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MIL-STD-810G
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

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

Judy Galloway — Aberdeen Test Center

Mike Hale — Redstone Technical Test Center
John Harris — Redstone Technical Test Center
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

Lorraine Wright — ASC/ENRS, Wright-Patterson Air Force Base
Faustino Zapata — ASC/ENFS, Wright-Patterson Air Force Base

Navy
Brian Haugen — NAWC, China Lake
James E. Howell III - NSWC
Al Kukk — Navy Consultant
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 -
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. Rather, it describes the environmental
tailoring process that results in realistic materiel designs and test methods based on materiel system performance
requirements. Figure 1-1 summarizes this direction.

NOTE 1: COMPLETE TASK DESCRIPTIONS ARE IN

APPENDIX A.
DEVELOP ENVIRONMENTAL ENGINEERING
MANAGEMENT PLAN (EEMP). NOTE 2: INCLUDE EEMP & ETEMP WITH OTHER
(TASK 401, REF PARAGRAPH 4.2.2.2) SYSTEM PLANS & PROPOSALS TO
ALLOW REALISTIC COST ESTIMATING.
@«SCHEDULE TASKS 402-406, PLUS TASK SUPPORT.
«CONSIDER ALTERNATIVES TO TESTING HARDWARE. NOTE 3: MAKE CONTRACT PROVISIONS FOR THE
ePREPARE COST/BENEFIT/RISK ANALYSIS FOR EQUIPMENT SUPPLIER TO UPDATE EEMP &
ALTERNATIVE(S) TO TESTING HARDWARE. 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 PREPARE OPERATIONAL ENVIRONMENT
ENVIRONMENTAL PROFILE (LCEP). DOCUMENTATION (OED).
(TASK 402, REF PARAGRAPH 4.2.2.3.1) o (TASK 403, REF PARAGRAPH 4.2.2.3.2)
eDOCUMENT APPLICABLE SERVICE USE * DOCUMENT REAL-WORLD PLATFORM
PROFILE. CHARACTERISTICS.
¢IDENTIFY APPLICABLE ENVIRONMENTAL e OBTAIN DATA FROM DATABASES, MODELS,
CONDITIONS. SIMULATIONS.
®CONSIDER STORAGE, TRANSIT, AND © OBTAIN REMAINING DATA BY MEASURING
OPERATIONAL ENVIRONMENTS. REALISTIC PLATFORM ENVIRONMENTS.

PREPARE ENVIRONMENTAL

ISSUES/CRITERIA LIST (EICL). . ALTERNATIVES.
TASK 404, REF PARAGRAPH 4.2.2.3.3 TEST
( ) HARDWARE/ (SEE TASK 401
REF PARAGRAPHS
o BASE ON RESULTS FROM TASKS 402 & 403. PROTOTYPES R12 49218

e LIST ALL TAILORED ISSUES & CRITERIA.
¢ PROVIDE RATIONALE FOR THEIR
DERIVATIONS.

APPENDIX B, PARA. F)

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

© SCHEDULE AND JUSTIFY|
ALTERNATIVE(S) IN
TASK 401.

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

® 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.

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

PERFORM ENVIRONMENTAL TESTS.

® L ABORATORY 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.

* L ABORATORY TEST REPORTS: USE THE
FORMAT IN TASK 406.

o 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.

e MISSION NEED STATEMENT
e OPERATIONAL REQUIREMENTS

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

e LIFE CYCLE ENVIRONMENTAL
PROFILE

e OPERATIONAL ENVIRONMENTAL
DESIGN/TEST REQUIREMENTS

e ENVIRONMENTAL TEST
PLANS/REPORTS

e ENGINEERING DESIGNS AND
SPECIFICATIONS

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

o NATURAL ENVIRONMENT
FIELD/FLEET TEST FACILITIES
AND PROCEDURES

DOCUMENT

e SYSTEM ENGINEERING
MANAGEMENT PLAN

e TEST & EVALUATION MASTER
PLAN

DESIGN/TEST

PROGRAM ENVIRONMENTAL
MANAGER ENGINEERING FACIIIE_'I\ITC\;(I NOIIE:’I;:ET?SA?ORS
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
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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
)
3
4

)

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:

a.

@ om0 oo o

— e

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.

PART ONE-3



Downloaded from http://www.everyspec.com

MIL-STD-810G
PART ONE
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@hgda.army.mil.)

DEPARTMENT OF DEFENSE SPECIFICATIONS

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

DEPARTMENT OF DEFENSE STANDARDS

MIL-STD-167-1 Mechanical Vibrations of Shipboard Equipment (Type I — Environmental, and Type II —
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)

ISO 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.

1.  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.)

o. 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

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

a.

Guidance for program managers.

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.

4.2.23.2 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.

4.2.2.5 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/-3.0 in Hg

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 +'% 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 ISO 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. 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.

S0 o a0 o

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. 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.

b. 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.

c. 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.

d. 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:

(D) 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 QOut-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 a0 o

B 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.
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
Task

Task 401 - Environmental Engineering Management Plan (EEMP)...........ccoiiiiiiiiniieieeceee e
Task 402 - Life Cycle Environmental Profile (LCEP) .........ccccooieiiieiiieieiceeeeeeeeeteeste e enns

Task 403 - Operational Environment Documentation (OED) .........c.cccovrueirinneiecinniieirninicieeninieiccsesiereeesesieneaene
Task 404 - Environmental Issues/Criteria List (EICL).......cc.ccuevieieieieieieieieieteeeceeeeeeeee e ve e enas
Task 405 - Detailed Environmental Test Plans (DETP) .......ccccviiiiiiiiiieieesiceeeeeeeieeeeesve e ssese s
Task 406 - Environmental Test Reports (ETR) .......cooieirieirieiiieieieeeteeieeeetee et enns
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TASK 401
ENVIRONMENTAL ENGINEERING MANAGEMENT PLAN (EEMP)

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:

401.3

a. Identify 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 accommodate 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.

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. Identification 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.
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.
Identification 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
OEDP:

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.
Identify 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. Identify the geographic locations at which measurements are to be made.

h. 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).

PART ONE-A-7



Downloaded from http://www.everyspec.com

MIL-STD-810G
PART ONE ANNEX A

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:

Probability of occurrence of specific environmental forcing functions, alone or in combination.

a
b. Occurrence of similar environmental stresses in more than one life profile phase.

e

Experience from other materiel similarly deployed/tested.

i

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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(a) apparatus
(b) fixture(s)
(c) heating or cooling provisions

(d) requirements for combined environment
(2) Test item installation details.

(a) 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.

(a) 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:

(a) 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.

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

c. 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.

d. Test procedure criteria, limits and tolerances.

e. Test sequence and schedule.

f.  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.

g. 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.

134

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.
c.

d.

€.

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:

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.

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 III (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.

Objective 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

. 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.

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-1.

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.

PART ONE-C-3



Downloaded from http://www.everyspec.com

MIL-STD-810G
PART ONE ANNEX C

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-I. 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(°F) 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
(A1) 32 (90) | 49 (120) (0 to 355) 8t03 1) (160) 7to1
Hot Humid 0 to 1080 33 71
(B3) 31(88) |41 (105) (0 to 343) 88 to 59 1) (160) 80 to 14
Constant High
Humidity | Nearly constant | o poibie | 950 100 | Nearly Constant | o5 00
24 (75) 27 (80)
(BD)
Variable High
.. 0to 970 30 63
Hu(rgz(;lty 26 (78) | 35 (95) (0 to 307) 100 to 74 (86) (145) 75t0 19
Basic -
Basic Hot 0to 1120 30 63
(A2) 30 (86) |43 (110) (0 to 355) 44 to 14 (36) (145) 44 to 5
Intermediate® 0 to 1020 28 58 s
(A3) 28 (82) |39 (102) (0 to0 323) 78 to 43 (82) (136) See note
Basic Cold 1 -32 1 =211 o ioible Téi‘llfdg 33 -2 Tt?ﬁ?f
(€ (-25) (-3) saturation (=28) (-13) saturation
Cold -46 37 . Tending 46 37 Tending
Cold (€2) (-50) (-35) Negligible toward (-50) (-35) toward
saturation saturation
Tending Tending
Severe Severe Cold -51 (-60) Negligible toward -1 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, Ryx(t), is defined
to be the following average over an averaging time, T,

1 T
Ru(7) = T | x(t)x(t + r)dt
0

If the average R« (1) is also a function of time, t, (R4(t, t)) such that

T
R, (t,t) = % [x(t+uw)x(t+u+71)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 -
X (f,T) = [x(t)e *™dt ~o<f<o
0
the two-sided autospectral density of x(t) is defined by:

lim 1 )
Sxx(f):T_>oo¥E |X(f,T)| -0o<f<oo

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

n

G () =—= S|, (£, T 0<f<on
=1

l'ldTi

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,(1), is
defined to be the following average over an averaging time, T:

T
Ry() = = x(Oy(t+ e
0

If the average Ry,(7) is also a function of time, t, (Ry,(t, t)) such that

1T
Ry (nt)= T (j)x(t +u)y(t+u+7)du
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 I*™dt ~o<f<oo
0
B j2nf
Y (f,T) = [y(t)e =™ dt ~o<f<ow
0
the two-sided cross-spectral density function of x(t) and y(t) is defined by:

lim 1
0=y, 78]

X*(f,T)Y(f,T)‘} ~0< <o

An estimate of the one-sided cross-spectral density function of x(t) and y(t) over ny distinct records, each
of length T, is given by the following average of finite Fourier transforms:
~ 2 D4
Gy () =—= SX{(f.T)Y;(f,T) 0<f<oo
ngT =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 logy, (P/Py)  for reference power level Py
For linear quantities (e.g. acceleration, velocity, etc) it is given by:
dB =20 logyy (L1/Ly) 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 < oo with
finite Fourier transform

T o
X(f,T) = [x(t)e ™ dt ~0<f<w
0
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the two-sided energy autospectral density function of x(t) is given by:
La(tT)= E[[XE D | S <f<o

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

Ly (F,T) = 2X(F, T) 0<f<oo

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 o

X (f,T) = [x(t)e ™ dt o< f<owo
0
T o

Y (f,T) = [y(t)e 2™ dt 0 <f<oo
0

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

for E, an ensemble average over n4 available single records. A one-sided estimate of this function is
given by:

Ly (£,T)= 2‘X*(f, T)Y(f,Tj 0<f<oo

To reduce the variance in the estimate I:Xy (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,y(f,T) and energy autospectral density function L(f,T),
the energy frequency response function is defined as:

L. (f,T
ny(f,T):L. -0 <f<oo
LXX (f’ T)
A one-sided estimate of this function is given by:
_ L, (f,T)
Hy (£, T)==—"—"—. 0<f<ow
Ly (f,T)

where I:Xy (f,T) and I:XX (f,T) may represent averages over a given ensemble of n4 independent

equivalent time limited events, x(t) and y(t). Averaging may reduce the variance in the estimate
ﬁxy (f, T) that is taken as the quotient of two stable averages I:Xy (f,T) and I:XX (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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m. 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 {xi (t):0<t<T,i=12,....., N}.

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.

o. 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.

p- 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.

q. 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 ™ dt -0 <t<oo

—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 j2 e f
X(f,T) = [x(t)e =™ dt -0 <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 < oo,
(X'(f,T) represents the complex conjugate of X(f,T).)

r. 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 o, constants:

2
X

2
_1 —
p(X)=((5X\/27t) exp —M -0 <x <00
2
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.

s. Inverse Fourier transform and inverse finite Fourier transform. For the Fourier transform X(f),
defined for -oo0 < f < oo, the inverse Fourier transform of X(f) is defined as a real valued function of time,
t:
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17 i2mft
X0 = 5 [X(f)er ™ dt 0 <t<ow
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('f)ZZLf_FFX(f,T)ejz’tft df cw<t<o
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 < oo. The inverse finite Fourier transform always exists for well defined
X(f,T), -F <f<F and is 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, x;, X, inputs the
following input/output relationships are defined:

System homogeneity: cy= ch(x) = h(cx)
System superposition: y; +y; = h(x;) + h(x,) = h(x; + X;)

Mean (ensemble). For an ensemble {x;(t): 0 <t<T <o0,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:

N
l‘fl(t)=LZXi(t) 0<t<T
Niq

W(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:

B(t)= %i%xf (1)

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
¢, a constant, and x;, X, inputs, either

cy = ch(x) # h(cx)
or y1 +y2 = h(x1) + h(x2) # 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, 1= 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:

N
FO=P0 = 26 0

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 {x;(t): 0 <t <T <o, 1= 1,_2,....N} of N time
history records with a mean, p(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:

S0 = |—— 3 (x; (- m(1)> 0<t<T
N

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 < c0. 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(t) = a(t)x(t) 0<t<T

A condition for application of this model to random data is
|A(F, T)| << [X(f,T)| fo<f

for some f; and f, < f where f;, =

x(t).

. This condition helps ensure a(t) does not significantly modulate

|-
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kk. Variance (ensemble). For an ensemble {xi(t): 0 <t<T <o0o,i=1,2,.....N} of N time history records

11.

with a mean p(t) and a variance o’(t), 0 < t < T, where p(t) is estimated by rh(t), an unbiased estimate of
the variance of the ensemble at time t is given by:

G(t):ﬁi(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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PART TWO -- LABORATORY TEST METHODS
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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 S 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 IV 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.

@ e e o
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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 I (Storage); Procedure II (Operation); Procedure III (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 II, 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:

o a0 o

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 I - Storage/Air Transport. Procedure I 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 II - Operation/Air Carriage. Use Procedure II 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 11T - Rapid Decompression. Use Procedure III 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 IV is similar to Procedure III
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 I and II, 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 I1I and IV, 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 II, III, and IV 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. In a shipping/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.

4.5.1 Preparation for test.

4.5.1.1 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.).

4.5.1.2 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. Ifrequired, 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 II - Operation/Air Carriage.

Step 1.

Step 2.
Step 3.

Step 4.
Step 5.

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.

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

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.

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.

4.5.4 Procedure III - Rapid Decompression.

Step 1.

Step 2.

Step 3.

Step 4.

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).

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.

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).

Visually examine the test item to the extent possible. Document the results. Be alert for potential
safety problems (see paragraph 5).

4.5.5 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 III 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.

. 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.

e

Evaluating actinic (photochemical) effects (use Method 505.5, Procedure II).
d. Evaluating the effects of acrodynamic 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 I 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.

™o

Closure and sealing strips deteriorate.
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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 I (Storage), Procedure II (Operation), and Procedure III
(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.

b
c.
d

2.2.2

The operational purpose of the materiel.
The natural exposure circumstances (ambient or induced).
The test data required to determine whether the operational purpose of the materiel has been met.

Procedure sequence. If both the storage and operation procedures are to be applied, perform Procedure I
before Procedure II. Consider using Procedure III in lieu of Procedure II 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.

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

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 I - Storage. Use Procedure I 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 I to determine the actual level of heating of the test materiel caused by solar
loading.

b. Procedure II - Operation. Use Procedure II to investigate how high ambient temperatures may affect
materiel performance while it is operating. There are two ways to perform Procedure I1:

(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 III - 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, -II, and -III. 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.”

Design Type Location Ambient Air Induced ¥
OC (OF) OC (OF)
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-IT and -III.

? 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.!

Ambient Air Conditions Induced (Storage and Transit) Conditions
Time of Day Temperature¥ Humidity? Temperature’ Humidity?
°C_ (P % RH °C_ (P % RH
0100 33 (9D 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 (99 25 35 (95 25
2300 34 (93) 28 34 (93) 28
2400 33 (9D 33 33 (91) 33

Y 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.

? 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 Humidity? Temperature¥ Humidity?
°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 (9D 8 33 (92) 7
0600 32 (90) 8 33 (91 7
0700 33 (9D 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 (99 6

Y 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.

 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
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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.)

(a) 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 501.5-1I based on actual field measurements. See Part Three, paragraph
1.6.1.1 for further guidance.

(1) Aggravated 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 cvcling 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 I and II 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 II - 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. In a shipping/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.
Stacked or palletized configurations.
2.3.5 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-II and -III.

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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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 III, 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.

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.

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.

b.

General. Information listed in Part One, paragraph 5.13, and in Annex A, Task 406 of this standard.

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.

C.

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).

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).

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 II, if the operational check is not completed within 15 minutes,
reestablish test item temperature/RH conditions before continuing.

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.

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.

(a) 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.

4.5.1 Preparation for test.

4.5.1.1 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.)

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

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.

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.

4.5.2  Procedure I - Storage.

Step 1.
Step 2.

Step 3.

Step 4.

Step 5.

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

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

Adjust the chamber environment to the required test conditions for either cyclic exposure (Tables
501.5-IT or 501.5-IIT) 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.

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.

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.

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.

453  Procedure II - Operation.

Step 1.

Step 2.
Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

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.

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

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

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.

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.

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.

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.

4.5.4  Procedure III — 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 III, 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.
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Cracking and crazing, embrittlement, change in impact strength, and reduced strength.

—

Static fatigue of restrained glass.
Effects due to condensation and freezing of water in or on the materiel.
Decrease in dexterity, hearing, and vision of personnel wearing protective clothing.

—- =

Change of burning rates.
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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 I (Storage), Procedure II (Operation), and Procedure III
(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 specifical