

The actual test sequence (program) used or procedural anomalies.
Deviation from the planned test program (including explanation).

Performance data collected on the same parameters at the same operational levels as those of the pretest
(including visual examination results and photographs, if applicable).

If not tested in a chamber (e.g., vibration test), room ambient test conditions recorded periodically
during test period.

Other data as specified in the individual methods or materiel requirements document(s).
Initial failure analyses.
A signature and date block for the test engineer/technician to certify the test data.

Photographic record of the test item, test fixture, and test apparatus, as appropriate.
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TASK 406
ENVIRONMENTAL TEST REPORT (ETR)

406.1 Purposes.

a.

Environmental test reports are produced at various points in the acquisition process by development and
operational testers. Specifications for reports of development and operational tests in specific
environments are provided by development and operational test agencies, and therefore do not appear
here. However, the information in 406.2 may be used as examples of some of the types of information
that could appear in development and operational test reports.

This task pertains mainly to the results of materiel tests performed in environmental laboratories. The
ETR provides the acquisition activity with environmental laboratory test data early in the development
cycle. The laboratory ETR is appropriate for design evaluation tests, operational worthiness tests, and
qualification tests. Data from these laboratory tests serve as early warnings of unanticipated deviations
from performance requirements. They support failure analyses and corrective actions related to the
ability of materiel items to survive specific environmental conditions. These laboratory test reports
(neither singularly nor in aggregate) are not substitutes for reports of development or operational tests
conducted in natural field/fleet environments.

406.2 Task description. For each laboratory test conducted, provide the following:

406.2.1 General information.

406.2.1.1 Main body. Include the following in the main body of the report:

a
b.

134

d.
e.

Test item identification.

Functional description of the failed or affected parts of the materiel.
Causes of failures, if known.

Proposed corrective actions if determinable.

Test conditions (quantitative and qualitative data on environmental parameters of test).

406.2.1.2 Attachments. Include the following as attachments:

a.
b.
C.

Incremental test log (including time and events between failures).

Laboratory failure analysis reports (that identify the physics-of-failure to the extent possible).

A list of all other development and production activities where the same part failed, for example:
(1) Environmental tests

(2) Reliability tests

(3) Screening tests

(4) Bench checks

(5) Acceptance test procedures

406.2.2 Content requirements.

406.2.2.1 Interim test reporting. Unless otherwise specified, accomplish this reporting by letter.

a.

Interim Report. Report accomplishment of an environmental test by way of a letter report. Identify the
specific test accomplished, salient test parameters and conditions, important test results, failures that
occurred, and proposed corrective actions.

Test anomaly notification. When a test anomaly occurs, prepare a test anomaly letter to the procuring
activity. Briefly summarize the test anomaly and include the following information:
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(1) Materiel serial numbers.

(2) Description of the anomaly (test interruption caused by test facility or test equipment failure, or
materiel item failure).

(3) Environmental conditions surrounding the anomaly.
(4) Materiel failed part identification, if known at the time the anomaly letter is written.

(5) Test anomaly analysis and corrective action. Include an analysis of the causes of a test anomaly and
the corrective action taken to prevent its recurrence. Prepare a short letter for one or more test
anomalies that are simple in nature and have simple correction actions. For a materiel failure,
prepare a more detailed notification letter.

Final test report. Document engineering development or qualification testing for each test (single

environment or combined environmental test) for which testing was accomplished. Include in the final report for

each test:

a.
b.

C.

The purpose of the test (i.e., engineering development, qualification, environmental worthiness, etc.).
A list of criteria and issues pertaining to the test.

Description of test item, including configuration identification of test hardware and photographs as
appropriate.

Description of test parameter, test duration, and any special conditions involved in the test.

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

Test set-up diagram/photos. Show arrangements of test item relative to test equipment used.

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

Location of environmental sensors such as accelerometers, microphones, thermocouples, etc., relative to
test item. Use diagrams and photographs as appropriate.

Description of test instrumentation system with particular emphasis given to any sensor averaging.
Test results. Insert conversion tables (metric).
Deviations from the original test plan.

Analysis of results relating data to criteria, including data reduction techniques and procedures showing
how the data were related to the criteria, and a met/not met statement for each criterion.

Record of critical values. In situations when environmental conditions limit or significantly degrade
system performance (e.g., fog limiting infrared sensor system effectiveness, etc.), describe the limitation
and designate it in the final test report as a critical threshold value.
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PART ONE ANNEX B
DETAILED PROGRAM MANAGEMENT GUIDANCE

A. General. Materiel must perform adequately under all environmental conditions associated with its service life;
withstand those conditions in transit and storage, and maintain the desired level of reliability after
environmentally harsh operation, storage, and transit. In order for this to happen, the effects that environmental
conditions have on materiel effectiveness and safety must be determined, considered, analyzed, and integrated
into all aspects of the acquisition process as indicated in Part One, Figures 4-1 and 4-2. The guidance provided
here and throughout this entire standard applies to the effects of environments on systems rather than the effects
of systems on environmental quality. Therefore, the thrust of this standard should not be confused with
Environmental Impact programs that focus on how to preserve and protect flora and fauna from service
personnel, their materiel, and their activities. Conversely, this standard pertains to the effects that environments
have on materiel system effectiveness.

B. Environments of intended use.

1. Several sections of the DoD 5000-series on Defense Acquisition address environmental considerations,
stressing that a system will be demonstrated in its intended environment (DoDI 5000.2). Unlike other
technical areas (e.g., reliability, electromagnetic environmental effects, human factors, and environmental
quality), no single section of that series is devoted to addressing natural or induced environmental factors.
Therefore, this Part One provides basic program procedures for integrating environmental factors into the
materiel acquisition process. This integration is accomplished through input to acquisition planning
documents from the Mission Need Statement through the Test and Evaluation Master Plan to detailed test
and evaluation plans and reports.

2. Environmental factors, working separately and in various combinations, are known to affect operation,
transit, and storage of materiel. The DoD 5000-series documents point out that these factors include
climate (temperature, humidity, solar radiation, rain, snow, icing phenomena, wind, blowing sand, dust and
snow, ozone, freeze-thaw occurrences, fog, cloud ceiling height, and visibility); weather-related
atmospheric obscurants (rain, snow, fog, cloud cover); terrain elements (slope, soil, and vegetation);
induced elements (shock and vibration); and field/fleet conditions (obscurants, debris, emissions).
Environmental Engineering Specialists (EES) are trained to assist acquisition personnel throughout the
acquisition cycle to integrate these environmental concerns into requirements, design, test and evaluation
documents, and procedures. See Annex A of this document.

C. Balancing cost, schedule, and performance considerations. One of the basic policies governing defense
acquisition covers the need to translate operational needs into stable, affordable programs. The key to this is
using a concurrent systems engineering approach to help ensure reliable performance in all operational
environments, when required. This entails designing a product to perform its assigned mission over time in
intended operational environments and, at the same time, designing the system to survive non-operational
environments (e.g., storage).

D. Trade-off considerations. Evaluate the need to operate in extreme environments against other factors such as
cost, technical feasibility, tactics, doctrine, and materiel platforms. Higher costs, logistical problems, and
operational difficulties associated with these environmentally rigorous areas could lead to selecting one of the
following:

1. Special materiel capable of operation in extreme environmental areas.

2. Special materiel solely for extreme environments.

3. Modification Kits that adapt new standard materiel or previously type-classified materiel to such use.
4

Special design values that are more extreme than normal tailoring would suggest for materiel whose failure
to operate would be life-threatening.
5. Special design for materiel that would be useless or dangerous after one-time exposure.
E. Testing materiel for environmental effects. Developmental and evaluation plans must consider environmental
effects outlined in the life cycle environmental profile. Both chamber tests and field/fleet tests serve useful

purposes. Apply them at appropriate times during the acquisition cycle. Except for reasons of safety, chamber
tests cannot be substituted for field/fleet development tests because unknown synergistic/antagonistic effects
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from combined/induced environments cannot be built into chamber/laboratory test methods. An example
where chamber testing may be substituted for field/fleet testing is ammunition conditioning prior to test firing.
Following are some guidelines for laboratory testing, natural field/fleet development testing, and operational
testing.

1. Laboratory testing. Conduct laboratory tests early in the development stage to screen materiel for
environmentally caused problems that may degrade materials, performance, or reliability. Conduct
laboratory tests according to the general tailoring guidance in Part One and the specific testing guidelines
in Part Two of this standard.

2. Natural field/fleet development testing. Conduct natural environmental field/fleet development tests to
determine the true effects of the real environment.  This will allow system assessment of
synergistic/antagonistic effects of natural environmental factors combined with human factors and induced
factors such as shock/vibration, smoke/obscurants and electromagnetic interference. Use established
natural climatic test centers and standard test procedures to obtain data that may be compared to
previous/following test data and to develop data bases that may be used for simulations.

3. Operational testing. Conduct operational testing in natural environments that are as realistic as possible.
When operational testing cannot subject materiel to the desired ranges of environmental stresses and
deterioration that may be encountered during actual operation, storage and transit, development test
environmental effects data may be substituted for operational test environmental effects data.

F. Analytic alternatives to testing actual hardware. In some instances, there may be analytic alternatives to testing
actual systems or hardware prototypes in laboratories or in field/fleet environments. An EES can help to
establish an engineering basis for selecting and implementing such alternatives. When alternatives to testing
actual hardware or prototypes are chosen, Task 401, Environmental Engineering Master Plan, must contain the
rationale for their selection including an explanation of the cost savings, other benefits and risks to system
effectiveness/safety. (See Part One, 4.1.2b; Annex A, Task 401.) Analytic alternatives include, but are not
necessarily limited to the following.

1. Modeling and simulation. Modeling and simulation (M&S) is useful in representing conceptual systems
that do not exist, nascent technologies, and extant systems that cannot be subjected to actual environments
because of safety requirements or the limitations of resources and facilities (DoDI 5000.2). Modeling and
simulation techniques should be used only to the extent that their predictive validities have been verified.
They are not intended to be substitutes for tests in natural field/fleet environments. Simulation can reduce
high costs involved in producing and testing hardware prototypes. Although artificial intelligence and
software simulations may be integral parts of models, neither these types of data nor data from laboratory
tests should be used to validate models. The most sound criteria for developing and validating models and
simulations come from real world, field/fleet data or knowledge bases. To that end, all fields of science
and engineering can help to save costs through simulation by developing or contributing to data bases or
knowledge bases that cover the entire domain of environmental effects. (See Annex C, paragraph B.)

2. Testing coupon samples. In some instances, particularly in laboratory tests and natural field/fleet
exposure/surveillance tests, there may be significant savings by using coupon samples instead of entire
systems when specific materials are the central acquisition issue.

3. Acceptance by similarity. In cases where materiel considered for testing is nearly identical to materiel
already tested, and there is no reason to believe that the differences between them would pose an
environmentally induced problem, the program manager may consider accepting the materiel by virtue of
its similarity to the similar materiel already accepted.

G. Type classification process. Environmental considerations influence the type classification process. For
materiel that is designated by the combat developer to be critical to combat success, type classification or
fielding may be barred if environmental testing reveals that environmental effects were not considered
adequately and incorporated in the design of the system. Additionally, successful system performance and
reliability in natural environments are listed as critical issues in Milestone 111 (production) decisions.
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ENVIRONMENTAL TAILORING GUIDELINES FOR ENVIRONMENTAL

ENGINEERING SPECIALISTS (EES)

A. General. Environmental tailoring is the process of choosing or altering materiel designs and tests so that a given

materiel will be manufactured and tested to operate reliably when influenced by the various environmental factors
and levels it is expected to experience throughout its service life. The tailoring process, broadly speaking, also
includes preparing or reviewing engineering task and planning documents to help ensure realistic environments are
given proper consideration throughout the acquisition cycle.

1.

2.

Obijective of tailoring. Tailoring helps to ensure materiel will be neither under- nor over-designed,

nor under- nor over-tested with respect to specific environments it is expected to see during its
service life. The tailoring process outlined in Part One, Figure 1-3 shows that it is important not to
take design and test criteria directly from natural environment data (descriptions of natural
environmental factors or forcing functions found in NATO STANAG 4370, AECTP 200, Category
230, Section 2311; MIL-HDBK-310, and AR 70-38, but rather from the transformations that such
forcing functions create as they interact with a platform environment (static or dynamic materiel
platforms, including induced environmental changes that result from operating the materiel itself).

Tailoring process. Fundamental to the tailoring process is the ability to apply common
scientific/engineering sense to environmental life cycle "homework," focusing on realistic materiel
design and test criteria. To execute a quality tailoring process, it is necessary to give proper
consideration to environments that occur throughout the materiel's life cycle. Completing Tasks 401
through 406 in Annex A will help program managers and environmental engineering specialists to
apply proper environmental considerations throughout the materiel acquisition cycle. Part One,
Figure 1-1 explains the tailoring process in terms of the environmental engineering tasks (Annex A)
required by this standard, thereby serving as a guide for program managers, design engineers,
environmental engineering specialists, test engineers, and facility operators. Use Task 401,
Environmental Engineering Management Plan (EEMP), and Task 402, Life Cycle Environmental
Profile (LCEP) as the main guides for tailoring. Careful completion of each of these tasks will help
ensure correct environments are identified for tests, that engineering development as well as
qualification tests are phased properly into the materiel's acquisition program, and that environmental
test conditions are appropriate and traceable to realistically encountered life cycle conditions.

B. Environmental testing domain.

1.

Acquisition personnel.  Acquisition personnel, with the assistance of an EES, should derive

environmental development and operational test plans according to the environmental tailoring process
shown in Part One, Figures 1-1 and 4-1. All types of environments need to be addressed. In the broader
sense, environmental considerations go beyond basic climatic factors (such as temperature and humidity)
to complex combinations and sequences of factors (such as rapid heating and cooling in high humidity,
intermittent rainfall, high microbial activity, and vibration conditions) that can combine synergistically or
antagonistically to influence materiel effectiveness. Therefore, the domain of environmental testing goes
beyond the laboratory test methods appearing in Part Two of this standard. The broader objective of
environmental effects tailoring is to determine optimum design and test specifications for the expected
environmental classes such as:

a.

Natural
Climate

Terrain

b. Induced

Shock/vibration
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Noise
Light
Electromagnetic radiation
c. Constructed
Built up areas
Transportation facilities
Communication facilities
Energy sources
d. Conflict
Permanent fortifications
Persistent debris/emissions
Transitory obscurants/emissions

2. Performance of laboratory tests. Conduct the laboratory tests in Part Two early in the acquisition cycle to
the extent that they can reveal environmentally caused materiel problems early in the acquisition process
before the problems become costly to solve. It is important to note that these laboratory test methods
cannot be used as substitutes for field/fleet test methods that measure materiel performance, reliability,
safety, and other important aspects of materiel evaluation in natural field/fleet environments. The reason is
inherent in the many combined effects that can occur in nature and on materiel platforms in field/fleet
operations. By performing the tasks in Annex A, EES from government and industry can assist combat
developers, materiel developers, program managers, etc., to select factors within each of the environmental
classes, tailoring them to the specific materiel application. Different EES may be used in different phases
of the acquisition cycle (e.g., system design and system assessment) to maintain independence of those
functions.

C. Climatic categories. One of the vital challenges of the tailoring process is to design materiel to operate in
climates of the world in which the materiel is expected to be deployed. Five Climatic Categories may be called
out in mission need, materiel requirement, design, and test documents for tailoring purposes: Basic, Hot, Cold,
Severe Cold, and Coastal/Ocean. The Basic Climatic Category covers a broad range of climatic conditions in
which most materiel should operate and survive storage and transportation. Coastal/Ocean is a relatively new
category that may not appear in other documents that describe climates. All categories are described below.
Within each category there are one or more "daily cycles" primarily based on variations in temperature and
relative humidity levels. All Climatic Categories, except for Coastal/Ocean, are defined in Table C-I and
mapped on Figures C-1 through C-3. For further details on the Coastal/Ocean Climatic Category and other
outdoor ambient worldwide and regional climates, see NATO STANAG 4370, AECTP 200, Category 230,
Section 2311; MIL-HDBK-310, and AR 70-38.

1. Hot Climatic Category. This Climatic Category includes most of the hot-dry low-latitude deserts of the
world. During summer in these areas, outdoor ambient air temperatures above 43°C (110°F) occur
frequently. However, except for a few specific places, outdoor ambient air temperatures will seldom be
above 49°C (120°F). These approximate temperatures of the free air in the shade approximately 1.5 to 2
meters (about 5 or 6 feet) above the ground (in an instrument shelter). The thermal effects of solar loading
can be significant for materiel exposed to direct sunlight, but will vary significantly with the exposure
situation. The ground surface can attain temperatures of 17 to 33°C (30 to 60°F) higher than that of the
free air, depending on the type/color of the ground surface, radiation, conduction, wind, and turbulence.
Air layers very close to the surface will be only slightly cooler than the ground, but the decrease in
temperature with height above the surface is exponential. Temperatures at approximately 0.5 to 1 meter
(about 2 to 3 feet) will be only slightly warmer than that observed in an instrument shelter at about twice
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that height.! In winter, such temperatures are likely to be in the same range as for the Basic Climatic
Category. If materiel is designed only for the hot climate, seek a specially tailored low outdoor ambient air
temperature design value. Small portions of this area are sometimes subject to very high absolute
humidity. However, in these hot-wet areas, the highest outdoor ambient air temperatures and highest dew
points do not occur at the same time.

Basic Climatic Category. This includes 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 humidity) occurs in a
wide area. When taken together, the design values should be valid for materiel used throughout the area.

a. Humid tropic zone. Humid tropic areas are included in the Basic Climatic Category rather than being
considered an extreme category because humid tropic temperatures are moderate and their humidity
levels are equaled at times in some of the other mid-latitude areas. The features of the humid tropics
most important for materiel system design are moderately high temperatures and high rainfall
throughout the year that spawn persistent high humidity and high flora and fauna diversity. These
combined environmental conditions greatly increase insect and microbiological damage and promote
corrosion more so than any other region of the world. This is important for DoD’s Corrosion
Prevention and Control Program (DoDI 5000.2).

b. Intermediate zone. These are mid-latitude areas that do not combine higher temperatures with higher
humidities throughout the year, and at the same time are not climatically extreme enough to meet the
conditions for Hot or Cold Climatic Categories. This zone includes the daily cycles shown in Table C-
I, plus a condition known as "cold-wet" that can occur within the mild cold daily cycle at or near the
freezing point (2 to -4°C (35 to 25°F)) with relative humidity tending toward saturation (100 to 95
percent RH) and negligible solar radiation.

Cold and Severe Cold Climatic Categories. These areas include northern North America, Greenland,
northern Asia, and Tibet. In the Cold Climatic Category, the temperature during the coldest month in a
normal year may be colder than the Basic Climatic Category cold extreme of -32°C (-25°F). In the Severe
Cold areas, the temperature during the coldest month in a normal year may be colder than the Cold
Climatic Category extreme of -46°C (-50°F). Temperatures colder than -51°C (-60°F) occur no more than
20 percent of the hours in the coldest month of the coldest part of the area (northern Siberia) where
temperatures as low as -68°C (-90°F) have been recorded. Because extremely low temperatures are not
controlled by a daily solar cycle, they persist for a long enough period of time to cause materiel to reach
equilibrium at extremely low temperatures.

Coastal/Ocean Climatic Category. These areas include open seas and coastal ports north of 66°33’S. The
area south of 66°33’S, the Antarctic Circle area, is excluded because of extremely harsh conditions that
would call for special, case-by-case designs outside of the scope of the conditions/procedures covered in
this standard, and because military conflicts are highly unlikely in this international area. In general,
materiel should be designed to operate in the Coastal/Ocean Climatic Category during all but a small
percentage of the time when routes may be closed to navigation because of sea ice. See NATO STANAG
4370, AECTP 200, Category 230, Section 2311, MIL-HDBK-310, and AR 70-38 for details.

D. Considerations for determining climatic categories for materiel systems.

1.

Normal environment considerations. All combat and combat support systems should be designed for at
least the Basic Climatic Category, meaning that design temperatures will include the outdoor ambient air
temperatures range of -32°C through +43°C. See Figure C-1 and Table C-I.

Extreme environment considerations. Materiel intended to be deployed or used in extreme climates (hot,
cold, and severe cold), in areas with extreme non-thermal weather conditions (such as blowing sand and
dust), or in areas with mobility-restricting terrain conditions (such as tundra soil and heavily forested areas)

! Synopsis of Background Material for MIL-STD-210B, Climatic Extremes for Military Equipment,

Norman Sissenwine & Rene' V. Cormier, 24 January 1974.
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will require additional planning, design, and testing considerations. In addition to being prepared for the
Basic Climatic Category, most materiel will need to be designed, developed, tested, and evaluated for
operation, storage, and transit conditions in areas of the world that experience extreme temperatures.
According to NATO STANAG 4370; AECTP 200, Category 230, Section 2311; MIL-HDBK-310; and
AR 70-38; to qualify as an area of extreme temperature, the area must meet one of the following two
conditions: (1) have one percent or more of the hours in the hottest month equal to or exceeding 43°C; (2)
have one percent or more of the hours in its coldest month equal to or lower than -32°C. The areas that
have more extreme temperatures than these are the Hot, Cold, and Severe Cold Climatic Categories shown
on Figure C-1 and Table C-I.

Special considerations for materiel categories/modes.

a.

Storage and transit. When preparing a materiel's mission profile, life cycle environmental profile, or
an ORD, identify storage and transport environments and environmental limits that the materiel is
required or desired to withstand (e.g., temperature, humidity, vibration levels, etc.). For severe
storage/transport conditions that would generate high materiel costs to withstand, consider modifying
storage/transit/platform  conditions/designs as tradeoffs to materiel design requirements.
Environmental conditions for storage and transit modes may be more severe than those of operational
modes because of the possibility of induced/combined environments (e.g., heat, humidity, shock,
vibration, etc.), higher levels of some factors (e.g., high temperature in temporary open storage or
during delays between transit modes), or greater materiel exposure times.

Design of sheltered materiel.  This paragraph pertains to materiel that is intended to be
deployed/operated within shelters. In this case, the shelter becomes the materiel platform, and the
environmental characteristics that the sheltered materiel will see depend upon the location and design
of the shelter. Not only design sheltered materiel to be transported (as part of a shelter assembly) to its
use location, but also design it to be used under the conditions that exist within the shelter when the
shelter is operated in the areas stipulated in its requirements documents. This includes storage
conditions within shelters that are not controlled environmentally as well as operational conditions
where environments are controlled. Also, design sheltered materiel to withstand environmental effects
that occur during materiel relocation when the shelter is not available. The materiel developer should:

(1) Develop or supply protective devices or modification kits, if required, that will permit shipment,
storage, and operational use of such materiel in the environmental conditions for which it is
intended.

(2) Indicate by distinct marking at appropriate places on the materiel (where size makes this feasible),
and by warning statements in technical manuals, the actual climatic stress limits that should not be
exceeded in operational and non-operational modes.

Effects of environments on user/system interfaces. As part of each materiel analysis conducted during
the materiel acquisition cycle, the developmental and operational evaluators must consider
environmental effects on the user/system interface. Special tests may be needed to address personnel
survivability and habitability issues to ensure that crews can sustain operations in operational
environments (DoDI 5000.2).

Environmental considerations for potentially dangerous materiel. Design potentially dangerous
materiel (e.g., ammunition and explosive materials/materiel, etc.) to include safety requirements based
on the long-term, worldwide temperature extremes detailed in NATO STANAG 4370, AECTP 200,
Category 230, Section 2311, MIL-HDBK-310, and AR 70-38, even though the materiel may not be
intended for operational use at these extremes. This will prevent situations where explosive or other
dangerous materiel that is developed for less than worldwide deployments is transported, stored, or
used inadvertently in areas of unexpected extreme conditions thus possibly resulting in critical or
catastrophic failure.
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Table C-1. Summary of climatic conditions and daily cycles of temperature, solar radiation, and relative

humidity.

Operational Conditions

Storage and Transit

Conditions
Ambient Air Induced Air
Temperature2 Solar Ambient Temperature
Climatic °C(A) Radiation Relative °C (°F) Induced
Design Daily Daily | Daily W/m? Humidity Daily | Daily Relative
Type Cycle? Low | High (Bph®) %RH* Low | High | Humidity %RH
Hot Hot Dry 0to 1120 33 71
(AD 32 (90) |49 (120) (00 355) 8t03 ©1) | (160) 7t01
Hot Humid 0to 1080 33 71
(83) 31 (88) |41 (105) (00 343) 88 to 59 ©1) | (160) 80 to 14
Constant High
Humidity | 'Nearly Constant | o ivinte | 9510100 | NE&rY Constant | oo 440
24 (75) 27 (80)
(B1)
Variable High
g 0to 970 30 63
Hu(rglzcilty 26 (78) | 35(95) (0o 307) 100to 74 (86) (145) 75t019
Basic ;
Basic Hot 0to 1120 30 63
(A2) 30 (86) |43 (110) (00 355) 4410 14 ©6) | (145) 44105
Intermediate® 0to 1020 28 58 5
(A3) 28 (82) |39 (102) (010 323) 78 t0 43 (82) (136) See note
Basic Cold | -82 | 21 | \ooiigible Ttg\?\?e;rndg 38 <25 13'335?3
(C1) (-25) (-5) saturation | 28 | (19) saturation
Tending Tending
Cold -46 -37 - -46 -37
Cold Negligible toward toward
(€2) (-50) | (-35) saturation | (20 | (39) saturation
Tending i Tending
Severe Severe Cold -51 (-60) Negligible toward o1 toward
Cold (C3) - (-60) .
saturation saturation

! Designations in parentheses refer to corresponding climatic categories in MIL-HDBK-310 and AR-70-38 (except
the A-3 category) and NATO STANAG 4370, AECTP 200, Category 230, Section 2311; (see Part One, 2.2.1,
2.2.2,and 2.3).

2"C values (rounded to the nearest whole degree) derived from data obtained/established on °F scale.

® Bph represents British Thermal Units per square foot per hour.
* Sequence of RH presentation corresponds to sequence of air temperatures shown (e.g., for HOT-DRY daily cycle,
8 percent RH occurs at 32°C; 3 percent RH occurs at 49°C).
® Relative humidity for the A3 storage condition vary to widely between different situations to be represented by a
single set of conditions.
® Values are only found in NATO STANAG 4370, AECTP 200, Category 230, Section 2311.

NOTE: The numbers shown for the values of the climatic elements represent only the upper and lower limits of the
cycles that typify days during which the extremes occur; e.g., for the Hot-Dry cycle, 120°F is the maximum daytime

temperature, and 90°F is the minimum nighttime (or early morning) temperature.
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PART ONE ANNEX D?

TERMINOLOGY FOR DYNAMIC (MECHANICAL) TEST METHODS

a. AC-coupling. In signal processing, this term implies the removal of any zero frequency information
from the time history trace. In digitizing a signal, the analog-to-digital converter is said to be AC-
coupled, if there exists a high pass filter in the digitizing process. Typically, piezoelectric devices are
AC-coupled because of their inability to respond to static voltages.

b. Autocorrelation function. For x(t), a function of time, the autocorrelation function, Ru(t), is defined
to be the following average over an averaging time, T,

1T
Rux(t) = = [ x(t)x(t+1)dt
To
If the average Ry (t) is also a function of time, t, (R.(t, t)) such that

1 T
Ry (1, 1) = T [X(t+u)x(t+u+t)du
0
then, this is a form of nonstationary autocorrelation function.

c. Autospectral density function (also known as power spectral density function). For a stationary
(ergodic) random process {x(t)} for which the finite Fourier transform of x(t) is given by:

T j2nft
X (f,T) = [x(t)e 1™ dt ~o<f<o
0
the two-sided autospectral density of x(t) is defined by:

lim 1 2
S = <E[XETf| Cm<fn

for E, the expected value operator. A one-sided estimate of the autospectral density function of x(t) over
ng distinct records, each of length T, is given by the following average of finite Fourier transforms:

=}
o

éxx(f)=ndiT_ it 7 0<f<on
|

In processing, the distinct records of length T may be windowed in the time domain to reduce spectral
leakage, and the processing may be “overlapped” to restore degrees of freedom lost in the windowing
process. Other processing options include the estimate processing in the frequency domain convolving
basic frequency domain estimates with a selected window function defined in the frequency domain.

d. Classical pulse. A short duration transient time history defined by p(t) for 0 <t < T < oo, having the
form of a half-sine, a square wave, a triangular wave, a ramp with a terminal peak amplitude, a ramp
with an initial peak amplitude, or a general trapezoid.

e. Combination control. A form of vibration system control that combines response control and force
limit control in order to ensure measured or specified test spectra levels are met without inputs that
provide for substantial overtest or undertest. Combination control requirements arise as a result of
impedance mismatches between measured in-service materiel configuration response and laboratory test
materiel configuration response. Use of response control alone may result in severe overtest spectra
levels or undertest spectra levels at various frequencies.

! In this Annex, the symbol “T” represents a finite time and is such that 0 < T < oo, and the symbol “F” represents a
finite frequency and is such that 0 < F < oo unless otherwise specified.
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Cross-correlation function. For x(t) and y(t) functions of time, the cross correlation function, Ry/(t), is
defined to be the following average over an averaging time, T:

1T
Ry(t) = = [x(t)y(t+1)dt
To
If the average R,y(t) is also a function of time, t, (Ry(t, t)) such that
1T
Ryy (1, 1) =T [x(t+u)y(t+u+t)du
0

then, this is a form of nonstationary cross correlation function.

Cross-spectral density function. For stationary (ergodic) random processes {x(t)} and {y(t)} for
which finite Fourier transforms of x(t) and y(t) are respectively,

T j2mft
X(f,T) = [x(t)e 12" gt “w<f<o
0

T 2nft
Y (f,T) = [y(t)e 1™ "dt ~o<f<w
0

the two-sided cross-spectral density function of x(t) and y(t) is defined by:
lim 1 *
Sxy(f)zT_NO?E{‘X (f,T)Y(f,T)‘} ~w<f<oo

An estimate of the one-sided cross-spectral density function of x(t) and y(t) over nqdistinct records, each
of length T, is given by the following average of finite Fourier transforms:

_ ng
ny(f)=ﬁ S X6 T)Y (6, T) 0<f<o
d! i=1

In processing, the distinct records of length “T” may be windowed in the time domain to reduce spectral
leakage, and the processing may be “overlapped” to restore degrees of freedom lost in the windowing
process. Other processing options include the estimate processing in the frequency domain convolving
basic frequency domain estimates with a selected window function defined in the frequency domain.

Decibel (dB). The decibel (one tenth of a bel) is the logarithm of a ratio of two values. Generally the
value in the denominator is termed the reference value. The reference value represents the power or
amplitude level to which the decibel computation is referenced and must accompany any plot with an
axis labeled decibels. For power quantities (e.g. noise, pressure, PSD, etc) it is given by:

dB =10 logyg (P1/Pg)  for reference power level Py
For linear quantities (e.g. acceleration, velocity, etc) it is given by:
dB =20 logyo (Li/Lg) for reference linear level L,

DC-coupling. In signal processing, this term implies the retention of all zero frequency information in a
time history trace. In digitizing a signal, the analog-to-digital converter is said to be DC-coupled if there
is no high pass filter in the digitizing process. Typically, piezoresistive devices are DC-coupled because
of their ability to retain the magnitude of static voltages.

Energy autospectral density function. For a time limited history x(t) defined for 0 <t < T < o with
finite Fourier transform

T j2nft
X(f,T):fX(t)e_J Tdt -o<f<ow
0
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the two-sided energy autospectral density function of x(t) is given by:

L ()= E [ X T Cw<feo

for E, an ensemble average over ng available single records. A one-sided estimate of this function is
given by:

L (F.T) =2/X(F, T 0<f<o

To reduce the variance in the estimate I:XX (f, T), a direct average of ny independent “equivalent” time

limited events, x(t), may be computed. The events generally will be replications of a given experiment,
and will be considered as a time history ensemble. In processing, x(t) will not be windowed in the time

domain, but include all significant energy in the experiment.

Energy cross-spectral density function. For time and band limited time histories x(t) and y(t) defined
for 0<t < T < oo with finite Fourier transforms.

T j2nft

X(F,T)=[x(t)e 1 "dt o< f<ow
0
T j2nft

Y(f,T)=Iy(t)e’J Tt -o<f<ow
0

the two-sided energy cross-spectral density function of x(t) and y(t) is given by:
Ly (f,T)= E{‘X*(f,T)Y(f,T)H cw<f<m

for E, an ensemble average over nq available single records. A one-sided estimate of this function is
given by:

Lyy (f,T):z‘x*(f,T)Y(f,Tj 0<f<oo

To reduce the variance in the estimate ﬂxy (f, T), a direct average of ny independent “equivalent” time
limited events, x(t), y(t), may be computed. The events generally will be replications of a given
experiment, and will be considered as a time history ensemble. In processing, neither x(t), y(t) will be
windowed in the time domain.

Energy frequency response function. For time limited histories x(t) and y(t) defined for 0 <t<T <
with energy cross-spectral density function L, (f,T) and energy autospectral density function Ly(f,T),
the energy frequency response function is defined as:

L, (f,T
ny(f,T):M. -0 < f<oo
Lux (f, T)
A one-sided estimate of this function is given by:
_ Ly (F, T
ny(f,T):M. 0<f<oo
Ly (f.T)

where ﬂxy (f,T) and ﬂxx (F, T) may represent averages over a given ensemble of ng independent

equivalent time limited events, x(t) and y(t). Averaging may reduce the variance in the estimate
H,y (f, T) that is taken as the quotient of two stable averages L, (f,T) and L, (f,T).

Note: The term “frequency response function” is used here preserving the term “transfer function” for
the Laplace transform of the unit impulse response function.
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Ensemble. A collection of sample time history records from a single random process where each of the
time history records is defined over the same duration time interval. The notation for an ensemble
representing a random process X(t) is {x(t)}. If the ensemble has N members over time 0 <t < T < oo,

the notation is {x;(t):0<t<T,i=12,...,N}.

Ergodic (nonergodic) process. A random process that may be represented by an ensemble of time
history records for which the time averaged parameters of any one time history record from the
ensemble is representative of the time averaged parameters of the ensemble of time history records. An
ergodic random process is a stationary random process. A random process that does not satisfy the
above definition is termed nonergodic. Procedures for the determination of nonergodicity of a random
process may take a number of forms. A stationary process may be also ergodic, whereas an ergodic
process is always stationary.

Filter. Fourier spectrum transformation of a given input time history, x(t), in order to produce a desired
effect. Such filtering may be through band limiting the time history spectra through lowpass, highpass,
bandpass, or bandstop forms of filtering. Filtering may be performed equivalently in either the time
domain or the frequency domain. If the filtering transformation preserves the phase relationships
between the input and output frequency components, the filter is referred to as a linear phase filter. If
the filtering transformation distorts the phase relationships between input and output frequency
components, the filter is referred to as a nonlinear phase filter. Further terminology related to filtering is
provided in Method 516.5 and Method 517.

Force limit control. A form of vibration system control that attempts to limit the input interface test
levels to those levels measured or specified at the interface. In general, the levels measured or specified
at the interface are in terms of force input to the test item interface or the test item interface mount.

Fourier transform and finite Fourier transform. For a time history, x(t), defined for -0 < t < oo, the
Fourier transform of x(t) is defined as a complex-valued function of frequency, f, when the integral
exists. X(f) is termed the direct Fourier transform of x(t) and x(t) is termed the inverse Fourier
transform of X(f).

X(F)= [x(t)e ¥ Mdt <0<t <o

—00

For a time history x(t), defined for 0 <t < T < oo, the finite Fourier transform of x(t) is defined as a
complex-valued function of frequency f.

T j2rft
X(F,T)=[x(t)e }s " dt o <t<ow
0
X(f,T) is termed the direct finite Fourier transform of x(t); and x(t) is termed the inverse finite Fourier
transform of X(f,T). The finite Fourier transform always exists for well defined x(t), 0 <t < T < .
(X"(f,T) represents the complex conjugate of X(f,T).)

Gaussian (non-Gaussian) process. For x(t), a stationary random process that obeys the following
probability density function at any time t for p, and oy constants:

2
—1 X -
p(X)=(0'X\/27t) exp —% -0 < X <0
26

then x(t) will be considered to be a Gaussian stationary random process. Conversely, for x(t) a random
process that does not obey the probability density function at some time, t, will be considered to be non-

Gaussian. This definition is not restricted to ergodic random processes.

Inverse Fourier transform and inverse finite Fourier transform. For the Fourier transform X(f),
defined for -0 < f < o0, the inverse Fourier transform of X(f) is defined as a real valued function of time,
t:
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x(t) = Zi [ X (Fyel2 gt -0 < < o0
T —00

when the integral exists. x(t) is termed the inverse Fourier transform of X(f), and X(f) is termed the
Fourier transform of x(t).

For the finite Fourier transform X(f, T) defined over a frequency band of -F < f < F, the inverse finite
Fourier transform of X(f, T) is defined as a real-valued function of time, t:

x(t)=2if_FFx (f, T)el?™ Mt g 0 <t < oo
T

X(t) is termed the inverse finite Fourier transform of X(f,T) and X(f,T) is termed the finite Fourier
transform of x(t), 0 <t < T < . The inverse finite Fourier transform always exists for well defined
X(f,T), -F <f<Fandis periodic in t.

Linear system. A system in which scaled and additive inputs result in scaled and additive outputs.
That is, for y = h(x) representation of a linear system, h, then for c, a constant, and x, X3, X, inputs the
following input/output relationships are defined:

System homogeneity: cy = ch(x) = h(cx)

System superposition:; y; + Y, = h(X1) + h(x2) = h(X; + X3)

Mean (ensemble). For an ensemble {x(t): 0 <t< T < oo, i =1,2,.....N} of N time history records, x;(t),
with a mean p(t), 0 <t < T, an unbiased estimate of the mean of the ensemble at time t is given by:

mm:%%xi(t) 0<t<T

u(t) is the first moment of the random process {x(t)}.

Mean-square (ensemble). For an ensemble {x;(t): 0 <t<T < oo, i =1,2,....N} of N time history
records with a mean square p(t), 0 <t < T, an unbiased estimate of the mean-square for the ensemble at
time t is given by:

_ _iN 2
p(t) = N Elxl (t)

p(t) is the second moment of the random process {x(t)}.

Nonlinear system. A system that is not linear in that either the system homogeneity requirement or the
system superposition requirement or both are violated. For y = h(x) representation of system h, then for
C, a constant, and Xy, X, inputs, either

cy = ch(x) = h(cx)
or Y1+ Y2 =h(xq) +h(Xz) # h(X; + X2)
or both.

Non-stationary process. A nonstationary random process is an ensemble of time history records that
cannot be defined to be stationary. In general, the statistical properties of a nonstationary process are a
function of time and not invariant with respect to time translations. In this standard, if either the mean
(first moment) estimate or mean-square (second moment) estimate, or both from a random process
ensemble vary with time over the ensemble, the random process is considered nonstationary. If the
ensemble has a deterministic component that varies in time, the ensemble may or may not be considered
nonstationary depending on whether the random part of the ensemble is nonstationary or stationary.

Power spectral density function. See “autospectral density function”, in subparagraph “c.”, above.

Pulse. For purpose of this standard, a pulse is a finite duration deterministic or random time history. In
cases in which the pulse is related to the response in testing of materiel, the duration is generally no
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longer than five times the period of the lowest natural frequency of the materiel under consideration, and
may be substantially shorter.

Random process. A random process is represented by an ensemble of time history records that have
properties described in terms of parameters estimated from statistical computations at selected times. In
this standard it will be assumed that one or more sample records from the random process are related to
a repeatable experiment that completely describes the phenomenon under consideration.

Response control. A form of vibration system control that attempts to match the response of materiel at
one or more points with measured or specified vibration data at one or more points on the materiel.
Vibration control system operational procedures provide for a variety of response matching options, e.g.,
single point control, multipoint control, average control, extreme control, etc.

Root-mean-square (ensemble). For an ensemble {x(t): 0 <t< T <o, i=1,2,.....N} of N time history
records with a mean square p(t), 0 <t < T, (estimated by p (t)), an estimate of the root-mean-square for
the ensemble at time t is given by:

F(0)=p(0 = %_%xiz(t)

Sample function. One particular realization of a random process that may be used to form an ensemble
representation for the random process.

Single degree of freedom (SDOF).

Spectrum. The representation of a time history in terms of a function of frequency. The representation,
in general, will occur as a result of analyzing the time history with the Fourier transform and may be real
or complex. (In the case of time history data analyzed by way of the shock response spectrum
engineering tool, the representation is in terms of real amplitude and the natural frequency of a single
degree of freedom system.)

Standard deviation (ensemble). For an ensemble {xj(t): 0<t<T <o, i =1,2,.....N} of N time
history records with a mean, u(t), and a standard deviation, o(t), 0 <t < T, where the mean p(t) is
estimated by m (t), an unbiased estimate of the standard deviation of the ensemble at time t is given by:

S() = |— 3 (x; (1) -M(D))’ 0<t<T
NS

Stationary process. A stationary random process is an ensemble of time history records that has
statistical properties that are not a function of time and, hence, are invariant with respect to time
translations. The stationary random process may be ergodic or nonergodic.

Statistical degrees of freedom (Statistical DOF).

Transient vibration. A form of nonstationary random vibration time history that has a positive time-
varying envelope that begins at zero and ends at zero over a certain period of time, T < . In general,
for a(t), 0 < t <T, the time-varying deterministic envelope function with frequency content below
significant frequency content in the stationary random vibration time history, x(t), the transient vibration
may be modeled in terms of the product model

y(®) = a(t)x(t) 0<t<T
A condition for application of this model to random data is

IA(F, T)| << |[X(F, T)| fo<f

for some fy and f, < f where f; z% This condition helps ensure a(t) does not significantly modulate

X(t).
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kk. Variance (ensemble). For an ensemble {x;(t): 0 <t< T < oo, i = 1,2,.....N} of N time history records

with a mean p(t) and a variance o(t), 0 <t < T, where p(t) is estimated by r‘n(t), an unbiased estimate of
the variance of the ensemble at time t is given by:

V(t)zﬁ_%(xi(t)—rﬁ(t))z 0<t<T

Waveform control. A form of vibration system control in which the system replicates a properly
compensated time history, x(t), in an open loop (no feedback) mode of control. In this standard,
waveform control will refer to the replication of measured materiel response in laboratory testing based
upon determining the input voltage time history to the vibration control system that will nearly exactly
reproduce the measured materiel response when applied to the vibration system.
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METHOD 500.5
LOW PRESSURE (ALTITUDE)

NOTE: Tailoring is essential. Select methods, procedures and parameter levels based on the
tailoring process described in Part One, paragraph 4.2.2, and Annex C. Apply the general
guidelines for laboratory test methods described in Part One, paragraph 5 of this standard.

1.1 Purpose.
Use low pressure (altitude) tests to determine if materiel can withstand and/or operate in a low pressure environment
and/or withstand rapid pressure changes.

1.2 Application.
Use this method to evaluate materiel likely to be:
a.  stored and/or operated at high ground elevation sites.

b.  transported or operated in pressurized or unpressurized areas of aircraft (also consider method 520 for
actively-powered materiel operated at altitude).

c.  exposed to a rapid or explosive decompression and, if so, to determine if its failure will damage the aircraft
or present a hazard to personnel.

d.  carried externally on aircraft.

1.3 Limitations.

This method is not intended to be used to test materiel to be installed or operated in space vehicles, aircraft or missiles
that fly at altitudes above 21,300m (70,000 ft). Recommend the test be to the maximum altitude (minimum pressure)
normally reached by the appropriate mode of transportation.

Procedure 1V is not intended to be used for materiel transported in a cargo bay. For example, analysis for a C-5
aircraft indicates that to go from a cabin altitude of 8,000 ft to an ambient altitude of 40000" in 1 second would
require a hole of approximately 350 square ft, or 19 ft x 19 ft. Instantaneous creation of a hole that large in the side
of the airplane would be catastrophic to the airplane. Please note that the 350 square foot hole is for a 1-second
depressurization. To depressurize in one tenth of a second would require a hole ten times as large.

2. TAILORING GUIDANCE.

2.1 Selecting the Low Pressure (Altitude) Method.
After examining the requirements documents, and applying the tailoring process in Part One of this standard to
determine where low pressure is foreseen in the life cycle of the materiel, use the following to aid in selecting this
method and placing it in sequence with other methods.

2.1.1 Effects of low pressure environments.

In addition to thermal effects (see method 501.5), consider the following typical problems to help determine if this
method is appropriate for the materiel being tested. This list is not intended to be all-inclusive and some of the
examples may overlap the categories.

2.1.1.1 Physical/chemical.

Leakage of gases or fluids from gasket-sealed enclosures.
Deformation, rupture or explosion of sealed containers.

Change in physical and chemical properties of low-density materials.
Overheating of materiel due to reduced heat transfer.

Evaporation of lubricants.

Erratic starting and operation of engines.

Failure of hermetic seals.

@ ho a0 oW
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2.1.1.2 Electrical.
Erratic operation or malfunction of materiel resulting from arcing or corona.

2.1.2 Sequence among other methods.

a.
b.

General. See Part One, paragraph 5.5.

Unique to this method. Normally, this method is performed early in a test sequence because of both its
limited damage potential, and its generally early occurrence in the life cycle. However, other testing may
contribute significantly to the effects of low pressure on the test item (see paragraph 2.1.1), 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.

(3) Aging of non-metallic components may reduce their strength.

2.2 Selecting Procedures.

This method includes four low pressure tests: Procedure | (Storage); Procedure Il (Operation); Procedure 111 (Rapid
Decompression), and Procedure IV (Explosive Decompression). Based on the test data requirements, determine
which of the test procedures or combination of procedures is applicable.

NOTE: For procedure I, use method 520.3 in addition to this method when considering the
potential synergistic and/or flight safety effects.

2.2.1 Procedure selection considerations.
Differences among the low pressure test procedures are explained below. Select the procedure that represents the
most severe exposure anticipated. When selecting a procedure, consider:

a.
b
c.
d.
e

f.

The materiel configuration.

The logistical and operational requirements (purpose) of the materiel.

The operational purpose of the materiel.

The test data required to determine if the operational purpose of the materiel has been met.
Procedure sequence.

If the cargo compartment is pressurized.

2.2.2 Difference among procedures.

a.

Procedure | - Storage/Air Transport. Procedure | is appropriate if the materiel is to be transported or stored
at high ground elevations or transported by air in its shipping/storage configuration. Evaluate the materiel
with respect to known effects of low pressure (paragraph 2.1.1) and the LCEP (Part One, paragraph
4.2.2.3.1) to determine if this procedure is appropriate.

Procedure Il - Operation/Air Carriage. Use Procedure Il to determine the performance of the materiel
under low pressure conditions. It may be preceded by Procedure 1. If there are no low pressure storage,
rapid, or explosive decompression requirements, this procedure can stand alone.

Procedure 111 - Rapid Decompression. Use Procedure 111 to determine if a rapid decrease in pressure of the
surrounding environment will cause a materiel reaction that would endanger nearby personnel or the
platform (ground vehicle or aircraft) in which it is being transported. This procedure may be preceded by
either the storage or the operational test.

Procedure IV - Explosive Decompression. (See paragraph 1.3.) Procedure 1V is similar to Procedure Il
except that it involves an "instantaneous" decrease in the pressure of the surrounding environment. NOTE:
This procedure is more appropriate for items such as sealed cockpit equipment whose failure could
endanger cockpit personnel. Since one purpose of this test is to ensure failure of the materiel does not
endanger personnel, and a catastrophic failure severe enough to cause an explosive decompression of the
cargo compartment would, most likely, bring down the aircraft, carefully consider the appropriateness of
application of this procedure for large cargo items.
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NOTE: After either decompression test, a potential safety problem could exist that is not
obvious. Exercise caution during the post-test operational check.

2.3 Determine Test Levels and Conditions.

Having selected this method and relevant procedures (based on the materiel's requirements documents and the
tailoring process), it is necessary to complete the tailoring process by selecting specific parameter levels and special
test conditions/techniques for these procedures based on requirements documents and Life Cycle Environmental
Profile (LCEP), (see Part One, Figure 1-1), and information provided with this procedure. From these sources of
information, determine the functions to be performed by the materiel in low pressure environments or following
storage in low pressure environments. Determine the test parameters such as test pressure and temperature, rate of
change of pressure (and temperature if appropriate), duration of exposure, and test item configuration.

2.3.1 Test pressure and temperature.
Base determination of the specific test pressures and temperatures on the anticipated deployment or flight profile of
the test item.

a. Ground areas. If measured data are not available, temperatures may be obtained for appropriate ground
elevations and geographical locations from STANAG 4370, AECTP 230 (paragraph 6.1, reference b). The
highest elevation currently contemplated for ground military operations (materiel operating and non-
operating) is 4,572m (15,000 ft), with an equivalent air pressure of 57.2 kPa (8.3 psia) (see paragraph 6.1,
reference c).

b. Transport aircraft cargo compartment pressure conditions. The test pressure used for each of the four
procedures in this method will vary greatly for each test item. Compartments normally pressurized may not
be in certain situations. There are many different types of cargo transport aircraft on which materiel could be
transported, and many different types of pressurization systems. Most pressurization systems provide outside
atmospheric pressure in the cargo compartment (no pressure differential between the inside and outside of the
aircraft) up to a particular altitude, and then maintain a specific pressure above that altitude. The pressure
inside the cargo department is known as “cabin altitude.” Subject the test item to the most likely anticipated
conditions. Unless the materiel has been designed for transport on a particular aircraft with unique cabin
altitude requirements, use the following guidance:

(1) For Procedures | and Il, unless otherwise identified, use 4,572m (15,000 ft) for the cabin altitude
(corresponding pressure in a standard atmosphere: 57.2kPa or 8.3 psia).

(2) For Procedures Il and 1V, use 2,438m (8,000 ft) for the initial cabin altitude (75.2kPa or 10.9 psia),
and 12,192m (40,000 ft) for the final cabin altitude after decompression (18.8kPa or 2.73 psia).

NOTE: Cargo aircraft may transport cargo in either pressurized or un-pressurized conditions
for various reasons including fuel economy.

c. Transport aircraft cargo compartment temperature conditions. The range of temperatures associated with
the various low pressure situations varies widely, primarily depending on the capabilities of the
environmental control system within the cargo compartment of the various aircraft. Obtain the test
temperatures from measured data or from appropriate national sources.

2.3.2 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, do not use a
rate of altitude change that exceeds 10 m/s 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. Use the value of
10 m/s for ground deployment tests (for standardization purposes) unless otherwise specified.
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2.3.3 Decompression rate.
There are several conditions for which the rapid rate of decompression may vary. These include:

a. sufficient damage to the aircraft cockpit or other critical small compartments causing virtually
instantaneous decompression (explosive decompression -- to be accomplished in 0.1 second or less). This
procedure is not intended to be used for materiel transported in the cargo bay.

b. relatively minor damage caused by foreign objects through which decompression could occur at a slower
rate than above (rapid decompression -- not more than 15 seconds).

2.3.4 Test duration.

For Procedure I, use a test duration representative of the anticipated service environment but, if this is extensive, use
a test duration of at least one hour that has historically been considered adequate for most materiel. Once the test
pressure has been reached and any required functions performed, Procedures Il, 111, and 1V do not require extended
periods at the test pressure.

2.3.5 Test item configuration.
Determine the test item configuration based on the realistic configuration(s) of the materiel as anticipated for
transportation, storage, or operation. As a minimum, consider the following configurations:

a. Inashipping/storage container or transit case.

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

2.3.6 Humidity.

Although various levels of humidity commonly exist in the natural environment, there is no requirement to include it
in this method because of the complexities involved in controlling combinations of temperature, air pressure, and
relative humidity. Method 520.3 does include this combination, and MIL-HDBK-310 (paragraph 6.1, reference a)
includes data on humidity at altitude.

3. INFORMATION REQUIRED.

3.1 Pretest.

The following information is required to conduct the low pressure tests adequately.
a. General. Information listed in Part One, paragraphs 5.7 and 5.9, and Annex A, Task 405 of this standard.

b. Specific to this method.

(1) Test altitude and corresponding pressure.

(2) Altitude change rates (or pressurization schedule if a particular aircraft and flight environment are
known).

(3) Test temperature (if other than standard ambient).
(4) Test item configuration.
(5) Test duration.

c. Tailoring. Necessary variations in the basic test procedures to accommodate LCEP requirements and/or
facility limitations.

3.2 During test.
Collect the following information during conduct of the test:

a. See Part One, paragraph 5.10, and Annex A, Tasks 405 and 406 of this standard.
b. Record of the test item altitude-versus-time data for the duration of the test.

3.3 Post Test.
The following post test data shall be included in the test report.
a. General. Information listed in Part One, paragraph 5.13, and in Annex A, Task 406 of this standard.

b.  Specific to this method.
(1) Previous test methods to which the specific test item has been subjected.
(2) Time-versus pressure data.
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(3) Any deviations from the original test plan.
4. TEST PROCESS.

4.1 Test Facility.

a. The required apparatus consists of a chamber or cabinet together with auxiliary instrumentation capable of
maintaining and monitoring (see Part One, paragraph 5.18) the required conditions of low pressure and
temperature.

b. Make continuous recordings of chamber pressure and, if required, temperature at a sufficient rate to capture
data necessary for post-test analysis (see Part One, paragraph 5.18).
4.2 Controls.
For standardization purposes:

a. Altitude change rate. Unless otherwise specified (as in the explosive decompression procedure), do not use
an altitude change rate in excess of 10 m/s. (See paragraph 2.3.2.)

b. Charts. Use readout charts that can be read with a resolution within two percent of full scale.

4.3 Test Interruption.

Test interruptions can result from two or more situations, one being from failure or malfunction of test chambers or
associated test laboratory equipment. The second type of test interruption results from failure or malfunction of the
test item itself during operational checks.

4.3.1 Interruption due to chamber malfunction.

a. General. See Part One, paragraph 5.11, of this standard.

b.  Specific to this method. To achieve the desired effects, subject the test item to the full duration of the low
pressure test without interruption; i.e., for either overtest or undertest interruptions, restart the test from the
beginning. See paragraph 4.3.2 for test item operational failure guidance.

4.3.2 Interruption due to test item operation failure.
Failure of the test item(s) to function as required during operational checks presents a situation with several possible
options.

a. The preferable option is to replace the test item with a “new” one and restart from step 1.

b. A second option is to replace / repair the failed or non-functioning component or assembly with one
that functions as intended, and restart the entire test from step 1.

NOTE: When evaluating failure interruptions, consider prior testing on the same test item and
consequences of such.

4.4 Test Setup.
See Part One, paragraph 8.

4.5 Test Execution.

The following steps, alone or in combination, provide the basis for collecting necessary information concerning the
materiel in a low pressure environment. Unless otherwise specified, maintain the chamber temperature at standard
ambient.

45.1 Preparation for test.

45.1.1 Preliminary steps.

Before starting the test, review pretest information in the test plan to determine test details (e.g., procedures, test
item configuration, test altitude, altitude change rate, duration, parameter levels for storage/operation, etc.).

45.1.2 Pretest standard ambient checkout.

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

Step 1. Conduct a visual examination of the test item with special attention to stress areas, such as corners
of molded cases, and document the results.

Step 2. If required, install temperature sensors in or on the test item as described in the test plan.
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Conduct an operational checkout (Part One, paragraph 5.8.2) at standard ambient conditions (Part
One, paragraph 5.1) and as described in the test plan, and record the results

If the test item operates satisfactorily, proceed to the appropriate test procedure. If not, resolve the
problems and repeat Steps 3 and 4.

4.5.2 Procedure I - Storage/Air Transport.

Step 1.
Step 2.

Step 3.

Step 4.
Step 5.
Step 6.

Adjust the test item to its storage or transport configuration and install it in the test chamber.

If appropriate, stabilize the test item to the required temperature (see paragraph 2.3.1) at a rate not
to exceed 3°C/min (5°F/min).

Adjust the chamber air pressure to that which corresponds to the required test altitude, at an
altitude change rate as specified in the test plan.

Maintain the conditions for a minimum of one hour unless otherwise specified in the test plan.
Adjust the chamber air to standard ambient conditions at a rate not to exceed 3°C/min (5°F/min).

Visually examine the test item to the extent possible and conduct an operational check. Document
the results, and see paragraph 5 for further guidance.

4.5.3 Procedure Il - Operation/Air Carriage.

Step 1. With the test item in its operational configuration, install it in the chamber and adjust the chamber
air pressure (and temperature, if appropriate — see paragraph 2.3.1) to that which corresponds to
the required operational altitude at a rate not to exceed that specified in the test plan.

Step 2. Maintain the conditions for a minimum of one hour unless otherwise specified in the test plan.

Step 3. Conduct an operational check of the test item in accordance with the requirements documents, and
document the results. If the test item does not operate satisfactorily, follow the guidance in
paragraph 4.3.2 for test item failure.

Step 4. Adjust the chamber air to standard ambient conditions at a rate not to exceed 3°C/min (5°F/min).

Step 5. Visually examine the test item to the extent possible and conduct an operational check. Document
the results, and see paragraph 5 for further guidance.

4.5.4 Procedure I11 - Rapid Decompression.

Step 1. With the test item in the storage or transit configuration, install it in the chamber and adjust the
chamber air pressure (and temperature if appropriate — see paragraph 2.3.1) at a rate not to exceed
3°C/min (5°F/min)or as otherwise specified in the test plan, to the cabin altitude (2,438m (8,000
ft)) (see paragraph 2.3.1b).

Step 2. Reduce the chamber air pressure to that which corresponds to the required test altitude of 12,192m
(40,000 ft) (18.8 kPa (2.73 psi)), or as otherwise specified in the test plan for the maximum flight
altitude, in not more than 15 seconds. Maintain this stabilized reduced pressure for at least 10
minutes.

Step 3. Adjust the chamber air to standard ambient conditions using a pressure change rate not greater
than 10m/s, and a temperature change rate not to exceed 3°C/min (5°F/min).

Step 4. Visually examine the test item to the extent possible. Document the results. Be alert for potential

safety problems (see paragraph 5).

455 Procedure IV - Explosive Decompression.

Step 1.

Step 2.

Step 3.

With the test item in the installed configuration, install it in the chamber and adjust the chamber
air pressure (and temperature if appropriate—see paragraph 2.3.1) at the rate specified in the test
plan to the cabin altitude of 2,438m (8,000 ft) (see paragraph 2.3.1b).

Reduce the chamber air pressure to that which corresponds to the required test altitude of 12,192m
(40,000 ft) or as otherwise specified in the test program, in not more than 0.1 seconds. Maintain
this stabilized reduced pressure for at least 10 minutes.

Adjust the chamber air to standard ambient conditions using a pressure change rate not greater
than 10m/s, and a temperature change rate not to exceed 3°C/min (5°F/min).
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Step 4. Visually examine the test item to the extent possible. Document the results, and be alert for
potential safety problems (see paragraph 5).

5. ANALYSIS OF RESULTS.

In addition to the guidance provided in Part One, paragraph 5.14, the following information may assist in the
evaluation of the test results. For Procedures Il and IV, the test item fails only if rapid or explosive decompression
causes a hazard to the aircraft or to personnel; the test item need not show satisfactory post-test performance unless
otherwise specified.

6. REFERENCE/RELATED DOCUMENTS.

6.1 Referenced Documents.
a. MIL-HDBK-310, Global Climatic Data for Developing Military Products.
b. NATO STANAG 4370, AECTP 200, Category 230, Section 2311.

c. AR 70-38, Research, Development, Test and Evaluation of Materiel for Extreme Climatic Conditions;
September 1979.

6.2 Related Documents
a. STANAG 4044, Adoption of a Standard Atmosphere, 10 April 1969, (ICAO Standard Atmosphere).

b. STANAG 4370, Environmental Testing.

Allied Environmental Conditions and Test Publication (AECTP) 300, Climatic Environmental Testing
(Edition 3) (under STANAG 4370), Method 312.

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

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

f.  US Standard Atmosphere, 1976. NOAA/NASA/USAF, 1976.

g. Egbert, Herbert W. “The History and Rationale of MIL-STD-810,” February 2005; Institute of Environmental
Sciences and Technology, Arlington Place One, 2340 S. Arlington Heights Road, Suite 100, Arlington
Heights, IL 60005-4516.

(Copies of Department of Defense Specifications, Standards, and Handbooks, and International Standardization
Agreements are available online at http://assist.daps.dla.mil/quicksearch/ or from the Standardization Document
Order Desk, 700 Robbins Avenue, Building 4D, Philadelphia, PA 19111-5094.)

Requests for other defense-related technical publications may be directed to the Defense Technical Information
Center (DTIC), ATTN: DTIC-BR, Suite 0944, 8725 John J. Kingman Road, Fort Belvoir VA 22060-6218, 1-800-
225-3842 (Assistance--selection 3, option 2), http://stinet.dtic.mil/info/s-stinet.html; and the National Technical
Information Service (NTIS), Springfield VA 22161, 1-800-553-NTIS (6847), http://www.ntis.gov/.
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METHOD 501.5
HIGH TEMPERATURE

NOTE: Tailoring is essential. Select methods, procedures, and parameter levels based on the
tailoring process described in Part One, paragraph 4.2.2, and Annex C. Apply the general
guidelines for laboratory test methods described in Part One, paragraph 5 of this standard.

1. SCOPE.

1.1 Purpose.
Use high temperature tests to obtain data to help evaluate effects of high temperature conditions on materiel safety,
integrity, and performance.

1.2 Application.
Use this method to evaluate materiel likely to be deployed in areas where temperatures (ambient or induced) are
higher than standard ambient.

1.3 Limitations.
Limit use of this method to evaluating the effects of relatively short-term (months, as opposed to years), even
distributions of heat throughout the test item. This method is not generally practical for:

a. Evaluating time-dependent performance degradation (aging) effects that occur during constant long-term
exposure to high temperatures (under storage or operational modes) where synergetic effects may be
involved. For such high temperature aging effects, test in the natural environment.

b. Evaluating materiel in a high temperature environment where solar radiation produces significant thermal
gradients in the materiel. For simulating direct solar impingement, use Method 505.5, Procedure 1.

124

Evaluating actinic (photochemical) effects (use Method 505.5, Procedure I1).
d. Evaluating the effects of aerodynamic heating.

e. Although high temperature testing may be considered for assessment of munitions, accomplish safety or
hazard testing in accordance with MIL-STD-2105C (paragraph 6.1, reference 6.1d).

2. TAILORING GUIDANCE.

2.1 Selecting this Method.

After examining requirements documents and applying the tailoring process in Part One of this standard to
determine where high temperatures are foreseen in the life cycle of the materiel, use the following to confirm the
need for this method, and to place it in sequence with other methods. It is preferable to conduct Method 505.5,
Procedure | prior to Method 501.5, in order to obtain maximum response and stabilization temperatures for items
exposed to direct solar radiation.

2.1.1 Effects of high temperature environments.

High temperatures may temporarily or permanently impair performance of materiel by changing physical properties
or dimensions of the material(s) of which it is composed. The following are examples of problems that could result
from high temperature exposure that may relate to the materiel being tested. Consider the following typical
problems to help determine if this method is appropriate for the materiel being tested. This list is not intended to be
all-inclusive.

a. Parts bind from differential expansion of dissimilar materials.

b. Lubricants become less viscous; joints lose lubrication by outward flow of lubricants.
c. Materials change in dimension, either totally or selectively.
d

Packing, gaskets, seals, bearings and shafts become distorted, bind, and fail causing mechanical or
integrity failures.

Gaskets display permanent set.
Closure and sealing strips deteriorate.

= o
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Fixed-resistance resistors change in values.

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

Transformers and electromechanical components overheat.

Operating/release margins of relays and magnetic or thermally activated devices alter.
Shortened operating lifetime.

Solid pellets or grains separate.

High pressures created within sealed cases (projectiles, bombs, etc.).

Accelerated burning of explosives or propellants.

Expansion of cast explosives within their cases.

Explosives melt and exude.

Discoloration, cracking or crazing of organic materials.

Out-gassing of composite materials.

Sequence among other methods.
General. See Part One, paragraph 5.5.

Unique to this method. There are at least two philosophies related to test sequence. One approach is to
conserve test item life by applying what are perceived to be the least damaging environments first. For
this approach, generally apply the high temperature test early in the test sequence. Another approach is
to apply environments to maximize the likelihood of disclosing synergetic effects. For this approach,
consider high temperature testing following dynamic tests, such as vibration and shock. Although not
written for such, this test may be used in conjunction with shock and vibration tests to evaluate the effect
of dynamic events (i.e., shipping, handling, and shock) on hot materials. Also, this test may contribute
significantly to the results of low pressure testing of seals, e.g., see paragraphs 2.1.1d, e, and f.

2.2 Selecting Procedures.
This method includes three test procedures, Procedure | (Storage), Procedure Il (Operation), and Procedure IlI
(Tactical-Standby to Operational). Determine the procedure(s) to be used.

NOTE: The materiel’s anticipated Life Cycle Environmental Profile (LCEP) may reveal other high
temperature scenarios that are not specifically addressed in the procedures. Tailor the procedures as
necessary to capture the LCEP variations, but do not reduce the basic test requirements reflected in
the below procedures. (See paragraph 2.3 below.) NOTE: Consider the potential synergistic
effects of temperature, humidity and altitude, and the use of Method 520.3 in addition to this

method.
2.2.1  Procedure selection considerations.
When selecting procedures, consider:
a. The operational purpose of the materiel.
| b. The natural exposure circumstances (ambient or induced).

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

d. Procedure sequence. If both the storage and operation procedures are to be applied, perform Procedure |
before Procedure Il. Consider using Procedure Il in lieu of Procedure Il for unique cases where
materiel in its operational configuration is non-operational (awaiting use) and is exposed to solar
heating, e.g., aircraft cockpits, ground vehicle passenger compartments, etc.

e. Other significant heat sources that could affect the materiel such as motors, engines, power supplies, or
exhaust air.

2.2.2  Difference among procedures.

|  While all three procedures involve temperature conditioning and performance testing, they differ on the basis of the
temperature load prior to and during performance tests. The storage procedure assesses the effects of high
temperature storage on subsequent materiel performance. The operation procedure assesses the effects of high
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temperatures during performance. The tactical-standby to operational procedure evaluates the ability of materiel
(usually enclosed by transparent or translucent material) that has soaked in the sun in a high temperature
environment to become operational in a relatively short period of time.

a. Procedure | - Storage. Use Procedure | to investigate how high temperatures during storage affect the
materiel (integrity of materials, and safety/performance of the materiel). This test procedure includes
exposing the test item to high temperatures (and low humidity where applicable) that may be encountered
in the materiel's storage situation, followed by an operational test at controlled or high temperature ambient
conditions. For materiel inside an enclosure that is, in turn, exposed to solar heating, consider using
Method 505.5, Procedure | to determine the actual level of heating of the test materiel caused by solar
loading.

b. Procedure Il - Operation. Use Procedure Il to investigate how high ambient temperatures may affect
materiel performance while it is operating. There are two ways to perform Procedure II:

(1) Expose the test item to cyclic chamber conditions with the test item operating either continuously or
during the period of maximum response (highest item temperature).

(2) Expose the test item to a constant temperature and operate the test item when its temperature stabilizes.
(To be used only for items situated in close proximity to heat-producing equipment or when it is
necessary to verify operation of an item at a specified constant temperature.)

c. Procedure Il - Tactical-Standby to Operational. This procedure is not a substitute for solar radiation
(Method 505.5). This procedure evaluates the materiel’s performance at the operating temperatures after
being presoaked at non-operational temperatures. Since actinic effects and directional heating are not
applicable in this method, consider applying this procedure when materiel is in an enclosed environment,
(e.g., aircraft and ground vehicles with closed transparent or translucent areas can develop high internal
temperatures prior to equipment operation due to solar heating; enclosures such as communications shelters
may require immediate operation after being exposed to solar heating). These are not items in storage or
transit situation, but rather items in the operational configuration (ready-to-go as needed) that must be
operational in a relatively short period of time. Usually, the “cooling” option refers to merely opening the
enclosed areas and allowing the ambient air to begin cooling the interior areas so normal operation can
begin.

The term “tactical” is used here to identify materiel that is not in storage, but is in a
standby operational configuration, and as such is subjected to extended non-operational
conditions immediately prior to operation.

2.3 Determine Test Levels and Conditions.

Having selected this method and relevant procedures (based on the test item's requirements documents and the
tailoring process), complete the tailoring process by identifying appropriate parameter levels and applicable test
conditions and techniques for these procedures. Base these selections on the requirements documents and the Life
Cycle Environmental Profile, and information provided with this procedure. Consider the following when selecting
test levels.

2.3.1  Climatic conditions.
Identify the appropriate climatic conditions for the geographic areas in which the materiel will be operated and
stored. There are two climatic categories where high temperatures are typically encountered: Hot Dry and Basic
Hot (Part One, Annex C, Figure C-1). Data for these areas are shown in Tables 501.5-1, -1I, and -Il1l. Determine
high temperature levels with respect to:

a. Climatic area of concern.

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

c. Analysis of the path of heat transfer from the ambient air and solar radiation to the materiel.
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Table 501.5-1. Summary of high temperature diurnal cycle ranges.X

Design Type Location Ambient Air Induced ¢
°C_(°F) °C (°F)
Basic Hot (A2) Many parts of the world, extending outward 30-43 30-63
from the hot dry category of the southwestern (86 - 110) (86 - 145)

United States, northwestern Mexico, central and
western Australia, Saharan Africa, South
America, southern Spain, and southwest and
south central Asia.

Hot Dry (A1) Southwest and south central Asia, southwestern 32-49 33-71
United States, Saharan Africa, central and (90 - 120) (91 - 160)
western Australia, and northwestern Mexico.

Y The diurnal cycles for temperature and humidity are given in tables 501.5-11 and -111.

Z Induced conditions are air temperature levels to which materiel may be exposed during extreme storage or transit
situations, or non-operational but in the operational configuration without containerization.
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Table 501.5-11. High temperature cycles, climatic category A2 - Basic Hot.X

Ambient Air Conditions Induced (Storage and Transit) Conditions
Time of Day Temperature? Humidity? Temperature? Humidity?
°C (°F) % RH °C  (°F) % RH
0100 33 (91) 36 33 (91) 36
0200 32 (90) 38 32 (90) 38
0300 32 (90) 41 32 (90) 41
0400 31 (88) 44 31 (88) 44
0500 30 (86) 44 30 (86) 44
0600 30 (86) 44 31 (88) 43
0700 31 (88) 41 34 (93) 32
0800 34 (93) 34 38 (101) 30
0900 37 (99) 29 42 (107) 23
1000 39 (102) 24 45 (113) 17
1100 41 (106) 21 51 (124) 14
1200 42 (107) 18 57 (134) 8
1300 43 (109) 16 61 (142) 6
1400 43 (110) 15 63 (145) 6
1500 43 (110) 14 63 (145) 5
1600 43 (110) 14 62 (144) 6
1700 43 (109) 14 60 (140) 6
1800 42 (107) 15 57 (134) 6
1900 40 (104) 17 50 (122) 10
2000 38 (100) 20 44 (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

¥ These cycles were obtained from AR 70-38, 1 August 1979 (see paragraph 6.1, reference c), and essentially
conform to those in MIL-HDBK-310 and NATO STANAG 4370, AECTP 200 (paragraph 6.1, references a and
b). These values represent typical conditions throughout a typical day in this climatic category. "Induced
Conditions" are air temperature levels to which materiel may be exposed during storage or transit situations that
are aggravated by solar loading, or during non-operating situations but in an operational configuration and not
containerized.

Z Humidity control during high temperature testing is generally not necessary. Use these values only in special cases
where, for instance, it is known that high levels of temperature and humidity occur simultaneously.

¥ Data were originally recorded in °F and converted to °C. Hence, table data conversion may not be consistent.
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Table 501.5-111. High temperature cycles, climatic category Al — Hot Dry.¥

Ambient Air Conditions Induced (Storage and Transit) Conditions
Time of Day Temperature? HumidityZ Temperature? HumidityZ
°C  (°F) % RH °C (°F) % RH
0100 35 (95) 6 35 (95) 6
0200 34 (94) 7 34 (94) 7
0300 34 (93) 7 34 (94) 7
0400 33 (92) 8 33 (92) 7
0500 33 (91) 8 33 (92) 7
0600 32 (90) 8 33 (91) 7
0700 33 (91) 8 36 (97) 5
0800 35 (95) 6 40 (104) 4
0900 38 (101) 6 44 (111) 4
1000 41 (106) 5 51 (124) 3
1100 43 (110) 4 56 (133) 2
1200 44 (112) 4 63 (145) 2
1300 47 (116) 3 69 (156) 1
1400 48 (118) 3 70 (158) 1
1500 48 (119) 3 71 (160) 1
1600 49 (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) 4 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 37 (98) 6 35 (95) 6

=
=)

< These cycles were obtained from AR 70-38, 1 August 1979 (see paragraph 6.1, reference c), and essentially
conform to those in MIL-HDBK-310 and NATO STANAG 4370, AECTP 200 (paragraph 6.1, references a and
b). These values represent typical conditions throughout a typical day in this climatic category. "Induced
Conditions" are air temperature levels to which materiel may be exposed during storage or transit situations that are
aggravated by solar loading, or during non-operating situations but in an operational configuration and not
containerized.

Z Humidity control during high temperature testing is generally not necessary. Use these values only in special cases
where, for instance, it is known that high levels of temperature and humidity occur simultaneously.

¥ Data were originally recorded in °F and converted to °C. Hence, table data conversion may not be consistent.

2.3.2  Exposure conditions.
Before determining the levels at which to set test temperatures, determine the way in which the materiel is exposed
to heat in normal storage and operational circumstances. Review the Life Cycle Environmental Profile (LCEP) to
help make this determination. Consider at least the following exposure conditions, and the possible alternative of
using Method 505.5, Procedure I:

a. Deployment configuration.

(1) Exposed. Of interest are the most severe conditions that materiel would experience when deployed
in any climatic area of the world without the benefit of a protective cover or sheltering enclosure.

(2) Sheltered. Of interest are the most severe conditions that materiel would experience when deployed
in any climatic area of the world when under cover or inside a sheltering enclosure. The amount of
ventilation available and the presence of adjacent shade can significantly affect the temperature of
the air surrounding sheltered materiel. Examples of these situations are provided below. (Note: If
field data are not available, the conditions for this exposure may be approximated using MIL-
HDBK-310 or NATO STANAG 4370, AECTP 200 (paragraph 6.1, references a and b). The

501.5-6



MIL-STD-810G
METHOD 501.5

outdoor ambient air temperature and humidity conditions described in these references are those
measured in standard meteorological shelters at a height of 1.2 to 1.8 m (4 to 6 ft) above the
ground.) See Part Three, paragraph 1.6.1.1 for further guidance.)

(@) Inside unventilated enclosures.

(b) Within enclosed vehicle bodies.

(c) Within aircraft sections having surfaces exposed to solar heating.
(d) Inside of tents.

(e) Under closed tarpaulins.

(f) Located above, on, or below the surface of the Earth.

b. Special conditions. Although high temperature testing is generally based on the average temperature of
the air envelope surrounding the materiel, significant localized heating can occur because of special
heating conditions. This localized heating can be well above the average surrounding air and therefore
can significantly affect the evaluation of the materiel's thermal behavior and performance. When these
conditions exist (as described below), include or simulate them in the high temperature test setup to the
extent practical. These extreme conditions would be applied by extending the levels of the temperatures
given in tables 501.5-1 and 501.5-11 based on actual field measurements. See Part Three, paragraph
1.6.1.1 for further guidance.

(1) Adggravated solar. These conditions are induced but involve temperatures as high as 71° to 85 °C
(160 " to 185 °F), 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 505.5 should be
used) and in enclosed compartments having glazed or transparent panels (aircraft cockpits, vehicle
compartments, etc.).

(2) Man-made sources. Man-made heat-producing devices (motors, engines, power supplies, high-
density electronic packages, etc.) may significantly raise the local air temperature near the materiel,
either by radiation, convection, or impingement of exhaust air. This near constant temperature
environment may negate the effects of the diurnal cycle.

2.3.3  Exposure duration.
Determine the duration of exposure that the materiel will experience for each of the exposure conditions identified.
Exposure may be constant or cyclic, in which case, also identify the number of times that the exposure occurs.

Caution: When temperature conditioning, ensure the total test time at the most severe
temperature does not exceed the life expectancy of any material (see Part One, paragraph 5.19).

2.3.3.1 Constant temperature exposure.

For constant temperature exposure (used only for items situated in close proximity to heat-producing equipment or
when it is necessary to verify operation of an item at a specified constant temperature), soak the test item until its
temperature has stabilized, and maintain the test temperature at least two hours following test item stabilization.

NOTE: This is not a substitute for situations in which diurnal cvclina is typical.

2.3.3.2 Cyclic temperature exposure.

For cyclic exposure, determine the test duration based on an estimate of the number of cycles required to satisfy the
design requirements and the guidance below. The duration of high temperature exposure may be as significant as
the temperature itself. Because Procedures | and Il could expose the test items to cyclic temperatures, the number of
cycles is critical. (Cycles are 24-hour periods unless otherwise specified.)

a. Procedure I - Storage. The number of cycles for the storage test is set at a minimum of seven to coincide
with the one percent frequency of occurrence of the hours of extreme temperatures during the most
severe month in an average year at the most severe location. (The maximum temperature occurs for
approximately one hour in each cycle.) When considering extended storage, critical materials, or
materials determined to be very sensitive to high temperature, increase the number of cycles to assure the
design requirements are met.
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b. Procedure Il - Operation. The minimum number of cycles for the operational exposure test is three. This
number is normally 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.

NOTE: This maximum response temperature is referenced in several other methods of this
standard such as Method 503.5.

2.3.4 Test item configuration.
Determine the test item configuration based on realistic configuration(s) of the materiel anticipated for storage and
operation. As a minimum, consider the following configurations:

a. Inashipping/storage container or transit case.

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

c. Inits normal operating configuration (realistic or with restraints, such as with openings that are normally
covered).

d. Modified with kits for special applications.
e. Stacked or palletized configurations.

235  Humidity.
Generally, relative humidity (RH) control during high temperature tests is not necessary. In special cases, extremely
low RH may have a significant effect on some materiel during high temperature testing. If the materiel has special
characteristics that could be affected by extremely low RH, use the values for RH shown in Tables 501.5-11 and -I11.

2.4 Test Item Operation.
When it is necessary to operate the test item, use the following guidelines for establishing test operating procedures.

a. General. See Part One, paragraph 5.8.2.

b.  Unique to this method.
(1) Include operating modes that consume the most power (generate the most heat).

(2) Include the required range of input voltage conditions if changes in voltage could affect the test item
thermal dissipation or response (e.g., power generation or fan speed).

(3) Introduce the cooling media that normally would be applied during service use (e.g., forced air or
liquid coolant). Consider using cooling medium inlet temperatures and flow rates that represent
both typical and worst-case degraded temperature and flow conditions.

(4) For steady-state temperature testing, consider thermal stabilization to be achieved when the
temperatures of critical internal operating components are relatively constant (as described in Part
One, paragraph 5.4.1). (Because of test item duty cycling or the operating characteristics, a constant
operating temperature may never be achieved.)

(5) For cyclic temperature testing and depending on the cycle and test item characteristics, there may be
no thermal stabilization. In this case, the thermal responses of the test item will also be cyclic, i.e.,
the peak response temperature is within 2°C (3.6°F) of that of the previous cycle.

(6) Consider non-operational conditions similar to those of storage & transit, and the need for
immediate operation without cooling — other than that of the surrounding ambient air.

2.5 Additional guidelines.

Review the materiel specifications and requirements documents. Apply any additional guidelines necessary. Part
Three of this document includes further information on the high temperature environment (e.g., paragraphs 2.1 and
4.1.

3. INFORMATION REQUIRED.

3.1 Pretest.
The following information is required to conduct high temperature tests adequately.

a. General. Information listed in Part One, paragraphs 5.7 and 5.9, and Annex A, Task 405 of this
standard.
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b. Specific to this method.
(1) Relative humidity control requirements (if necessary). (See paragraph 2.3.5 of this method.)
(2) Thermocouple locations. The component/assembly/structure to be used for thermal response and
temperature stabilization purposes. (See Part One, paragraph 5.4.)

(3) For Procedure I, based on the LCEP, identify the anticipated maximum non-operational
temperature (exposure to high temperatures and solar loading) for the materiel, as well as the
accompanying high ambient temperature. The LCEP should define whether or not the item will be
operated at the maximum operational temperature immediately following the storage environment.

c. Tailoring. Necessary variations in the basic test procedures to accommodate LCEP requirements and/or
facility limitations..

3.2 During Test.
Collect the following information during conduct of the test:

a. General. Information listed in Part One, paragraph 5.10, and in Annex A, Tasks 405 and 406 of this
standard.

b.  Specific to this method.
(1) Record of chamber temperatures (and humidity, if applicable) versus time conditions.
(2) Record of the test item temperature-versus-time data for the duration of the test.
3.3 Post-test.
The following post test data shall be included in the test report.
a. General. Information listed in Part One, paragraph 5.13, and in Annex A, Task 406 of this standard.

b. Specific to this method.
(1) Length of time required for each performance check.

(2) Temperature versus time data (test item and chamber).
(3) Any deviations from the original test plan.

4. TEST PROCESS.

4.1 Test Facility.

a. The required apparatus consists of a chamber or cabinet together with auxiliary instrumentation capable
of maintaining and monitoring the required conditions of high temperature (and humidity, where
required) throughout an envelope of air surrounding the test item(s) (see Part One, paragraph 5.18).

b. Unless justified by the materiel platform environment and to prevent unrealistic heat transfer in the
materiel, maintain the air velocity in the vicinity of the test item so as to not exceed 1.7 m/s (335 ft/min).
c. Continuously record chamber temperatures and, if required, test item temperatures.

4.2 Controls.

a. Temperature. Unless otherwise specified in the test plan, if any action other than test item operation
(such as opening the chamber door) results in a significant change of the test item temperature (more
than 2°C (3.6°F)) or chamber air temperature, re-stabilize the test item at the required temperature before
continuing the test. For Procedure Il, if the operational check is not completed within 15 minutes,
reestablish test item temperature/RH conditions before continuing.

b. Rate of temperature change. Unless otherwise specified, use a rate of temperature change not exceeding
3°C (5°F) per minute to prevent thermal shock.

c. Record chamber temperature and humidity in accordance with Part One, paragraphs 5.2 and 5.18, and at
a sufficient rate to satisfy the post-test analysis (see Part One, paragraph 5.18)

4.3 Test Interruption.

Test interruptions can result from two or more situations, one being from failure or malfunction of test chambers or
associated test laboratory equipment. The second type of test interruption results from failure or malfunction of the
test item itself during required or optional performance checks.
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4.3.1 Interruption due to chamber malfunction.
a. General. See Part One, paragraph 5.11, of this standard.

b. Specific to this method.
(1) Undertest interruption.

(@) Cycling. If a cyclic high temperature test is being conducted and an unscheduled interruption
occurs that causes the test conditions to fall out of allowable tolerances toward standard ambient
temperatures, continue the test from the end of the last successfully-completed cycle.

(b) Steady state. If a steady state (non-cyclic) test is being conducted (only for items near constant-
heat-producing sources), and an unscheduled interruption occurs that causes the test conditions to
fall out of allowable tolerances toward standard ambient conditions, re-stabilize the test item at
the required test temperature and continue the test from the point where test conditions were left.
Record the duration of initial and final test periods.

(2) Overtest interruption (e.g., loss of chamber control).

(a) Inspection and performance check. If an interruption in a cyclic or steady state test results in
more extreme exposure of the test item than required by the materiel specifications, follow the
interruption by a complete physical inspection and an operational check (where possible) before
continuing the test.

(b) Safety, performance, materials problems. When these types of problems are discovered after an
overtest, the preferable course of action is to terminate the test and re-initiate 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.

4.3.2 Interruption due to test item operation failure.
Failure of the test item(s) to function as required during mandatory or optional performance checks during testing
presents a situation with several possible options.

a. The preferable option is to replace the test item with a “new” one and restart from Step 1.

b. A second option is to replace / repair the failed or non-functioning component or assembly with one that
functions as intended, and restart the entire test from Step 1.

NOTE: When evaluating failure interruption, consider prior testing on the same test item and
consequences of such.

4.4 Test Setup.
a. General. See Part One, paragraph 5.8.

b. Unique to this method. Include in the test setup any additional heat sources or an appropriate
simulation (see paragraph 2.3.2b).

4.5 Test Execution.
The following steps, alone or in combination, provide the basis for collecting necessary information concerning the
materiel in a high temperature environment.

45.1  Preparation for test.

45.1.1 Preliminary steps.
Before starting the test, review pretest information in the test plan to determine test details (e.g., procedures, test
item configuration, cycles, durations, parameter levels for storage/operation, etc.). (See paragraph 3.1, above.)

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

Step 1. In order to determine thermal response (paragraph 3.1c), install temperature sensors in, on, or around
the test item as described in the test plan.
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Step 2. Conduct a visual examination of the test item with special attention to stress areas, such as corners of
molded cases, and document the results.

Step 3. Conduct an operational checkout (Part One, paragraph 5.8.2) at standard ambient conditions (Part
One, paragraph 5.1) as described in the plan and record the results.

Step 4. If the test item operates satisfactorily, proceed to paragraph 4.5.2, 4.5.3, or 4.5.4 as appropriate. If
not, resolve the problems and repeat Step 3 above.

45.2  Procedure | - Storage.

NOTE: If the LCEP has defined the need to operate the test item at the high operational
temperature immediately following storage, consider using Procedure I1I.

Step 1. Place the test item in its storage configuration and install it in the chamber.

Step 2. Adjust the chamber environment to the required test conditions for either cyclic exposure (Tables
501.5-11 or 501.5-111) or constant exposure (see paragraph 2.3.3.1) for the start of the test period and
maintain for the specified time following temperature stabilization of the test item.

Step 3. a. For cyclic storage, expose the test item to the temperature (and humidity, if applicable)
conditions of the storage cycle for a minimum of seven 24-hour cycles, or as specified in the
LCEP and the test plan. Record the thermal response of the test item.

b. For constant temperature storage (to be used only for items situated in close proximity to
equipment producing constant high temperatures; see paragraph 2.3.2b(2)), maintain the test
temperature at least two hours following test item temperature stabilization (see Part One,
paragraph 5.4). The additional two hours will help ensure unmeasured internal components
actually reach stabilization. If not possible to instrument internal components, base any
additional soak time on thermal analysis to ensure temperature stabilization throughout the test
item.

Step 4. At the completion of the constant temperature soak or the last cycle, adjust the chamber air
temperature to controlled ambient conditions and maintain until the test item temperature is
stabilized.

Step 5. Conduct a visual examination and operational checkout of the test item, and record the results for
comparison with pretest data. See paragraph 5 for analysis of results.

45.3  Procedure Il - Operation.

Step 1. With the test item in the chamber in its operational configuration, install any additional temperature
sensors necessary to measure the maximum temperature response of the test item, ensuring the
functioning components are included.

Step 2. If performing the constant temperature exposure, go to Step 3. Otherwise, go to Step 8.

Step 3. Constant temperature exposure. Adjust the chamber air conditions to the required temperature (and
humidity, if applicable) at which the materiel must operate.

Step 4. Maintain the chamber conditions at least two hours following test item temperature stabilization (see
Part One, paragraph 5.4). If not possible to instrument internal components, base the additional soak
time on thermal analysis to ensure temperature stabilization throughout the test item.

Step 5. Conduct as thorough a visual examination of the test item as possible considering chamber access
limitations, and document the results for comparison with pretest data.

Step 6. Operate the test item and allow its temperature to re-stabilize. Conduct an operational checkout of
the test item in accordance with the test plan and document the results for comparison with pretest
data. If the test item fails to operate as intended, follow the guidance in paragraph 4.3.2 for test item
failure.

Step 7. Skip Steps 8 through 10 and proceed directly to Step 11.
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Cycling temperature exposure. Adjust the chamber air temperature (and humidity, if applicable) to
the initial conditions of the operational cycle appropriate for materiel deployment, and maintain until
the test item’s temperature has stabilized.

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

Operate the test item during the maximum test item temperature response period of the exposure
cycle. If the test item fails to operate as intended, follow the guidance in paragraph 4.3.2 for test
item failure. The maximum test item temperature response period may not coincide with the
maximum temperature cycle conditions because of the thermal lag of the test item. Repeat until a
successful operational checkout of the test item has been accomplished in accordance with the
approved test plan, and the results have been documented.

With the test item not operating, adjust the chamber air temperature to controlled ambient conditions
and maintain until the test item temperature has stabilized.

Conduct a complete visual examination and operational checkout in accordance with the approved
test plan and document the results for comparison with pretest data. See paragraph 5 for analysis of
results.

45.4  Procedure Ill - Tactical-Standby to Operational

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

With the test item in the chamber and in its tactical configuration, install any additional temperature
sensors necessary to measure the temperature response of the test item, ensuring the functioning
components are included.

Adjust the chamber air temperature to the anticipated maximum non-operating temperature, and
maintain this temperature until the test item temperature has stabilized, plus a minimum of two
additional hours to ensure complete stabilization.

Adjust the chamber air temperature to the high operational temperature identified in the LCEP as
quickly as possible (at a rate no less than 3.6°F per-minute). As soon as the chamber instrumentation
indicates this temperature has been reached, operate the test item in accordance with the approved
test plan and document the results for comparison with pretest data. If the test item fails to operate
as intended, follow the guidance in paragraph 4.3.2 for test item failure..

With the test item not operating, adjust the chamber air temperature to controlled ambient
conditions and maintain until the test item temperature has stabilized.

Conduct a complete visual examination and operational checkout in accordance with the approved
test plan, and document the results for comparison with pretest data. See paragraph 5 for analysis of
results.

5. ANALYSIS OF RESULTS.

In addition to the guidance provided in Part One, paragraphs 5.14 and 5.17, the following information is provided to
assist in the evaluation of the test results. Apply any data relative to failure of a test item to meet the requirements
of the materiel specifications to the test analysis, and consider related information 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.
Necessity for special Kits or special operating procedures for high temperature exposure.

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

e. For Procedure 11, the amount of time required for the test item to become operational.
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METHOD 502.5
LOW TEMPERATURE

NOTE: Tailoring is essential. Select methods, procedures, and parameter levels based on the
tailoring process described in Part One, paragraph 4.2.2, and Annex C. Apply the general guidelines
for laboratory test methods described in Part One, paragraph 5 of this standard.

1. SCOPE.

1.1 Purpose.

Use low temperature tests to obtain data to help evaluate effects of low temperature conditions on materiel safety,
integrity, and performance during storage, operation, and manipulation.

1.2 Application.

Use this method to evaluate materiel likely to be deployed in a low temperature environment during its life cycle and
the effects of low temperature have not been assessed during other tests (e.g., a temperature-altitude test).

1.3 Limitations.

a. This method is not intended for testing materiel to be installed in and operated in unpressurized aircraft,
since such materiel would usually be tested according to Method 520.3.

b. Although low temperature testing may be considered for safety or hazard assessment of munitions,
accomplish such testing in accordance with MIL-STD-2105C (reference 6.1d).

2. TAILORING GUIDANCE.

2.1 Selecting the Low Temperature Method.

After examining requirements documents and applying the tailoring process in Part One of this standard to
determine where low temperatures are foreseen in the life cycle of the materiel, use the following to confirm the
need for this method and to place it in sequence with other methods.

2.1.1 Effects of low temperature environments.

Low temperatures have adverse effects on almost all basic material. As a result, exposure of materiel to low
temperatures may either temporarily or permanently impair the operation of the materiel by changing the physical
properties of the material(s) of which it is composed. Consider low temperature tests whenever the materiel will be
exposed to temperatures below standard ambient, and consider the following typical problems to help determine if
this method is appropriate for the materiel being tested. This list is not intended to be all-inclusive.

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.

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

Changes in performance of transformers and electromechanical components.
Stiffening of shock mounts.

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

Cracking and crazing, embrittlement, change in impact strength, and reduced strength.
Static fatigue of restrained glass.

j.  Effects due to condensation and freezing of water in or on the materiel.

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

I.  Change of burning rates.

Se o oo
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2.1.2 Sequence among other methods.

a.
b.

General. See Part One, paragraph 5.5.

Unique to this method. There are at least two philosophies related to test sequence. One approach is to
conserve test item life by applying what are perceived to be the least damaging environments first. For
this approach, generally apply the low temperature test early in the test sequence. Another approach is
to apply environments to maximize the likelihood of disclosing synergetic effects. For this approach,
consider low temperature testing following dynamic tests, such as vibration and shock. Although not
written for such, this test may be used in conjunction with shock and vibration tests to evaluate the effect
of dynamic events (i.e., shipping, handling, and shock) on cold materials. Also, this test may
significantly alter the performance of seals during the low pressure testing of Method 500.5.

2.2 Selecting Procedures.

This method includes three test procedures, Procedure | (Storage), Procedure Il (Operation), and Procedure il
(Manipulation). Based on the test data requirements, determine which test procedure, combination, or sequence of
procedures is applicable. In most cases, all three procedures will apply.

NOTE: The materiel’s anticipated Life Cycle Environmental Profile (LCEP) may reveal other low
temperature scenarios that are not specifically addressed in the procedures. Tailor the procedures
as necessary to capture the LCEP variations, but do not reduce the basic test requirements reflected
in the below procedures. (See paragraph 2.3 below.) Consider the potential synergistic effects
of temperature and altitude (and possibly humidity), and the use of method 520.3 in addition
to this method.

2.2.1 Procedure selection considerations.
When selecting procedures, consider:

a.

The operational purpose of the materiel. From the requirements documents, determine the functions to
be performed by the materiel in a low temperature environment and any limiting conditions, such as
storage.

The natural exposure circumstances.

The test data required to determine whether the operational purpose of the materiel has been met.
(1) The expected temperature at the deployment location.

(2) The expected duration at the deployment location.

(3) The test item configuration.

Procedure sequence.

(1) Procedure Il can be preceded by Procedure I, Procedure 111, or both. If the materiel is to be stored at
low temperatures before use, Procedure | is conducted before Procedure Il. If a manipulation test is
required, Procedure Il can precede the operational test. If the materiel is not intended to be stored
at low temperature or manipulated before use, Procedure Il is conducted directly.

(2) Storage testing, operational testing, or both can precede the manipulation test if required.

2.2.2 Difference among procedures.
While all procedures involve low temperatures, they differ on the basis of the timing and nature of performance

tests.

a.

Procedure | - Storage. Use Procedure | to investigate how low temperatures during storage affect
materiel safety during and after storage, and performance after storage.

Procedure Il - Operation. Use Procedure Il to investigate how well the materiel operates in low
temperature environments. For the purpose of this document, operation is defined as excitation of the
materiel with a minimum of contact by personnel. It does not exclude handling (manipulation).

Procedure 111 - Manipulation. Use Procedure 11 to investigate the ease with which the materiel can be
set up and disassembled by personnel wearing heavy, cold-weather clothing.
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2.3 Determine Test Levels and Conditions.

Having selected this method and relevant procedures (based on the test item's requirements documents and the
tailoring process), complete the tailoring process by identifying appropriate parameter levels and applicable test
conditions and techniques for these procedures. Base these selections on the requirements documents, the Life
Cycle Environmental Profile (LCEP), and information provided with this procedure. Consider the following when
selecting test levels.

2.3.1 Climatic conditions.

Select the specific test temperatures, preferably from the requirements documents. If this information is not
available, determine the test temperature(s) based on the world areas in which the materiel will be used, plus any
additional considerations. Although the natural low temperature environment is normally cyclic, the effect of solar
loading is minimal, if not absent, so in most instances it is acceptable to use a constant low temperature test. Only in
those instances where design assessment suggests that exposure to varying low temperatures may be important are
the appropriate cold cycles from MIL-HDBK-310, AR 70-38, or STANAG 4370, AECTP 200 (paragraph 6.1,
references a, b, and c) recommended. The information below provides guidance for choosing the test temperatures
for selected regions (climatic categories), for worldwide use without extended storage (two years or longer), and for
worldwide use with extended storage periods.

a. Selected regions. Table 502.5-1 in this method, and Figure C-3 and Table C-I in Part One, Annex C, Part
One of this standard can be used to determine the test temperature when the test item is to be used within
specific regions only. Air temperature extremes shown in Table 502.5-1 are based on a one percent
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, that is based on a 20
percent frequency of occurrence. The values shown in Table 502.5-1 represent the range of the diurnal
cycles. The diurnal cycles can be found in Part Three, Tables 9 and 11. For this method, the lowest
value in each range is usually considered.

b. Worldwide use. When the materiel is to be stored or operated worldwide, temperature selection must
not only include 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
frequency-of-occurrence values shown in Table 502.5.1 refer to the percent of total hours, in the most
extreme month and area in the world, during which the given temperature is equaled or exceeded. For
example, the 20 percent frequency of occurrence of a temperature of -51°C (-60°F) means that -51°C (-
60°F) or lower temperatures during an average year may be expected to occur 20 percent of the hours
during the most extreme month in the cold area of the world. A 20 percent probability of occurrence is
used for most applications with normal development cost considerations. However, to satisfy specific
applications or test requirements, other more extreme values may be appropriate if justified. (See Table
502.5-11.)

NOTE: Antarctica is excluded from consideration by international treaty restrictions.
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Table 502.5-1. Summary of low temperature cycle ranges.

TEMPERATURE
DESIGN TYPE LOCATION . _ Induced Environm_ent
Ambient Air (Storage & Transit)
OC (OF) OC (OF)

Most of Europe; Northern contiguous

Basic Cold (C1) US; Coastal Canada; High-latitude -21t0-31 -25t0-33
coasts (e.g., southern coast of Alaska); (-6 to -24) (-13to -27)
High elevations in lower latitudes
Canada, Alaska (excluding the interior);
Greenland (excluding the “cold pole™);

Cold (C2) Northern Scandinavia; -37 to -46 -37 to -46

Northern Asia (some areas), (-35to0 -51) (-35t0 -51)
High Elevations (Northern and Southern
Hemispheres); Alps; Himalayas; Andes
Interior of Alaska; Yukon (Canada); 51 51

Severe Cold (C3) | Interior of Northern Islands; Greenland (-60) (-60)
ice cap; Northern Asia

NOTE: See Part Three Tables IX and XI for low-temperature diurnal temperatures.

Table 502.5-11. Frequencies of occurrence of extreme low temperatures.

Low Temperature Frequency of Occurrence
-51°C* (-60°F) 20 percent
-54°C (-65°F) 10 percent
-57°C (-71°F) 5 percent
-61°C (-78°F) 1 percent

'Corresponds to the “Severe Cold” condition.

c. Worldwide use with extended storage periods. If materiel is to be stored for extended periods (years)
without shelter or protection in areas that experience extreme low temperatures such as the "cold pole™
of northeast Siberia or central Greenland, there is an increased chance that the materiel may experience
much lower temperatures (approaching -65°C (-85°F)). Such prolonged exposure to extreme low
temperatures can affect the safety of items such as munitions, life support equipment, etc.

2.3.2 Exposure Duration.
The duration of exposure to low temperature may be a factor in materiel safety, integrity and performance.

a. Nonhazardous or non-safety-related (non-life-support type) materiel. Most materiel in this category (in a
non-operating mode), with the possible exception of organic plastics, will not experience deterioration
following temperature stabilization of the materiel at low temperatures. Following temperature
stabilization of the test item, use a storage period of four hours for this materiel if no other value is
available.

Y These cycles were derived from AR 70-38, 1 August 1979, and essentially conform to those in MIL-HDBK-310
and NATO STANAG 4370, AECTP 200, Category 230 (except for C0). These values represent typical conditions.
Induced conditions are extreme levels to which materiel may be exposed during storage or transit situations. Do not
use these levels carte blanche, but tailor them to the anticipated storage or transit situation.
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b. Explosives, munitions, organic plastics, etc. These items may continue to deteriorate following
temperature stabilization; consequently, it is necessary to test them at low temperatures for long periods
of time. Use a minimum storage period of 72 hours following temperature stabilization of the test item,
since durations of exposure of this period of time are typical for these types of items.

c. Restrained 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. Although we do not have a specific reference, it has been reported that a 24-hour
exposure usually gives an 87 percent probability of uncovering this type of design defect.

2.3.3 Test item configuration.

The configuration of the materiel is an important factor in how it may be affected by temperature. Therefore, use
the anticipated configuration of the materiel during storage or use during the test. As a minimum, consider the
following configurations:

a. Inashipping/storage container or transit case.
b. Protected or unprotected.
c. Deployed (realistically or with restraints, such as with openings that are normally covered).
d. Modified with kits for special applications.
2.3.4 Additional guidelines.
Review the materiel specifications and requirements documents. Apply any additional guidelines necessary. Part

Three of this document includes further information on the low temperature environment (e.g., paragraphs 2.2, 2.3,
4.2.6, and 4.3).

3. INFORMATION REQUIRED.
3.1 Pretest.
The following information is required to conduct low temperature tests adequately.

a. General. Information listed in Part One, paragraphs 5.7 and 5.9, and Part One, Annex A, Task 405 of
this standard.

b. Specific to this method.
(1) Test temperatures, type of protective clothing required, and any additional guidelines.

(2) Temperature sensor locations. The component/assembly/structure to be used for thermal response
and temperature stabilization purposes. (See Part One, paragraph 5.4.)

c. Tailoring. Necessary variations in the basic test procedures to accommodate LCEP requirements and/or
facility limitations.
3.2 During Test.
Collect the following information during conduct of the test:

a. General. Information listed in Part One, paragraph 5.10, and in Annex A, Tasks 405 and 406 of this
standard.

b. Specific to this method.
(1) Record of chamber temperature versus time conditions.
(2) Test item temperatures (measurement locations).
(3) Protective clothing used during manipulation tests.

3.3 Post Test.
The following post test data shall be included in the test report.

a. General. Information listed in Part One, paragraph 5.13, and in Annex A, Task 406 of this standard.
b.  Specific to this method.

(1) Length of time required for each performance check.

(2) Temperature-time versus data (test item and chamber).
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(3) Clothing and special equipment used to set up or disassemble the test item.
(4) Appropriate anthropometric measurements of personnel performing manipulation tests.
(5) Any deviations from the original test plan.

4. TEST PROCESS.
4.1 Test Facility.

a.

The required apparatus consists of a chamber or cabinet and auxiliary instrumentation capable of
maintaining and monitoring (see Part One, paragraph 5.18) the required conditions of low temperature
throughout an envelope of air surrounding the test item.

Unless otherwise justified by the materiel platform environment and to prevent unrealistic heat transfer in
the materiel, maintain the air velocity in the vicinity of the test item so as to not exceed 1.7 m/s (335
ft/min).

4.2 Controls.

a.

Temperature. Unless otherwise specified in the test plan, if any action other than test item operation (such
as opening the chamber door) results in a significant change of the test item temperature (more than 2°C
(3.6°F)), restabilize the test item at the required temperature before continuing. If the operational check is
not completed within 15 minutes, reestablish the test item temperature conditions before continuing.

Rate of temperature change. Unless otherwise specified, control the rate of temperature change to not
exceed 3°C (5°F) per minute to prevent thermal shock.

Temperature measurement. Install temperature sensor instrumentation on or in the test item to measure
temperature stabilization data (see Part One, paragraph 5.4).

Temperature recording. Record chamber temperature at a sufficient rate to capture data necessary for post-
test analysis (see Part One, paragraph 5.18).

4.3 Test Interruption.

Test interruptions can result from two or more situations, one being from failure or malfunction of test chambers or
associated test laboratory equipment. The second type of test interruption results from failure or malfunction of the
test item itself during operational checks.

43.1

4.3.2

Interruption due to chamber malfunction.
a. General. See Part One, paragraph 5.11 of this standard.

b. Specific to this method.

(1) Undertest interruption. Follow an interruption that allows test temperatures to fluctuate outside
allowable tolerances toward ambient conditions 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. Since no extreme conditions were
encountered, consider any problems as a test item failure.

(2) Overtest interruption. Follow any interruption (loss of chamber control) that results in more
extreme exposure of the test item than required by the materiel specification by a complete physical
examination and operational check (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 could be considered invalid because of the overtest condition. If no problem has been
encountered, reestablish pre-interruption conditions and continue from the point where the test
tolerances were exceeded. See paragraph 4.3.2 for test item operational failure guidance.

Interruption due to test item operation failure.

Failure of the test item(s) to function as required during operational checks presents a situation with several possible
options.

a. The preferable option is to replace the test item with a “new” one and restart from Step 1 of the pretest
requirements.

b. A second option is to replace / repair the failed or non-functioning component or assembly within the test
item with one that functions as intended, and restart the entire test from Step 1 of the pretest requirements.
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NOTE: When evaluating failure interruptions, consider prior testing on the same test
item, and consequences of such.

4.4 Test Setup.
a. See Part One, paragraph 5.8.
b.  Unique to this method. There is no guidance unique to this method.

4.5 Test Execution.

The following steps, alone or in combination, provide the basis for collecting necessary information concerning the
test item in a low temperature environment. Conduct pretest and post test operational checkouts after storage and

after manipulation to verify successful completion of both procedures.
4.5.1 Preparation for test.

45.1.1 Preliminary steps.

Before starting the test, review pretest information in the test plan to determine test details (e.g., procedures, test

item configuration, cycles, durations, parameter levels for storage/operation, etc.).

45.1.2 Pretest standard ambient checkout.

All test items require a pretest standard checkout at standard ambient conditions to provide baseline data. Conduct

the checkout as follows (change of step sequence may be required for large test items):

Step 1. Conduct a complete visual examination of the test item, with special attention to stress areas such

as corners of molded cases, and document the results.

Step 2. Install temperature sensors in or on the test item as required to determine the test item
temperature(s). If not possible to instrument internal components, base any additional soak time

on thermal analysis to ensure temperature stabilization throughout the test item.

Step 3. Conduct an operational checkout at standard ambient conditions (See Part One, paragraph 5.1),

and in accordance with the approved test plan and record the results.

Step 4. If the test item operates satisfactorily, proceed to the first test procedure as determined from the

test plan. If not, resolve the problems and repeat Step 3 above.

4.5.2 Procedure | - Storage.
Step 1. Place the test item in its storage configuration and install it in the test chamber.

Step 2. Adjust the chamber air temperature to that specified in the test plan for storage at a rate not to

exceed 3°C/min (5°F/min).

Step 3. Following temperature stabilization of the test item (Part One, paragraph 5.4), maintain the storage
temperature for a period as specified in the test plan. If not possible to instrument internal
components, base any additional soak time on thermal analysis to ensure temperature stabilization

throughout the test item.

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

Step 5. Adjust the chamber air temperature to standard ambient conditions (at a rate not to exceed
3°C/min (5°F/min)), and maintain it until the test item has achieved temperature stabilization.

Step 6. Conduct a complete visual examination of the test item and document the results.

Step 7. If appropriate, conduct an operational checkout of the test item and document the results. See

paragraph 5 for analysis of results.
Step 8. Compare these data with the pretest data.

4.5.3 Procedure Il - Operation.

Step 1. With the test item in its operational configuration and installed in the test chamber, adjust the
chamber air temperature to the low operating temperature of the test item as specified in the test
plan at a rate not to exceed 3°C/min (5°F/min). Maintain this for at least two hours following
temperature stabilization of the test item. If not possible to instrument internal components, base
any additional soak time on thermal analysis to ensure temperature stabilization throughout the

test item.
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Conduct as complete a visual examination of the test item as chamber access limitations will
allow, and document the results.

Conduct an operational checkout of the test item as in paragraph 4.5.1.2, Step 6, and document the
results. If the test item fails to operate as intended, see paragraph 5 for analysis of results, and
follow the guidance in paragraph 4.3.2 for test item failure.

If manipulation of the test item is required at low temperature, proceed to Step 4 of paragraph
4.5.4. If not, proceed to Step 7 of this procedure.

Adjust the chamber air temperature to standard ambient conditions at a rate not to exceed 3°C/min
(5°F/min), and maintain it until temperature stabilization of the test item has been achieved.

Conduct a complete visual examination of the test item, and document the results.

If appropriate, conduct an operational checkout and record results for comparison with data
obtained in paragraph 4.5.1.2, Step 6. If the test item fails to operate as intended, see paragraph 5
for analysis of results.

4.5.4 Procedure 11 - Manipulation.
Step 1. With the test item in the test chamber and in its storage configuration, adjust the chamber air

Step 2.

temperature to the low operating temperature of the test item as determined from the test plan at a
rate not to exceed 3°C/min (5°F/min). Maintain it for two hours following temperature
stabilization of the test item.

While maintaining the low operating temperature, place the test item in its normal operating
configuration by using the options of Step 3.

Step 3. Based on the type of test chamber available, select one of the two following options:

Step 4.
Step 5.
Step 6.
Step 7.

Step 8.
Step 9.

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.

Option 2 - To be used when small chambers (non-walk-in) are used: Perform the option 1
procedure, except 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. Limit manipulation necessary to perform the required setup or
teardown to 15-minute intervals, between which reestablish the temperature of Step 1 above.

Reestablish the temperature to that used in Step 1, above and maintain it for two hours following
temperature stabilization of the test item

If operation of the test item is required at low temperatures, proceed to Step 1 of paragraph 4.5.3.
If not, proceed to Step 6 of this procedure.

Conduct a complete visual examination of the test item, and document the results for comparison
with the pretest data.

Adjust the chamber air temperature to standard ambient conditions (at a rate not to exceed
3°C/min (5°F/min)), and maintain it until the test item has reached temperature stabilization.
Conduct a complete visual examination of the test item, and document the results.

If appropriate, conduct an operational checkout of the test item and record results for comparison
with data obtained in paragraph 4.5.1.2, Step 6. If the test item fails to operate as intended, see
paragraph 5 for analysis of results.
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5. ANALYSIS OF RESULTS.

In addition to the guidance provided in Part One, paragraph 5.14, the following information is provided to assist in
the evaluation of the test results. Apply any data relative to failure of a test item to meet the requirements of the
materiel specifications to the test analysis, and consider related information 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.
c. 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 failure on internal combustion engines, assurance of the presence of proper fuels and
deicers, if appropriate.

f.  Condition and adequacy of the power source.
6. REFERENCE/RELATED DOCUMENTS.

6.1 Referenced Documents.
a. MIL-HDBK-310, Global Climatic Data for Developing Military Products.
b. AR 70-38, Research, Development, Test and Evaluation of Materiel for Extreme Climatic Conditions.
c. NATO STANAG 4370, AECTP 200, Category 230, Section 2311.
d. MIL-STD-2105C, Test Method Standard — Hazard Assessment Tests for Non-Nuclear Munitions.
6.2 Related Documents.

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

b. STANAG 4370, Environmental Testing.
c. Allied Environmental Conditions and Test Publication (AECTP) 300, Climatic Environmental Tests
(under STANAG 4370), Method 303.

d. Egbert, Herbert W. “The History and Rationale of MIL-STD-810,” February 2005; Institute of
Environmental Sciences and Technology, Arlington Place One, 2340 S. Arlington Heights Road, Suite
100, Arlington Heights, IL 60005-4516.

(Copies of Department of Defense Specifications, Standards, and Handbooks, and International Standardization
Agreements are available online at http://assist.daps.dla.mil/quicksearch/ or from the Standardization Document
Order Desk, 700 Robbins Avenue, Building 4D, Philadelphia, PA 19111-5094.)

Requests for other defense-related technical publications may be directed to the Defense Technical Information
Center (DTIC), ATTN: DTIC-BR, Suite 0944, 8725 John J. Kingman Road, Fort Belvoir VA 22060-6218, 1-800-
225-3842 (Assistance--selection 3, option 2), http://stinet.dtic.mil/info/s-stinet.html; and the National Technical
Information Service (NTIS), Springfield VA 22161, 1-800-553-NTIS (6847), http://www.ntis.gov/.
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METHOD 503.5
TEMPERATURE SHOCK

NOTE: Tailoring is essential. Select methods, procedures, and parameter levels based on the
tailoring process described in Part One, paragraph 4.2.2, and Annex C. Apply the general guidelines
for laboratory test methods described in Part One, paragraph 5 of this standard.

1. SCOPE.

1.1 Purpose.

Use the temperature shock test to determine if materiel can withstand sudden changes in the temperature of the
surrounding atmosphere without experiencing physical damage or deterioration in performance. For the purpose of
this document, "sudden changes" is defined as "an air temperature change greater than 10°C (18°F) within one
minute."

1.2 Application.

1.2.1 Normal environment.

Use this method when the requirements documents specify the materiel is likely to be deployed where it may
experience sudden changes of air temperature. This method is intended to evaluate the effects of sudden
temperature changes of the outer surfaces of materiel, items mounted on the outer surfaces, or internal items situated
near the external surfaces. This method is, essentially, surface-level tests. Typically, this addresses:

a. The transfer of materiel between climate-controlled environment areas and extreme external ambient
conditions or vice versa, e.g., between an air conditioned enclosure and desert high temperatures, or
from a heated enclosure in the cold regions to outside cold temperatures.

b. Ascent from a high temperature ground environment to high altitude via a high performance vehicle (hot
to cold only).

c. Air delivery/air drop at high altitude/low temperature from aircraft enclosures when only the external
material (packaging or materiel surface) is to be tested.

1.2.2 Safety and screening.

Except as noted in paragraph 1.3, use this method to reveal safety problems and potential flaws in materiel normally
exposed to less extreme rates of temperature change (as long as the test conditions do not exceed the design
limitations of the materiel).

1.3 Limitations.
This method does not specifically address the following, but it may, in some cases, be applied through tailoring:

a. Materiel that will not experience sudden extreme temperature changes to internal components because of its
mass, configuration, packaging, installed location, etc.

b. Replacement of the assessment of performance characteristics after lengthy exposure to extreme
temperatures, such as with Methods 501.5 and 502.5.

c. Temperature shock experienced by materiel transferred between air and liquid or two liquids, the thermal
shock caused by rapid transient warmup by engine compressor bleed air, or aerodynamic loading.

d. This method is inappropriate if the actual transfer time in a service environment will not produce a
significant thermal shock.

Materiel that has been exposed to heat from a fire and subsequently cooled with water.

f. Thermal shock testing that may be considered for safety or hazard assessment of munitions, but that should
be accomplished in accordance with MIL-STD-2105C (reference 6.1c).

@
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2. TAILORING GUIDANCE.

2.1 Selecting this Method.

After examining requirements documents and applying the tailoring process in Part One of this standard to
determine where thermal shocks are foreseen in the life cycle of the materiel, use the following to confirm the need
for this method and to place it in sequence with other methods.

2.1.1 Effects of thermal shock environments.

Effects of thermal shocks are usually more severe near the outer portions of materiel. The further from the surface
(depending, of course, on the properties of the material involved), the slower and less significant are the thermal
changes. Transit cases, packaging, etc., will lessen the effects of thermal shock on the enclosed materiel even more.
Sudden temperature changes may either temporarily or permanently affect operation of materiel. The following are
examples of problems that could result from thermal shock exposure that may relate to the materiel being tested.
Consider the following typical problems to help determine if this method is appropriate for the materiel being tested.
This list is not intended to be all-inclusive.

a. Physical.
(1) Shattering of glass vials and optical materiel.
(2) Binding or slackening of moving parts.
(3) Cracking of solid pellets or grains in explosives.
(4) Differential contraction or expansion rates or induced strain rates of dissimilar materials.
(5) Deformation or fracture of components.
(6) Cracking of surface coatings.
(7) Leaking of sealed compartments.
(8) Failure of insulation protection.
b. Chemical.
(1) Separation of constituents.
(2) Failure of chemical agent protection.
c. Electrical.
(1) Changes in electrical and electronic components.
(2) Electronic or mechanical failures due to rapid water or frost formation.
(3) Excessive static electricity.

2.1.2 Sequence among other methods.
a. General. See Part One, paragraph 5.5.

b. Unigue to this method. Use test item response characteristics and performance determination
information obtained from the high and low temperature tests to better define the test conditions to be
used for this procedure.

2.2 Selecting Procedure Variations.

This method includes one test procedure with four variations — essentially in the length of the test and the shock
itself. It employs constant temperature at each of the extreme shock conditions because, in many instances, the
thermal shock itself so outweighs the other thermal effects that the test may be performed using two constant
temperatures. This is particularly the case when more severe shocks are desired, such as for evaluation of safety or
initial design, and when extreme values will be used.

Below are possible considerations and variations.

2.2.1 Procedure selection considerations.
When selecting this procedure, consider:

a. The expected exposure temperatures in service.
b. The materiel's logistic or deployment configuration.
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2.2.2 Procedure variations.

The four procedure variations all involve temperature conditioning and performance testing. They differ on the
number of shocks that, based on the LCEP, can vary from one shock (1/2 cycle) to six or more shocks (three or more
cycles. Paragraph 2.3 includes five possible options, but only use 2.3c and d for cyclic situations.

2.3 Determine Test Levels and Conditions.

Having selected this method (based on the test item's requirements documents and the tailoring process), complete
the tailoring process by identifying appropriate parameter levels and applicable test conditions and techniques for
the procedure. Base these selections on the requirements documents, the Life Cycle Environmental Profile (LCEP),
requirements documents (see Part One, Figure 1-1), and information provided with this method. Consider tailoring
known service extreme temperatures if the intent of the test is to reproduce induced strain rates found in service.
Use values other than those suggested if realistic. This method addresses several exposure situations: aircraft flight
exposure, air delivery - desert, and ground transfer — ambient to either cold regions or desert. Based on the
anticipated deployment, determine which test variation is applicable. Rather than focusing solely on shocks from
low to high temperatures or vice-versa, exposure temperatures could reflect shocks from standard ambient
conditions to high or low temperatures. Base the exposure range on the expected service conditions, but extend the
test levels as necessary to detect design flaws. Stabilize the whole test item temperature or, if known, the point of
interest prior to transfer. However, if the LCEP indicates a duration less than that required to achieve stabilization
then the duration from the LCEP should be used. The critical point of interest may be near the surface of the item. In
such cases, a considerably shorter duration may apply rather than complete stabilization of the item. Any duration
less than complete stabilization shall be justified. Consider the following when selecting test levels.

a. Aircraft flight exposure. This is appropriate if the materiel is to be exposed to desert or tropical ground
heat and possible direct solar heating and, immediately afterwards, exposed to the extreme low
temperatures associated with high altitude (see paragraph 1.2.1b). If not expended, the test item could
subsequently be exposed to a potential thermal shock when the platform aircraft returns to a hot ambient
environment. In addition, if not expended, the item could also be subjected to multiple thermal shocks.

b. Air delivery - desert. This is appropriate for materiel that is delivered over desert terrain from unheated,
high-altitude aircraft, but use the ambient air temperature (no solar loading).

¢. Ground transfer - ambient to or from either cold regions or desert. This is intended to test materiel for the
effects of movement to and from ambient conditions and cold regions or desert environments.

d. Engineering design. This is used to detect issues related to marginal design.

2.3.1 Climatic conditions.

Identify the appropriate climatic conditions for the geographic areas in which the materiel will be operated and
stored. Actual response temperatures achieved when materiel 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
501.5, 502.5, and 505.5) 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.

2.3.2 Exposure conditions.

Select the test temperatures from field data or from the requirements documents, if available. If not available,
determine the test temperatures from the anticipated deployment application or world areas in which the materiel
will be deployed, or from the most extreme non-operating temperature requirements. Recommend using a range of
temperatures that reflects that anticipated in-service, rather than some arbitrary extreme range.

a. Deployment application (aircraft flight exposure). The thermal stresses and rates that materiel will
experience during exposure to the air flight operational environment are dependent on the ambient
conditions, flight conditions, and performance of the onboard environmental control systems. The
temperature and humidity at various altitudes can be found in MIL-HDBK-310 (paragraph 6.1, reference

a).
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b. Air delivery/air drop. The test conditions for this exposure are based upon the probable conditions in the
cargo compartment of the aircraft (or other transport location), and on the ground at the point of impact.
Use a lower temperature extreme that assumes 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 air drop operations. The temperature at this altitude can be found in MIL-HDBK-
310. Determine the high temperature surface extremes from the appropriate tables in Method 501.5.

NOTE: Materiel packaging will normally mitigate thermal shocks to the packaged item. The air
delivery/air drop scenario of packaged items may not involve significant thermal shock to the
contents. However, the packaging may experience adverse effects due to the thermal shock.

c. Ground transfer — ambient to or from cold regions or desert.

In some regions of the world, materiel could experience thermal shocks during movement to and from
environmentally conditioned buildings (enclosures) to extreme exterior ambient temperature conditions. Base
selection of the outside ambient conditions upon the climatic categories or areas listed in the appropriate table in
Method 501.5 or 502.5.

(1) Cold regions. Typically, conditions for cold regions enclosures are indoor air at 18°C to 24°C
(65°F to 75°F), with an accompanying RH of 30 to 50% (reference 6.1d). These conditions roughly
correspond to normal heating practices in cold regions.

(2) Desert. For transfer from a desert environment to an air conditioned enclosure, determine if solar
heating of the materiel will occur prior to the transfer.

d. Engineering design. Use test conditions that reflect the extreme anticipated storage conditions.

2.3.3 Test duration (number of shocks).
a. Procedure I-A One-way shock(s) from constant extreme temperature. For materiel that is likely to be
exposed only rarely to thermal shock in one direction, perform at least one shock for each appropriate
condition, i.e., low to high temperature, or vice-versa (Figure 503.5-1 and 4.4.2.1a).

b. Procedure 1-B Single cycle shock from constant extreme temperature. For materiel that is likely to be
exposed to only one thermal shock cycle (one in each direction), perform one shock for each appropriate
condition, i.e., low-to-high temperature, and one in the opposite direction (Figure 503.5-2 and 4.4.2.1b).

c. Procedure I-C Multi-cycle shocks from constant extreme temperature. There is little available data to
substantiate a specific number of shocks when more frequent exposure is expected. In lieu of better
information, apply a minimum of three shocks at each condition, i.e., three transfers from cold to hot,
three transfers from hot to cold, and a stabilization period after each transfer. The number of shocks
depends primarily on the anticipated service events (Figure 503.5-3 and 4.4.2.1c). The objective of this
test is to determine the effect of rapid temperature changes to the materiel. Therefore, expose the test item
to the temperature extremes for a duration equal to either the actual operation, or to that required to
achieve temperature stabilization within the limitations shown in paragraphs 1.2.1, 1.3, 2.1.1, and 2.3.5.

d. Procedure 1-D Shocks to or from controlled ambient temperature. This procedure essentially follows the
durations of Procedures I-A to I-C, except all shocks are to and/or from controlled ambient conditions
(Figure 503.5-4 and 4.4.2.1d).

2.3.4 Test item configuration.

The configuration of the test item strongly affects test results. Therefore, use the anticipated configuration of the
item during storage, shipment, or use. For small test items (e.g., radios), the test configuration should be
representative of the in-Service condition, and provide a similar mounting platform thermal mass. As a minimum,
consider the following configurations:

a. In a shipping/storage container or transit case, and installation of a thermally conditioned item into a
container conditioned at another temperature.

b. Protected or unprotected.
c. Deployed (realistically or with restraints).
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d. Modified with kits for special applications.
e. Packaged for airdrop.
f.  The installed environment and the effect upon the test item thermal response.

2.3.5 Temperature stabilization.
Stabilize the test item temperature (prior to transfer, and within the limitations shown in paragraphs 1.2.1, 1.3, and
2.1.1) for as long as necessary to ensure a uniform temperature throughout at least the outer portions of the test item.

2.3.6 Relative humidity.

For most test programs, the relative humidity (RH) is not controlled. During the thermal shock test it may, however,
have a significant effect on some materiel, e.g., cellulosic materials that are typically porous, into which moisture
can migrate and then expand upon freezing. Do not attempt to control relative humidity unless specifically required.

2.3.7 Transfer time.
Ensure the transfer time reflects the time associated with the actual thermal shock in the life cycle profile. Make the
transfer as rapidly as possible, but if the transfer takes more than one minute, justify the extra time.

2.4 Special Considerations.

The test conditions as presented in this method 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. Therefore, before transfer, stabilize the test item (within the
limitations shown in paragraphs 1.2.1, 1.3, 2.1.1, and 2.3.5) at the most realistic temperature that would be
encountered during the specific operation, or possibly the most extreme test item stabilization temperature if
appropriate. Consider tailoring known service extreme temperatures if the intent of the test is to reproduce induced
strain or heat transfer rates found in service.

3. INFORMATION REQUIRED.
3.1 Pretest.
The following information is required to conduct temperature shock tests adequately.

a. General. Information listed in Part One, paragraphs 5.7 and 5.9, and Annex A, Task 405 of this
standard.

b. Specific to this method.
(1) Test item configuration.
(2) Test temperature extremes or test item thermal rates of change.
(3) Duration of exposure at each temperature.
(4) Test item response temperature (from either Method 501.5 or 505.5).

(5) The component/assembly/structure to be used for thermal response and temperature stabilization
purposes (if required). (See Part One, paragraph 5.4.)

(6) The number and type of shocks, i.e., shocks from low temperature to high temperature or vice-versa,
or a combination of these.

c. Tailoring. Necessary variations in the basic test procedures to accommodate LCEP requirements and/or
facility limitations.

3.2 During Test.
Collect the following information during conduct of the test:

a. General. Information listed in Part One, paragraph 5.10, and in Annex A, Task 406 of this standard.
b. Specific to this method.

(1) Record of chamber temperature versus time conditions.

(2) Test item temperatures (measured locations).

(3) Transfer times (e.g., "door open™ to "door closed™).

(4) Duration of each exposure.
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For test validation purposes, record deviations from planned or pre-test procedures or parameter levels, including
any procedural anomalies that may occur.

3.3 Post-test.
The following post-test data shall be included in the test report:

a. General. Information listed in Part One, paragraph 5.13, and in Annex A, Tasks 405 and 406 of this
standard.

b. Specific to this method.
(1) Test temperatures.
(2) Duration of each exposure.
(3) Number of cycles.
(4) Transfer times (e.g., "door open" to "door closed").
(5) Results of operational checks.
(6) Status of the test item for each visual examination.
(7) Previous test methods, if any, to which the specific test item has been exposed.
(8) Any deviations from the original test plan.

4. TEST PROCESS.
4.1 Test Facility.

4.1.1 Apparatus.

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

4.1.2 Instrumentation.

Use chambers equipped with auxiliary instrumentation capable of monitoring (see Part One, paragraph 5.18) the test
conditions throughout an envelope of air surrounding the test item(s). (See Part One, paragraphs 5.2a and 5.3.)
Quick-disconnect thermocouples may be necessary for monitoring test item conditions following transfers.

4.2 Controls.
Record chamber temperature, and if required humidity, at a sufficient rate to capture data necessary for post-test
analysis (see Part One, paragraph 5.18).

4.2.1 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 (3.6°F)) of the test item
temperature or chamber air temperature, stabilize the test item at the required temperature in accordance with
paragraph 2.3.5 before continuation.

4.2.2 Air velocity.

Unless justified by the materiel's platform environment or logistic scenario, and to provide standard testing
conditions, use an air velocity that does not exceed 1.7 m/s (335 ft/min) in the vicinity of the test item. A test
tailored to meet a specific air velocity or platform environment may require the specification of the air velocity,
temperature change rate, or transfer time.

4.2.3 Transfer time.
Transfer the test item between the two environments within one minute. If the item is large and requires materiel
handling equipment, justify the additional time required to move the item.

4.3  Test Interruption.

Test interruptions can result from two or more situations, one being from malfunction of test chambers or associated
test laboratory equipment. The second type of test interruption results from failure or malfunction of the test item
itself during performance checks (required or optional).
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4.3.1 Interruption due to chamber malfunction.
a. General. See Part One, paragraph 5.11 of this standard.

b. Specific to this method.

a. Undertest interruption. If, during the temperature dwell, an unscheduled test interruption occurs that
causes the test conditions to exceed allowable tolerances toward standard ambient temperatures,
reinitiate the test at the point of interruption and stabilize the test item in accordance with paragraph
2.3.5 at the pre-transfer test condition. If the interruption occurs during the transfer, stabilize the test
item at the previous temperature and then transfer.

b. Overtest interruption. Following any interruption that results in more extreme exposure of the test
item than that required by the materiel specification, conduct 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 no problem is
discovered, reestablish pre-interruption conditions and continue from the point where the test
tolerances were exceeded. If the test item fails to operate or a visual defect is noted:

(1) Follow the guidance in paragraph 4.3.2, or

(2) Replace / repair the failed or non-functioning component or assembly with one that functions as
intended, reestablish pre-failure test conditions, and continue the test from the point of
interruption.

4.3.2 Interruption due to test item operation failure.
Failure of the test item(s) to function as required during required or optional performance checks during testing
presents a situation with several possible options. See Part One, paragraph 5.11 of this standard.

a. The preferable option is to replace the test item with a “new” one and restart from Step 1.

b. A second option is to replace / repair the failed or non-functioning component or assembly with one
that functions as intended, and restart the entire test from Step 1.

If a failure occurs near the end of a sequential test, consider repairing the test item and then re-starting the
temperature shock test from beginning. One must consider that prior testing using the same test item may have
induced effects that surface during these or subsequent methods. Repeating the sequential environmental tests
previously performed, but with a new test item, must be considered. 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.

NOTE: When evaluating failure interruptions, consider prior testing on the same test
item and consequences of such.

4.4 Test Execution.
The following steps, alone or in combination, provide the basis for collecting necessary information concerning the
materiel's susceptibility to temperature shock.

4.4.1 Preparation for test.

4.4.1.1 Preliminary steps.

Before starting the test, review pretest information in the test plan to determine test details (e.g., procedures, test
item configuration, temperature levels, cycles, temperature stabilization determination, durations, etc.). (See
paragraph 3.1 above.)

4.4.1.2 Pretest standard ambient checkout.

All test items require a pretest standard ambient checkout to provide baseline data. Examine munitions (see
paragraph 1.3f) and other appropriate materiel by nondestructive examination methods. Conduct the checkout as
follows:

Step 1. Conduct a complete visual examination of the test item (evaluate against paragraph 2.1.1) with
special attention to stress areas such as corners of molded areas and interfaces between different
materials (e.g., component lead/ceramic interfaces of visible electronic parts), and document the
results for comparison with post test data.

Step 2. Conduct an operational checkout at standard ambient conditions (Part One, paragraph 5.1), and in
accordance with the approved test plan, and record the results.
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Step 3. In order to determine thermal response (paragraph 3.1b), install temperature sensors in, on, or
around the test item as described in the test plan.

Step 4. If the test item operates satisfactorily, proceed to the next step. If not, resolve the problems and
restart at Step 1, above.

Step 5. With the test item in the chamber in its appropriate logistic configuration, adjust the chamber air
temperature to controlled ambient conditions and stabilize the test item prior to proceeding to the
appropriate procedure.

4.4.2 Procedure.

The following procedure and its variations provide the basis for collecting the necessary information concerning
materiel experiencing a severe temperature shock environment. The procedures depicted in figures 503.5-1 through
503.5-4 arbitrarily begin with the lower temperature, but could be reversed to begin with the higher temperature if it
is more realistic.

NOTE: Unless the requirements documents indicate otherwise, if either of the following test procedure
variations is interrupted because of work schedules, etc., maintaining the test item at the test temperature for
the time required will facilitate completion of the test when resumed. If the temperature is changed, before
continuing the test, restabilize the test item at the temperature of the last successfully completed period
before the interruption. Caution: When soaking at high temperature, e.g., overnight, ensure the total
test time at the most severe temperature does not exceed the life expectancy of any material (see Part
One, paragraph 5.19).

4.4.2.1 Procedure | - Shock from constant extreme temperatures. (Figures 503.5-1 to -3)

NOTES:
- “Cycle” means one shock in each direction, followed by temperature stabilization periods.

- T1 and T2 can be reversed based on the LCEP and application.

- Procedures I-A to I-D can be tailored to reflect one or more shocks to and from standard ambient
conditions to hot or cold conditions. (See Procedure 1-D and Figure 503.5-4.)

a. Procedure I-A. One-way shock(s) from constant extreme temperature. (Figure 503.5-1)

Step 1. With the test item in the chamber in its appropriate logistic configuration, adjust the chamber
air temperature to the high or low temperature extreme specified in the test plan (T1) at a rate
not to exceed 3°C/min (5°F/min). Stabilize the temperature for a period as determined in
accordance with paragraph 2.3.5.

Step 2. Transfer the test item in no more than one minute to an atmosphere at temperature (T2) that

will produce the thermal shock specified in the test plan, and stabilize the temperature for a period as

determined in accordance with paragraph 2.3.5.

Step 3. If required in the test plan, evaluate the effects of the thermal shock on the test item to the
extent practical.

Step 4. If other one-way shocks are required, repeat Steps 1-3. Otherwise, return the test item to
standard ambient conditions at a rate not to exceed 3°C/min (5°F/min).

Step 5. Examine the test item and, if appropriate, perform an operational check. Record the results
for comparison with pretest data. If the test item fails to operate as intended, see paragraph 5
for analysis of results.
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Figure 503.5-1. Single shock (¥ cycle).

Procedure 1-B. Single cycle shock from constant extreme temperature. (Figure 503.5-2)

With the test item in the chamber in its appropriate logistic configuration, adjust the chamber
air temperature to the high or low temperature extreme specified in the test plan (T1) at a rate
not to exceed 3°C/min (5°F/min). Stabilize the temperature for a period as determined in
accordance with paragraph 2.3.5.

Transfer the test item in no more than one minute to an atmosphere at temperature (T2) that
will produce the thermal shock specified in the test plan, and stabilize the temperature for a
period as determined in accordance with paragraph 2.3.5.

If required in the test plan, evaluate the effects of the thermal shock on the test item to the
extent practical.

Transfer the test item back to the T1 environment in no more than one minute. Stabilize the
temperature for a period as determined in accordance with paragraph 2.3.5, and evaluate the
thermal shock effects (if required).

Return the test item to standard ambient conditions.

Examine the test item and, if appropriate, perform an operational check. Record the results
for comparison with pretest data. If the test item fails to operate as intended, see paragraph 5
for analysis of results.

503.5-9



MIL-STD-810G
METHOD 503.5

T2 <

Note: Shocks can be
conducted from
controlled ambient

Transfer Rate < Transfer Rate

to T1or T2 1 minute max. 1 minute max.

e

% e —4-Controlled
E Ramp Rate Ramp Rate Ambient
£ <3°C/min <3°C/min

(<)

|_

LR R e G e LR
< 1Cycle 9‘
Time
Figure 503.5-2. Single cycle shocks.

c. Procedure I-C. Multi-cycle shocks from constant extreme temperature. (Figure 503.5-3)

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.
Step 7.

With the test item in the chamber in its appropriate logistic configuration, adjust the chamber
air temperature to the high or low temperature extreme specified in the test plan (T1) at a rate
not to exceed 3°C/min (5°F/min). Stabilize the temperature for a period as determined in
accordance with paragraph 2.3.5.

Transfer the test item in no more than one minute to an atmosphere at temperature (T2) that
will produce the thermal shock specified in the test plan, and stabilize the temperature for a
period as determined in accordance with paragraph 2.3.5.

If required in the test plan, evaluate the effects of the thermal shock on the test item to the
extent practical.

Transfer the test item back to the T1 environment in less than one minute. Stabilize the
temperature for a period as determined in accordance with paragraph 2.3.5, and evaluate the
thermal shock effects (if required).

Repeat steps 2-4 at least twice for a minimum of three cycles.

Return the test item to standard ambient conditions.

Examine the test item and, if appropriate, perform an operational check. Record the results
for comparison with pretest data. If the test item fails to operate as intended, see paragraph 5
for failure analysis and follow the guidance in paragraph 4.3.2 for test item failure.

503.5-10



MIL-STD-810G
METHOD 503.5

Temperature

Note: Shocks can be

conducted from

controlled ambient «— Transfer Rate

toTlorT2 1 minute max.

B IS R NI NS I SN N e e - CONtFOll€d
Ambient

Ramp Rate Ramp Rate
<3°C/min <3°C/min

LESS R

Time

d. Procedure I-D.

Figure 503.5-3. Multi-cycle shocks.

Shocks to or from controlled ambient temperature. (Figure 503.5-4)

NOTE: This procedural variation always starts at standard ambient conditions, but can be tailored
to follow any of the three above variations, i.e., a single shock, a single cycle, or multiple cycles.

Step 1.

Step 2.

Step 3.
Step 4.

Step 5.
Step 6.

With the test item in its appropriate logistic configuration, stabilize the test item at controlled
ambient conditions. (Part One, paragraph 5.1).

Transfer the test item in no more than one minute to an atmosphere at temperature T1 or T2
that will produce the thermal shock specified in the test plan, and stabilize the temperature for
a period as determined in accordance with paragraph 2.3.5.

Transfer the test item to controlled ambient conditions in no more than one minute, and
stabilize the temperature for a period as determined in accordance with paragraph 2.3.5.

If required in the test plan, evaluate the effects of the thermal shock on the test item to the
extent practical.

Either tailor additional shocks by repeating steps 1-4, or proceed to Step 6.

After all required shocks are completed, examine the test item and, if appropriate, perform an
operational check. Record the results for comparison with pretest data. If the test item fails to
operate as intended, see paragraph 5 for analysis of results.
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Figure 503.5-4. Shocks to & from controlled ambient.

5. ANALYSIS OF RESULTS.
Follow the guidance provided in Part One, paragraph 5.14 and 5.17 to assist in the evaluation of the test results.
Analyze any failure of a test item to meet the requirements of the materiel specifications. For premature failures
other than those described in paragraph 4.3 above, see Part One, paragraph 4.2.2.5 and Task 406 (Environmental
Test Report), paragraph 406.2.2.
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(Copies of Department of Defense Specifications, Standards, and Handbooks, and International Standardization
Agreements are available online at http://assist.daps.dla.mil/quicksearch/ or from the Standardization Document
Order Desk, 700 Robbins Avenue, Building 4D, Philadelphia, PA 19111-5094.)

Requests for other defense-related technical publications may be directed to the Defense Technical Information
Center (DTIC), ATTN: DTIC-BR, Suite 0944, 8725 John J. Kingman Road, Fort Belvoir VA 22060-6218, 1-800-
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METHOD 504.1
CONTAMINATION BY FLUIDS

NOTE: Tailoring is essential. Select methods, procedures, and parameter levels based on the
tailoring process described in Part One, Paragraph 4.2.2, and Annex C. Apply the general
guidelines for laboratory test methods described in Part One, paragraph 5 of this standard.

1. SCOPE.

1.1 Purpose.

Use contamination by fluids tests to determine if materiel (or material samples) is affected by temporary exposure to
contaminating fluids (liquids) such as may be encountered and applied during its life cycle, either occasionally’,
intermittently?’, or over extended periods®'.

1.2 Application.

Select one of the two procedures described in this method when there is a high probability of fluid contamination
during the life cycle of the materiel. Contamination may arise from exposure to fuels, hydraulic fluids, lubricating
oils, solvents, and cleaning fluids, de-icing and anti-freeze fluids, runway deicers, insecticides, disinfectants, coolant
dielectric fluid, and fire extinguishants.

WARNING: THIS METHOD REQUIRES THE USE OF SUBSTANCES AND/OR TEST PROCEDURES THAT
MAY HAVE AN ENVIRONMENTAL IMPACT OR BE INJURIOUS TO HEALTH, IF ADEQUATE
PRECAUTIONS ARE NOT TAKEN. ADDITIONAL INFORMATION IS PROVIDED IN ANNEX A. REFER
TO THE SUPPLIER'S MATERIAL SAFETY DATA SHEET (MSDS) OR EQUIVALENT FOR CHEMICAL
COMPATABILITY AND HEALTH HAZARD DATA ON THE VARIOUS CHEMICALS USED, AND
COORDINATE WITH LOCAL ENVIRONMENTAL AUTHORITIES. ENSURE ALL POST-TEST MATERIALS
ARE DISPOSED OF IN ACCORDANCE WITH LOCAL, STATE AND FEDERAL REGULATIONS.

1.3 Limitations.
This test is not intended to demonstrate the suitability of materiel to perform during continuous contact with a fluid;
e.g., an immersed fuel pump, nor should it be used to demonstrate resistance to electrolytic corrosion.

2. TAILORING GUIDANCE.

2.1 Selecting the Contamination by Fluids Method.

After examining requirements documents and applying the tailoring process in Part One of this standard to
determine where exposure to contaminating fluids is foreseen in the life cycle of the test item, use the following to
confirm the need for this method and to place it in sequence with other methods.

2.1.1 Effects of the contaminating fluids environment.
During its life cycle, materiel may be accidentally or intentionally exposed to one or more fluids that could have an
adverse effect on the materiel. As a result, exposure of materiel to contaminating fluids may either temporarily or
permanently impair the operation of the materiel by changing the physical properties of the material(s) composing it.
Consider the following typical examples of problems to help determine if this method is appropriate for the materiel
being tested. The list is not intended to be all-inclusive and some of the examples may overlap.
a. Physical.

(1) Shattering of glass vials and optical materiel.

(2) Binding or slackening of moving parts.

(3) Cracking of solid pellets or grains in explosives.

(4) Differential contraction or expansion rates or induced strain rates of dissimilar materials.

¥ Extraordinary/unusual circumstances occurring once or twice a year.
2 Regular basis under normal operation; possibly seasonally over the life of the materiel.
¥ |_ong periods such that materiel is thoroughly exposed.
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(5) Deformation or fracture of components. (Solder reflow is the worst case.)
(6) Cracking of surface coatings.

(7) Seal or gasket failures (leaking of sealed compartments).

(8) Failure of insulation protection.

(9) Condensation of water onto cold surfaces suddenly exposed to higher ambient temperatures at "high
relative humidity" - can cause frosting on optical surfaces - can cause corrosion on vulnerable
surfaces.

(10) Differential contraction or expansion rates or induced strain rates between surface and interior
portions of thermally massive constructs.

(11) Packaging failure.

(12) Crazing or swelling of plastics and rubbers.
(13) Adhesion failures (delamination).

(14) Paint/legend removal.

b. Chemical.
(1) Separation of constituents.
(2) Failure of chemical agent protection.
(3) Leeching of antioxidants and other soluble materials.
(4) Corrosion.
(5) Melting or decomposition.

c. Electrical.
(1) Changes in electrical and electronic components.
(2) Electronic or mechanical failures due to rapid water or frost formation.
(3) Excessive static electricity.
(4) Interruption of electrical continuity (such as "grounding" fingers on EMI strips).
(5) Increase in electrical resistance due to thermo-mechanical "fretting corrosion."

2.1.2 Sequence among other methods.

a.
b.

General. See Part One, paragraph 5.5.

Unique to this method. Do not perform these tests prior to other climatic environmental tests because of
potential effect of the contaminants or their removal by decontaminants.

2.2 Difference Between Procedures.
This method has two procedures.

a.

Procedure | - Large Systems. This procedure covers materiel such as aircraft systems, full-up wheeled and
track vehicles, and water craft, to name a few, where operational temperatures may be critical. Possible
variations are given below in paragraph 4.5.5(Step 3a-c). The most significant parameters used in this test
procedure are the fluid(s) to be used, the temperature, and the duration of exposure. It is also important to
specify the operational configuration of the test item, as well as whether or not the test item is heat
dissipating during operation.

Procedure Il — Small Systems. This procedure addresses the chemical compatibility of nonmetallic
materials used in small arms systems, clothing, boots, gas masks, gloves, Less Than Lethal and other
ammunition, binoculars, flashlights, small arms tripods, and other materiel. Testing is performed at
standard ambient conditions (see Part One, paragraph 5.1), but this procedure is more tailorable in that the
immersion times and item/solution temperatures can be changed to suit the test program.
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2.2.1 Length of exposure.

There are three options provided in Procedure I: occasional, intermittent, and extended contamination (paragraph
1.1). From the requirements document, determine the option to be used based on the anticipated life cycle scenario,
along with the order of application of the test fluids if more than one is required. There is a general time exposure of
8 hours for Procedure I1, but the test can be tailored to each test item.

2.2.2 Contaminant fluid groups.

The groups of fluids are listed in Table 504.1-1 for Procedure I, and Table 504.1-11 for Procedure Il and described in
Annex B. These lists are not all inclusive and allow the addition of other fluids as called out in the test
requirements.
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Table 504.1-1. Major contaminant fluid groups and test fluids used for Procedure I.

Contaminant Fluid Group

Test Fluid™

Fluid
Temp.(x£2°C) (+4°F)

Fire extinguishants

indicated by test requirements.

Kerosene Auviation turbine fuel JP-8 (NATO F-34), Commercial fuel, 70* (158)
Jet A-1 and others as indicated by test requirements.
Fuels Diesel DL-1, DL-2, others as indicated in ASTM D975 23(73)
Gasoline (Piston Engine) ASTM D910, Aviation Gasoline; ASTM D4814, 40" (104)
Automotive spark ignition engine (Commercial and
MOGAS) and others as indicated by test requirements.
b'\’”ger;' ‘?”t.’ pert]“’(;e“r'l‘. NATO H-520/NATO H-515; US QPL-5606-31(2), and 70 (158)
ased (Avia lon hydraulic others as indicated by test requirements.
fluids)
Hydraulic Phosphate ester based US: MIL-PRF-46170D (FRH); NATO: H-544 70 (158)
oils (synthetic)
Silicone based, damping Dimethyl or other container polysiloxane (NATO S-1714) 70 (158)
fluid
Mineral based NATO 0-1176 (OMD 80); NATO Stock #4210 99 224 8369 70 (158)
Lubri_ﬁating Internal Combustion Engine | MIL-PRF-2104H, 15W40 (NATO O-1236) 70 (158)
oils
Ester based (synthetic) As indicated by test requirements. 150 (300)
Propan-2-ol (isopropyl alcohol) 50" (122)
Solvents & cleaning fluids Denatured alcohol 23" (73)
Cleaning compound for aircraft surfaces as indicated by test 23 (73)
requirements.
Trans-1-2Dichloroethylene (replacement for 1,1,1- 23 (73)
Trichloroethane)
. . . Deicers-Aircraft: Ethylene or propylene glycol mixtures; 23 (73)
Deicing & antifreeze fluids US antifreeze: AA-52624A (NATO S-750), and others as
indicated by test requirements.
Runway deicers Potassiur_n-qcetate based soluti_on (i.e., Cryotech E-36 or 23 (73)
other as indicated by test requirements).
Insecticides Insecticigies (i.e., Malathion or pyrethrin) as indicated by 23 (73)
test requirements).
Clear, soluble phenolics, e.g., phenol or its derivatives
. . dissolved in a surfactant and diluted with water to give a
Disinfectant (Heavy duty phenolics) clear solution; Parachlorometaxylenol (i.e., EcoTru-1453, 23 (73)
Aircraft Disinfectant or others as indicated by test
requirements.
Coolant dielectric fluid Polyalphaolefin (PAO) dielectric 70 (158)
Aqueous Film Forming Foam (AFFF) and others as 23 (73)

“ Exceeds the critical flash point temperature; obtain expert advice.

" See Annex A for further information.

504.1-4




Table 504.1-11. General test fluids used for Procedure II.

MIL-STD-810G
METHOD 504.1

CHEMICAL

SOURCE DOCUMENT

POSSIBLE USES

Cleaning compound, solvent (Rifle
bore cleaner)

MIL-PRF-372D, Apr 03

Small arms, textiles, general

2. Degreasing Solvent Naphtha MIL-PRF-680B (NATO #S-752, S-753, S-760) Small arms, textiles, general,
(Stoddard, dry cleaning or D- helicopters (parts)
Limonene solvent)

3. Engine oil MIL-PRF-2104H, Jul 04 (NATO #0-1236/15W40) Small arms, textiles, general

4. Lubricant, semi-fluid, automatic "QPL-46000-21 —Active, March 05 (NATO #0-158) Small arms, textiles, general
weapons

5. Lubricating oil, general purpose, MIL-PRF-32033, Jul 06 (NATO #0-190) Small arms, textiles, general
preservative (water displacing, low
temperature)

6. Lubricant, cleaner, and preservative | MIL-L-63460E (CLP), Mar 06 (NATO #S-758) Small arms, textiles, general

7. Gasoline, commercial, or combat ASTM D4814-04b Small arms, textiles, general

. Turbine fuels (JP-8), kerosene types

MIL-DTL-83133E, Apr 99 (NATO # F-34/JP-8 & F-
35)

Small arms, textiles, general,
helicopters (parts)

Fuel oil diesel (DL-2) and other
Grades

A-A-52557A, Jan 01/ASTM D975-07b, (NATO #F-
54)

Small arms, textiles, general

10. Insect repellent, personal application | NSN 6840-01-284-3982, Créme, approx 32% Deet Small arms, textiles, general

11. Dexron IR NSN 9150-00-698-2382, Automatic Transmission Small arms, textiles, general
Fluid, Commercial

12. Antifreeze, Multi Engine Type, A-A-52624A, Sept 01/ASTM D6210 Type I, ASTM Small arms, textiles, general

ethylene (1) or propylene glycol (11)

D6211 Type 1) (NATO #S-750)

13. Water Water (distilled). Used as baseline. Small arms, textiles, general
14. Simulated sea water or 5% NaCl ASTM D1141-98 (2003) Small arms, textiles, general
15. Decontaminating agent STB MIL-DTL-12468D, Apr 04 Small arms, textiles, general
16. Lubricating oil, weapons, low MIL-PRF-14107D (LAW), Oct 2000 (NATO #O- Small arms, textiles, general
temperature 157)
17. Hydraulic fluid, petroleum base, MIL-PRF-5606 Inactive; QPL-5606-31(2), Sept 06 Small arms, textiles, general,
aircraft, missile, & ordnance (OHA) | (NATO #0-515) active for purchase. Recommended helicopters (parts)
use of MIL-PRF-87257 (NATO #H-538) or MIL-
PRF-83282 (NATO #H-537) for new design.
18. Hydraulic fluid, rust inhibited, MIL-PRF-46170D, Jul 04 (NATO #H-544) Small arms, textiles, general
synthetic hydrocarbon base, fire-
resistant
19. Hydraulic fluid, petroleum based for | MIL-PRF-6083F, Apr 04, NATO # C635) Small arms, textiles, general
preservation and operation (OHT)
20. DS-200 Decontaminating Agent NSN 6850-01-501-1044, Peroxide based Small arms, textiles, general

21. Lubricating Qils, engines, MIL-PRF-23699F, May 97, NATO # O-156 Helicopters (parts)
transmissions

22. De-icers, Anti-Icing See Table 504.1-1 Helicopters

23. NBC Decontamination Kits M258A1, M291, M295 (U.S.) Small arms, textiles, general,

helicopters (parts)

24.

Aircraft Cleaners, Aerospace
Equipment/Aircraft Exterior

MIL-PRF 87937D, Sept 01/MIL-PRF-85570D(A1)
Mar 06

Helicopters (parts)

25.

Other Solvents

Isopropy! alcohol (2-propanol), acetone, etc.

Small arms, textiles, general,
helicopters (parts)

26.

Turbine Engine Cleaning Compound

MIL-PRF-85704C, Jul 98

Helicopters (parts)

NOTES: MIL-L 46000C, Lubricant, Semi-Fluid (Automatic Weapons) Standard; inactive; no replacement. QPL is
active for product purchasing information only.

Although these fluids are used for Procedure 11, they are also a reference for other fluids that may be not be present
in Procedure 1, but can be added as needed or per test requirements. As chemicals are added to the field use
inventory, they will be added to Table 504.1-I1, but can also be used for Procedure I.
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2.2.3 Test fluid(s).

After selecting the procedure, select the test fluid(s) from those listed in Tables 504.1-1, 504.1-11, or both (as
determined by tailoring procedures | and I, respectively), that are representative of those commonly encountered
during the life cycle. Each specified test fluid is the worst case representative of a group of fluids, and is the most
likely to affect the performance of the materiel. In the requirements document, list all other fluids identified during
the tailoring process as possible contaminants. Service grades of fluids may be changed or modified with
development formulations and materiel demands. Some may subsequently be found undesirable because of
environmental or health and safety problems.

2.2.4 Combination of test fluids®.
When more than one test fluid is to be applied, consider the following:

a. the need to assess the effect of the fluids individually, combined, or in succession.
b. The potential problem of identifying which fluid or combination of fluids affected the test item.

c. if the order of exposure to fluids in service is known, or if the order of exposure to fluids recognized as
having synergistic effects is known and is realistic in service, specify this order.

d. if there is a requirement to clean the test item between or after tests, or if a new test item is to be used for
each test fluid. Do not use a cleaning fluid that results in further contamination. Some of the specified test
fluids may be used as cleaning fluids (e.g., aviation fuel, solvents, or cleaning fluids), otherwise use a fluid
known to be used in normal cleaning procedures.

2.2.5 Test temperature.

For Procedure 1, where appropriate, use temperatures representative of the actual conditions under which fluid
contamination can occur either intentionally or accidentally (see paragraphs 2.2.5.1 — 2.2.5.3). The application of
contaminating fluids could result in thermal shock as well as contamination effects. Ensure the temperatures used
do not exceed the operation/storage temperatures of the test item, therefore incurring possible damage from over
temperatures. For Procedure Il (unless otherwise required by the customer) this test is performed with both the
fluids and the test item at standard ambient conditions.

2.2.5.1 Test item temperature.

Use a test item temperature representative of the materiel temperature when exposed to the contaminating fluid. For
example, materiel to be de-iced will most likely be at or below freezing; materiel exposed to hydraulic leaks while
on the tarmac may have surface temperatures higher than 50°C (122°F).

2.2.5.2 Test fluid temperature.

In most cases, use the temperature of the test fluid equal to its temperature during its most extreme operating
condition. Design assessment may prove that other temperatures provide a more severe environment, e.g., longer
exposure at lower temperatures because of slower evaporation. Table 504.1-1 includes worst-case test fluid
temperatures.

2.2.5.3 Soak temperature.

When using Procedure I, in order for contamination effects to mature, a temperature soak of the test item following
contamination is necessary. The temperature of both the contaminating fluid and the materiel will, most likely,
change during actual contamination situations. The post-contamination temperature soak will not necessarily reflect
the exposure scenario, but rather the worst-case effect(s) on the materiel. Accordingly, for the soak temperature, use
the materiel's maximum life cycle temperature for the anticipated exposure situation.  For Procedure Il, unless
otherwise required, all testing is performed at standard ambient conditions.

2.2.6 Fluid Exposure duration.

When using Procedure I, unless otherwise justified, expose the test item to the fluid at the required temperature
(paragraph 2.2.5.3) for a minimum of one cycle of 8 hours of chemical contact and 16 hours soak time at
temperature. For Procedure I, the total exposure duration is eight hours.

2.2.7 Methods of Application.
The solutions/chemicals can be applied by immersing, spraying, splashing, brushing, or as stated in the test
requirements.

# When mixing two or more fluids, ensure they are compatible and will not produce hazardous reactions.
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3. INFORMATION REQUIRED.

3.1 Pretest.
The following information is required to conduct contamination by fluid tests adequately.
a. General. Information listed in Part One, paragraphs 5.7 and 5.9, and Annex A, Task 405 of this standard.
b. Specific to this method.
(1) The test fluid(s) to be used and its temperature.
(2) The method of test fluid application. (See paragraph 4.1.)
(3) The soak (post-wetting) temperature and duration.
(4) The cleaning/decontaminating fluids.
(5) The sequence of test fluid applications and post-test cleaning instructions.
(6) The type of exposure, i.e., occasional, intermittent, or extended.
(7) Any requirement for long term surveillance and inspections.

(8) Material properties, e.g., tensile strength, hardness, weight, dimensions, protective finish, etc., of the
material likely to be affected by the contaminating fluids.

c. Tailoring. Necessary variations in the basic test parameters/testing materials to accommodate LCEP
requirements and/or facility limitations.

3.2 During Test.
Collect the following information as appropriate during conduct of the test:

a. General. Information listed in Part One, paragraph 5.10, and in Annex A, Tasks 405 and 406 of this
standard.

b. Specific to this method.
(1) Record of chamber temperature versus time conditions.

(2) Test fluid(s) and the corresponding temperature.

(3) Any deterioration noted during visual checks.

3.3 Post Test.
The following post test data shall be included in the test report.

a. General. Information listed in Part One, paragraph 5.13, and in Annex A, Task 406 of this standard.

b. Specific to this method.
(1) Results of each functional check after each exposure to each of the specified fluids.
(2) Any degradation of materials, protective finishes, etc. (see paragraph 3.1b(8)).
(3) Exposure durations and types.
(4) Any deviation from the original test plan.

4. TEST PROCESS.

4.1 Test Facility.

Use a test facility that includes an enclosure and a temperature control mechanism designed to maintain the test item
at a specified temperature, as well as a means of monitoring the prescribed conditions (see Part One, paragraph
5.18). The contamination facility is a tank or other container within the test enclosure (non-reactive with the
contaminant) in which the test item is exposed to the selected contaminant by immersion, spraying, splashing, or
brushing. When the flash point of the test fluid is lower than the test temperature, design the test facility in
accordance with fire and explosion standards.

4.2 Controls.
Record chamber and, if required, test fluid temperatures in accordance with Part One, paragraphs 5.2 and 5.18, at a
sufficient rate to satisfy the post-test analysis (see Part One, paragraph 5.18).

Ensure the test and cleaning (decontaminating) fluids are handled and disposed of as required by local
environmental and safety requirements. Some test fluid specifications are referenced in Tables 504.1-1 and 504.1-11.
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4.3 Test Interruption.

Test interruptions can result from two or more situations, one being from malfunction of test chambers or associated
test laboratory equipment. The second type of test interruption results from failure or malfunction of the test item
itself during performance checks (required or optional).

4.3.1 Interruption due to chamber malfunction.
a. General. See Part One, paragraph 5.11 of this standard.

b. Specific to this method.

(1)  Undertest interruption. If an unscheduled test interruption occurs that causes the test conditions to
exceed allowable tolerances toward standard ambient conditions, give the test item a complete
visual examination and develop a technical evaluation of the impact of the interruption on the test
results. Restart the test at the point of interruption and re-stabilize the test item at the test
conditions.

(2)  Overtest interruption. If an unscheduled test interruption occurs that causes the test conditions to
exceed allowable tolerances away from standard ambient conditions, stabilize the test conditions to
within tolerances and hold them at that level until a complete visual examination and technical
evaluation can be made to determine the impact of the interruption on test results. If the visual
examination or technical evaluation results in a conclusion that the test interruption did not
adversely affect the final test results, or if the effects of the interruption can be nullified with
confidence, re-stabilize the pre-interruption conditions and continue the test from the point where
the test tolerances were exceeded. Otherwise, see paragraph 4.3.2 for test item operational failure
guidance.

4.3.2 Interruption due to test item operation failure.
Failure of the test item(s) to function as required during required or optional performance checks during testing
presents a situation with several possible options. See Part One, paragraph 5.11 of this standard.

a. The preferable option is to replace the test item with a “new” one and restart from Step 1.

b. A second option is to replace / repair the failed or non-functioning component or assembly with one
that functions as intended, and restart the entire test from Step 1.

NOTE: When evaluating failure interruptions, consider prior testing on the same test
item and consequences of such.

4.4 Test Setup.
a. General. See Part One, paragraph 5.8.

b. Unique to this method. Ensure collection containers are available for each test fluid and waste fluids.

4.5 Test Execution.
The following test procedures may be used to determine the resistance or compatibility of the materiel to
contaminating fluids. Conduct the functional checks after each exposure to each of the specified fluids.

4.5.1 Preliminary steps.
Before starting any of the test procedures, determine the test details (e.g., procedure variations, test item
configuration, contaminating fluids, durations, parameter levels, etc.) from the test plan. (See paragraph 3.1 above.)

4.5.2 Pretest standard ambient checkout.
All test items require a pretest standard ambient checkout to provide baseline data. Examine munitions and other
appropriate materiel by nondestructive examination methods. Conduct the checkout as follows:

Step 1. Stabilize the test item at standard ambient conditions (Part One, paragraph 5.1).

Step 2. Conduct a complete visual examination of the test item (evaluate against paragraph 2.1.1) with
special attention to stress areas such as corners of molded areas and interfaces between different
materials (e.g., component lead/ceramic interfaces of visible electronic parts), and document the
results for comparison with post test data.
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Step 3. Conduct an operational checkout in accordance with the approved test plan and record the results
for comparison with post test data. If the test item operates satisfactorily, proceed to the next Step.
If not, resolve the problems and restart at Step 1, above. Where only parts are available, cut the
part into appropriate sizes to accommodate all of the test fluids. Record any weight, hardness, or
other physical data for each piece where appropriate.

Step 4. Where applicable, prepare the test item in accordance with Part One, paragraph 5.8, and in the
required test item configuration. Record initial baseline information with digital photography if
available.

4.5.3 Cleaning.

If necessary and, unless otherwise specified, clean the test item to remove unrepresentative coatings or deposits of
grease. Be careful to ensure the cleaning compound will not interfere with the test, i.e., by leaving a residue to
interact with test chemicals.

4.5.4 Multiple fluids.

If more than one contaminating fluid has been identified per test item, determine if each is to be evaluated
simultaneously or sequentially. Where small items are used such as small arms ammunition or pieces from a larger
test item, use one test piece for each chemical. If sequential testing is required, specify in the requirements
document any necessary cleaning method between tests for different contaminants. Check the supplier’s material
safety data sheet for chemical compatibility. Since contamination normally occurs with one fluid at a time, apply
test fluids singly with appropriate cleaning of the specimen before applying subsequent fluids. If desired, clean the
test item with using a fluid listed as a ‘contaminant' if its effect has been shown to be neutral, e.g., aviation fuel
detergent.

Consider the possibility of simultaneous contamination by two or more fluids, especially if the result is expected to
be synergistically more severe. Also consider the possibility of synergistic action resulting from consecutive
contamination. In these cases, do not clean the test item between the application of test fluids.

SAFETY NOTE:
READ ALL PERTINENT MSDS INFORMATION ON ANY CHEMICAL PRIOR TO ITS
USE. ADDITIONALLY, USE APPROPRIATE PERSONAL PROTECTIVE EQUIPMENT.

455 Procedure | Large Items.

Step 1. With the test item in its required configuration (operational, storage, etc.), install it in the test
facility. If appropriate, the configuration may include appropriate electrical or mechanical
connections.

Step 2. Stabilize the test item at the appropriate temperature for the identified contamination scenario (see
paragraph 2.2.5).

Step 3. Stabilize the temperature of the specified fluid(s) (see Table 504.1-1) to that determined from
paragraph 2.2.5.2. If simultaneous application of more than one fluid is required, apply the fluid
with the highest application temperature first, then the next highest, and so on until all required
fluids have been applied.®

a. Occasional Contamination.

(1) Apply the specified fluid(s) (e.g., immerse, dip, spray, etc.) to the entire surface of the
test item that is likely to be exposed.

(2) Allow the test item to drain naturally for 5 to 10 minutes. Shaking or wiping is not
permitted but, if representative of service conditions, it may be rotated about any axis to
allow for drainage from different positions.

5/ When mixing two or more fluids, ensure they are compatible and will not produce hazardous reactions.
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(3) Maintain the test item at the temperature determined in paragraph 2.2.5.1 for eight hours
(paragraph 2.2.6). Ramp the chamber to standard ambient temperature (avoiding
temperature shock) prior to removal of test item(s).

(4) Visually examine the test item for degradation of materials, protective finishes, and record
any physical characteristics for comparison with previous results or if appropriate, conduct
an operational check of the test item similar to that in paragraph 4.5.2, step 3, and document
the results for comparison with the pretest data.

(5) Clean the test item with a known fluid that will not cause any changes to the test item.

If testing sequentially, repeat steps a (1) through (4) for each specified fluid without cleaning
between each chemical application.

b. Intermittent Contamination.

(1) Apply the specified fluid(s) (e.g., immerse, dip, spray, etc.) to the entire surface of the test
item that is likely to be exposed. Maintain surfaces in a wetted condition for 8 hours
followed by a drying period of 16 hours at the temperature specified in paragraph 2.2.5.1.
Remove the test item(s) from the chamber and allow it to stabilize at standard ambient
temperature.

(2) Visually examine the test item for degradation of materials, protective finishes, and
physical changes. Repeat Step 1b until three 24-four hours cycles have been completed.
After the last cycle, ramp the chamber to standard ambient temperature (avoiding
temperature shock) prior to removal of test item(s).

(3) If appropriate, conduct an operational check of the test item similar to that in paragraph
4.5.2, step 3, and document the results for comparison with the pretest data.
(4) Clean the test item with a known fluid that will not cause any changes to the test item. If
testing sequentially, repeat steps b(1) through (4) for each specified fluid.
c. Extended Contamination.

(1) Immerse the test item in the specified fluid and maintain for the period specified in the
requirements document. If not specified, use a fluid temperature as given in Table I, and
immerse the test item for at least 24 hours.

(2) Remove the test item from the chemical and allow it to drain naturally for 5 to 10 minutes.

(3) Place the test item in a chamber set at the temperature determined in paragraph 2.2.5.1 for
eight hours (paragraph 2.2.6). Ramp the chamber to standard ambient temperature
(avoiding temperature shock) prior to removal of test item(s). Steps ¢ (1) through (3) can
be repeated if long term analysis is needed as per the test plan.

(4) After all cycles have been performed, visually examine the test item for degradation of
materials, protective finishes, and physical changes and if appropriate, conduct an
operational check of the test item similar to that in paragraph 4.5.2, step 3, and document
the results for comparison with the pretest data Record results.

(5) If testing sequentially, repeat steps ¢ (1) through (4) for each specified fluid.

45.6 Procedure Il Small Items.®

Step 1. Select the appropriate chemicals/solutions for the test (Table 504.1-11). Include any or all of the
chemicals in testing, and possibly add other solutions not on the list (Table 504.1-1) if the
environment the test item will see requires it. Prepare the test items.> If etching will not affect the

8/ Procedure 11 is tailorable to any test item. The exposure times can be shortened or lengthened according to the test plan. Also,
if required, temperatures of the solution can be changed to meet the requirements.

U Items can be cut to size. The integrity of the samples must be taken into account. If using one test item, use different sections
of the test item for each chemical.
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test item, number the parts to help with identification. Use all test items and chemicals that are at
standard ambient conditions (Part One, paragraph 5.1) during testing. Record the standard ambient
conditions.

Step 2. Record the item nomenclature, serial or lot numbers, manufacturer, chemicals/solutions, and any
other pertinent test data.

Step 3. Immerse, spray, splash, or brush each item with a required chemical(s). If immersing the items, let
them soak for one hour. If spraying, wiping, or brushing on the chemical, make additional
applications to ensure the item is kept wet for one hour. After one hour, stop applying the fluids or
remove the test items from the chemicals and visually observe any deterioration including
softening, color changes, cracking, or dissolving of the material into the solution. If any hardness
or other tests are to be performed, blot the items of any excess chemical and proceed with the
testing. When the physical properties or the visual only check has been performed, either place the
items back into the solutions or re-apply the solutions, and continue the test for another seven hours
(total of eight hours in contact with chemicals). If moderate or greater deterioration is noted on any
test item after one hour, discontinue testing in that chemical and record all pertinent data.

Step 4. After a total exposure time of eight hours, remove the test item(s) from the solutions or stop
applying, blot excess chemicals from the item, and inspect again for any type of chemical reaction
resulting from the additional exposure to that particular compound. Record any weight, hardness, or
other physical data for each piece where appropriate. Let all items dry for a maximum of 24-hours.
After the drying period, record final measurements and weights, if any, and record final visual
observations.

5. ANALYSIS OF RESULTS.
In addition to the guidance provided in Part One, paragraphs 5.14 and 5.17, any contamination effects must be
analyzed for their immediate or potential (long-term) effects on the proper functioning of the test item or safety

during

its life cycle. Satisfactory functioning immediately following this test is not the sole criterion for pass/fail.

6. REFERENCE/RELATED DOCUMENTS.
6.1 Referenced Documents.

a.

® oo o

- x -

T o = 3

MIL-PRF-372D, Cleaning Compound, Solvent (For Bore Of Small Arms And Automatic Aircraft
Weapons); 15-Apr-2003

MIL-PRF-680B, Degreasing Solvent; 08-Aug-2003

MIL-PRF-2104H, Lubricating Qil, Internal Combustion Engine, Combat/Tactical Service; 12-Jul-2004
QPL-46000-21, Lubricant, Semi-Fluid (Automatic Weapons); 13-Apr-2005

MIL-PRF-32033, Lubricating Oil, General Purpose, Preservative (Water-Displacing, Low Temperature);
27-Jun-2001

MIL-PRF-63460E, Lubricant, Cleaner And Preservative For Weapons And Weapons Systems (Metric); 15
Mar 2006

ASTM D4814-04b, Fuel, Automotive Spark-Ignition Engine; 15-Feb-1994

MIL-DTL-83133E, Turbine Fuels, Aviation, Kerosene Types, NATO F-34(Jp-8), NATO F-35, And JP-8 +
100; 01-Apr-1999

A-A-52557A, Fuel Qil, Diesel; For Posts, Camps And Stations; 16-Jan-2001

ASTM D975-04ce, Oils, Diesel Fuel; 03-Oct-1994

A-A-52624A, Antifreeze, Multi Engine Type; 06-Sep-2001

ASTM D1141-98, Ocean Water, Substitute; 02-Feb-1990

MIL-DTL-12468D, Decontaminating Agent, STB; 20-Apr-2004

MIL-PRF-14107D, Lubricating Oil, Weapons, Low Temperature; 20-Oct-2000

QPL-5606-31(2), Hydraulic Fluid, Petroleum Base, Aircraft; Missile And Ordnance; 17-Jan-2003

MIL-PRF-46170D, Hydraulic Fluid, Rust Inhibited, Fire Resistant, Synthetic Hydrocarbon Base, NATO
Code No. H-544; 20-Jul-2004
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MIL-PRF-6083F, Hydraulic Fluid, Petroleum Base, For Preservation And Operation; 20-Apr-2004
ASTM D910, Gasoline, Aviation; 15-Feb-1994

6.2 Related Documents.

a.

Test Operations Procedure 3-2-609, Chemical Compatibility of Non-metallic Materials Used in Small
Arms Systems; USATECOM, APG, MD 21005-5055. DTIC Acquisition No. A359425

NATO STANAG 4370, Environmental Testing.

Allied Environmental Conditions and Test Procedure (AECTP) 300, Climatic Environmental Tests (under
STANAG 4370), Method 314.

Egbert, Herbert W. “The History and Rationale of MIL-STD-810," February 2005; Institute of
Environmental Sciences and Technology, Arlington Place One, 2340 S. Arlington Heights Road, Suite 100,
Arlington Heights, IL 60005-4516.

Defence Standard 42-40, Foam Liquids, Fire Extinguishing (Concentrates, Foam, Fire Extinguishing), (UK
Ministry of Defence).

Defence Standard 68-161, Dispensers, Insecticide Aerosol Flying Insect Killer, (UK Ministry of Defence).

BS 6580: 1992, Specification for Corrosion Inhibiting, Engine Coolant Concentrate (‘Antifreeze’), British
Standards Institute.

Defence Standard 79-17, Compound, Cleaning, Foaming, for Aircraft Surfaces, (UK Ministry of Defence).
MIL-PRF-87252C(1), Coolant Fluid, Hydrolytically Stable, Dielectric.

504.1-12



MIL-STD-810G
METHOD 504.1 ANNEX A

METHOD 504.1 ANNEX A
ENVIRONMENTAL AND TOXICOLOGICAL CONSIDERATIONS

1. Gasoline fuels and mineral/synthetic oils.
a. Open burning will produce environmental pollution.
b. Contact with the skin will promote de-fatting.

(1) Ignition under certain circumstances will cause explosion.
(2) Low flash point of gasoline (piston engine): -40°C (-40°F).
(3) Spillage can cause contamination of waterways and underground water supplies. Three hundred liters
of gasoline has the capacity to produce a surface film over one square kilometer of still water.
(4) Carcinogenic chemicals such as benzene are present in fuels; oils often contain other toxic ingredients.
(5) Tri alkyl phosphate is a typical synthetic hydraulic oil. Spillage can cause toxic pollution of
waterways and underground water supplies.
2. Solvents and cleaning fluids.
a. Propan-2-ol is flammable.

(1) 1.1.1 Trichloroethane is currently being withdrawn from use because of its environmental impact when
reacting with ozone. It is also believed to have mutagenic properties.

(2) Denatured alcohol is both toxic and flammable. It is a mixture containing approximately 95 percent
ethyl alcohol, 5 percent methyl alcohol, and minor ingredients such as pyridine.

(3) Detergent made from biodegradable phosphates sodium sulfate and sodium carboxy methyl cellulose is
a conventional laundry substance. Untreated discharge into waterways must be avoided.

3. Deicing and anti freeze fluids.
50 percent inhibited aqueous potassium acetate solution is commercially marketed and reputed to be a completely
safe new alternative to the ethylene glycols. However, its interaction with aluminum alloys is less than satisfactory.

4. Disinfectant.

Phenol based disinfectants can blister the skin; if toxic, they may cause poisoning by absorption through the skin or
by inhalation of the vapors. Undiluted forms of certain disinfectants may be flammable. Use expert commercial
disposal companies to manage disposal of detergents. Small quantities may be flushed down the drain with copious
quantities of water.

5. Coolant dielectric fluid.
The most recent coolants are based on polymerised alpha olefins that are both non-toxic and generally inert.

SAFETY NOTE: READ ALL PERTINENT MSDS INFORMATION ON ANY CHEMICAL
PRIOR TO ITS USE. ADDITIONALLY, USE APPROPRIATE PERSONAL PROTECTIVE
EQUIPMENT.

6. Insecticides.
Most insecticides may be regarded as toxic to man. If the delivery vehicle for the insecticide is a kerosene-type
(fuel/oil) spray or mist, many of the features identified under paragraph 1 above will also apply.
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METHOD 504.1 ANNEX B
GENERAL FLUID INFORMATION

1. Contaminant fluid groups. (See paragraph 2.2.3 below.)
The following groups of fluids are listed in Table 504.1-1 for Procedure I, and Table 504.1-11 for Procedure II.
These lists are not all inclusive, and allow the addition of other fluids as called out in the test requirements.

1.1 Fuels.

Fuels will, for the most part, be of the gasoline, diesel or kerosene type, and whereas the former may be expected to
evaporate rapidly - possibly with few permanently harmful effects, the latter two - being more persistent - can be
damaging to many elastomers, particularly at elevated temperatures. Paints and most plastics are normally not
affected by fuels, but silicone resin bonded boards may tend to de-laminate after prolonged exposure. Some fuels
may have additives to inhibit icing or to dissipate static charges. Where there is reason to believe that these
additives may increase the severity of the test, include them in the test fluids.

1.2 Hydraulic fluids.
Commonly used hydraulic fluids may be of the mineral oil or ester-based synthetic type. The latter are damaging to
most elastomers and to plastics; phosphate esters are especially damaging to these materials and to paint finishes.

1.3 Lubricating oils.

Mineral or synthetic-based lubricating oils may be at elevated temperatures in their working states. Mineral oil is
damaging to natural rubber but less so to synthetics such as polychloroprene, chloro-sulphonated polyethylene, and
silicone rubber. Synthetic lubricants are extremely damaging to plastics such as PVC as well as to many elastomers.

1.4 Solvents and cleaning fluids.
Many areas of aircraft or vehicles may require dirt or grease removal before servicing can begin. The fluids given in
Table 504.1-11 are representative of those presently in use.

1.5 Deicing and anti-freeze fluids.

These fluids may be applied, often at elevated temperatures, to the leading edges, intakes, etc., of aircraft and may
penetrate areas where they can contaminate components and materiel. These fluids are based, typically, on inhibited
ethylene glycols.

1.6 Runway deicers.
These fluids are used on runways and other areas to lower the freezing point of water. They may penetrate the
undercarriage and equipment bays of aircraft as a fine mist.

1.7 Insecticides.

Aircraft flying in and through the tropics may be treated with insecticide sprays as a routine precaution. While it is
unlikely that these will have a direct adverse effect on materiel, it may be necessary to make exploratory tests using
a proprietary insecticide.

1.8 Disinfectants.

The primary contaminating agent is likely to be the disinfectant used, that will be a formaldehyde/phenol
preparation, and its use on waste liquid in/from galleys and toilet compartments, where a leak may permit
contamination of materiel below the leak.

1.9 Coolant dielectric fluids.

These are used as thermal transfer liquids to assist cooling of certain equipment. They are usually based on silicate
ester materials, and their effects on materials may be considered to be similar to the phosphate ester hydraulic fluids,
although not quite as severe.

1.10 Fire extinguishants.

Many HALON extinguishing agents have been or are being banned in many countries. Although HALON 1301 is
still in some legacy systems, the extinguishing agents replacing some older chemical compounds are FE25, FM200,
CO, ABC extinguishers, and newer types such as FE13. Fire fighting aqueous foams such as FFFP
(Protein/Flurorprotein foams) have been replaced with AFFF (Aqueous Film-Forming Foam). The necessity for
testing with these products is based on the need to maintain equipment functioning after release of the extinguishant.

504.1B-1



MIL-STD-810G
METHOD 504.1 ANNEX C

METHOD 504.1 ANNEX C

Handling, Disposal of Chemicals, and the Decontamination of
Test Equipment and Test Iltems After Exposure to Chemicals

Decontamination of test equipment, materials, and test items that have been subjected to a contamination by fluids
(chemical compatibility) test is paramount when the test items are to be sent back to the users, manufacturer, or
material management office for further evaluation or reuse. Many test items are too expensive to scrap and must be
decontaminated.

1. Always read the related MSDS information for each chemical before use and during disposal. Personal
protective equipment (PPE) such as gloves and safety glasses should be worn during handling of the chemicals
and be familiar with the information found in the test site Chemical Hygiene Plan where applicable.

2. Follow all Federal, State, and Local regulations for disposing of the chemicals after testing..

3. Removing excess chemicals is necessary for safety to the user. Any residual chemical can be wiped with paper
towels, rags or other soft cloth. The rags should be rung free of excess chemicals before being placed in a
plastic bag and disposed of in the same manner as the chemicals.
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METHOD 505.5
SOLAR RADIATION (SUNSHINE)

NOTE: Tailoring is essential. Select methods, procedures, and parameter levels based on the
tailoring process described in Part One, paragraph 4.2.2, and Annex C. Apply the general
guidelines for laboratory test methods described in Part One, paragraph 5 of this standard.

1. SCOPE.

1.1 Purpose.
This method has two purposes:

a. To determine the heating effects of direct solar radiation on materiel.
b. To help identify the actinic (photodegradation) effects of direct solar radiation.

1.2 Application.

Use this method to evaluate materiel likely to be exposed to solar radiation during its life cycle in the open in hot
climates, and when heating or actinic effects are of concern. This method is valuable in evaluating the effects of
direct exposure to sunlight (solar spectrum and energy levels at sea level). Procedure | is useful in determining the
temperature increase (over ambient) of materiel caused by solar loading. Although not intended for such, Procedure
Il may be used to simulate the ultraviolet effect of solar radiation at different locations and altitudes by using various
radiation sources that allow reasonable comparison to measurements of these natural solar radiation conditions.

In addition to using Procedure | to evaluate the effects of direct sunlight (actinic effects as well as directional heating
for exposed materiel), use Procedure | for determining the heating effects (response temperature) for materiel
enclosed within an outer container.

Use Procedure Il of this method when the spectrum of the lamp bank has been measured and conforms to the
spectrum identified in Table 505.5-1. Deviations from this table may be justified if the test requirements are based
on the tailoring process, or if a specific frequency band is of concern. Detail and justify any deviation.

1.3 Limitations.

a. This test method does not consider all of the effects related to the natural environment (see Annex A,
paragraph 7.2) and, therefore, it is preferable to test materiel at appropriate natural sites.

b. If the installed environment for an item is within an enclosure, then to properly address the heating effects,
the enclosure must be provided to characterize the environment. Once the enclosed environment has been
characterized, further testing could be done using Method 501.

c. This method is not intended to be used for space applications due to the possible change in irradiance.
2. TAILORING GUIDANCE.

2.1 Selecting this Method.

After examining requirements documents and applying the tailoring process in Part One of this standard to
determine where solar radiation effects are foreseen in the life cycle of the test item, use the following to confirm the
need for this method and to place it in sequence with other methods.

2.1.1 Effects of solar radiation environments.

2.1.1.1 Heating effects.

The heating effects of solar radiation differ from those of high air temperature alone in that solar radiation generates
directional heating and thermal gradients. In the solar radiation test, the amount of heat absorbed or reflected
depends primarily on the absorptive or reflective surface properties (e.g., roughness, color, etc.) on which the
radiation is incident. If a glazing system (glass, clear plastic, or translucent media, e.g., windshield) is part of the
test item configuration, and the component of concern is exposed to solar energy that has passed through the glazing
system, use a full spectrum source. In addition to the differential expansion between dissimilar materials, changes in
the intensity of solar radiation may cause components to expand or contract at different rates that can lead to severe
stresses and loss of structural integrity. In addition to those identified in Method 501.5, consider the following
typical problems to help determine if this method is appropriate for the materiel being tested. This list is not
intended to be all-inclusive.
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Jamming or loosening of moving parts.

Weakening of solder joints and glued parts.

Changes in strength and elasticity.

Loss of calibration or malfunction of linkage devices.
Loss of seal integrity.

Changes in electrical or electronic components.
Premature actuation of electrical contacts.

Changes in characteristics of elastomers and polymers.
Blistering, peeling, and de-lamination of paints, composites, and surface laminates applied with adhesives
such as radar absorbent material (RAM).

j.  Softening of potting compounds.

k. Pressure variations.

I.  Sweating of composite materials and explosives.

m. Difficulty in handling.

2.1.1.2 Actinic effects.

In addition to the heating effects of paragraph 2.1.1.1, 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, use the full spectrum to adequately simulate the actinic effects of solar
radiation. The following are examples of deterioration caused by actinic effects. The list is not intended to be
comprehensive.

a. Fading of fabric and plastic color.
b. Checking, chalking, and fading of paints.

c. Deterioration of natural and synthetic elastomers and polymers through photochemical reactions initiated
by shorter wavelength radiation. (High strength polymers such as Kevlar are noticeably affected by the
visible spectrum. Deterioration and loss of strength can be driven by breakage of high-order bonds (such as
pi and sigma bonds existing in carbon chain polymers) by radiation exposure.)

Se me oo o

2.1.2 Sequence among other methods.
a. General. See Part One, paragraph 5.5.

b. Unique to this method. Generally, consider applying the solar radiation test at any stage in the test
program. However, high temperatures or actinic effects could affect material's strength or dimensions that
could affect the results of subsequent tests such as vibration.

2.2 Selecting Procedures.

This method includes two test procedures: Procedure | (Cycling for thermal effects) and Procedure 11 (Steady State
for actinic effects). Determine the procedure(s) to be used. As an alternative to using the Method 501.5 cyclic
heating, use Procedure | for determining the heating effects (response temperature) for materiel enclosed within an
outer container.

2.2.1 Procedure selection considerations.
When selecting procedures, consider:

a. The operational purpose of the test item. Physical degradation that occurs during exposure may produce
adverse effects on materiel performance or reliability. Based on the purpose of the materiel, determine
functional modes and test data needed to evaluate the performance of the test item during and after
exposure to solar radiation.

The anticipated areas of deployment.

The test item configuration.

The anticipated exposure circumstances (use, transportation, storage, etc.).
The expected duration of exposure to solar radiation.

The expected problem areas within the test item.

- o0 o
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Caution: When temperature conditioning, ensure the total test time at the most severe temperature
does not exceed the life expectancy of any material (see Part One, paragraph 5.19).

2.2.2 Difference between procedures.

While both procedures involve exposing test items to simulated solar radiation, they differ on the basis of timing and
level of solar loads. Procedure | is designed to determine the heat produced by solar radiation, and effects of that
heat by exposing materiel to continuous 24-hour cycles of simulated solar radiation (or thermal loading) at realistic
maximum levels typical throughout the world. Procedure Il (Steady State (actinic effects)) is designed to accelerate
photo degradation effects produced by solar radiation. This procedure exposes materiel to cycles of intensified solar
loads (approximately 2.5 times normal levels) interspersed with dark periods to accelerate actinic effects that would
be accumulated over a longer period of time under normal solar loads. Actual acceleration ratios are material
dependent, and 2.5 times the natural solar exposure may not provide equal acceleration. This could, however,
provide a more rapid test provided the failure mechanisms follow the path expected in the real environment. The
key to using either procedure successfully is maintaining enough airflow to prevent the test item from exceeding
temperatures that would be attained under natural conditions. Therefore, prior to conducting Procedure II, the
maximum response temperature from procedure | or field/fleet data must be known. However, do not use so much
airflow that it produces unrealistic cooling.

a. Procedure | — Cycling (heating and/or minimal actinic effects). Use Procedure | to investigate response
temperatures when materiel is exposed in the open in realistically hot climates, and is expected to perform
without degradation during and after exposure. Although Procedure | can be performed using simple heat-
generating lamps (providing the guidance in paragraph 4.1.2 is followed), limited evaluation of actinic
effects is possible if full spectrum lamps are used instead. It is preferable to use the solar radiation test (as
opposed to the High Temperature test, Method 501.5) when the materiel could be affected by differential
heating (see paragraph 2.1.1.1) or when the levels or mechanisms of heating caused by solar radiation are
unknown (this encompasses almost all materiel).

b. Procedure Il — Steady State (actinic effects). Use Procedure Il to investigate the effects on materiel of long
periods of exposure to sunshine. Actinic effects usually do not occur until materiel surfaces receive large
amounts of sunlight (as well as heat and moisture). Therefore, it is inefficient to use the repeated, long
cycles of normal levels of solar radiation (as in Procedure 1) to generate actinic effects. Using Procedure |
for this purpose could take months. The approach, therefore, is to use an accelerated test that is designed to
reduce the time to reproduce cumulative effects of long periods of exposure. The 4-hour "lights-off" period
of each 24-hour cycle allows for test item conditions (physical and chemical) to return toward "normal™ and
provide some degree of thermal stress exercising. The key to using Procedure Il successfully is maintaining
enough cooling air to prevent the test item from exceeding peak response temperatures that would be
attained under natural conditions or Procedure I.
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2.3 Determine Test Levels and Conditions.

Having selected this method and relevant procedures (based on the materiel's requirements documents and the
tailoring process), complete the tailoring process by identifying appropriate parameter levels, special test conditions
and techniques for these procedures such as the diurnal cycle, test duration, test item configuration, relative
humidity, and any additional appropriate conditions. Base these test parameter levels on the requirements
documents, Life Cycle Environmental Profile (LCEP), requirements documents (see Part One, Figure 1-1), and
information provided with this method. Consider the following in light of the operational purpose and life cycle of
the materiel.

2.3.1 Climatic conditions.

For Procedure |, there are two high temperature diurnal cycles included that correspond to the maximum
meteorological conditions in the two climatic categories, Al and A2 of MIL-HDBK-310 (paragraph 6.1, reference
a). Figure 505.5-1 shows the daily cycles of temperature and solar radiation corresponding to categories Al and A2
for Procedure I. Choose the conditions for the test according to the planned climatic categories for use of the
materiel:

a. Worldwide deployment. Cycle A1 has peak conditions of 1120 W/m2 (355 BTU/ft?/hr) and 49°C (120°F)
(but not occurring at the same time of day), and is normally accompanied by some degree of naturally
occurring winds. It represents the hottest conditions exceeded not more than one percent of the hours in the
most extreme month at the most severe locations that experience very high temperatures accompanied by
high levels of solar radiation, namely, hot, dry deserts of north Africa, southwest and south central Asia,
central and western Australia, northwestern Mexico, and the southwestern USA.

b.Cycle A2 has peak conditions of 1120 W/m? and 43°C (110°F) (but not occurring at the same time of day)
and represents less severe conditions at locations that experience high temperatures accompanied by high
levels of solar radiation, winds, and moderately low humidity, namely, the most southerly parts of Europe,
most of the Australian continent, south central Asia, northern and eastern Africa, coastal regions of north
Africa, southern parts of the US, and most of Mexico. Use this cycle when the materiel is to be used only
in geographical locations described in category A2, but not in category Al.

c. Figure 505.5-2 shows the corresponding temperature and solar radiation levels for Procedure II.

2.3.2 Test duration.

a. Procedure 1. Expose the test item to continuous 24-hour cycles of controlled simulated solar radiation and
temperature as indicated on Figure 505.5-1 or as identified in the requirements documents. A goal of this
test is to establish the highest temperature that the test item will reach during repeated cycles. Perform at
least three continuous cycles. If the maximum of the peak response temperature of the previous 24-hour
cycle) is not reached (+ 2°C (+ 3.6°F)) during three cycles, continue the cycles until repeated peak
temperatures are reached, or for seven cycles, whichever comes first. In the absence of other guidance, the
maximum test duration of seven cycles was chosen because the peak high temperature for the selected
climatic region occurs approximately one hour in each of seven cycles in the most extreme month. If more
exact simulation is required, consult meteorological data for the particular areas under consideration. This
may include adjustment of solar energy, if appropriate, to account for latitude, altitude, month of anticipated
exposure, or other factors (for example, a product exclusively used in northern areas, or exclusively used in
winter months). Any deviation from the standard conditions must be detailed and justified in the test report.

b. Procedure Il. Procedure Il produces an acceleration factor of approximately 2.5 as far as the total energy
received by the test item is concerned, i.e., one 24-hour cycle as shown on Figure 505.5-2 provides
approximately 2.5 times the solar energy experienced in one 24-hour (natural) diurnal cycle plus a 4-hour
lights-off period to allow for alternating thermal stressing and for the so-called "dark" processes to occur.
To simulate 10 days of natural exposure, for instance, perform four 24-hour cycles as shown on Figure
505.5-2. Recommend a duration of ten 24-hour cycles (as on Figure 505.5-2) for materiel that is
occasionally used outdoors, such as portable test items, etc. For materiel continuously exposed to outdoor
conditions, recommend a test duration of 56 24-hour cycles or longer. Do not increase the irradiance above
the identified level because of the danger of overheating; there is presently no indication that attempting to
accelerate the test in this way gives results that correlate with materiel response under natural solar
radiation conditions.
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2.3.3 Humidity.

Various levels of relative humidity occur naturally, and humidity combined with temperature and solar radiation
can, in many cases, have deleterious effects on materiel. If the materiel is known or suspected to be sensitive to RH,
include it in the Procedure I test requirements. NATO STANAG 4370, AECTP 200, Category 230, Section 2311,
and MIL-HDBK-310 (paragraph 6.1, references a and b) have temperature-humidity data for various regions of the
Earth.

2.3.4 Configuration.

Use the same test item configuration as during exposure to natural solar radiation. The orientation of the test item
relative to the direction of radiation will have a significant impact on the heating effects. In cases where several test
item components are already known to be sensitive to solar effects, consider adjusting the relative test item/solar
radiation source orientation to simulate a natural diurnal cycle. Whenever possible, mount the test item so that its
configuration is representative of actual deployment, as provided in the requirements document. This mounting may
include supports or a substrate of specified properties (e.g., a layer of concrete of specified thickness or a sand bed
of certain reflectivity). (See paragraph 4.1.1.)

Surface contamination. Dust and other surface contamination may significantly change the absorption
characteristics of irradiated surfaces. Unless otherwise required, ensure the test items are clean when they are tested.
However, if the effects of surface contamination are to be assessed, include in the relevant requirements document
the necessary information on preparation of surfaces.

2.3.5 Spectral power distribution - Sea level versus high ground elevations.

At high ground elevations solar radiation contains a greater proportion of damaging UV radiation than at sea level.
Although the internationally agreed spectrum shown in Table 505.5-1 is recommended for general testing, it is a
closer representation of the real environment at sea level. This standard spectrum may be used (unless other data are
available) for both sea level and high ground elevations.

Table 505.5-1. Spectral power distribution.

Natural Tolerance
Bandwidth Radiation (%o of total) Irradiance Spectral Region
Spectral Region (nm) (% of total) | Min | Max (W/m?) Irradiance (W/m?)
Ultraviolet - B 280-320 0.5 0.3 0.7 5.6 5.6

. 320-360 2.4 1.8 3 26.9

Ultraviolet- A =351 "100 3.2 24 | 44 3538 62.7
400-520 17.9 16.1 19.7 200.5

Visible 520-640 16.6 14.9 18.3 185.9 580.2
640-800 17.3 12.8 19 193.8

Infrared 800-3000 42.1 33.7 50.5 4715 4715

Totals 1120 1120

NOTE: The amount of radiation wavelength shorter than 0.30um reaching the Earth's surface is small but the effect on
the degradation of material can be significant. Short wavelength energy below 300 nm can cause materials to fail
unnecessarily (if not present in the natural exposure). In reverse, if energy below 300 nm is present in the natural
environment and not present in the accelerated exposure, material that should fail may pass the test. This is entirely
material dependent because it relates to the end use in natural exposure. (See Annex A, paragraph 2.2.)

2.3.6 Temperature.

In addition to the temperature guidance given elsewhere in this method, it is essential to maintain the air temperature in
the vicinity of the test item to that in the respective profile (Al or A2) or as specified in the test plan.  To do so
requires necessary airflow and air temperature measurement (sensors shielded from radiation) in the immediate vicinity
of the test item. See Annex A, paragraph 5.2 for temperature measurement guidance.

2.3.7 Airflow.
The key to using this method successfully is maintaining enough airflow to obtain the test item peak response
temperatures that would be attained under natural conditions.
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For Procedure I, use an airspeed of 1.5 to 3.0 m/sec (300 to 600 ft/min) unless otherwise specified. If the deployed
environment will subject the item to either limited or no wind speed (shielded from natural wind), then use a
minimum air speed, no less than 0.25 m/sec (50 ft/min), when conducting Procedure I. Generally, an airflow of as
little as 1 m/s (200 ft/min) can cause a reduction in temperature rise of over 20 percent as compared to still air. To
ensure test repeatability, the air speed must be measured and recorded in the test report.

For Procedure Il, use the minimum required airspeed required to maintain the thermal response as measured in the
natural environment or Procedure I. This implies that before this test can be performed, the maximum temperature
response the materiel would experience under natural conditions (by using field/fleet data or as determined by
running Procedure 1) must be known. However, do not use so much cooling air that it produces unrealistic cooling.
Similarly, if multiple and identical test items are to be tested, use one or more of the items for the preliminary test to
determine the maximum temperature response. Since 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 (see
Table 505.5-1).

2.4 Test Item Operation.
When it is necessary to operate the test item, use the following guidelines for establishing test operating procedures.
a. General. See Part One, paragraph 5.8.2.
b. Unigue to this method.
(1)  Include operating modes that consume the most power (generate the most heat).

2 Include the required range of input voltage conditions, if changes in voltage could affect the test
item thermal dissipation or response (e.g., power generation or fan speed).

3) Introduce any cooling media that normally would be applied during service use (e.g., forced air or
liquid coolant). Consider using cooling medium inlet temperatures and flow rates that represent
both typical and worst-case degraded temperature and flow conditions.

3. INFORMATION REQUIRED.

3.1 Pretest.
The following information is required to conduct solar radiation tests adequately.
a. General. Information listed in Part One, paragraphs. 5.7 and 5.9, and Annex A, Task 405 of this standard.

b. Specific to this method.
(1) Appropriate diurnal cycle (for Procedure 1) to include humidity if appropriate.
(2) Test item operational requirements.
(3) Spectral power distribution of the source lighting (e.g., to reproduce conditions of a previous test).
(4) Any additional guidelines.
(5) Temperature/radiation measurement techniques and locations.
(6) Substrate or method of test item mounting.
(7) Wind speed.

c. Tailoring. Necessary variations in the basic test procedures to accommodate LCEP requirements and/or
facility limitations.

3.2 During Test.
Collect the following information during conduct of the test:

a. General. Information listed in Part One, paragraph 5.10, and in Annex A, Tasks 405 and 406 of this
standard.

b. Specific to this method.
(1) Record of chamber temperatures (and humidity if required) and light intensity versus time conditions.
(2) Record of the test item temperature-versus-time data for the duration of the test.
(3) Record of test wind speed.
3.3 Post-test.
The following post-test data shall be included in the test report.
a. General. Information listed in Part One, paragraph 5.13, and in Annex A, Task 406 of this standard.
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Specific to this method.
(1) Location of temperature sensors on the test item.

(2) Test item response temperatures (and humidity if required), and number of diurnal cycles or exposure
periods.

(3) Record of test wind speed.

(4) Spectral power distribution of the source lighting (e.g., to reproduce conditions of a previous test).
(5) Solar lamp bank identification.

(6) Any additional data required.

(7)  Any deviations from the original test plan — to include wind speed (if necessary to adjust it).

(8) Any deviation from the required spectral power distribution as stated in Table 505.5-1, and
justification.

4. TEST PROCESS.
4.1 Test Facility.

a.

411

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 (see Part One, paragraph 5.18) the required
conditions of temperature, airflow, and irradiation.

Full spectrum lamps are recommended for both procedures, however Procedure | can be performed using
lamps that do not meet the spectral energy distribution of Table 505.6-1, provided the guidance in
paragraph 4.1.2 is followed.

For both procedures consider the possible cooling effects of airflow over the test specimens. Caution is
advised on the use of the low airspeed; rarely do high solar and high temperature events occur in nature
without accompanying winds.

(1) Procedure I: Unless otherwise justified, control and measure the rate of airflow in the vicinity of the
test item such that it is as low as possible consistent with achieving satisfactory control of the ambient
air temperature in the vicinity of the test item, i.e., usually between 1.5 to 3.0 m/sec (300 to 600
ft/min).

(2) Procedure II: Unless otherwise justified, use an airflow sufficient to maintain the test item response
temperature to that determined from Procedure | or that obtained from field data.

To minimize or eliminate re-radiation from chamber surfaces, experience has shown that the best method is
when the volume of the test chamber is a minimum of 10 times that of the envelope volume of the test item.
(Consider the beam angles of the light source hitting the walls of the test chamber.)

Substrate

Mount the test item either on raised supports or on a substrate of specified properties, e.g., a layer of concrete of
specified thickness or a sand bed of a conductivity and reflectivity representative of actual deployment, as provided
in the requirements documents.

412

Solar radiation source.
a. Full spectrum lamps are recommended for both procedures.

b. Use a maximum irradiance intensity of 1120 W/m? (+4-percent or 15 W/m?, whichever is greater) and
ensure the radiation across the upper surface of the test item area of concern is uniform to within 10
percent of the desired value.

c. The diurnal variation in solar energy may be applied continuously (see Figure 505.5-1) or incrementally (see
Figures 505.5C-5 and -6), with a minimum of eight levels, provided that the total energy of the cycle is
maintained.

d. Where only thermal effects, Procedure I, are being assessed, it is essential to maintain at least the visible
and infrared portions of the spectrum as in Table 505.5-1. However, if not feasible, deviate from the
spectral distribution as necessary, but adjust the irradiance to give an equivalent heating effect. Document
any deviation from the solar power distribution (Table 505.5-1), and record it in the test report. If using
infrared lamps, exercise caution because infrared-reflecting/absorbing coatings will reflect or absorb
energy based on spectrum and an infrared light system may not produce realistic thermal effects when
various material colors and structures are under evaluation. If a glazing system is incorporated in the
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materiel (see paragraph 2.1.1.1), verify that the infrared transmission is not affected when using an
infrared source. Use a full spectrum source if attenuating coatings, glazing, or other systems that may
affect spectral reflection/absorption are used in/on the test item. In order to determine the amount of
adjustment necessary, employ either of two methods below, and document it in the test report:

(1) Mathematically calculate the adjustment using the following information:
The spectral reflectance or transmittance of the irradiated surfaces, and

The spectral energy distribution of the particular lamps being used (and also the effect of any
associated reflectors or glasses).

(2) Empirically determine the adjustment by conducting a pre-test on samples that are representative of
the materiel (the most important characteristics are material composition, color, and surface
roughness). Measure the temperature rise above ambient air temperature of test samples under
natural solar radiation conditions (the climatic category identified in the LCEP as the most extreme),
and compare the results with the temperature rise above ambient (chamber) air temperature of test
samples under simulated solar radiation. Gather an adequate amount of data under the natural
condition portion of the test to account for the cooling effects of airflow over the samples (i.e.,
outdoor conditions rarely provide zero wind), and extrapolate the temperature rise at zero wind
conditions to be comparable to results from chamber samples. This process requires the use of
extensive multi-year stable data sets to establish a statistically viable analysis.

. Where actinic effects are to be assessed, (Procedure I1), ensure the spectral distribution of the light source
adheres to the distribution given in Table 505.5-1 (within the given tolerances).

Direct the radiation onto the test item and irradiate the entire surface of the test item facing the solar
radiation source. To provide the highest degree of confidence in the measurements, the value of
1120W/m? theoretically includes all radiation received by the test item, including any radiation reflected
from the chamber walls and any long-wave infrared radiation (but not greater than 3 um) emitted by the
chamber walls. To accomplish this, the radiation-measuring device would have to be calibrated in a
wavelength range wide enough to encompass the wavelength ranges of both the light source and the long-
wave infrared radiation emitted by the chamber walls. However, radiation reflected or emitted from the
chamber walls is generally substantially lower than the radiation emitted directly from the light source,
and a measurement device that has a measurement range of 285-2800 nm should be sufficient to measure
direct and reflected radiation. Additionally, if the intent of the test is to determine thermal heat loading
(see paragraph 4.1.2h(2)), use a radiation measuring device that has the capability to measure infrared
energy, and calibrate the radiation measuring device in the full wavelength range it is designed to
measure.

. To prevent localized effects such as unintentional heating from individual bulbs, locate the radiation
source at least 76cm (30 inches) away from any surface of the test item. Spot lamps (as opposed to flood
lamps) may produce a non-uniform exposure. Avoid the use of multiple lamp types within the array
because the spectral distribution within the array will likely be non-uniform over the exposure area.

. Light source. The following lists (both sections (1) and (2)) are not intended to exclude new lamps made
available by advanced technology. It may be necessary to use filters to make the spectrum comply with
that specified in Table 505.5-1. Further guidance is given in Annex A

(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 505.5-1 and may use one of the
following acceptable radiation sources:

(@) Metal halide lamps (designed for full spectrum application).
(b) Xenon arc or mercury xenon arc (used singularly) with suitable reflector.

(c) Combination of high pressure sodium vapor and improved mercury vapor with suitable
reflectors.

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

combination produces the spectrum of Table 505.5-1.

NOTE: Use other combinations of the lamps listed above and below if it is proven that the
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(2) Use the appropriate lamps from the following list for tests conducted to assess heating effects alone
(and not actinic effects).

(@) Mercury vapor lamps (internal reflector type only).

(b) Combination of incandescent spot and tubular-type mercury vapor lamps w/ external reflectors.
(c) Combination of incandescent spot lamps and mercury vapor lamps with internal reflectors.

(d) Metal halide.

(e) Xenon arc or mercury xenon arc lamps with suitable reflectors.

(f) Multi-vapor (clear or coated bulb) with suitable reflectors.

(g) Tungsten filament lamps.
(h) Any other heat producing lamp.

4.2 Controls.
a. Temperature. Maintain the chamber air temperature (as specified in the test plan) in accordance with Part

One, paragraph 5.2a. In order to adequately measure the temperature of the air surrounding the test item,
measure it (with adequate shielding from radiated heat — see Annex A, paragraph 5.2) at a point or points in
a horizontal reference plane at the approximate elevation of the upper surface of the test item, and as close
as possible to the test item, making adequate provision for shielding from the effects of radiant heat from
the test item. This is one way to ensure reasonable control of the envelope of air surrounding the test item.
The temperature sensors used to measure the thermal response of the test item will also be affected by
direct radiation of the light source. When practical, mount these sensors to the inside surface of the
external case (upper surface) of the test item.

Test Sensors and Measurements. Use a pyranometer, pyrheliometer or other suitable device to measure the
total radiated energy imposed on the test item. Use a pyranometer with suitable filters or a
spectroradiometer to measure the spectral distribution of the radiation imposed on the test item. A filtered
pyranometer can only provide an approximate measurement of the spectral distribution. However, a
spectroradiometer, although more delicate to employ, can provide a precise measurement of the spectral
distribution. Use other measuring instruments only if they can satisfy the required specifications. See
Annex B for the required measurement accuracy of these commonly used instruments. Test parameter
tolerances appear in Table 505.5-I1.

Table 505.5-11. Test parameter tolerances.

Test Parameter Description Tolerance

Total Irradiance Overall control at any given point on the diurnal curve (whichever is greater)

+4 percent or +15 W/m?

Spectral energy
Distribution Energy within each spectral band See Table 505.6-1

Irradiance
Uniformity Measured at 2 or more locations on the test item +10 percent

Instrumentation Pyranometer, pyrheliometer, or radiometer See Annex B

Temperature Chamber control +2° C (+3.6 °F)

Air Speed Across the test item

1.5 to 3.0 m/sec (300 to 600
ft/min)

Note: When performing Procedure 1, it is not required to provide a total irradiance energy level below a
minimum level of 55W/m? (295-2800nm). If the diurnal curve calculated energy value is below 55W/m
(295-2800nm), a target value of 55W/m? (295-2800nm) may be used for the specified time period.

2

Calibration of chamber. Because of the variety of permissible lamps and chamber designs, it is particularly
important that the chamber be calibrated to assure 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. See Table 505.5-1 for spectral
distribution and permitted tolerances.
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If the test item is not available at the time the chamber is being calibrated, ensure the radiation intensity is
within 10 percent of the desired value when measured over the area covered by the test item, at a horizontal
reference plane at the approximate elevation of the upper surface position of the test item. If the test item is
available at the time the chamber is being calibrated, ensure the radiation intensity is within 10 percent of
the desired value when measured over the upper surface of the test item. As most types of lamps age, their
spectral output changes. To ensure that solar radiation chambers meet established specifications, perform a
thorough check on spectral distribution, intensity, and uniformity at intervals not exceeding 500 hours of
operation. Conduct a check of the overall intensity and uniformity before and after every test.

d. Record chamber temperature, solar radiation intensity, spectral distribution, wind speed, and humidity (if
required) at a sufficient rate to capture data necessary for post-test analysis (see Part One, paragraph 5.18).

4.3 Test Interruption.

Test interruptions can result from two or more situations, one being from failure or malfunction of test chambers or
associated test laboratory equipment. The second type of test interruption results from failure or malfunction of the
test item itself during required or optional performance checks.

4.3.1 Interruption due to chamber malfunction.
a. General. See Part One, paragraph 5.11, of this standard.

b. Specific to this method.

(1)  Undertest interruption.
(@) Procedures I and Il. The test rationale is based on the total cumulative effect of the solar
environment. Except as noted in (b) below, follow any undertest interruption by re-stabilization
at the identified levels and continuation of the test from the point of the interruption.

(b) Procedure I. The test is considered complete if an interruption occurs after 19 hours of the last
cycle of Procedure I. (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.)

(2)  Overtest interruption. Follow any overtest conditions 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, use a new test item and restart the test at the
beginning.

4.3.2 Interruption due to test item operation failure.
Failure of the test item(s) to function as required during mandatory or optional performance checks during testing
presents a situation with several possible options.
a. The preferable option is to replace the test item with a “new” one and restart from Step 1.
b. A second option is to replace / repair the failed or non-functioning component or assembly with one that
functions as intended, and restart the entire test from Step 1.

NOTE: When evaluating failure interruptions, consider prior testing on the same test item
and consequences of such.

4.4 Test Execution.
The following steps, alone or in combination, provide the basis for collecting necessary information concerning the
test item in a solar radiation environment.

4.4.1 Preparation for test.

4.4.1.1 Preliminary steps.
Before starting the test, review pretest information in the test plan to determine test details (e.g., procedures, item
configuration, cycles, durations, parameter levels for storage/operation, etc.). (See paragraph 3.1 above.)

a. The required test procedures.
b. The diurnal cycle to be used.
c. Other variables, such as number of cycles, etc.
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d. Degree of removal of surface contamination necessary (see paragraph 4.2b). If the effects of surface
contamination are to be assessed, include in the relevant requirements document the necessary
information on preparation of surfaces.

e. Comparative information. For eventual comparison between pre- and post-test items, photograph the
test item and take material samples (if required).

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

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.
Step 6.

In order to determine thermal response (paragraph 3.3b(2)), install temperature sensors in, on, or
around the test item as described in the test plan.

Install the test item in the chamber and stabilize it at standard ambient conditions (Part One,

paragraph 5.1) and in a manner that will simulate service use, unless the storage configuration is

specified. Position the test item in accordance with the following:

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.

c. Separated from other items that are being tested simultaneously, to ensure that there is no
mutual shading or blocking of airflow unless this, also, is representative of the materiel's field
use.

Conduct a visual examination of the test item with special attention to stress areas, such as corners
of molded cases, and document the results.

Prepare the test item in accordance with Part One, paragraph 5.8, and in the identified test item
configuration (see paragraph 2.3.4), with any temperature sensors necessary to determine test item
response.

Conduct an operational checkout in accordance with the test plan and record the results.

If the test item operates satisfactorily, place it in its test configuration (if other than operational) and
proceed to the first test as identified in the test plan. If not, resolve the problem and restart the
checkout procedure.

4.4.2 Procedure | - Cycling.

Step 1.

Step 2.

Step 3.

Adjust the chamber air temperature to the minimum value of the temperature cycle at which
radiation is nonexistent.

Expose the test item to continuous 24-hour cycles of controlled simulated solar radiation and dry-
bulb temperature as indicated on Figure 505.5-1 or as identified in the requirements document,
measuring and recording test item temperatures throughout the exposure period. For convenience,
and if the test facility is unable to perform the continuous curve of Figure 505.5-1, to approximate
the curve increase and decrease the solar radiation intensity in a minimum of eight levels (see
Annex C, Figures 505.5C-5 and C-6 for the stepped levels) for each side of the cycle, provided the
total energy of the cycle as well as the spectral power distribution (above 1000 w/m* — see Table
505.5-1 and Annex B, paragraph 1.4) is maintained. Perform the longer of the following number of
cycles, and record the results:

a. The minimum necessary to ensure the peak response temperature of the most critical area of the
test item achieved during a cycle is within 2°C (3.6°F) of the peak response temperature
achieved during the previous 24-hour cycle, or

b. Three continuous cycles, or

c. The number of cycles as identified by the requirements document (not to exceed 7 cycles, unless
otherwise specified in the test plan).

Based on the requirements document, the test item may or may not be operated throughout the test.
If operation is required, operate the test item when the peak response temperature occurs. For some
single-use items (e.g., rockets), use thermocouples affixed to critical portions of the test item to
determine the time and value of peak temperature. Operate the test item at the peak cycle
temperature. Conduct the operational checkout of the test item as in paragraph 4.4.1.2, Step 4.
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Document the results as well as the peak temperature. If the test item fails to operate as intended,
follow the guidance in paragraph 4.3.2 for test item failure.

Step 4. Adjust the chamber air temperature to standard ambient conditions and maintain until temperature
stabilization of the test item has been achieved.

Step 5. Conduct a complete visual examination of the test item and document the results. For comparison
between pre- and post test items, photograph the test item and take material samples (if required).

Step 6. Conduct an operational checkout of the test item as in paragraph 4.4.1.2, Step 5. See paragraph 5
for analysis of results.

Step 7. Compare these data with the pretest data.

4.4.3 Procedure Il — Steady State.

NOTE: If Procedure I has not been previously performed and no field/fleet data are available, conduct a
preliminary test carried out in accordance with Procedure | (absolute minimum of three complete cycles)
to determine the approximate maximum response temperature of the test item.

Step 1. Adjust the chamber air temperature to 49°C (120°F) or the temperature identified in the test plan.

Step 2. Adjust the solar radiation source to a radiant energy rate of 1120 +47 W/m? or as identified in the
materiel specification. Use sufficient air speed to maintain the test item temperature to the peak
response temperature obtained in procedure | or obtained from field data.

Step 3. Maintain these conditions for 20 hours, measuring and recording the test item temperatures. If
required, conduct operational checks during the last four hours of each 20-hour exposure when test
temperatures are maximized. If the test item fails to operate as intended, follow the guidance in
paragraph 4.3.2 for test item failure.

Step 4. Turn off the solar radiation source for four hours.

Step 5. Repeat Steps 1 through 4 for the number of cycles identified in the test plan.

Step 6. At the end of the last radiation cycle, allow the test item to return to standard ambient conditions.

Step 7. Conduct a visual examination and an operational check as in paragraph 4.4.1.2, Steps 3 and 5, and
document the results. Take photographs of the test item and material samples (if required) for
comparison between pre- and post-test items. See paragraph 5 for analysis of results.

5. ANALYSIS OF RESULTS.

In addition to the guidance provided in Part One, paragraphs 5.14 and 5.17, the following information is provided to
assist in the evaluation of the test results. Analyze any failure of a test item to meet the requirements of the materiel
specifications.

a.

Procedure 1. Do not alter the performance characteristics either at the peak temperature or after return to
standard ambient conditions to the extent that the test item does not meet its requirements. Record as
observations only those actinic effects that do not affect performance, durability, or required characteristics.

Procedure Il. Do not alter the performance and characteristics (such as color or other surface conditions) of
the test item to the extent that the test item does not meet requirements. Record actinic effects that do not
affect performance, durability, or required characteristics as observations only. The fading of colors could
result in higher heating levels within the test item.
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METHOD 505.5 ANNEX A
DETAILED GUIDANCE ON SOLAR RADIATION TESTING

1. INTRODUCTION.

This Annex describes methods of simulation designed to examine the effects of solar radiation on materiel. The main
quantities to be simulated are the spectral energy distribution of the sun as observed at the Earth's surface and the
intensity of received energy, in combination with controlled temperature conditions. However, it may be necessary to
consider a combination of solar radiation - including sky radiation - with other environments, e.g., humidity, air
velocity, etc.

2. IRRADIANCE AND SPECTRAL DISTRIBUTION.
The effect of radiation on the materiel will depend mainly on the level of irradiance and its spectral distribution.

2.1 Irradiance.

The irradiance by the sun on a plane perpendicular to the incident radiation outside the Earth's atmosphere at the mean
Earth-sun distance is known as the solar constant “lo.” The irradiance at the surface of the Earth is influenced by the
solar constant and the attenuation and scattering of radiation in the atmosphere. For test purposes, a maximum intensity
of 1120 W/m? is specified to simulate the global (total) radiation at the surface of the Earth from the sun and the sky
with the sun at zenith, based on a solar constant I, = 1350 W/m?. The true solar constant is thought to be about
1365-1370 W/m®.

2.2 Spectral Distribution - Sea Level versus High Altitude.

At high altitude, solar radiation contains a greater proportion of damaging UV radiation than at sea level. The
internationally-agreed spectrum (see Table 505.5-1) recommended for general testing is a representation of the real
environment at sea level. This spectrum is recommended for use at both sea level and at high altitude.

3. OTHER ENVIRONMENTAL FACTORS TO BE CONSIDERED.

Attention is drawn to the possible cooling effects of air flow over materiel. This can also result in misleading errors in
open-type thermopiles used to monitor radiation intensity; ventilation of pyranometers may be necessary to keep the
glass dome cool. In practice, high solar radiation conditions are rarely accompanied by complete absence of wind. It
may be necessary, therefore, to assess the effect of different air velocities over materiel under test. The materiel
specification should state any special requirements in this respect. It is essential, therefore, to measure and control the
rate of air flow in order to maintain the required air temperature at the test item.

4. RADIATION SOURCES.

4.1 General.

The radiation source may comprise one or more lamps and their associated optical components, e.g., reflectors, filters,
etc., to provide the required spectral distribution and irradiance. The high pressure xenon arc lamp with filters can
provide the best spectral match. Mercury vapor and xenon-mercury lamps have considerable deficiencies in matching
that would lead to error. If not already covered in test method characteristics of these sources, features of filters, optical
arrangements, etc., are covered in the following paragraphs. The following general information about several light
sources may be helpful

a.  Xenon lamps. The configuration and size of the lamp(s) used will depend on the test required. The relative
spectral distribution of the xenon arc radiation has been found to be substantially independent of lamp power.
However, variation of lamp power will change the temperature of the electrodes and hence the spectral
distribution of their radiation. With long arc lamps, it is relatively simple to mask off the electrode radiation.
The form of construction of the short arc lamp leads to considerably wider manufacturing variation compared
with the long arc, a point particularly important when replacement becomes necessary. Routine replacement of
either type of lamp will be needed, since the emission will change continuously with life, and there may be
wide variations of the life characteristic from lamp to lamp.

b. Metal Halide (HMI). Metal Halide lamps which are properly filterd and utilizing proper electrical power
supply to the lamp can meet the defined spectral requirements. Care must be taken regarding lamp age and
lamp power adjustment as spectral shifting can occur leading to changes in spectrum (critical for procedure 11
testing).
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4.2 Filters.

Liquid filters have certain disadvantages such as the possibility of boiling, the temperature coefficient of spectral
transmission, and long term drift in spectral characteristics. The present preference is for glass filters to be used,
although the characteristics of glass filters are not as accurately reproduced as those of a chemical solution filter. Some
trial and error may be necessary to compensate for different optical densities by using different plate thicknesses. Glass
filters are proprietary articles and manufacturers should be consulted concerning the choice of filters suitable for
particular purposes. The choice will depend on the source and its methods of use. For example, a xenon source may be
test-compensated by a combination of infrared and ultraviolet absorbing filters. Some glass infrared filters may be
prone to rapid changes in spectral characteristics when exposed to excessive ultraviolet radiation. This deterioration
may be largely prevented by interposing the ultraviolet filter between the source and the infrared filter. Interference
type filters, that function by reflecting instead of absorbing the unwanted radiation, (thus resulting in reduced heating of
the glass), are generally more stable than absorption filters.

4.3 Uniformity of Irradiance.

Owing to the distance of the sun from the Earth, solar radiation appears at the Earth's surface as an essentially parallel
beam. Artificial sources are relatively close to the working surface and means of directing and focusing the beam must
be provided with the aim of achieving a uniform irradiance at the measurement plane within specification limits (i.e.,
1120 W/m? (see Table 505.4-1)). This is difficult to achieve with a short-arc xenon lamp with a parabolic reflector
because of shadows from the lamp electrodes and supports. Also, the incandescence of the anode can produce
considerable radiation at a much lower color temperature, slightly displaced from the main beam, if only the arc itself is
at the focus of the reflector. Uniform irradiation is more readily achieved with a long arc lamp mounted in a parabolic
‘trough’ type reflector. However, by employing very elaborate mounting techniques, it is possible to irradiate, with
some degree of uniformity, a large surface by a number of short arc xenon lamps. It is generally advisable to locate
radiation source(s) outside the test enclosure or chamber. This avoids possible degradation of the optical components,
e.g., by high humidity conditions, and contamination of test items by ozone that has been generated by xenon and other
types of arc lamps. Precise collimation of the radiation beam is not normally required except for testing special materiel
such as solar cells, solar tracking devices, etc. However, some of the simulation techniques developed for space
research purposes could be adapted for Earth-surface solar radiation studies.

5. MEASUREMENTS.

5.1 Measurement of Spectral Distribution.

Total intensity checks are readily made, but detailed checks on spectral characteristics are more difficult. Major spectral
changes can be checked by inexpensive routine measurements, using a pyranometer in conjunction with selective filters.
For checking the detail spectral distribution characteristics of the facility, it would be necessary to employ sophisticated
spectroradiometric instrumentation. However, there seems to be no practical instrumentation obstacle to prevent this
calibration being done either as a service by the facility manufacturer or by a visit from a national calibration center.
Achieve correlation between the filter/pyranometer and spectroradiometric methods at regular intervals. Changes in the
spectral characteristics of lamps, reflectors and filters may occur over a period of time that could result in the spectral
distribution being seriously outside the permitted tolerances. Manufacturing tolerances may mean that lamp
replacement could result in unacceptable changes in both the level of irradiation and spectral distribution compared with
that initially set up. Regular monitoring is therefore essential, but monitoring of the detailed spectral distribution within
the test facility may not be possible while an item is undergoing test. A method of measuring the intensity of radiation
below 320 nm based on the exposure of polysulphone film and that would permit the monitoring of this wavelength
range within the test facility is now established. (The technique is currently being considered as an I1SO test method.)
Lower cost commercially available spectrometers provide reasonable results, however extreme care must be taken when
measuring the ultraviolet range. Unless properly calibrated and evaluated, values in the ultraviolet range may be
unreliable.

5.2 Measurement of Temperature.

Because of the high level of radiation, it is essential that temperature sensors are adequately shielded from radiant
heating effects. This applies both to measuring air temperatures within the test enclosure, and also to monitoring test
item temperatures. When monitoring test item temperatures, sensors, e.g., thermocouples, should be located on the
inside surfaces of the external case and should not be attached to the outside surfaces, unless the surface temperature is
of concern. Temperature-indicating paints and waxes are unsuitable for monitoring the temperature of irradiated
surfaces, since their absorption characteristics will not be the same. Commercially available self-adhesive surface
mount thermocouples can be used if properly insulated from the source radiation.
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Table 505.5A-1. Test parameter tolerances.

Test Parameter Description Tolerance

+4 percent or +15 W/m?
Total Irradiance | Overall control at any given point on the diurnal curve (whichever is greater)
Spectral energy
Distribution Energy within each spectral band See Table 505.5-1
Irradiance
Uniformity Measured at 2 or more locations on the test item +10 percent
Instrumentation Pyranometer, pyrheliometer, or radiometer See Annex B
Temperature Chamber control +2° C (+3.6 °F)
Air Speed Across the test item 1510 g(')%r:tjsrsrnggoo 0

6. PREPARATION OF TEST FACILITY AND MATERIEL UNDER TEST.

6.1 Test Facility.

Ensure that the optical parts of the facility, lamps, reflectors, and filters, etc., are clean. The level of irradiation over the
specified measurement plane must be measured immediately prior to each test. Throughout the test continually monitor
any ancillary environmental conditions, e.g., ambient temperature, as well as air velocity and other parameters if
specified.

6.2 Materiel under Test.

The method of mounting and the orientation of the test item relative to the direction of radiation will have marked
influences on the heating effects. The test item will probably be required to be mounted either on raised supports or on a
substrate of specified properties, e.g., a layer of concrete of specified thickness or a sand-bed of certain conductivity.
Include all this and the attitude of the test item in the relevant specification. Special attention must be paid to the surface
conditions of the test item to see that its finish is clean or in accordance with the relevant requirements. The heating effect
on the test item will be largely affected by the condition of its external surfaces. Care must therefore be exercised in
handling the test item, especially in avoiding oil films and in ensuring that the surface finish and its underlay are fully
representative of production standards. Attach temperature sensors to the test item as required (but see also paragraph 5.3
of this Annex).

6.3 Ground Reflected Radiation

In some cases, such as with a white sand or snow ground cover, and the test item in close association with this surface,
significant reflected radiation can be applied to the test item. This effect can be measured using a radiometer designed
to measure the “albedo” radiation. This sensor is primarily consists of a upward-facing radiometer and a downward
facing radiometer. If the test item is to be substantially used in an environment where ground reflected radiation is a
concern, consider the albedo radiation in the test design with radiation provided to the lower surface of the test item by
auxiliary lighting, or the use of similar reflective material in the test set up.

7. INTERPRETATION OF RESULTS.

The materiel specification should indicate the permitted changes in the external conditions and/or performance of the test
item after exposure to the required level of irradiation for certain durations. In addition, the following aspects of
interpretation may be considered:

7.1 Comparison with Field Experience.

The effects of exposing material to solar radiation are well documented (see also paragraphs 7.2 and 7.3 below).
Investigate any marked differences between the expected effects and the behavior under test conditions, and the basic
cause established, i.e., whether caused by the test equipment or procedure, or by some peculiarity in the test item.
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7.2 Thermal Effects.
a. The maximum surface and internal temperatures attained by materiel will depend on:
(1)  the temperature of the ambient air.
(2)  the intensity of radiation.
(3) the air velocity.
(4)  the duration of exposure.

(5) the thermal properties of the materiel itself, e.g., surface reflectance, size and shape, thermal
conductance, and specific heat.

b. Materiel can attain temperatures in excess of 60°C if fully exposed to solar radiation in an ambient temperature
as low as 35 to 40°C. The surface reflectance of an object affects its temperature rise from solar heating to a
major extent; changing the finish from a dark color, for example, to a gloss white will effect a considerable
reduction in temperature. Conversely, a pristine finish designed to reduce temperature can be expected to
deteriorate in time resulting in an increase in temperature. Most materials are selective reflectors, i.e., their
spectral reflectance changes with wavelength. For instance, paints, in general, are poor infrared reflectors
although they may be very efficient in the visible region. Furthermore, the spectral reflectance of many
materials changes sharply in the visible (producing a color sensation to the human eye) and in the near infrared.
It is important, therefore, that the spectral energy distribution of the radiation source(s) used in any simulated
test should closely duplicate that of natural radiation.

7.3 Degradation of Materials.

The combined effects of solar radiation, atmospheric gases, temperature, humidity changes, etc., are often collectively
termed “weathering,” and result in the “ageing” and ultimate destruction of most organic materials (e.g., plastics,
rubbers, paints, timber, etc.). Many materials that give satisfactory service in temperate regions have been found to be
completely unsuitable for use under the more adverse conditions of the tropics. Typical effects are the rapid
deterioration and breakdown of paints, the cracking and disintegration of cable sheathing, and the fading of pigments.
The breakdown of a material under weathering usually results not from a single reaction, but from several individual
reactions of different types occurring simultaneously, often with interacting effects. Although solar radiation,
principally the ultraviolet portion, resulting in photodegradation is often the major factor, its effects can seldom be
separated, in practice, from those of other weathering factors. An example is the effect of ultraviolet radiation on
polyvinyl chloride, where the apparent effects of ultraviolet radiation alone are small, but its susceptibility to thermal
breakdown, in which oxygen probably plays a major role, is markedly increased. Unfortunately, artificial tests
occasionally produce abnormal defects that do not occur under weathering. This can be often attributed to one or more
of the following causes:

a. Many laboratory sources of ultraviolet radiation differ considerably from natural solar radiation in spectral
energy distribution.

b. When the intensity of ultraviolet, temperature, humidity, etc., are increased to obtain accelerated effects, the
rate of the individual reactions (that occur under normal exposure conditions), are not necessarily increased to
the same extent. In some cases, e.g., fluorescent lamps, the infrared energy of the source is significantly less
than that of true solar loading, resulting in a surface test temperature that is lower than would be experienced
out-of-doors.

c. The artificial tests, in general, do not simulate all the natural weathering factors.
8. HAZARDS AND PERSONNEL SAFETY.

8.1 General.

The complex equipment employed for solar radiation testing purposes will necessarily call for operation and
maintenance by a skilled test staff, not only to ensure the prescribed performance of the test, but also because of the
various health and safety hazards that have to be considered.

8.2 Ultraviolet Radiation.

The most obvious dangers that have to be guarded against are those associated with the harmful effects of high intensity
radiation in the near ultraviolet region. In natural sunlight, the eyes are protected in two ways: the brightness of the sun
makes it almost impossible to look directly at it and the ultraviolet radiation is considerably attenuated by the
atmosphere. These protections may not apply to artificial sources. The eyes must be protected by filtered goggles or
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viewing apertures, particularly when setting up the equipment. Due to the point sources and high UV component of
these sources, sunglasses may increase the danger. Warn all testing personnel that severe eye damage can result from
only short exposure to unfiltered radiation from arc-type lamps. Serious erythema (sunburn) of exposed skin will also
occur. Koller (paragraph 6.1, reference c) states the ultraviolet radiation of sunlight is a major causal factor in cancer of
the skin in the white population of the US. The use of suitable protective clothing including protection of the head and
hands is highly recommended, even when working in test enclosures irradiated by filtered sources.

8.3 Ozone and Harmful Fumes.

Another serious health hazard arising from the use of xenon and other arc lamps is the possible buildup of local toxic
concentrations of ozone during the testing period. However, the maximum production of ozone occurs at the initial
switching on of the lamp, and thereafter the hot envelope of the lamp tends to degrade the ozone back to oxygen.
Where forced-air cooling is employed, this cooling air should be sucked out and removed from the building and not
blown into the lamp housing. In this way, the ozone hazard can be largely eliminated. Suitable detecting and
measuring equipment is commercially available. The combined effects of heat and ultraviolet radiation on certain
plastics (e.g., melamine laminates) may also produce toxic fumes. Take particular care in the choice of materials used
in the construction of a test facility.

8.4 Risk of Lamp Explosions.

The use of high pressure xenon discharge lamps as the primary radiation source can also result in serious accidents
unless a well planned code of practice for the handling of these arc discharge tubes has been specified and is adhered to.
All such lamps (whether hot or cold, used or new) have a liability to explode violently by reason of the considerable
internal pressure (two to three atmospheres when cold, but up to twenty atmospheres when hot). There should be no
visible dirt or oil on the envelope, so regular cleaning with detergent and alcohol is necessary using cotton gloves and
face protection during such cleaning. When cold lamps are to be stored, the effects of explosion may be limited by two
layers of 0.25 mm thick polycarbonate sheet. Particular care must be taken to limit the spread of chain reaction
breakdowns in multi-lamp equipment. It is possible to use armor plate glass for the dual purpose of protection against
lamp explosions and as a corrective filter. Individual lamp records should be kept as a matter of routine so as to be able
to detect abnormal voltage/current behavior.

8.5 Electric Shock.

Normal electric shock preventive measures must, of course, be adopted, particularly in the case of the high voltage
igniter systems used with arc lamps. In some xenon lamps, the arc ignition pulse exceeds 60 kV, and an interlock
system is therefore essential.
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METHOD 505.5 ANNEX B
INSTRUMENTATION INSTALLATION, PLACEMENT AND GUIDANCE

1. INSTRUMENTATION

1.1 Measurement of Irradiance.

The type of instrument considered most suitable for measuring/monitoring the irradiance during test set up and test
operation is the pyranometer. The pyranometer is designed for measuring the irradiance (radiant-flux, watts/m?) on a
plane surface, that results from direct solar radiation and from the diffuse radiation incident from the hemisphere above.
ISO-9060 (paragraph 6.1, reference d), provides additional information regarding definitions, design criteria, and proper
use.

1.2 Pyranometer Classifications.

Referring to 1SO-9060, the pyranometer used for testing should be critically selected based on the specific internal
requirements for internal tractability/calibration certification, and the ability of the selected pyranometer to meet the
requirements of the test and test process (see 1SO 9060, Table 1 for classification details, its paragraph 4.3.2,
“Classification Criteria”).

In tests where a direct traceability chain is required, recommend a pyranometer meeting the classification of *“secondary
standard.” For typical test set-up and operation, a classification of “First Class Instrument” is generally sufficient. As a
minimum, calibrate all instruments on an annual basis.

1.3 Pyranometer Use Guidelines.

a. Pyranometers are used for validating irradiance values during test set-up, for pre-test, during the test, and post
test to confirm the specified radiant energy values are maintained. Recommended the interval used for radiant
energy level verification during a test be once per day, OR as required based on historical statistical charting
showing test compliance for longer periods. For Procedure I, in addition to recording the pretest calibration, it
is recommended to record the intensity level at a sufficient interval to verify the proper radiation intensity is
achieved throughout the cycle. For Procedure Il, in addition to recording the pretest calibration, it is
recommended to record the intensity once per-cycle and verify the UVa and UVb portions of the spectrum
every seventh cycle.

b. If pyranometers are continuously exposed to the solar radiation source, consider thermal drift of the radiant
energy values provided by the pyranometer. Some pyranometers require a thermal offset value based on
temperature, while others have internal offset characteristics that minimize thermal drift.

c. Periodic calibration certification of pyranometers is required, typically once per-year or as specified by the
pyranometer manufacturer. The pyranometer calibration is to be certified in accordance to 1SO-9847,
paragraph 6.1, reference e, or ASTM E-824, paragraph 6.1, reference f.

Proper mounting, mounting location, and horizontal placement of the pyranometer are critical to achieving proper
evaluation of the test item. The testing parties must agree to the mounting of the pyranometer for the test, with
mounting location and method recorded as part of the permanent test record.

1.4 Evaluation of Spectral Power Distribution (SPD).

Measuring and monitoring spectral power distribution of the lamp to demonstrate compliance with Table 505.5-1 is
more difficult. Instrumentation is commercially available that provides equipment at a lower cost and easier operator
interface for SPD measurements. These devices are often referred to as spectrometers. However, ensure the SPD
measurement system is calibrated and operating properly to ensure accuracy in the ultraviolet range.

a. Spectral power distribution evaluation guidelines.

(1) SPD measurements are critical for Procedure 1l testing, and are required for pre-test and post—test reports.
For Procedure | testing, SPD measurements are required for pretest. Post test measurements are required
for Procedure | testing, if conducted for more than 7 cycles.

(2) Often SPD measurement devices are limited to a maximum range of 800nm or 1100nm, and the
pyranometer reading is used to algebraically calculate the energy in the infrared range (780nm-3000nm)
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(3) When performing tests to Procedure I, the ultraviolet energy (280nm-400nm) is not critical. However, it is
critical for Procedure I1.

(4) Spectral Power Distribution (SPD) measurements are required above the 1000W/m? (280nm-3000nm)
level for both Procedure I and Procedure II.

Table 505.5B-1. Instrument accuracy.

Measurement Instrument Parameter Measured Tolerance
Pyranometer/Pyrheliometer ( di-lr— :;?ngasd;:tttigg d) Secondary Standard in accordance
with 1SO 9060
Spectroradiometer or

Filtered P Spectral distribution +4 percent over the specified
Hltered Pyranometer radiometric band

NOTE: A filtered pyranometer may not provide a satisfactory resolution in the ultraviolet range)
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METHOD 505.5 ANNEX C
GUIDANCE ON TABLES AND FIGURES

NOTE: The following is a reprint of Table 505.1 in the front part of this method. Inserting it here facilitates discussion
on its use in calculating points on the curve in Figure 505.5-1.

Table 505.5C-1. Spectral energy distribution and permitted tolerance.

Natural Tolerance
Bandwidth Radiation (% of total) Irradiance Spectral Region
Spectral Region (nm) (%ooftotal) | Min | Max (W/m?) Irradiance (W/m?)
Ultraviolet - B 280-320 0.5 0.3 0.7 5.6 5.6

. 320-360 2.4 1.8 3 26.9

SRl 360-400 3.2 24 | 44 3538 627
400-520 17.9 16.1 19.7 200.5

Visible 520-640 16.6 14.9 18.3 185.9 580.2
640-800 17.3 12.8 19 193.8

Infrared 800-3000 42.1 33.7 50.5 471.5 471.5

Totals 1120 1120

Compliance to solar radiation requirements cover two main elements, providing the recommended spectral
power distribution of the light source, and providing the correct irradiance levels over the specified surface of
the test item.

The information in Table 505.5-1 is used to determine the capability of the artificial light source to produce a
satisfactory spectrum for use in solar simulation testing.

Table 505.5A-1 provides guidance for on-sample test level simulated solar radiation intensity and uniformity
target values.

Definition: Spectral Power Distribution: The relative power emitted by a source as a function of wavelength.
(The Photonics Dictionary, 2002 48™ edition)

1. Examples.

The following examples are to illustrate possible test configurations and instrument placement. As each test is
performed to accomplish specific evaluations and address specific system performance criteria, these examples is for
illustration only with actual test configuration to be performed according to the test plan and as agreed between the
contractual parties.

1.1 When setting up a solar radiation test the following steps can be employed:
a. Establish a £10% uniformity value over an established test plane appropriate for the test item.
A grid pattern appropriate for the size of the test item is established, and the solar radiation system is adjusted

to provide a uniform exposure over the test plane. During this process, either multiple radiometers or a single
radiometer is used and moved to positions required for solar radiation uniformity verification.
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Figure 505.5C-1. Example of establishing target and uniformity levels over surface target plane.
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If the test item is available, the test can be run using an established test plane or the actual surface of the test
item. The test plane approach is best if the test item surfaces are in a reasonably horizontal plane with minimal

height differences.

When the actual test surface is used for test set-up, a grid pattern is applied to the primary surfaces to establish
solar radiation uniformity and, if desired, radiometers are placed at reference locations during the test to record

and monitor radiation levels during the test.

Target 71ane

Figure 505.5C-2. Example 1 — Flat surface exposure.
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Figure 505.5C-3. Example 2 — Test item surface shape exposure.
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c. Test items with extreme height differences by require multiple test planes. For example, if a system has a
raised antenna and an electronics enclosure at a lower height, a multiple test plane configuration would allow
the best test results. In this case the upper test plane will receive the proper radiation by the main overhead
simulated solar source, and an auxiliary simulated solar source is needed to provide the correct radiation level

to the secondary test plane.

Figure 505.5C-4. Example 3 — Multiple solar surface target planes.
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d. Example of to calculate the Spectral Power Distribution at a given total irradiance level with reference to Table
505.5-1.

Table 505.5C-11. Example calculation of spectral energy distribution and permitted tolerance.

Spectral Bandwidth Natural Tolerance Calculated Irradiance Tolerances For
Region (nm) Radiation (% of total) a Given Total Irradiance (W/m2) = 822.5
(% of total)
Min Max Nominal Min Max
Ultraviolet - B 280-320 0.5 0.3 0.7 41 2.5 2.5 5.8 5.8
. 320-360 2.4 1.8 3 19.7 14.8 24.7
Ultraviolet - A 350 400 3.2 24 | 44 26.3 197 | 34° 3 | 009
400-520 17.9 16.1 19.7 147.2 132.4 162
Visible 520-640 16.6 14.9 18.3 136.5 122.6 | 360.3 | 150.5 | 468.8
640-800 17.3 12.8 19 142.3 105.3 156.3
Infrared 800-3000 42.1 33.7 50.5 346.3 2772 | 2772 | 4154 | 4154

For each bandwidth:

Natural _Radiation (% _of _total)

Nominal Irradiance = Total _ Irradiance x
100%

Tolerance (% _of _total)  Min
100%

Min Irradiance = Total _ Irradiance x

Tolerance (% _of _total) _Max

Max Irradiance = Total _ Irradiance x
100%

Therefore, for a total irradiance of 822.5 W/m? the tolerances for the Ultraviolet-B (UVB) band would be:

i . _ W 0.5% _ W ~ W
Nominal Irradiance = 822.5 %nleoO% 4.1125 42_4.1 %nz

. i _ W 03% _ W ~ W
Min Irradiance = 822.5 %nZXlOO% 2.4675 42_2.5 %nz

S W 0.7%= W/ ~caW
Max Irradiance = 822.5 AWZX].OO% 5.7575 42_5.8 %nz
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METHOD 506.5
RAIN

NOTE: Tailoring is essential. Select methods, procedures and parameter levels based on the
tailoring process described in Part One, paragraph 4.2.2, and Annex C. Apply the general
guidelines for laboratory test methods described in Part One, paragraph 5 of this standard.

1. SCOPE.

1.1 Purpose.
The purpose of this method is to help determine the following with respect to rain, water spray, or dripping water:
a. The effectiveness of protective covers, cases, and seals in preventing the penetration of water into the
materiel.

b. The capability of the materiel to satisfy its performance requirements during and after exposure to water.
c. Any physical deterioration of the materiel caused by the rain.
d. The effectiveness of any water removal system.

e. The effectiveness of protection offered to a packaged materiel.

1.2 Application.

Use this method to evaluate materiel likely to be exposed to rain, water spray, or dripping water during storage,
transit, or operation. If the materiel configuration is the same, the immersion (leakage) test (Method 512.5) is
normally considered to be a more severe test for determining if water will penetrate materiel. There is generally no
need to subject materiel to a rain test if it has previously passed the immersion test and the configuration does not
change. However, there are documented situations in which rain tests revealed problems not observed during
immersion tests due to differential pressure. Additionally, the immersion test may be more appropriate if the
materiel is likely to be placed on surfaces with significant amounts of standing water. In most cases, perform both
tests if appropriately identified in the life cycle profile.

1.3 Limitations.

a. Since any test procedure involved would be contingent on requirements peculiar to the materiel and the
facility employed, a standardized test procedure for rain erosion is not included in this method. Where a
requirement exists for determining the effects of rain erosion on radomes, nose cones, fuzes, etc., consider
using a rocket sled test facility or other such facility.

b. Because of the finite size of the test facilities, it may be difficult to determine atmospheric rain effects such
as on electromagnetic radiation and propagation.

c. This method is not intended for use in evaluating the adequacy of aircraft windshield rain removal
provisions.

d. This method doesn’t address pressure washers or decontamination devices.

e. This method may not be adequate for determining the effects of extended periods of exposure to rain, or for
evaluating materiel exposed to only light condensation drip rates (lower than 140 L/m?/hr) caused by an
overhead surface. For this latter case, the aggravated humidity cycle of Method 507.5 will induce a
significant amount of free water on both inside and outside surfaces.

2. TAILORING GUIDANCE.

2.1 Selecting the Rain Method.

After examining the requirements documents and applying the tailoring process in Part One of this standard to
determine where rain is foreseen in the life cycle of the materiel, use the following to aid in selecting this method
and placing it in sequence with other methods. The term "rain" encompasses the full range of "free water" (blowing,
steady state, drip) tests included in this method.

2.1.1 Effects of rain environments.

Rain (when falling, upon impact, and as deposited as pooled water) has a variety of effects on materiel. Consider the
following typical problems to help determine if this method is appropriate for the materiel being tested. This list is not
intended to be all-inclusive and some of the examples may overlap the categories.
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2.1.1.1 In the atmosphere.
In the atmosphere the effects resulting from exposure to these environments include:

a. Interference with or degradation of radio communication.
b. Limited radar effectiveness.

c. Limited aircraft operations due to restricted visibility and decreased lift from wing surfaces (excessive rain
rates only).

Damage to aircraft in flight.

Affect on artillery and missile launching.

Degradation or negation of optical surveillance.

Decreased effectiveness of personnel in exposed activities.
Premature functioning of some fuses.

i. Inhibited visibility through optical devices.

2.1.1.2 Onimpact.
On impact it erodes surfaces.

T a oo

2.1.1.3 After deposition and/or penetration.
After deposition and/or penetration, the effects resulting from exposure to these environments include:

a. Degraded strength/swelling of some materials.

Increased corrosion potential, erosion, or even fungal growth.
Increased weight.

Electrical or electronic apparatus become inoperative or unsafe.
Malfunction of electrical materiel.

Freezing inside materiel that may cause delayed deterioration and malfunction by swelling or cracking of
parts.

g. Modified thermal exchange.
h.  Slower burning of propellants.
2.1.2 Sequence among other methods.
a. General. See Part One, paragraph 5.5.

b. Unique to this method. This method is applicable at any stage in the test program, but its effectiveness in
determining the integrity of an enclosure is maximized if it is performed after the dynamic tests.

-~ o a0 o

2.2 Selecting Procedures.
This method includes three rain-related test procedures: Procedure | (Rain and Blowing Rain), Procedure Il
(Exaggerated), and Procedure Il (Drip). Before conducting the test, determine which test procedure(s) and test
conditions are appropriate.

2.2.1 Procedure selection considerations.
Differences among rain test procedures are explained below. Select the procedure that represents the most severe
exposure anticipated for the materiel commensurate with materiel size. When selecting a procedure, consider:

a. The materiel configuration.
The logistical and operational requirements (purpose) of the materiel.
The operational purpose of the materiel and data to verify it has been met.

The natural exposure circumstances.
Procedure sequence.

S

2.2.2 Difference among procedures.

a. Procedure | - Rain and Blowing Rain. Procedure | is applicable for materiel that will be deployed out-of-
doors and which will be unprotected from rain or blowing rain. The accompanying wind velocity can vary
from almost calm to extremely high. Consider using Procedure Il for materiel that cannot be adequately
tested with this procedure because of its (large) size.
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b. Procedure 1l - Exaggerated. Consider Procedure Il when large (shelter-size) materiel is to be tested and a
blowing-rain facility is not available or practical. This procedure is not intended to simulate natural rainfall
but will provide a high degree of confidence in the watertightness of materiel.

c. Procedure 11l - Drip. Procedure Il is appropriate when materiel is normally protected from rain but may
be exposed to falling water from condensation or leakage from upper surfaces. There are two variations to
the drip test: (1) for materiel that may experience falling water (generally from condensation), and (2) for
materiel that may be subjected to heavy condensation or leaks from above.

2.3 Determine Test Levels and Conditions.

Having selected this method and relevant procedures (based on the materiel's requirements documents and the
tailoring process), it is necessary to complete the tailoring process by selecting specific parameter levels and special
test conditions/techniques for these procedures based on requirements documents or Life Cycle Environmental
Profile (LCEP) (see Part One, Figure 1-1), and information provided with this procedure. From these sources of
information, determine the functions to be performed by the materiel in rain environments or following storage in
rain environments. Then determine the rainfall levels of the geographical areas and micro-environments in which
the materiel is designed to be employed. 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.

2.3.1 Test item configuration.
Perform the test using all the configurations in which the materiel may be placed during its life cycle. As a
minimum, consider the following configurations:

a. Inashipping/storage container or transit case.
b. Protected or not protected.

c. Inits operational configuration.

d. Modified with kits for special applications.

NOTE: Do not use any sealing, taping, caulking, etc., except as required by the design
specification for the materiel. Unless otherwise specified, do not use test items that have
surface contamination such as oil, grease, or dirt that could prevent wetting.

2.3.2 Rainfall / Drip rate.

a. Procedure I: The rainfall rate used in Procedure | may be tailored to the anticipated deployment locale
and duration. Although various rainfall intensities have been measured in areas of heavy rainfall,
recommend a minimum rate of 1.7 mm/min (4 in/hr) since it is not an uncommon occurrence, and
would provide a reasonable degree of confidence in the materiel. MIL-HDBK-310 (paragraph 6.1,
reference a) contains further information.

b. Procedure Il: This procedure uses (as a guideline) a 276 kPa (40 psig) nozzle pressure that should
produce water droplets traveling at approximately 64 km/h (40 mph) when using a nozzle such as
specified in paragraph 4.1.2.

c. Procedure IlI: The drip test has a requirement for a volume of water greater than 280 I/m?hr (7
gal/ft’/hr) dripping through a pre-determined hole pattern. An alternative requirement is for items
exposed only to 140 L/m?/hr: Appropriately reduce the drip rate as long as the duration of the test is
extended to 30 minutes to ensure the equivalent volume of water falls on the test item.

2.3.3 Droplet size.

Nominal drop-size spectra exist for instantaneous rainfall rates but for the long-term rainfall rates they are
meaningless since rates are made up of many different instantaneous rates possessing different spectra (paragraph
6.1, reference a). For Procedures | and I1, use droplet sizes predominantly in the range of approximately 0.5mm in
diameter (that is considered to be mist or drizzle rather than rain (paragraph 6.1, reference b), to 4.5mm in diameter
(paragraph 6.1, reference c). For drip tests using dispensing tubes (Figure 506.5-1), polyethylene tubing sleeves
added to the dispensing tubes will increase the droplet size to its maximum.

1/Observations show there are no drops of less than roughly 0.5 mm diameter during intense rains (reference 6.1b).
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NOTE: Observations have shown that water droplets introduced into a high velocity air
stream tend to break up over distance (paragraph 6.1, references d and e). Accordingly,
recommend introducing the droplets as close as possible to the test item while assuring the
droplets achieve the required velocity prior to impact with the test item.

2.3.4 Wind velocity.

High rainfall intensities accompanied by winds of 18m/s (40 mph) are not uncommon during storms. Unless
otherwise specified or when steady state conditions are specified, recommend this velocity. Where facility
limitations preclude the use of wind, use Procedure II.

Note: Without straightening vanes, fans may not produce the required wind velocity near the center
of the wind stream.

2.3.5 Test item exposure surface (orientation).

Wind-blown rain will usually have more of an effect on vertical surfaces than on horizontal surfaces, and vice versa
for vertical or near-vertical rain. Expose all surfaces onto which the rain could fall or be driven to the test
conditions. Rotate the item as required to expose all vulnerable surfaces.

2.3.6  Water pressure.

Procedure Il relies on pressurized water. Vary the pressure as necessary to comply with the requirement’s
documents, but a minimum value of 276 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 4.1.2 is used.

2.3.7 Preheat temperature.

Experience has shown that a temperature differential between the test item and the rainwater can affect the results of
a rain test. When specified for nominally sealed items, increasing the test item temperature to about 10°C higher
than the rain temperature at the beginning of each exposure period to subsequently produce a negative pressure
inside the test item will provide a more reliable verification of its watertightness. Ensure the heating time is the
minimum required to stabilize the test item temperature, and not sufficient to dry the test item when not opened
between exposures.

2.3.8 Exposure duration.

Determine the exposure duration from the life cycle profile, but do not use a duration less than that specified in the
individual procedures. For items made of material that may absorb moisture, the duration may have to be
significantly extended to reflect real life cycle circumstances and, for drip tests, the drip rate appropriately reduced.
With certain materials, the water penetration and thus the degradation is more a function of time (length of
exposure) than the volume or rain/drip rate exposure.

3. INFORMATION REQUIRED.
3.1 Pretest.
The following information is required to conduct rain tests adequately.
a. General. Information listed in Part One, paragraphs 5.7 and 5.9, and Annex A, Task 405 of this standard.
b. Specific to this method.
(1) Rainfall rate.
(2) Exposure surfaces/duration.
(3) Test item preheat temperature.
(4) Initial water temperature.
(5) Wind velocity.
(6) Water pressure (if appropriate).

c. Tailoring. Necessary variations in the basic test procedures to accommodate LCEP requirements and/or
facility limitations.
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3.2 During Test.
Collect the following information during conduct of the test:

a.

General. Information listed in Part One, paragraph 5.10, and in Annex A, Tasks 405 and 406 of this
standard.

Specific to this method.

For test validation purposes, record deviations from planned or pre-test procedures or parameter levels,
including any procedural anomalies that may occur.

3.3 Post-test.
The following post test data shall be included in the test report.

a.
b.

General. Information listed in Part One, paragraph. 5.13, and in Annex A, Task 406 of this standard.
Specific to this method.

(1) Surfaces of the test item subjected to rainfall.

(2) Duration of exposure per face.

(3) Results of inspection for water penetration (amount and probable point of entry).

(4) Results of operational checks.

(5) Length of time for each performance check.

(6) Any modifications from the test plan.

4. TEST PROCESS.
4.1 Test Facility.
4.1.1 Procedure |I. Rain & Blowing Rain.

a.

Use a rain facility capable of producing falling rain at the rate specified herein. To produce the rain, use a
water distribution device that produces droplets having a diameter range predominantly between 0.5 mm
and 4.5 mm. Ensure the rain is dispersed completely over the test item when accompanied by the
prescribed wind. A water-soluble dye such as fluorescein may be added to the rainwater to aid in locating
and analyzing water leaks. For steady state rain, use either spray nozzles or the apparatus shown in Figure
506.5-1 (with the polyethylene tubing removed), and position the dispenser at a height sufficient to ensure
the drops approach terminal velocity (about 9m/s). It is not necessary to use de-ionized or distilled water
for this test.

Position the wind source 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. Use a wind source
that can produce horizontal wind velocities equal to and exceeding 18 m/s. Measure the wind velocity at
the position of the test item before placement of the test item in the facility. Do not allow rust or corrosive
contaminants on the test item.
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WATER SUPPLY
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Figure 506.5-1. Sample facility for steady state rain or drip test.

4.1.2 Procedure Il. Exaggerated.
Use nozzles that produce a square spray pattern or other overlapping pattern (for maximum surface coverage) and

with a droplet size predominantly in the 0.5 to 4.5mm range at approximately 276 kPa. Use at least one nozzle for
each 0.56m’ (6 ft?) of surface area and position each about 48 cm from the test surface. Adjust this distance as
necessary to achieve overlap of the spray patterns. A water-soluble dye such as fluorescein added to the rainwater
may aid in locating and analyzing any water leaks. For Procedure Il, position the nozzles as required by the test plan
or as depicted on Figure 506.5-2. Although Figure 506.5-2 shows an S-280 shelter, the nozzle configuration is
typical for larger test items. In general, ensure the sides and top of the test item are subjected to overlapping water

spray patterns.
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NOZZLE
(TYPICAL)

* Adjust as necessary to get spray overlap

NOTE: Dimensions are in cm. Ensure nozzles are perpendicular
to the surface(s) and situated such that each surface
(especially vulnerable areas) is sprayed.

Figure 506.5-2. Typical nozzle setup for exaggerated test, Procedure Il (not intended for use when
conducting Procedure | testing).

4.1.3 Procedure Ill. Drip.

Use a test setup that provides a volume of water greater than 280 I/m?hr (7 gal/ft®/hr) dripping from a dispenser with
drip holes on a 20 to 25.4mm pattern (depending on which dispenser is used) but without coalescence of the drips
into a stream. Figures 506.5-1 and 506.4-3 provide possible dispenser designs. Either arrangement shown on Figure
506.5-1 is recommended over that of Figure 506.5-3 due to its simplicity of construction, maintenance, cost, and
reproducibility of tests. The polyethylene tubing is optional, but it ensures maximum droplet size. Use a drip height
that ensures terminal velocity of the droplets (approximately 9 m/s). Use a dispenser with a drip area large enough
to cover the entire top surface of the test item. For known conditions where a 280 L/m?/hr drip rate cannot occur,
test the item by reducing the drip rate and increasing the test duration. For example, for an item exposed only to 140
L/m?hr, appropriately reduce the drip rate as long as the duration of the test is extended to 30 minutes to ensure the
equivalent volume of water falls on the test item. A water-soluble dye such as fluorescein added to the rainwater
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may aid in locating and analyzing water leaks. Recommend the water be filtered using a fine sediment filter to
ensure particulate buildup does not block the tubing.

FLOWMETER I

WATER INLET

WATER DROPLETS
VALVE

1.5 mm DEEP DIMPLES PRESSED
INTO 0.8 mm BRASS PLATE
WITH 4.8 mm MILD STEEL
ROD WITH A5 mm END RADIUS

WATER
LEVEL

/—75mm
= — |
EL 4 _15mm@ImMPLES)
A

A

R

/— 25 mm (TYP)

(N f\_( )
\J\IJ\J

i/_ 25 mm (TYP)

y

AR AN AN
AN M AN
AN M A M
NP ARANY ANV AN

HOLES (0.33 mm DIA)
DRILLED THROUGH
DIMPLES IN 0.8 mm
BRASS PLATE

VIEW A-A

Figure 506.5-3. Details of dispenser for drip test, Procedure I11.

4.2 Controls.
a. For Procedures I and 11, verify the rainfall rate immediately before each test.
b. For Procedure I, verify the wind velocity immediately before each test.
c. For Procedures I and 11, verify the nozzle spray pattern and pressure before each test.
d. For Procedure 111, verify the flow rate immediately before and after the test to ensure test tolerances are met
throughout the test, and ensure that only separate (or discrete) drops are issuing from the dispensers.
e. Unless otherwise specified, water used for rain tests can be from local water supply sources.
f. Record test parameters at a sufficient rate to capture data necessary for post-test analysis (see Part One,

paragraph 5.18).
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4.3 Test Interruption.

Test interruptions can result from two or more situations, one being from failure or malfunction of test chambers or
associated test laboratory equipment. The second type of test interruption results from failure or malfunction of the
test item itself during required or optional performance checks.

4.3.1 Interruption due to chamber malfunction.
a. General. See Part One, paragraph 5.11 of this standard.

b. Specific to this method. Interruption of a rain test is unlikely to generate any adverse effects. Normally,
continue the test from the point of interruption.

4.3.2 Interruption due to test item operation failure.
Failure of the test item(s) to function as required during mandatory or optional performance checks during testing
presents a situation with several possible options.

a. The preferable option is to replace the test item with a “new” one and restart from Step 1.

b. A second option is to replace / repair the failed or non-functioning component or assembly with one that
functions as intended, and restart the entire test from Step 1.

4.4 Execution.
The following steps, alone or in combination, provide the basis for collecting necessary information concerning the
materiel's watertightness.

4.4.1 Preparation for test.

4.4.1.1 Preliminary steps.

Before starting the test, review pretest information in the test plan to determine test details (e.g., procedures, test
item configuration/orientation, cycles, durations, parameter levels for storage/operation, rainfall rates and wind
velocities (for Procedures 1), etc.). (See paragraph 3.1, above.)

4.4.1.2 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 (Part One, paragraph 5.1), in the test chamber
whenever possible.

Step 2. Conduct a complete pretest examination and document the results.

Step 3. Prepare the test item in accordance with Part One, paragraph 5.8 and in the required test item
configuration.

Step 4. To establish baseline data, conduct an operational checkout in accordance with the test plan, and
record the results.

Step 5. If the test item operates satisfactorily, proceed to paragraph 4.4.2, 4.4.3, or 4.4.4 as appropriate. If not,
resolve the problems and repeat Steps 3 and 4 above.

4.4.2 Procedure | - Rain and blowing rain.

Step 1. If the temperature differential between the water and the test item is less than 10°C, either heat the test
item to a higher temperature than the rain water (see paragraph 2.3.7) such that the test item
temperature has been stabilized at 10 +2°C above the rain water temperature at the start of each
exposure period (see paragraph 2.3.7), or cool the water. Restore the test item to its normal operating
configuration immediately before testing.

Step 2. With the test item in the facility and in its normal operating position, adjust the rainfall rate as
specified in the test plan.
Step 3. Initiate the wind at the velocity specified in the test plan and maintain it for at least 30 minutes.

Step 4. If required, operate the test for the last 10 minutes of the 30-minute rain. If the test item fails to
operate as intended, follow the guidance in paragraph 4.3.2 for test item failure.

Step 5. Reheat the test item. Rotate the test item to expose it to the rain and blowing wind source to any other
side of the test item that could be exposed to blowing rain in its deployment cycle.

Step 6. Repeat Steps 1 through 4 until all surfaces have been tested.
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Step 7. Examine the test item in the test chamber (if possible), otherwise, remove the test item from the test
facility and conduct a visual inspection. If water has penetrated the test item, judgment must be used
before operation of the test item. It may be necessary to empty water from the test item (and measure
the quantity) to prevent a safety hazard.

Step 8. Measure and document any free water found inside the protected areas of the test item.
Step 9. If required, operate the test item for compliance with the requirements document, and document the
results. See paragraph 5 for analysis of results.
4.4.3 Procedure Il - Exaggerated.
Step 1. Install 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 on Figure 506.5-2.
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. Conduct an operational check of the test item as specified in the test plan, and document the results.
See paragraph 5 for analysis of results.

4.4.4 Procedure Il - Drip.

Step 1. Install the test item in the facility in accordance with Part One, paragraph 5.8 and in its operational
configuration with all connectors and fittings engaged. Ensure the temperature differential between the
test item and the water is 10°C or greater. If necessary, either raise the test item temperature or lower
the water temperature to achieve the differential in paragraph 2.3.7, and restore the test item to its
normal operating configuration immediately before testing.

Step 2. With the test item operating, subject it to water falling from a specified height (no less than 1 meter (3
feet)) as measured from the upper main surface of the test item at a uniform rate for 15 minutes or as
otherwise specified (see Figure 506.5-1 or Figure 506.5-3). Use a test setup that ensures that all of the
upper surfaces get droplets on them at some time during the test. For test items with glass-covered
instruments, tilt them at a 45° angle, dial up. If the test item fails to operate as intended, follow the
guidance in paragraph 4.3.2 for test item failure.

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 to be seen.

Step 4. Visually inspect the test item for evidence of water penetration.
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.
See paragraph 5 for analysis of results.

5. ANALYSIS OF RESULTS.

In addition to the guidance provided in Part One, paragraphs 5.14 and 5.17, the following information is provided to
assist in the evaluation of the test results. Analyze any failure of a test item to meet the requirements of the materiel
specifications and consider related information such as follows.

5.1 Operational Failures.
a. Degradation allowed in the performance characteristics because of rainfall exposure.
b. Necessity for special kits for special operating procedures.
c. Safety of operation.

5.2 Water Penetration.

Based on the individual materiel and the requirements for its non-exposure to water, determine if one of the
following is applicable:

a. Unconditional failure. Any evidence of water penetration into the test item enclosure following the rain
test.
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Acceptable water penetration. Water penetration of not more than 4 cm® per 28,000 cm?® (1 ft°) of test item
enclosure provided the following conditions are met:

(1) There is no immediate effect of the water on the operation of the materiel.

(2) The test item in its operational configuration (transit/storage case open or removed) can successfully
complete the aggravated temperature/humidity procedure of Method 507.5.
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METHOD 507.5
HUMIDITY

NOTE: Tailoring is essential. Select methods, procedures, and parameter levels based on the
tailoring process described in Part One, paragraph 4.2.2, and Annex C. Apply the general
guidelines for laboratory test methods described in Part One, paragraph 5 of this standard.
MIL-STD-810F contained only one procedure which is now procedure 11 of this method.

1. SCOPE.

1.1 Purpose.
The purpose of this method is to determine the resistance of materiel to the effects of a warm, humid atmosphere.

1.2 Application.

This method applies to materiel that is likely to be stored or deployed in a warm, humid environment, an
environment in which high levels of humidity occur, or to provide an indication of potential problems associated
with humidity. Although it is preferable to test materiel at appropriate natural environment sites, it is not always
practical because of logistical, cost, or schedule considerations. Warm, humid conditions can occur year-round in
tropical areas, seasonally in mid-latitude areas, and in materiel subjected to combinations of changes in pressure,
temperature, and relative humidity. Often materiel enclosed in non-operating vehicles in warm, humid areas can
experience high internal temperature and humidity conditions. Other high levels of humidity can exist worldwide.
Further information on high temperatures and humidity is provided in AR 70-38 (paragraph 6.1, reference a), MIL-
HDBK-310 (paragraph 6.1, reference b), or NATO STANAG 4370, AECTP 200, Category 230, Section 2311
(paragraph 6.1, reference c). See also Part Three of this document.

1.3 Limitations.

This method may not reproduce all of the humidity effects associated with the natural environment such as long-
term effects, nor with low humidity situations. This method does not attempt to duplicate the complex
temperature/humidity environment but, rather, it provides a generally stressful situation that is intended to reveal
potential problem areas in materiel. This method includes natural and induced temperature/humidity cycles (for
guidance purposes) for identified climatic categories, but these cycles cannot replicate naturally-occurring
environments. Testing in the natural environment, whenever practical, may provide more valuable results.
Specifically, this method does not address:

a. Condensation resulting from changes of pressure and temperature for airborne or ground materiel.

b. Condensation resulting from black-body radiation (e.g., night sky effects).

c. Synergistic effects of solar radiation, humidity, or condensation combined with biological and chemical
contaminants.

d. Liquid water trapped within materiel or packages and retained for significant periods.

e. This method is not intended for evaluating the internal elements of a hermetically sealed assembly since
such materiel is air-tight.

2. TAILORING GUIDANCE.

2.1 Selecting the Humidity Method.

After examining requirements documents and applying the tailoring process in Part One of this standard to
determine if warm temperature/humidity conditions are anticipated in the life cycle of materiel, use the following to
confirm the need for this method and to place it in sequence with other methods.

NOTE: Consider the potential synergistic effects of temperature, humidity, and altitude,
and the use of Method 520.3 in addition to this method.

2.1.1 Effects of warm, humid environments.
Temperature-humidity conditions have physical and chemical effects on materiel; the temperature and humidity
variations can also trigger synergistic effects or condensation inside materiel. Consider the following typical
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problems to help determine if this method is appropriate for the materiel being tested. This list is not intended to be
all-inclusive.

a. Surface effects, such as:
(1) Oxidation and/or galvanic corrosion of metals.
(2) Increased chemical reactions.
(3) Chemical or electrochemical breakdown of organic and inorganic surface coatings.
(4) Interaction of surface moisture with deposits from external sources to produce a corrosive film.
(5) Changes in friction coefficients, resulting in binding or sticking.
b. Changes in material properties, such as:
(1) Swelling of materials due to sorption effects.
(2) Other changes in properties.
(a) Loss of physical strength.
(b) Electrical and thermal insulating characteristics.
(c) De-lamination of composite materials.
(d) Change in elasticity or plasticity.
(e) Degradation of hygroscopic materials.
(f) Degradation of explosives and propellants by absorption.
(g) Degradation of optical element image transmission quality.
(h) Degradation of lubricants.
c. Condensation and free water, such as:
(1) Electrical short circuits.
(2) Fogging of optical surfaces.
(3) Changes in thermal transfer characteristics.

2.1.2 Sequence among other methods.
a. General. See Part One, paragraph 5.5.

b. Unique to this method. Humidity testing may produce irreversible effects. If these effects could
unrealistically influence the results of subsequent tests on the same item(s), perform humidity testing
following those tests. Also, because of the potentially unrepresentative combination of environmental
effects, it is generally inappropriate to conduct this test on the same test sample that has previously been
subjected to salt fog, sand and dust, or fungus tests. Dynamic environments (vibration & shock) could
influence the results of humidity testing. Consider performing these dynamic tests prior to humidity
tests.

2.2 Selecting Procedures
This method consists of two procedures, Procedure | (Induced (Storage & Transit) and Natural and Cycles), and
Procedure 1l (Aggravated). Determine the procedure(s) to be used.

NOTE: The materiel’s anticipated Life Cycle Environmental Profile (LCEP) may reveal other
scenarios that are not specifically addressed in the procedures. Tailor the procedures as necessary
to capture the LCEP variations, but do not reduce the basic test requirements reflected in the below
procedures.  (See paragraph 2.3 below.) Consider the potential synergistic effects of
temperature, altitude, and humidity, and the use of Method 520.3 in addition to this method.

2.2.1 Procedure selection considerations.
a. The operational purpose of the materiel.

b. The natural exposure circumstances.
c. Test data required to determine if the operational purpose of the materiel has been met.
d. Test duration.
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2.2.2 Difference between procedures. (See paragraph 1.3c for related information on limitations.)
a. Procedure | — Induced (Storage & Transit) and Natural and Cycles. Once a cycle is selected, perform the
storage & transit portion first, followed by the corresponding natural environment portion of the cycle.
Procedure | includes:

(1) three unique cycles that represent conditions that may occur during storage or transit, as well as
(2) three unique natural environment cycles that are performed on test items that are open to the environment.

NOTE: Although combined under one major column in Table 507.5-1, storage configurations (and
any packaging) may differ from configurations for the transit mode (see paragraph 2.3.3). Ensure
the configuration used for testing is appropriate for the intended portion of the LCEP. Items in
storage or transit could also experience relatively constant conditions if situated near heat-
producing equipment, or are sufficiently insulated from external cycling conditions. For the
purpose of this test, a “sealed” item is one that could have a relatively high internal level of
humidity and lacks continuous or frequent ventilation. It does not include hermetically sealed

The internal humidity may be caused by these or other mechanisms:
(@) Entrapped, highly humid air.
(b) Presence of free water.
(c) Penetration of moisture through test item seals (breathing).
(d) Release of water or water vapor from hygroscopic material within the test item.

b. Procedure Il — Aggravated. Procedure Il exposes the test item to more extreme temperature and humidity
levels than those found in nature (without contributing degrading elements), but for shorter durations. Its
advantage is that it produces results quickly, i.e., it may, generally, exhibit temperature-humidity effects
sooner than in the natural or induced procedures. Its disadvantage is that the effects may not accurately

represent those that will be encountered in actual service. Be careful when interpreting results. This
procedure is used to identify potential problem areas, and the test levels are fixed.

2.3 Determine Test Levels, Conditions, and Durations.

Related test conditions depend on the climate, duration, and test item configuration during shipping, storage, and
deployment. The variables common to both procedures are the temperature-humidity cycles, duration, and
configuration. These variables are discussed below. Requirements documents may impose or imply additional test
conditions. Otherwise, use the worst-case conditions to form the basis for selecting the test and test conditions to use.

2.3.1 Test temperature-humidity.

The specific test temperature-humidity values are selected, preferably, from the requirements documents. If this
information is not available, base determination of the test temperature-humidity values for Procedure I on the world
geographical areas in which the test item will be used, plus any additional considerations. Table 507.5-1 was
developed from AR 70-38 (paragraph 6.1, reference a), MIL-HDBK-310 (paragraph 6.1, reference b), NATO
STANAG 4370 (paragraph 6.1, reference d), AECTP 200 (paragraph 6.1, reference e), and NATO STANAG 4370,
AECTP 200, Category 230, Section 2311 (paragraph 6.1, reference c, (part three)) and includes the temperature and
relative humidity conditions for three geographical categories where high relative humidity conditions may be of
concern, and three related categories of induced conditions. The temperature and humidity data are those used in the
source documents mentioned above. The cycles were derived from available data; other geographic areas could be
more severe. For Procedure I, the temperature and humidity levels in Table 507.5-1 are representative of specific
climatic areas; the natural cycles are not adjustable. Figures 507.5-1 through 507.5-6 are visual representations of
the cycles in Table 507.5-1.

Basic high humidity conditions are found most often in tropical areas, although they occur briefly or seasonally in
the mid-latitudes. One of the two high humidity cycles (constant high humidity) represents conditions in the heavily
forested areas where nearly constant conditions may prevail during rainy and wet seasons. Exposed materiel is
likely to be constantly wet or damp for many days at a time. A description of each category follows.

a. Constant high humidity (Cycle B1). Constant high humidity is found most often in tropical areas, although
it occurs briefly or seasonally in the mid-latitudes. The constant-high-humidity cycle represents conditions
in heavily forested areas where nearly constant temperature and humidity may prevail during rainy and wet
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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 many equatorial areas, it occurs monthly, year round, although many equatorial areas
experience a distinctive dry season. The frequency decreases as the distance from the equator increases.
The mid-Ilatitudes can experience these conditions several days a month for two to three months a year. See
Part Three for further information on the description of the environments.

Cyclic high humidity (Cycle B2). Cyclic high humidity conditions are found in the open in tropical areas
where solar radiation is a factor. If the item in its operational configuration is subject to direct solar
radiation exposure, it is permissible to conduct the natural cycle with simulated solar radiation. See Part
Three, Table VII for the associated B2 diurnal solar radiation parameters. 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. Cycle B2 conditions occur in the same geographical areas as
the Cycle B1 conditions, but the B1 conditions typically are encountered under a jungle canopy, so the B1
description above also applies to the B2 area.

Hot-humid (Cycle B3). 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.. If the item in its operational configuration is subject to direct
solar radiation exposure, it is permissible to conduct the natural cycle with simulated solar radiation. See
Part Three, Table V for the associated B3 diurnal solar radiation parameters. Most of the year these same
areas experience hot dry (A1) conditions. This cycle is unique to materiel to be deployed specifically in the
Persian Gulf or Red Sea regions, and is not to be used as a substitute for worldwide exposure requirements
where B1 or B2 would apply.

In addition to these three categories of natural high-humidity conditions, there are three cycles for induced (storage and
transit) conditions:

d.

Induced constant high humidity (Cycle B1). Relative humidity above 95 percent in association with nearly
constant 80°F (27°C) temperature occurs for periods of a day or more.

Induced variable-high humidity (Cycle B2). This condition exists when materiel in the
variable-high-humidity category receives heat from solar radiation with little or no cooling air. See storage
and transit conditions associated with the hot-humid daily cycle of the hot climatic design type below in
Table 507.5-1.

f. Induced hot-humid (Cycle B3). This condition exists when materiel in the hot-humid category receives heat

from solar radiation with little or no cooling air. The daily cycle for storage and transit in Table 507.5-1
shows 5 continuous hours with air temperatures at or above 150°F (66°C), and an extreme air temperature
of 160°F (71°C) for not more than 1 hour.

507.5-4



MIL-STD-810G
METHOD 507.5

Table 507.5-1. High humidity diurnal categories.

Natural* Induced (Storage & Transit)
Consta:[lgh Humldc!%ic Hot Humid Constant Cyclic Hot Humid
Time | emp. High RH (Cycle B3) Temp. High RH (Cycle B3)
(Cycle BY) (Cycle B2) (Cycle B1) (Cycle B2)

Temp. RH Temp. RH Temp. RH || Temp. RH Temp. RH Temp. RH

% |°F °C % | F °C % % °F °C % |°F °C %

0000 100° | 80 27 100 | 8 31 88 100° 91 33 68 95 35 63
0100 100 | 80 27 100 | 8 31 88 100 91 33 69 95 35 67
0200 00 | 79 26 100 | 8 31 88 100 9 32 70 94 34 72
0300 100 |79 26 100 | 8 31 88 100 9 32 71 94 34 75
0400 00 | 79 26 100 | 8 31 88 100 88 31 T2 93 34 77
0500 s 100 |78 26 100 | 8 31 88 s 100 86 30 74 92 33 79
0600 3 100 | 78 26 100| 90 32 85 3 100 88 31 75 91 33 80
0700 § 98 | 81 27 94| 93 34 80 § 98 93 34 64 97 36 70
0800 g 97 |8 29 88| 96 36 76 2 97 101 38 54 104 40 54
0900 5 95 |87 31 82| 98 37 73 5 95 107 42 43 111 44 42
1000 5 9% |8 3 79 | 100 38 69 E 95 113 45 36 124 51 31
1100 2 95 | 92 33 77 | 102 39 65 2 95 124 51 29 135 57 24
1200 T ! 75| 104 40 62 = 95 134 57 22 144 62 17
130 | £ 95 |94 34 74105 41 59| ¥ 95 |42 61 21 |151 66 16
1400 © 95 | 95 35 74 | 105 41 59 © 95 145 63 20 156 69 15
1500 § 95 | 95 35 74 (105 41 59 N 95 145 63 19 160 71 14
1600 S 95 |93 34 76 | 105 41 59 = 95 144 62 20 156 69 16
1700 § 95 | 92 33 79 (102 39 65 § 95 140 60 21 151 66 18
1800 § 95 | 90 32 82| 99 37 69 § 95 134 57 22 145 63 21
1900 % 97 |88 31 86| 97 36 73 5 97 122 50 32 136 58 29
2000 Z 98 |8 29 91| 94 34 79 z 98 111 44 43 122 50 41
2100 100 | 83 28 95| 91 33 85 100 101 38 54 105 41 53
2200 100 | 82 28 9% | 90 32 85 100 95 35 59 103 39 58
2300 100 | 8 27 100| 89 32 88 100 93 34 63 99 37 62
2400 100 | 8 27 100 | 88 31 88 100 91 33 68 9% 35 63

1 - - -
Temperature and humidity values are for ambient air.

2 For chamber control purpose, 100% RH implies as close to 100% RH as possible, but not less than 95%.

2.3.2 Test duration.

The number of temperature - humidity cycles (total test time) is critical in achieving the purpose of the test. The
durations provided in Table 507.5-11 are minimum durations and, in most cases, are far less than necessary to provide
an annual comparison. Apply the number of test cycles on a one-for-one basis, i.e., 45 cycles equates to 45 days in the
natural environment!, and is not related to any acceleration factor. For Procedure |, see Table 507.5-11 and use the
storage and transit durations for the appropriate cycle (B1, B2, or B3), followed by the corresponding natural cycle
duration. For Procedure Il guidance, see paragraph 2.3.2c below.

! See paragraph 3.1 for “simulation” limitations, as well as paragraph 2.6.2.
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NOTE: The climate station selected for these categories was Majuro, Marshall Islands (7°05" N,
171°23’E). The station is located at the Majuro Airport Weather Services building. This site is a
first-order U.S. weather reporting station. Majuro was selected over 12 available candidate stations
from around the world initially because it possessed the required temperature and precipitation
characteristics for the B1 category (resulting in high temperature — humidity conditions), and it met
the criteria for data availability and quality.

On the average, Majuro receives over 130” (3,300 mm) of rainfall annually. Over 250 days
experience rainfall >= 0.01” and over 310 days experience rainfall >= trace. Ten years of
continuous data were used for the analysis (POR: 1973-1982).

Groupings of consecutive days of rainfall (and resulting humidity) were then extracted. The longest
continuous streak of consecutive days >= trace was 51. A cumulative frequency curve was then
created. The recommended duration value of 45 days represents the 99" percentile value (actual
value = 98.64%).

NOTE: During or after this test, document any degradation that could contribute to failure of the test
item during more extensive exposure periods (i.e., indications of potential long term problems), or
during exposure to other deployment environments such as shock and vibration. Further, extend testing
for a sufficient period of time to evaluate the long-term effect of its realistic deployment duration
(deterioration rate becomes asymptotic).

a. Procedure | - Induced (Storage & Transit) Cycles

(1) 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 higher degree of confidence. Consequently, expose hazardous test items to
extended periods (double the normal periods) of conditioning, depending upon the geographical category to

which the materiel will be exposed (see Table 507.5-11, induced cycles B1 through B3).

(2) Non-hazardous test items. Induced conditions are much more severe than natural conditions, and potential
problems associated with high temperature/high humidity will thus be revealed sooner, and the results can
be analyzed, in most cases, with a higher degree of confidence. Expose non-hazardous test items to test
durations as specified in Table 507.5-11, induced cycles B1 through B3, depending upon the geographical

category to which the material will be exposed.
b. Procedure | - Natural Cycles

(1) Hazardous test items. Hazardous test items are those in which any unknown physical deterioration sustained
during testing could ultimately result in damage to materiel or injury or death to personnel when the test
item is used. Hazardous test items will generally require longer test durations than nonhazardous test items
to establish confidence in the test results. Twice the normal test duration is recommended (see Table

507.5-11, cycles B1 through B3).

(2) Nonhazardous test items. Nonhazardous test items should be exposed from 15 to 45 cycles of conditioning,
depending upon the geographical area to which the materiel will be exposed (see Table 507.5-11, cycles B1

through B3).
Table 507.5-11. Test Cycles (days).

MATERIEL NATURAL INDUCED (STORAGE & TRANSIT)
CATEGORY Cycle B1 Cycle B2 Cycle B3 Cycle B1 Cycle B2 Cycle B3
Hazardous Items 90 90 30 180 180 30
Normal Test Duration
Non-Hazardous Items 45 45 15 90 90 15
Normal Test Duration *

1 perform operational checks at least once every five days; more frequent checks may provide early detection of potential

problems.
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c. Procedure Il — Aggravated Cycle. For Procedure Il, in addition to a 24-hour conditioning cycle (paragraph
4.5.2), the minimum number of 24-hour cycles for the test is ten. Although the combined 60°C (140°F) and
95 percent RH does not occur in nature, this combination of temperature and relative humidity, has
historically proven adequate to reveal potential effects in most materiel. Extend the test as specified in the
test plan to provide a higher degree of confidence in the materiel to withstand warm, humid conditions. For
the test items incorporating seals to protect moisture-sensitive materials, e.g., pyrotechnics, longer test durations
may be required.

2.3.3 Test item configuration. During conduct of the temperature-humidity procedures of this method, configure the
test item 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
worst-case situations are encountered during its life cycle.

a. In its assigned shipping/storage container, or as installed in the end item.

b. Out of its shipping/storage container but not set up in its deployment mode.
c. In its operational mode (realistically or with restraints, such as with openings that are normally covered).

2.3.4. Additional guidelines. Review the requirements documents. Apply any additional guidelines necessary.
2.4 Operational checkout.

2.4.1 Procedure | (Induced cycles B1, B2, or B3, followed by natural cycles B1, B2, or B3)

a. Induced (storage and transit) cycles B1, B2, and B3 represent storage and transit environments. As such,
perform operational checkouts before and after each test.

b. Natural cycles B1 — B3 represent the operational environment, and, theoretically, the materiel could be
functioning non-stop in the natural environment. In this case, operate the test item continuously
throughout the test procedure. If shorter operational periods are identified in the requirements
document(s), operate the test item at least once every five cycles for a duration necessary to verify proper
operation. This operational checkout will help determine effects of the natural cycles on test item(s) as
soon as possible.

2.4.2 Procedure Il — Aggravated.

Procedure 11 does not represent naturally-occurring conditions; therefore it may produce an acceleration of potential
temperature-humidity effects. If the test item is intended to be operated in a warm, humid environment, perform at
least one operational checkout every five cycles during the periods shown on Figure 507.5-7.

2.5 Test Variations.
The most important ways the tests can vary are in the number of temperature-humidity cycles, relative humidity, and
temperature levels and durations, test item performance monitoring (where appropriate), and test item ventilation.

2.6 Philosophy of Testing.

The two test procedures in this method are intended to reveal representative effects that typically occur when
materiel is exposed to elevated temperature-humidity conditions in storage and transit, followed by actual service
where moderate to high instances of such an environment exist. (See paragraph 2.1.1 above for categories and
examples of these effects.) Test item failures do not necessarily indicate failures in the natural environment. Test
results must be evaluated accordingly. The most productive sequence of testing is to expose the test item to the
storage and transit environment, then follow it by exposure to the naturally occurring cycles anticipated for the
operational environment.

2.6.1 Procedure I — Induced (Storage and Transit) Cycles.

Three induced cycles in Table 507.5-1 and Figures 507.5-1 though 507.5-3 present what is referred to as “Storage
and Transit Conditions.” The most extreme of the three cycles (cycle B3) has five continuous hours with air
temperatures at or above 150°F (66°C), and an extreme air temperature of 160°F (71°C) for not more than 1 hour.
Testing for these conditions should be done, if practical, according to the daily cycle.
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Figure 507.5-1. Induced Cycle B1 — Storage and transit.

Table 507.5-111. Constant Temperature & Humidity — Induced Cycle B1.

Time Temp. RH Time Temp. RH

‘. °C % F_°C %
0000 100 1300 95
0100 100 1400 95
0200 = 100 1500 i 95
0300 o 100 1600 8 95
0400 O @ 100 1700 ©5 95
0500 S 3 100 1800 = g 95
0600 83 100 1900 £ 97
0700 s2 98 2000 23 98
0800 g3 97 2100 2E 100
0900 29 95 2200 8o 100
1000 $2 95 2300 =% 100
1100 95 2400 100
1200 95
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Figure 507.5-2. Induced Cycle B2 — Storage and transit.

Table 507.5-1V. Cyclic High Relative Humidity — Induced Cycle B2.

Time Temp. RH Time Temp. RH

°F °Cc % °F °C %
0000 91 33 68 1300 142 61 21
0100 91 33 69 1400 145 63 20
0200 90 32 70 1500 145 63 19
0300 90 32 71 1600 144 62 20
0400 88 31 72 1700 140 60 21
0500 86 30 74 1800 134 57 22
0600 88 31 75 1900 122 50 32
0700 93 34 64 2000 111 44 43
0800 101 38 54 2100 101 38 54
0900 107 42 43 2200 95 35 59
1000 113 45 36 2300 93 34 63
1100 124 51 29 2400 91 33 68
1200 134 57 22

507.5-9

Relative Humidity (%)




MIL-STD-810G
METHOD 507.5

Temperature (°C)

IN
S

90

80

90

JEN

80

o
o

N

\

70

i

3
o

S

o
<

e

o
o

o
A

30

_.\,___.\‘_‘//\_

N
o

]

20

~

30

10

\\-\.\/ —&—Deg C —®—% R.H.

20

0:00

4:00

8:00

12:00
Hour of Day

16:00

y 10
20:00 0:00

Relative Humidity (%)

Figure 507.5-3. Induced Cycle B3 — Storage and transit.

Table 507.5-V. Hot Humid — Induced Cycle B3.

Time Temp. RH Time Temp. RH

°F °C % °F °C %
0000 95 35 63 1300 151 66 16
0100 95 35 67 1400 156 69 15
0200 94 34 72 1500 160 71 14
0300 94 34 75 1600 156 69 16
0400 93 34 77 1700 151 66 18
0500 92 33 79 1800 145 63 21
0600 91 33 80 1900 136 58 29
0700 97 36 70 2000 122 50 41
0800 104 40 54 2100 105 41 53
0900 111 44 42 2200 103 39 58
1000 124 51 31 2300 99 37 62
1100 135 57 24 2400 95 35 63
1200 144 62 17
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2.6.2 Procedure I - Natural Cycles.

Three natural cycles in Table 507.5-1 and Figures 507.5-4 through 507.5-6 reflect data in specific climatic regions as
identified in AR 70-38 (paragraph 6.1, reference a) and NATO STANAG 4370, AECTP 200, Category 230, Section
2311 (paragraph 6.1, reference c). The complex temperature/humidity/solar radiation environment with its
associated antagonistic elements such as microbial growth, acidic atmosphere, and other biological elements
produce synergistic effects that cannot be practically duplicated in the laboratory. Coupled with these test data
interpretation problems are the extensive durations of real-world environments that, in most cases, are too lengthy to
realistically apply in the laboratory. Before undertaking such laboratory testing, consider testing in the natural
environment. Otherwise, exercise caution in applying such cycles and in interpreting test results.

50 110
40 100
~ \-\-\ _/'/./- g
e 2
o 5
5 E
® 30 90 3
5 I
o %}
g 2
(5} I}
= ksl
% - % - % L 3 % - % - % % % L 3 % - % - - L 3 % - L 3 14
20 80
10 70
0:00 4:00 8:00 12:00 16:00 20:00 0:00
Hour of Day

Figure 507.5-4. Natural Cycle B1 - Constant high humidity.

Table 507.5-VI. Constant Temperature & Humidity — Natural Cycle B1.

Time Temp. RH Time Temp. RH
F_°C % F_°C %

0000 100 1300 95

0100 100 1400 95

0200 o= 100 1500 m 95

0300 o 100 1600 3 95

0400 o v 100 1700 Q= 95
O 5 ©

0500 %3 100 1800 S 95
o< =3

0600 S 100 1900 2% 97
2% 25

0700 s g 98 2000 22 98

0800 S 3 97 2100 = 100
o 2 > g

0900 29 95 2200 g8 100

1000 $2 95 2300 =% 100

1100 95 2400 100

1200 95
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Figure 507.5-5. Natural Cycle B2 — Cyclic high humidity.

Table 507.5-VII. Cyclic High Relative Humidity — Natural Cycle B2.

Time Temp. RH Time Temp. RH
°F °C % °F °C %
0000 80 27 100 1300 94 34 74
0100 80 27 100 1400 95 35 74
0200 79 26 100 1500 95 35 74
0300 79 26 100 1600 93 34 76
0400 79 26 100 1700 92 33 79
0500 78 26 100 1800 90 32 82
0600 78 26 100 1900 88 31 86
0700 81 27 94 2000 85 29 91
0800 84 29 88 2100 83 28 95
0900 87 31 82 2200 82 28 96
1000 89 32 79 2300 81 27 100
1100 92 33 77 2400 80 27 100
1200 94 34 75
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Figure 507.5-6. Natural Cycle B3 - Hot humid.

Table 507.5-VIII. Hot Humid — Natural Cycle B3.

Time Temp. RH Time Temp. RH

°F °Cc % °F °C %
0000 88 31 88 1300 105 41 59
0100 88 31 88 1400 105 41 59
0200 88 31 88 1500 105 41 59
0300 88 31 88 1600 105 41 59
0400 88 31 88 1700 102 39 65
0500 88 31 88 1800 99 37 69
0600 90 32 85 1900 97 36 73
0700 93 34 80 2000 94 34 79
0800 96 36 76 2100 91 33 85
0900 98 37 73 2200 90 32 85
1000 100 38 69 2300 89 32 88
1100 102 39 65 2400 88 31 88
1200 104 40 62
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2.6.3 Procedure Il — Aggravated Cycle (Figure 507.5-7).

The purpose of the aggravated test procedure is to produce representative effects that typically occur when materiel
is exposed to elevated temperature-humidity conditions. (See paragraph 2.1.1 above, for categories and examples of
these effects.) Accordingly, this procedure does not reproduce naturally occurring or service-induced temperature-
humidity scenarios. It may induce problems that are indicative of long-term effects. Test item failures do not
necessarily indicate failures in the real environment.

100 - 100
-
______________________________________________ L o o o 5
1
90 + 90
H
80 80
G 1Cycle 1Cycle ——m—m—m——m—m————>
70 70

(%) AnpiunH anneRY

Temperatiure (C)

T = —
- PN —
i X BN

A& e e 30

20 20
Operate

10 Qnerate 10
See Note 3
See Note 3 [-A—Degc —m—w%RH. | ¢ )

0 4 0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56

Time (hrs)

Figure 507.5-7. Aggravated temperature-humidity cycle.
NOTES:

1. Maintain the relative humidity at 95 +4 percent at all times except that during the descending temperature
periods the relative humidity may drop to as low as 85 percent.

2. Acycle is 24 hours.
3. Perform operational checks near the end of the fifth and tenth cycles.

Table 507.5-1X. Aggravated Cycle.

Time Temp. RH
F °C %

0000 86 30

0200 140 60

0800 140 60 2

1600 86 30 O

2400 86 30 &

0200 [140 60 3

0800 140 60 S

1600 86 30

2400 86 30
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3. INFORMATION REQUIRED.
3.1 Pretest.
The following information is required to conduct humidity tests adequately.

a. General. Information listed in Part One, paragraphs 5.7 and 5.9, and Annex A, Task 405 of this
standard.

b. Specific to this method.
(1) Any sealed areas of the test item to be opened during testing or vice versa.
(2) If an operational test procedure is required following the Induced (Storage & Transit) test.
(3) Periods of materiel operation or designated times for visual examinations (see paragraph 2.4.1).
(4) Operating test procedures, if appropriate.

c. Tailoring. Necessary variations in the basic test procedures to accommodate LCEP requirements and/or
facility limitations.

3.2 During Test.
Collect the following information during conduct of the test:

a. General. Information listed in Part One, paragraph 5.10, and in Annex A, Tasks 405 and 406 of this
standard.

b. Specific to this method.
(1) Record of chamber temperature and humidity versus time conditions.
(2) Test item performance data and time/duration of checks.
3.3 Post Test.
The following post test data shall be included in the test report.
a. General. Information listed in Part One, paragraph 5.13, and in Annex A, Task 406 of this standard.
b. Specific to this method.
(1) Previous test methods to which the test item has been subjected.

(2) Results of each operational check (before, during, and after test) and visual examination (and
photographs, if applicable).

(3) Length of time required for each operational check.

(4) Exposure durations and/or number of test cycles.

(5) Test item configuration and special test setup provisions.
(6) Any deviation from published cycles / procedures.

(7) Any deviations from the original test plan.

4. TEST PROCESS.

4.1 Test Facility.
Ensure the apparatus used in performing the humidity test includes the following:

4.1.1 General description.

The required apparatus consists of a chamber or cabinet, and auxiliary instrumentation capable of maintaining and
monitoring (see Part One, paragraph 5.18) the required conditions of temperature and relative humidity throughout
an envelope of air surrounding the test item. (See Part One, paragraph 5.)

4.1.2 Facility design.

Unless otherwise specified, use a test chamber or cabinet with a test volume and the accessories contained therein
constructed and arranged in such a manner as to prevent condensate from dripping on the test item. Vent the test
volume to the atmosphere to prevent the buildup of total pressure and prevent contamination from entering.

4.1.3 Test sensors and measurements.

Determine the relative humidity 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 dew point indicators.
Sensors that are sensitive to condensation, such as the lithium chloride type, are not recommended for tests with

507.5-15



MIL-STD-810G
METHOD 507.5

high relative humidity levels. A data collection system, including an appropriate recording device(s), separate from
the chamber controllers is necessary to measure test volume conditions. If charts are used, use charts readable to
within £0.6°C (+ 1°F). If the wet-wick control method is approved for use, clean the wet bulb and tank and install a
new wick before each test and at least every 30 days. Ensure the wick is as thin as realistically possible to facilitate
evaporation (approximately 1/16” thick) consistent with maintaining a wet surface around the sensor. Use water in
wet-wick systems that are of the same quality as that used to produce the humidity (see Part One, paragraph 5.16).
When physically possible, visually examine the water bottle, wick, sensor, and other components making up relative
humidity measuring systems at least once every 24 hours during the test to ensure they are functioning as desired.

4.1.4 Airvelocity.

Use an air velocity flowing across the wet-bulb sensor of not less than 4.6 meters/second (900 feet/minute, or as
otherwise specified in sensor response data), and ensure the wet wick is on the suction side of the fan to eliminate
the effect of fan heat. Maintain the flow of air anywhere within the envelope of air surrounding the test item
between 0.5 and 1.7 meters/second (98 to 335 feet/minute).

4.1.5 Humidity generation.

Use steam or water injection to create the relative humidity within the envelope of air surrounding the test item. Use
water as described in Part One, paragraph 5.16. Verify its quality at periodic intervals (not to exceed 15 days) to
ensure its acceptability. If water injection is used to humidify the envelope of air, temperature-condition it before its
injection to prevent upset of the test conditions, and do not inject it directly into the test section. From the test
volume, drain and discard any condensate developed within the chamber during the test so as to not reuse the water.

4.1.6 Contamination prevention.

Do not bring any material other than water into physical contact with the test item(s) that could cause the test item(s)
to deteriorate or otherwise affect the test results. Do not introduce any rust or corrosive contaminants or any
material other than water into the chamber test volume. Achieve dehumidification, humidification, heating and
cooling of the air envelope surrounding the test item by methods that do not change the chemical composition of the
air, water, or water vapor within that volume of air.

4.2 Controls.

a. Ensure the test chamber includes an appropriate measurement and recording device(s), separate from the
chamber controllers.

b. Test parameters. Unless otherwise specified, make continuous analog temperature and relative humidity
measurements during the test. Conduct digital measurements at intervals of 15 minutes or less.

c. Capabilities. Use only instrumentation with the selected test chamber that meets the accuracies, tolerances,
etc., of Part One, paragraph 5.3.

4.3 Test Interruption.

Test interruptions can result from two or more situations, one being from failure or malfunction of test chambers or
associated test laboratory equipment. The second type of test interruption results from failure or malfunction of the
test item itself during operational checks.

4.3.1 Interruption due to chamber malfunction.
a. General. See Part One, paragraph 5.11, of this standard.
b. Specific to this method.

(1) Undertest interruption. If an unscheduled interruption occurs that causes the test conditions to fall
below allowable limits, the test must be reinitiated at the end of the last successfully completed
cycle.

(2) Overtest interruptions. If the test item(s) is exposed to test conditions that exceed allowable limits,
conduct an appropriate physical examination of the test item and perform an operational check
(when practical) before testing is resumed. This is especially true where a safety condition could
exist, such as with munitions. If a safety condition 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 during the operational checkout or the visual inspection, reestablish
pre-interruption conditions and continue from the point where the test tolerances were exceeded.
See paragraph 4.3.2 for test item operational failure guidance.
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4.3.2 Interruption due to test item operation failure.
Failure of the test item(s) to function as required during operational checks presents a situation with several possible
options.

a. The preferable option is to replace the test item with a “new” one and restart from Step 1.

b. A second option is to replace / repair the failed or non-functioning component or assembly with one that
functions as intended, and restart the entire test from Step 1.

NOTE: When evaluating failure interruptions, consider prior testing on the same test
item and consequences of such.

4.4 Test Execution.
The following steps, alone or in combination, provide the basis for collecting necessary information concerning the
test item in a warm, humid environment.

4.4.1 Preparation for test.

4411 Test Setup.
a. General. See Part One, paragraph 5.8.

b. Unique to this method. Verify that environmental monitoring and measurement sensors are of an
appropriate type and properly located to obtain the required test data.

4.4.1.2 Preliminary steps.
Before starting the test, determine the test details (e.g., procedure variations, test item configuration, cycles,
durations, parameter levels for storage/operation, etc.) from the test plan.

4.4.1.3 Pretest checkout.
All items require a pretest checkout at standard ambient conditions to provide baseline data. Conduct the checkout
as follows:
Step 1. Install appropriate instrumentation, e.g., thermocouples, in or on the test item.
Step 2. Install the test item into the test chamber and prepare the test item in its storage and/or transit
configuration in accordance with Part One, paragraph 5.8.1.
Step 3. Conduct a thorough visual examination of the test item to look for conditions that could
compromise subsequent test results.
Step 4. Document any significant results.
Step 5. Conduct an operational checkout (if appropriate) in accordance with the test plan, and record
results.
Step 6. If the test item operates satisfactorily, proceed to the appropriate test procedure. If not, resolve the
problems and repeat Step 5 above.

4.4.2 Test Procedures
4.4.2.1 Procedure | - Storage & Transit Cycles (Cycles B4 or B5), and Natural (Cycles B1, B2, or B3).

Step 1.  With the test item in the chamber, ensure it is in its storage and/or transit configuration, adjust the
chamber temperature to 23 + 2°C (73 + 4°F) and 50 + 5 percent RH, and maintain for no less
than 24 hours.

Step2.  Adjust the chamber temperature and relative humidity to those shown in the appropriate induced
(storage and transit) category of Table 507.5-1 for time 0000.

Step 3. Unless other guidance is provided by the test plan, cycle the chamber air temperature and RH with
time as shown in the appropriate storage and transit cycle of Table 507.5-1 (or in the appropriate
approximated curve from Figures 507.5-1, 507.5-2, or 507.5-3) through the 24-hour cycle, and for
the number of cycles indicated in Table 507.5-11 for the appropriate climatic category.

Step4.  Adjust the chamber temperature to 23 + 2°C (73 + 4°F) and 50 + 5 percent RH, and maintain
until the test item has reached temperature stabilization (generally not more than 24-hours).

Step 5. If only a storage and/or transit test is required, go to Step 15.
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Conduct a complete visual checkout of the test item and document the results.

Put the test item in its normal operating configuration.

Conduct a complete operational checkout of the test item and document the results. If the test
item fails to operate as intended, follow the guidance in paragraph 4.3.2 for test item failure.
Otherwise, go to Step 9.

Compare these data with the pretest data.

Adjust the test item configuration to that required for naturally occurring temperature humidity
cycles (B1, B2, or B3).

Adjust the chamber conditions to those given in Table 507.5-1 for the time 0000 of the specified
cycle.

Perform 24-hour cycles for the number of cycles indicated in Table 507.5-11 for the appropriate
climatic category with the time-temperature-humidity values specified in Table 507.5-1, or the
appropriate approximated curve of Figures 507.5-3 through 507.5-5.

If the materiel (test item) could be functioning non-stop in the natural environment, operate the
test item continuously throughout the test procedure. If shorter operational periods are
identified in the requirements document(s), operate the test item at least once every five cycles,
and during the last cycle, for a duration necessary to verify proper operation. If the test item
fails to operate as intended, follow the guidance in paragraph 4.3.2 for test item failure.

Adjust the chamber temperature to 23 + 2°C (73 + 4°F) and 50 + 5 percent RH, and maintain
until the test item has reached temperature stabilization (generally not more than 24-hours).

Conduct a complete visual examination of the test item and document the results.

Conduct an operational checkout of the test item in accordance with the approved test plan, and
document the results. See paragraph 5 for analysis of results.

Compare these data with the pretest data.

4.4.2.2 Procedure Il — Aggravated.

This test consists of a 24-hour conditioning period (to ensure all items at any intended climatic test location will start
with the same conditions), followed by a series of 24-hour temperature and humidity cycles for a minimum of 10
cycles, or a greater number as otherwise specified in the test plan, unless premature facility or test item problems

arise.
Step 1.

Step 2.
Step 3.

With the test item installed in the test chamber in its required configuration, adjust the temperature
to 23 + 2°C (73 + 4°F) and 50 + 5 percent RH, and maintain for no less than 24 hours.

Adjust the chamber temperature to 30°C (86°F) and the RH to 95 percent.

Expose the test item(s) to at least ten 24-hour cycles ranging from 30-60°C (86-140°F) (Figure
507.5-6) or as otherwise determined in paragraph 2.2.1. Unless otherwise specified in the test
plan, conduct a test item operational check (for the minimum time required to verify performance)
near the end of the fifth and tenth cycles during the periods shown in Figure 507.5-6, and
document the results. If the test item fails to operate as intended, follow the guidance in paragraph
4.3.2 for test item failure. Otherwise, continue with Step 4.
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NOTE: If the operational check requires the chamber to be open or the test item to be removed
from the chamber, and the check cannot be completed within 30 minutes, in order to prevent
unrealistic drying, recondition the test item at 30°C and 95 percent RH for one hour, and then
continue the checkout. Extend the test time for that cycle by one hour. Continue this sequence
until the checkout has been completed.

If the operational check is conducted in the chamber, and extends beyond the 4-hour period noted
in Figure 507.5-7, do not proceed to the next cycle until the checkout is completed. Once the
check has been completed resume the test.

Step 4. At the completion of 10 or more successful cycles, adjust the temperature and humidity to 23
+2°C (73 + 4°F) and 50 + 5 percent RH, and maintain until the test item has reached temperature
stabilization (generally not more than 24-hours).

Step 5. Perform a thorough visual examination of the test item, and document any conditions resulting
from test exposure.

Step 6. Conduct a complete operational checkout of the test item and document the results. See paragraph 5
for analysis of results.

Step 7. Compare these data with the pretest data.

5. ANALYSIS OF RESULTS.
In addition to the guidance provided in Part One, paragraphs 5.14 and 5.17, the following information is provided to
assist in the evaluation of the test results.

a.
b.

C.
d.

Allowable or acceptable degradation in operating characteristics.

Possible contributions from special operating procedures or special test provisions needed to perform
testing.

Whether it is appropriate to separate temperature effects from humidity effects.
Any deviations from the test plan.
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(Copies of Department of Defense Specifications, Standards, and Handbooks, and International Standardization
Agreements are available online at http://assist.daps.dla.mil/quicksearch/ or from the Standardization Document
Order Desk, 700 Robbins Avenue, Building 4D, Philadelphia, PA 19111-5094.)

Requests for other defense-related technical publications may be directed to the Defense Technical Information
Center (DTIC), ATTN: DTIC-BR, Suite 0944, 8725 John J. Kingman Road, Fort Belvoir VA 22060-6218, 1-800-
225-3842 (Assistance--selection 3, option 2), http://stinet.dtic.mil/info/s-stinet.html; and the National Technical
Information Service (NTIS), Springfield VA 22161, 1-800-553-NTIS (6847), http://www.ntis.gov/.
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METHOD 507.5 ANNEX A

Physical Phenomena Associated with Humidity

1. ABSORPTION.

The accumulation of water molecules within material. The quantity of water absorbed depends, in part, on the water
content of the ambient air. The process of absorption occurs continuously until equilibrium is reached. The
penetration speed of the molecules in the water increases with temperature.

2. ADSORPTION.

The adherence of water vapor molecules to a surface whose temperature is higher than the dew point. The quantity
of moisture that can adhere to the surface depends on the type of material, its surface condition, and the vapor
pressure. An estimation of the effects due solely to adsorption is not an easy matter because the effects of
absorption, that occurs at the same time, are generally more pronounced.

3. BREATHING.
Air exchange between a hollow space and its surroundings caused by temperature variations. This commonly
induces condensation inside the hollow space.

4. CONDENSATION.
The precipitation of water vapor on a surface whose temperature is lower than the dew point of the ambient air. As
a consequence, the water is transformed from the vapor state to the liquid state.

The dew point depends on the quantity of water vapor in the air. The dew point, the absolute humidity, and the
vapor pressure are directly interdependent. Condensation occurs on a test item when the temperature at the surface
of the item placed in the test chamber is lower than the dew point of the air in the chamber. As a result, the item
may need to be preheated to prevent condensation.

Generally speaking, condensation can only be detected with certainty by visual inspection. This, however, is not
always possible, particularly with small objects having a rough surface. If the test item has a low thermal constant,
condensation can only occur if the air temperature increases abruptly, or if the relative humidity is close to 100
percent. Slight condensation may be observed on the inside surface of box structures resulting from a decrease in
the ambient temperature.

5. DIFFUSION.

The movement of water molecules through material caused by a difference in partial pressures. An example of
diffusion often encountered in electronics is the penetration of water vapor through organic coatings such as those
on capacitors or semiconductors, or through the sealing compound in the box.
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METHOD 508.6
FUNGUS

NOTE: Tailoring is essential. Select methods, procedures and parameter levels based on the
tailoring process described in Part One, paragraph 4.2.2, and Annex C. Apply the general
guidelines for laboratory test methods described in Part One, paragraph 5 of this standard.

1. SCOPE.

1.1 Purpose.

The purpose of this fungus test is to assess the extent to which materiel will support fungal growth and how any
fungal growth may affect performance or use of the materiel. The primary objectives of the fungus test are to
determine:

a. if the materials comprising the materiel, or the assembled combination of same, will support fungal growth,
and if so, of what species.
b. how rapidly fungus will grow on the materiel.

c. how fungus affects the materiel, its mission, and its safety for use following the growth of fungus on the
materiel.

d. if the materiel can be stored effectively in a field environment.
e. if there are simple reversal processes, e.g., wiping off fungal growth.

1.2 Application.

Since microbial deterioration is a function of temperature and humidity, and is an inseparable condition of the hot,
humid tropics and the mid-latitudes, consider it in the design of all standard, general-purpose materiel (from
paragraph 6.1, reference a). This method is used to determine if fungal growth will occur and, if so, how it may
degrade/impact the use of the materiel.

NOTES: 1. This test procedure and the accompanying preparation and post-test analysis involve highly-
specialized techniques and potentially-hazardous organisms. Use only technically-qualified
personnel (e.g., microbiologists) to perform the test.

2. Although the basic (documented) resistance of materials to fungal growth (Annex B) is
helpful in the design of new materiel, it has shown to be unreliable in determining the fungal
susceptibility of complex materials, and the use of testing by analysis is discouraged. The
physical structure of combined materials and the possible contamination of resistant
materials during manufacture is beyond the purview of analysis, and necessitates laboratory
or natural environment tests to verify the resistance of the assembled materials to fungal
growth.

1.3 Limitations.
This test is designed to obtain data on the susceptibility of materiel. This method is not intended for testing of basic
materials since various other test procedures, including pure culture, mixed culture, and plate testing are available.

2. TAILORING GUIDANCE.

2.1 Selecting the Fungus Method.

After examining requirements documents and applying the tailoring process in Part One of this standard to
determine where fungal growth is anticipated in the life cycle of materiel, use the following to confirm the need for
this method and to place it in sequence with other methods.

2.1.1 Effects of fungus growth.
Fungal growth impairs the functioning or use of materiel by changing its physical properties.
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2.1.1.1 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 fungus breaks the
materials down and uses them as nutrients. This results in deterioration affecting the physical properties of
the material. Examples of nonresistant materials are:

(1)  Natural material. Products of natural origin are most susceptible to this attack.
(@) 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.
(2)  Synthetic materials.
(@) PVC formulations (e.g., those plasticized with fatty acid esters).
(b) Certain polyurethanes (e.g., polyesters and some polyethers).
(c) Plastics that contain organic fillers of laminating materials.
(d) Paints and varnishes that 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 (that find
their way onto materiel 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 fungus cause corrosion of metals, etching
of glass, or staining or degrading of plastics and other materials.

(3)  The products of fungus on adjacent materials that are susceptible to direct attack come in contact
with the resistant materials.

2.1.1.2 Physical interference.
Physical interference can occur as follows:

a. Electrical or electronic systems. Damage to electrical or electronic systems may result from either direct or
indirect attack. Fungi can form undesirable electrical conducting paths across insulating materials, for
example, 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 fungus can
adversely affect light transmission through the optical system, block delicate moving parts, and change non-
wetting surfaces to wetting surfaces with resulting loss in performance.

2.1.1.3 Health and aesthetic factors.
Fungus on materiel can cause physiological problems (e.g., allergies) or be so aesthetically unpleasant that the users
will be reluctant to use the materiel.

2.1.2 Sequence among other methods.
a. General. See Part One, paragraph 5.5.

b. Unique to this method. Because of the potentially unrepresentative combination of environmental effects, it
is generally inappropriate to conduct this test on the same test sample previously subjected to salt fog, sand
and dust tests. However, if it is necessary, perform the fungus test before salt fog, sand and dust, or
humidity tests. A heavy concentration of salt may affect the germinating fungus growth, and sand and dust
can provide nutrients, thus leading to a false indication of the biosusceptibility of the test item. Be sure to
decontaminate the test item prior to other testing (see Annex A).

2.2 Selecting Procedure Variations.

This method has one procedure. Since the combination of temperature and humidity is critical to microbial growth,
it is essential that these be maintained as specified in the procedure. However, other possible variations are
described below.
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2.2.1 Test duration.

Twenty-eight days is the minimum test period to allow for fungus germination, breakdown of carbon-containing
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, consider extension of the exposure period up to 84 days if a greater
degree of certainty (less risk) is required in determining the existence or effect of fungus growth.

2.2.2 Choice of fungus.

The fungi commonly used are listed in Table 508.6-1. These organisms were selected because of their ability to
degrade materials, their worldwide distribution and their stability. These organisms have, where possible, been
identified with respect to the materials to which they are known to attack. The European species can be found in
Part Three (paragraph 3.5.11) of this standard, as well as in STANAG 4370, AECTP 308.

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 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. Hence, the need for trained personnel, e.g., mycologists, microbiologists, etc., to identify
such situations.

b. Add additional species of fungus to those required in this test method. However, if additional fungi are
used, base their selection on prior knowledge of specific material deterioration. For example,
Aureobasidium pullulans was once employed because of its known specificity for degrading paints. (It has
since been deleted from some categories because of mutations to the strain.)

c. Recommend only 5 or 6 species be used in each test. If additional species are needed, remove a species
from the list. The more dominant species will prevail in testing, therefore adding more species will only
increase test costs without an increase in deterioration to material. Discuss this issue with a microbiologist
for the most effective approach.

Table 508.6-1. US Test fungus.

Fungus Fungus Sources
o - 1
Identification No. Materials Affected
USDA? ATCCY
Aspergillus flavus QM 380 ATCC 9643 Leathers, textiles, rubber. Electrical insulation, varnish,
wax, packing materials, etc.
Aspergillus versicolor QM 432 ATCC 11730 | Leather, adhesives, textiles, automotive components

such as gaskets, distributors, cables, hoses, PVC,
breakers, solenoids, switches

Penicillium funiculosum QM 474 ATCC 11797 | Textiles, plastics, cotton fabric, polymers, automotive
components such as gaskets, distributors, cables, hoses,
PVC, airborne equipment such as breakers, solenoids,
switches, remote transmission accessories

Chaetomium globosum QM 459 ATCC 6205 | Cellulose and any components containing paper and
paper products such as packing materials, textiles,
polymeric hydrocarbons and some synthetic polymeric
materials

Aspergillus niger QM 386 ATCC 9642 | Textiles, vinyl, conformal coatings, insulation, leather,
etc.; resistant to tanning salts

! A catalogue number used by suppliers to identify various species within their collection.

Z'y.S. Department of Agriculture, Northern Regional Research Center, ARS Culture Collection, 1815 North
University Street, Peoria, IL 61604.

¥ American Type Culture Collection, 10801 University Blvd, Manassas, VA 20110-2209.

(All suppliers may distribute the fungus in a lyophilized state or on agar slants.)
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3. INFORMATION REQUIRED.
3.1 Pretest.
The following information is required to conduct fungus tests adequately.
a. General. Information listed in Part One, paragraphs 5.7 and 5.9, and Annex A, Task 405 of this standard.

b. Specific to this method.
(1) Additional species to be added.
(2) Test item composition.
(3) Duration of test.

c. Tailoring. Necessary variations in the basic test procedures to accommodate LCEP requirements.

3.2 During Test.
Collect the following information during conduct of the test:

a. General. Information listed in Part One, paragraph 5.10, and in Annex A, Tasks 405 and 406 of this
standard.
b. Specific to this method.
(1)  Record of chamber temperature and humidity versus time conditions.
(2)  Evidence of fungus growth on the cotton control strips at the 7-day check.
(3)  Location of any fungal growth.

3.3 Post Test.
The following post test data shall be included in the test report.

a. General. Information listed in Part One, paragraph 5.10 and 5.13, and in Annex A, Task 406 of this
standard.

b. Specific to this method.

(1) Evidence of fungus growth at the end of the test. If growth is found, identify the species.

(2) Narrative description of growth, including colors, areas covered, growth patterns, density of growth,
and photographs. (See Table 508.6-11.)

(3) Effect of fungus on performance or use:
(@) As received from the chamber.

(b) After removal of fungus, if appropriate.

(c) Physiological or aesthetic considerations.

(4) Observations to aid in failure analysis.

(5) Any deviation from the original test plan.

4. TEST PROCESS.

4.1 Test Facility.
In addition to the standard requirements for test chambers, the following apply to chambers to be used for fungus
tests.

411 Test chamber.

Construct the chamber and accessories in such a manner as to prevent condensation from dripping on the test item.
Filter-vent the chamber to the atmosphere to prevent the buildup of pressure and release of spores into the
atmosphere.
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4.1.2 Sensors.

Determine the relative humidity 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 dew point 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, including an appropriate recording device(s), separate from
the chamber controllers is necessary to measure test volume conditions. If charts are used, use charts readable to
within £0.6°C (+ 1°F). If the wet-wick control method is approved for use, clean the wet bulb and tank and install a
new wick before each test and at least every 30 days. Ensure the wick is as thin as realistically possible to facilitate
evaporation (approximately 1/16” thick) consistent with maintaining a wet surface around the sensor. Use water in
wet-wick systems that are of the same quality as that used to produce the humidity. When physically possible,
visually examine the water bottle, wick, sensor, and other components making up relative humidity measuring
systems at least once every 24 hours during the test to ensure they are functioning as desired.

4.1.3 Air velocity.

Use an air velocity flowing across the wet bulb sensor of not less than 4.6 meters/second (900 feet/minute, or as
otherwise specified in sensor response data), and ensure the wet wick is on the suction side of the fan to eliminate
the effect of fan heat. Maintain the flow of air anywhere within the envelope of air surrounding the test item
between 0.5 and 1.7 meters/second (98 to 335 feet/minute).

4.1.4 Decontamination.
Prior to testing, ensure the chamber is decontaminated in accordance with the guidance at Annex A.

4.2 Controls.
In addition to the information provided in Part One, paragraph 5, the following controls apply to this test.

4.2.1 Relative humidity.

In addition to the requirements appropriate for Method 507.5, Humidity, and water purity as described in Part One,
paragraph 5.16, determine the relative humidity 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. Do not use lithium chloride sensors because of their sensitivity to condensation.

a. When the wet bulb control method is used, clean the wet bulb assembly and install a new wick for each
test.

b.In order to produce the evaporation necessary for sensor measurement of wet bulb temperature, ensure the
air velocity across the wet bulb is not less than 4.6 m/s (900 ft/min).

c. Because heat from fan motors may affect temperature readings, do not install wet and dry bulb sensors
close to the discharge side of any local fan or blower used to create the requirement of paragraph 4.2.1b.

4.2.2 Circulation.
Maintain free circulation of air around the test item and keep the contact area of fixtures supporting the test item to a
minimum.

4.2.3 Steam.
Do not inject steam directly into the test chamber working space where it may have an adverse effect on the test item
and microbial activity.

4.2.4 Unless otherwise specified:
a. Use only reagents that conform to the specifications of the Committee on Analytical Reagents of the
American Chemical Society, where such specifications are available.
b. Use water as described in Part One, paragraph 5.16. The intent is to not introduce contaminants or
acidic/alkaline conditions that may affect the test results.

4.3 Test Interruption.

Test interruptions can result from two or more situations, one being from failure or malfunction of test chambers or
associated test laboratory equipment. The second type of test interruption results from failure or malfunction of the
test item itself during operational checks.
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4.3.1 Interruption due to chamber malfunction.
a. General. See Part One, paragraph 5.11, of this standard.

b. Specific to this method. 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.

Q) If the interruption occurs during the first seven days of the test, restart the test from the beginning
with either a new or cleaned test item. If the interruption (such as a short power outage) does not
produce drastic drops in humidity (less than 90% RH) and temperature (less than 28°C (82°F)),
continue the test and add the time lost to the final test time.

2 If the interruption occurs after 25 days of testing, examine the test item for evidence of fungus
growth. If the test item is bio-susceptible, there is no need for a retest. If the controls exhibit viable
growth but there is no evidence of fungus growth on the test item, follow the guidance given below.

(@ Lowered temperature. A lowering of the test chamber temperature generally will retard fungus
growth. If 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. If not, see
paragraph 4.3(c) below.

(b) Elevated temperature. Elevated temperatures may have a drastic effect on fungus growth. A
complete re-initiation of the test is required if one of the following exists. Otherwise, reestablish
test conditions and continue the test from the point of interruption.

- the temperature exceeds 40°C (104°F), or
- the temperature exceeds 32°C (90°F) for 4 hours or more, or
- there is evidence of deterioration of the fungus growth on the control strips.

(c) Lowered humidity. A complete retest is required if one of the following exists. Otherwise,
reestablish test conditions and continue the test from the point of interruption.

- the relative humidity drops below 50 percent, or
- the relative humidity drops below 70 percent for 4 hours or more, or
- there is evidence of deterioration of the fungal colonies on the control strips.

4.3.2 Interruption due to test item operation failure.
Failure of the test item(s) to function as required during operational checks during or following testing presents a
situation with several possible options.

a. The preferable option is to replace the test item with a “new” one and restart from Step 1.

b. A second option is to replace / repair the failed or non-functioning component or assembly with one that
functions as intended, and restart the entire test from Step 1.

4.4 Execution.

4.4.1 Cleaning.

Although it is preferable to use a new test item, a used item may be substituted. If cleaning is required, conduct the
cleaning at least 72 hours before test initiation in order to allow evaporation of any volatile materials. Clean using
typical production cleaning methods. Prepare the test item in accordance with paragraph 4.5.1. Place new cotton
control strips in the test chamber and inoculate both the test item and the controls with the test fungi.

4.4.2 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 materiel.
Optional species may be added to the inoculum, if required (see paragraph 2.2.2).

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

c. 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 percent. Development will
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become progressively more rapid as the humidity rises above this value, reaching a maximum in the 90
to 100 percent relative humidity range.
d. The specified temperature of 30 + 1°C (86 + 2°F) is most conducive to the growth of the test fungi.
e. Control items specified in paragraph 4.4.3.3 are designed to:
(1) Verify the viability of the fungus spores used in the inoculum.
(2) Establish the suitability of the chamber environment to support fungus growth.

f.  Although this procedure can provide information on the susceptibility of materials to fungus growth, the
testing of materials and piece parts will not reveal potential fungus growth situations in materiel that can
result due to the complexities involved in assemblages. Examples are induced conditions created by
coatings and protective wrappings, deterioration of protective coatings due to bi-metallic reactions, and
other situations that would not be encountered with the testing of components.

4.4.3 Preparation for test.
4.43.1 Preparation of mineral salts solution.

a. Using clean apparatus, prepare the mineral salts solution to contain the following:

Potassium dihydrogen orthophosphate (KH,POy,) 0.79
Potassium monohydrogen orthophosphate (K,HPQ,). 0.7g
Magnesium sulfate heptahydrate (MgSO,7H,0) 0.79
Ammonium nitrate (NH4NO;) 1.0g
Sodium chloride (NaCl) 0.005g
Ferrous sulfate heptahydrate (FeSO,7H,0) 0.002g
Zinc sulfate heptahydrate (ZnSO47H,0) 0.002g
Manganous sulfate monohydrate (MnSO,4H,0) 0.001g
Distilled water 1000ml

b. Ensure the pH of the mineral salts solution is between 6.0 and 6.5.

4.4.3.2 Preparation of mixed spore suspension.

NOTE - PRECAUTIONS: Although the exact strains of fungus specified for this test are not
normally considered to present a serious hazard to humans, certain people may develop allergies or
other reactions. Therefore, use standing operating procedures/good laboratory housekeeping techniques
for safety. Also, use only personnel trained in microbiological techniques to conduct the tests.

a. Use aseptic techniques to prepare the spore suspension containing the test fungi determined from
paragraph 2.2.2.

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.
Prepare the mineral salts agar by dissolving 15.0g of agar in a liter of the mineral salts solution
described in paragraph 4.4.3.1.

NOTE: Do not keep the stock cultures for more than 4 months at 6 +4°C (42 +7°F). After
that time, prepare subcultures and use them for the new stocks.

c. Verify the purity of fungus cultures before the test.
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d. Make subcultures from the pure stock cultures and incubate them at 30 +1°C (86 + 2°F) for 10 to 21*
days.

e. Prepare a spore suspension of each of the required test fungus 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.

f. Use a rounded glass rod or a sterilized platinum or nickel chrome wire to gently scrape the surface
growth from the culture of the test organisms.

g. Pour the spore charge into a 125 ml capped Erlenmeyer flask containing 45 ml of water and 50 to 75
solid glass beads, 5mm in diameter.

h. Shake the flask vigorously to liberate the spores from the fruiting bodies and to break the spore clumps.

i. 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.

j. Centrifuge the filtered spore suspension and discard the supernatant liquid.

k. Re-suspend the residue in 50 ml of water and centrifuge. Wash the spores obtained from each of the
fungi in this manner at least three times (until the supernatant is clear).

I. Dilute the final washed residue with mineral-salts solution in such a manner that the resultant spore
suspension contains 1,000,000 +20 percent spores per milliliter as determined with a counting chamber.

m. Repeat this operation for each organism used in the test.
. Perform a viability check for each organism in accordance with paragraph 4.4.3.3.

0. Blend appropriate volumes of the resultant spore suspensions to obtain the final mixed spore
suspension.

>

NOTE: Use a freshly prepared spore suspension. If not freshly prepared, it must be held at 6
+4°C (42 +7°F) for not more than 14 days.

4.43.3 Control items.
Two types of control tests are required. Using the following procedures, verify the viability of the spore suspension
and its preparation, as well as the suitability of the chamber environment.

a. Viability of spore suspension

(1) Before preparing the composite spore suspension, inoculate sterile potato dextrose (or another
nutrient agar) plates with 0.2 to 0.3 ml of the spore suspension of each of the individual fungus
species. Use separate agar plates for each species.

(2) Distribute the inoculum over the entire surface of the plate.
(3) Incubate the inoculated potato dextrose agar plate at 30 +1°C (86 + 2°F) for 7 to 10 days.
(4) After the incubation period, check the fungus 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.

* Most fungi will develop within 10 to 14 days and may show signs of deterioration after longer incubation. Some
fungi such as Chaetomium globosum require 21 days or longer to develop.
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b. Test chamber environment
(1) Prepare the following solution:

10.0g glycerol

0.1g potassium dihydrogen orthophosphate (KH,PO,).
0.1g ammonium nitrate (NH4;NO3).

0.025g magnesium sulfate heptahydrate (MgSO,7H,0).
0.05g yeast extract.

Distilled water to a total volume of 100 ml.

0.005¢ of a nontoxic wetting agent such as sodium dioctyl sulfosuccinate
or sodium lauryl sulfate.

HCI and NaOH to adjust the final solution pH to 5.3.

(2) Prepare control strips from unbleached, plain weave, 100 percent cotton cloth that has been cut or

torn into strips about 3 cm wide. Use only strips devoid of fungicides, water repellents and sizing
additives. To aid in removing any possible treatment materials, recommend boiling in distilled
water. Dip the strips into the above solution. After dipping, remove the excess liquid from the
strips (ensure the strips have been thoroughly wetted) 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 to ensure the

test strips and test items experience the same test environment. Use strips at least as long as the test
item is high.

(4) To ensure proper conditions are present in the incubation chamber to promote fungus growth, install

these strips and inoculate them along with the test item.

4.5 Test Procedure.

4.5.1 Preparation for incubation.

Step 1.

Step 2.

Step 3.

Step 4.

Assure the condition of the items to be tested is similar to their condition as delivered by the
manufacturer or customer for use, or as otherwise specified. Accomplish any cleaning of the test
item at least 72 hours before the beginning of the fungus test to allow for evaporation of volatile
materials.

Install the test item in the chamber or cabinet on suitable fixtures, and remove any covers. (see note
and Step 5 below).

Hold the test item in the test chamber at 30 £1°C (86 + 2°F) and a RH of at least 90 percent but less
than 100 percent for at least four hours immediately before inoculation.

Inoculate the test item and the cotton fabric chamber control items with the mixed fungus spore
suspension by spraying the suspension on the control 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. Ensure
personnel with appropriate knowledge of the test item are available to aid in exposing its interior
surfaces for inoculation.

NOTE: In spraying the test and control items with compaosite spore suspension, cover all external and
internal surfaces that are exposed during use or maintenance. If the surfaces are non-wetting, spray until
drops begin to form on them.

Step 5.
Step 6.

In order for air to penetrate, replace the covers of the test items without tightening the fasteners.

Start incubation (paragraph 4.5.2) immediately following the inoculation.
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4.5.2 Incubation of the test item.

Step 1. Except as noted in Step 2 below, incubate the test items at constant temperature and humidity
conditions of 30 +1°C (86 + 2°F) and a relative humidity of at least 90 percent but less than 100
percent for the test duration (28 days, minimum).

Step 2. After 7 days, inspect the growth on the control cotton strips to verify the environmental conditions in
the chamber are suitable for growth. At this time, verify that at least 90 percent of the surface area
of each test strip located at the level of the test item is covered by fungus. 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.

Step 3. If the cotton strips show satisfactory fungus 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 no increase in fungus
growth on the cotton strips at the end of the test as compared to the 7-day results, the test is invalid
(see para 4.3.1).

453 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 1 hour, return the test item
to the test chamber or to a similar humid environment for a minimum of 2 hours. Except for hermetically sealed
materiel, open the test item enclosure and examine both the interior and exterior of the test item. Record the results
of the inspection.

4.5.4 Operation/use.

(To be conducted only if required.) If operation of the test item is required (e.g., electrical materiel), conduct the
operation in the inspection period as specified in paragraph 4.5.3. Ensure personnel with appropriate knowledge of
the test item are available to aid in exposing its interior surfaces for inspection and in making operation and use
decisions. Disturbance of any fungus growth must be kept to a minimum during the operational checkout. If the
test item fails to operate as intended, see paragraph 5, and follow the guidance in paragraph 4.3.2.

WARNING:
Because of the potential hazardous nature of this test, operation/use by personnel with appropriate
knowledge of the test item will be performed under the guidance of technically-qualified personnel
(e.g., microbiologists). Appropriate personal protective equipment (PPE) must be worn.

4.6  Decontamination,
See Annex A.

5. ANALYSIS OF RESULTS.
In addition to the guidance provided in Part One, paragraphs 5.14 and 5.17, the following information is provided to
assist in the evaluation of the test results.

a. Any fungal growth on the test item must be analyzed to determine the species, and 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 susceptible components or materials. Use Table 508.6-11 as a guide for this
evaluation, but any growth must be completely described.

(2) The immediate effect that the growth has on the physical characteristics of the materiel.
(3) The long-range effect that the growth could have on the materiel.
(4) The specific material (nutrient(s)) supporting the growth.

c. Evaluate human factors effects (including health risks).
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i

Amount of .
Growth Rating Comments

None 0 Substrate is devoid of microbial growth.

Trace 1 Scattered, sparse or very restricted microbial growth.

Light 2 Intermittent infestations or loosely spread microbial colonies on substrate
surface. Includes continuous filamentous growth extending over the entire
surface, but underlying surfaces are still visible.

Medium 3 Substantial amount of microbial growth. Substrate may exhibit visible
structural change.

Heavy 4 Massive microbial growth.

¥ Use this scheme as a guide, but exceptions may occur that require a more specific description.

6. REFERENCE/RELATED DOCUMENTS.

6.1 Referenced Documents.
AR 70-38, Research, Development, Test and Evaluation of Materiel for Extreme Climatic Conditions

STANAG 4370 Environmental Testing
AECTP 300, Climatic Environmental Testing

MIL-HDBK- 454, General Guidelines for Electroni