Downloaded from http://www.everyspec.com

NOT MEASUREMENT
SENSITIVE

JSSG-2009A
w/AMENDMENT 1
20 November 2015

SUPERSEDING
JSSG-2009A
20 November 2013

DEPARTMENT OF DEFENSE
JOINT SERVICE SPECIFICATION GUIDE

AIR VEHICLE SUBSYSTEMS

This specification guide is for guidance only.
Do not cite this document as a requirement.

Comments, suggestions, or questions on this document should be addressed to
AFLCMC/ENRS, BLDG 28 RM 118, 2145 MONAHAN WAY, WPAFB OH 45433-7017
USA or e-mailed to ENGINEERING.STANDARDS@US.AF.MIL. Since contact
information can change, you may want to verify the currency of this address information
using the ASSIST Online database at https://assist.dla.mil.

AMSC N/A FSC 15GP

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.

Source: https://assist.dla.mil -- Downloaded: 2015-12-17T12:54Z
Check the source to verify that this is the current version before use.


mailto:ENGINEERING.STANDARDS@US.AF.MIL?subject=JSSG-2009A%20w/AMENDMENT%201
https://assist.dla.mil/

Downloaded from http://www.everyspec.com

JSSG-2009A
W/AMENDMENT 1

FOREWORD

JOINT SERVICE SPECIFICATION GUIDE (JSSG) RELEASE NOTE

This specification guide is predicated on a performance-based business environment
approach to product development. It is intended to be used in the preparation of performance
specifications. The JSSG Suite includes this document; JSSG-2000, Air System; JSSG-2001,
Air Vehicle; JSSG-2005, Avionics; JSSG-2006, Structures; JSSG-2007, Engines; JSSG-2008,
Vehicle Control and Management; JSSG-2010, Crew Systems; and JSSG-2011, Air Vehicle /
Ship Integration. The JSSG Suite Compact Disc is available from AFLCMC/ENRS, BLDG 28
RM 118, 2145 MONAHAN WAY, WPAFB OH  45433-7017 USA; DSN 674-5476;
COMMERCIAL (937) 904-5476; ENGINEERING.STANDARDS@US.AF.MIL.

The following direction and guidance is applicable to this document:

1. This specification guide, in conjunction with its companion JSSGs, is intended for use by
Government and Industry program teams as guidance in developing program-unique
specifications. This document may not be placed on contract.

2. The complete set of JSSGs establish a common framework to be used by Government-
Industry Program Teams in the Aviation Sector to develop program-unique requirements
documents for Air Systems, Air Vehicles, and major Subsystems. Each JSSG contains a
compilation of candidate references; generically-stated requirements; verification criteria; and
associated rationale, guidance, and lessons learned for the program teams’ consideration. The
JSSGs identify typical requirements for a variety of aviation roles and missions. By design, the
JSSG sample language for “requirements” and "verification criteria" are written as generic
templates, with blanks that need to be completed to make the requirements meaningful.
Program teams need to review the JSSG rationale, guidance, and lessons learned to:
(1) determine which requirements are relevant to their application; and (2) fill in the blanks with
appropriate, program-specific requirements.

3. This document consists of two parts. Part 1 of this document is a template to develop the
program-unique performance specification. As a generic document, it contains requirement
statements for the full range of aviation sector applications. It must be tailored to delete non-
applicable requirements to form the program-unique specification. In addition, where blanks
exist, these blanks must be filled-in for the program-unique specification to form a complete and
consistent set of requirements to meet program objectives. Part 2 of this document is a
handbook which provides the rationale, guidance, and lessons learned relative to each
statement in Part 1. The section 4 verification requirements must be tailored to reflect an
understanding of: (1) the design solution, (2) the identified program milestones, (3) the
associated level of maturity which is expected to be achieved at those milestones, and (4) the
specific approach to be used in the design and verification of the required products and
processes. It must be recognized that the rationale, guidance, and lessons learned are not only
generic in nature but also document what has been successful in past programs and practices.
This must not be interpreted to limit new practices, processes, methodologies, or tools.
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JOINT SERVICE SPECIFICATION GUIDE

AIR VEHICLE SUBSYSTEMS

This specification guide is approved for use by all Departments and Agencies of the
Department of Defense.

1. SCOPE
1.1 Scope.

This specification establishes the item definition, performance, operating characteristics,
reliability, maintainability, physical characteristics, general design, installation, and interface
requirements for Air Vehicle Subsystems. This specification also establishes the analysis,
inspection, demonstrations, and test procedures required by the Using Service for satisfactory
completion and acceptance of subsystem component qualifications at the SFR, PDR, CDR, FF,
and SVR Milestones. This specification also establishes the content and format to be used by
the Using Service or contractor for preparation of the acquisition or model specification.

The (TBS) Air Vehicle is composed of airframe, propulsion, avionics, crew station, flight
controls, vehicle management system, and subsystems. This specification addresses only the
subsystems. The purpose of _ (TBS)  air vehicle subsystems is to provide mechanization,
hydraulic, electrical, auxiliary, and pneumatic power, landing provisions, electronics and
airframe cooling, fuel, and fire protection.

1.2 Structure.

This specification complies with Guidance for Preparation and Use of Joint Services Guide
Specifications, AEB 96-1.

1.3 Handbook.

This specification has an accompanying tailoring handbook to be used for contractual purposes
in the development of air vehicle subsystems requirements.

1.4 Deviations.

Deviations from this specification which will result in improvement of the system performance,
reduced life cycle cost, reduced developmental cost, or where the requirements of this
specification result in compromise in operational capability, should be brought to the attention of
the Using Service.

1.5 Environmental impact.

Air Vehicle Subsystems will be designed such that their operation, maintenance, and repair may
be accomplished without violating the most stringent environmental regulations applicable to
locations where subsystems are used or supported. Compliance with environmental regulations
will not prevent subsystems from achieving and sustaining mission performance capability.

1
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Materials, processes, and environmental control equipment necessary to meet these
environmental requirements must currently be available in the Using Service’s maintenance and
supply system. The design will not use environmentally unsuitable materials such as ozone
depleting fluorocarbons, chlorofluorocarbons, and halons, or highly volatile organic compounds
in solvents and coatings during development, production, operation, maintenance, or repair. The
Environmental Protection Agency maintains an online list of toxic chemicals and hazardous
substances on its Ozone Layer Depletion Website at http://www.epa.gov/ozone/snap/ that
should be consulted. The Significant New Alternatives Policy (SNAP) Program available
thereon identifies substitutes for ozone depleting chemicals.

The contractor will conduct an environmental analysis of air vehicle subsystems.
1.6 Responsible engineering office.

The responsible engineering office (REO) for this specification is AFLCMC/EZFA, BLDG 28
RM 118, WPAFB OH 45433-7017; DSN 785-2023, COMMERCIAL (937) 255-2023;
AFLCMC.EZF.MAILBOX@US.AF.MIL.

2. APPLICABLE DOCUMENTS

2.1 General.

The documents listed in this section are specified in sections 3 and 4 of this specification. This
section does not include documents cited in other sections of this specification 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 and 4 of this specification, 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.

DEPARTMENT OF DEFENSE SPECIFICATIONS
JSSG-2000 Air System Joint Service Specification Guide
JSSG-2001 Air Vehicle Joint Service Specification Guide

DEPARTMENT OF DEFENSE STANDARD
MIL-STD-130 Identification Marking of U.S. Military Property
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(Copies of these documents are available online at http://quicksearch.dla.mil or from the
Standardization Document Order Desk, 700 Robbins Avenue, Bldg 4D, Philadelphia PA 19111-
5094.)

2.3 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.

2.4 Streamlining.

This specification has been streamlined. The documents listed herein which are required for
acquisition have the same status as those referenced directly in section 2 (first tier). All other
documents referenced through tiering may be used for guidance and information.

3
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3. REQUIREMENTS
3.1 Definition.

The (TBS 1) air vehicle shall perform the identified table | functions and meet the
requirements for safety, mission reliability, and vehicle growth as specified in _ (TBS 2) .

TABLE |. Subsystems functions.

(TBS3) .

3.1.1 Functional diagram.

Functional diagrams for the _ (TBS) shall be provided.

3.1.2 Interface drawing.

Interface drawings for the _ (TBS) shall be provided.

3.2 Characteristics

3.2.1 Security.
Subsystem security shall be in accordance with _ (TBS) .

3.2.2 Computer resources.

The computer resources, hardware and software, dedicated to the control of air vehicle
subsystems shall support allocated air vehicle subsystem functional requirements. Computer
resources hardware defined as, electric/electronic sensor data collection devices (data input),
electric and electronic effector devices (data output), analog, digital communication paths (serial
and parallel data buses), data processing elements (general or specialized CPUs), and power
supply characteristics shall be defined by computer resources. Computer resources software,
defined as High Order Language (HOL), software development and testing tools (software
environment), and software development processes shall be characterized by computer
resources. Computer resources hardware and software shall be designed as an open
architecture that is expandable, upgradable and compatible with other computer resources
within the air vehicle to maintain security requirements.

The computer resources shall support the _ (TBS) _level maintenance concept.

A hardware and software obsolescence plan shall be implemented for computer resources to
address maintenance of the air vehicle.

4
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3.2.3 Observables.

Subsystem IR, acoustics, radar, and visual observable requirements shall be as follow: (TBS) .
3.2.3.1 Electromagnetic emissions.

Electromagnetic emissions shall be in accordance with _ (TBS) .

3.2.4 Survivability.

The air vehicle subsystems shall be designed and integrated into the air vehicle to meet the
survivability requirements of the air vehicle as specified in _(TBS 1) . Specific subsystem
allocated and derived susceptibility and vulnerability requirements shall be as follow: (TBS 2) .
3.2.5 Reliability.

The air vehicle subsystem requirements shall be consistent with JSSG-2001 Air Vehicle
“Reliability” requirements.

3.2.6 Maintainability.

The air vehicle subsystem maintainability requirements shall be in accordance with JISSG-2001.

3.2.7 Integrity and environment

3.2.7.1 Service life and usage
3.2.7.1.1 Design service life.

The subsystem design service life shall be in accordance with JSSG-2001 Air Vehicle “Design
service life”.

3.2.7.2 Environment.

Each subsystem shall meet the performance requirements of this specification before, during,
and after exposure to any operational combination of the following natural and induced
environments:

a. Natural environment: _(TBS 1) .

b. Induced environment. The induced environments for the air vehicle subsystems shall be
developed using the above natural environment and the environment imposed on the
subsystems by the air vehicle design and its operating environment. Induced
environments shall be established for all modes of operation or hon-operation including
normal operation, intermittent operation (transient operation), non-operation, storage and
transport. These induced environments shall include _ (TBS 2) .

5
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3.2.7.3 Crash worthiness.

Subsystems shall be in accordance with JSSG-2001, Air Vehicle “Crash worthiness”.

3.2.7.4 Materials and processes.

The materials and processes shall ensure adequate strength, durability, and damage tolerance
capabilities of components as required _ (TBS) . (See 6.3).

3.2.7.4.1 Coatings and finishes.

Surfaces shall be coated and finished in accordance with JSSG-2001, Air Vehicle Joint Service
Specification Guide.

3.2.7.4.2 Prohibited materials and processes.
The following materials and processes shall be prohibited:

a. Chlorofluorocarbons (CFCs)

b. _(TBS
3.2.7.4.3 Producibility.
The selected fabrication techniques, design parameters, and tolerances shall enable the
product to be fabricated, assembled, inspected and tested with repeatable quality. A change in
manufacturing process, vendor, vendor location shall be subject to a re-verification process.

3.2.7.4.4 Damage tolerance.

(See 6.3.)

3.2.7.4.4.1 Safety and mission critical functions.

User service specified subsystems and components that perform safety or mission critical
functions shall be damage/fault tolerant. Damage/fault tolerance shall be achieved by _(TBS) .
(See 6.3.)

3.2.7.4.4.2 Damage tolerant - fail safe evident subsystems and components.

Damage tolerant - fail safe evident subsystems and components shall be specified.

3.2.7.4.4.3 Mechanical component damage tolerance.

Safety or mission critical components shall maintain adequate damage tolerance in the
presence of the maximum undetected maintenance or manufacturing defect as _ (TBS) .

6
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3.2.7.5 Strength.

Component strength shall be _ (TBS) .

3.2.7.6 Durability and economic life.

Subsystems shall be durable and economically maintainable throughout the service life.
(See 6.3.)

3.2.7.6.1 Corrosion.

Corrosion shall not degrade the operational readiness or mission performance of the subsystem
during the service life.

3.2.7.6.2 High cycle fatigue (HCF).

Subsystems shall not fail when subject to the combined steady state and vibratory induced
stresses that occur anywhere within the operating envelope and during ground, flight, and
logistics operations.

3.2.7.6.3 Low cycle fatigue (LCF).

Subsystems shall not fail when subject to the combined steady state and cyclic stresses due to
repetitive cycles whether thermally induced, induced by mechanical start and stop cycles or
both, or applied loads.

3.2.7.6.4 Dielectric materials.
Dielectric materials when exposed to maximum predicted voltage shall not fail.
3.2.7.6.5 Creep.

Subsystems shall not fail due to component creep. Part creep shall not interfere with
disassembly, reassembly or function of the subsystem.

3.2.8 Transportability.
Transportability shall be in accordance with JISSG-2001, Air Vehicle “Transportability”.

3.2.9 Integrated diagnostics.

Hardware and software, when required by the Air Vehicle Subsystems Specification, shall be
provided to monitor and record subsystem performance during flight and ground operation, and
to provide data in an organized format for ground analytical condition checkout capability,
component life tracking (if required), warranties, and scheduling maintenance actions. The
malfunction of any diagnostic hardware or software shall not affect subsystem performance or
operability. The diagnostic capability shall be compatible with the air vehicle maintenance
system. The subsystem diagnostic system shall be completely functional after failure of any
other subsystem or subsystem component.

7

Source: https://assist.dla.mil -- Downloaded: 2015-12-17T12:54Z
Check the source to verify that this is the current version before use.



Downloaded from http://www.everyspec.com

JSSG-2009A
W/AMENDMENT 1

3.2.9.1 Fault detection and isolation.

Diagnostics shall provide _ (TBS)  percent detection and isolation of all faults. The on-board
subsystem diagnostics shall provide fault detection and isolation to the faulty LRU/WRA as
required to meet the reliability and maintainability requirements of JSSG-2001. Subsystems
shall be compatible with the mission critical functions of the on-board diagnostic system that
monitors mission and safety critical parameters. The on-board subsystem diagnostics shall not
cause failure of any other mission or safety critical system.

3.2.10 Nameplate and product marking.

Subsystems equipment, assemblies, modules, and parts shall be marked legibly with
machine/man-readable markings per MIL-STD-130 and such that component removal is not
necessary to read the data plate. The machine-readable markings are required for parts whose
cost exceeds five thousand dollars, parts that are serially managed, or parts that are mission
critical. These markings shall be as permanent as the normal life expectancy of the item and be
able to withstand the environmental tests and cleaning procedures specified for the item to
which they are affixed. The type and length of product identification characters on the data plate
shall be compliant with MIL-STD-130 and applicable requirements documents referenced
therein for format compatibility. The contractor shall upload the Item Unique Identification (IUID)
assigned numbers and information into the Government UID (Unique Identification) database
according to the Using Service’s guidance and procedures.

3.3 Design and construction.

Design and construction shall be in accordance with JISSG-2001.

3.3.1 Interchangeability.

Subsystem equipment, which is to be interchangeable and the level of interchangeability shall
be defined.

3.3.2 Non-interchangeability.

It shall not be possible to misconnect electrical or fluid inputs or outputs with like items from the
same or other subsystem equipment.

3.3.3 Safety.

Subsystem safety features shall be provided to optimize the safety of the pilot, maintenance,

and support personnel within the constraints of operational effectiveness, time, and cost.

3.3.3.1 Safety criteria.

Subsystem safety criteria shall be defined.
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3.3.3.2 Foreign object damage (FOD).

Subsystem tolerance of foreign object damage shall be defined.

3.3.3.3 Software safety.

Air vehicle subsystem Software Safety Critical Items shall be identified and separated or
partitioned from other less critical software.
3.3.3.4 Acoustic noise.

The contractor shall establish acoustic noise level limits for noise producing or noise
transmitting air vehicle subsystems required to meet the acoustic noise level limits for air vehicle
established in JSSG-2001.

3.3.4 Electromagnetic environmental effects (E°).

Subsystem electromagnetic environmental effects shall be in accordance with JISSG-2001.

3.3.5 Standardization.

Standardization principles shall be used to the maximum extent possible without compromise in
design, performance, operability, or economic life of the subsystem.

3.3.6 Environmental.

Environmental requirements for the Air Vehicle Subsystems shall be those specified in the Air
System Joint Service Specification Guide, JISSG-2000, “Environmental,” as applicable.

3.3.7 Health.

Health requirements for the Air Vehicle Subsystems shall be those specified in the Air System
Joint Service Specification Guide, JSSG-2000, “Health,” as applicable.

3.3.8 Installation hazards reduction.
The following designs shall be applied to subsystem installations:

a. Subsystem installation and associated equipment designs shall be such that normal
operation of the subsystem will not contribute to or result in fire and explosion hazards.

b. Subsystem installations and associated equipment designs shall be such that fire and
explosion hazards due to failure or accident are minimized.

c. Subsystem installation boundaries common to the air vehicle exterior shall be designed
such that fire will not readily spread between subsystems due to the natural airflow over
the air vehicle.
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3.4 Subsystem characteristics

3.4.1 Landing subsystem.

Reference appendix A.

3.4.2 Hydraulic power subsystem.

Reference appendix B.

3.4.3 Auxiliary power subsystem.

Reference appendix C.

3.4.4 Environmental control subsystems.

Reference appendix D.

3.4.5 Fuel subsystem.

Reference appendix E.

3.4.6 Aerial refueling subsystem.

Reference appendix F.

3.4.7 Fire and explosion hazard protection subsystem.

Reference appendix G.

3.4.8 Electrical power subsystem.

Reference appendix H.

3.4.9 Mechanical subsystems.

Reference appendix .

3.4.10 Cargo, aerial delivery, and special operations subsystem.

Reference appendix J.

3.4.11 Vertical takeoff and landing — short takeoff and landing power drive subsystems.

Reference appendix K.

10

Source: https://assist.dla.mil -- Downloaded: 2015-12-17T12:54Z
Check the source to verify that this is the current version before use.



Downloaded from http://www.everyspec.com

JSSG-2009A
W/AMENDMENT 1

3.4.12 Propeller subsystem.

Reference appendix L.

3.4.13 Pneumatic subsystem.

Reference appendix M.

3.4.14 Additional subsystems and functions.

Reference appendix X.
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4. VERIFICATION

4.1 Definition.

The basic objective of verification requirements is to verify that the air vehicle subsystem
performance and operability requirements specified in section 3 have been met. This section
specifies the method(s) of verification for each section 3 subsystem requirement. Requirements
shall be verified incrementally _ (TBS) .

4.1.1 Functional diagram.

Functional diagrams shall be verified.

4.1.2 Interface drawing.

Interface drawing shall be verified by _ (TBS) .
4.2 Characteristics

4.2.1 Security.

Subsystem security shall be verified by _ (TBS) .

4.2.2 Computer resources.

The functional requirements allocated to and implemented by computer resources shall be

verified by _ (TBS) .

4.2.3 Observables.

Subsystem IR, acoustics, radar, and visual observable requirements shall be verified _ (TBS) .

4.2.3.1 Electromagnetic emissions.
The EME requirement shall be verified _ (TBS) .
4.2.4 Survivability.

The survivability requirements shall be verified as follows: _ (TBS) .
4.2.5 Reliability.

Reliability requirement shall be verified by _ (TBS) .

4.2.6 Maintainability.

The maintainability requirements shall be verified by _ (TBS) .
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4.2.7 Integrity and environment

4.2.7.1 Service life and usage
4.2.7.1.1 Design service life.

Design service life shall be verified in accordance with JISSG-2001.

4.2.7.2 Environment.
The subsystems shall be capable of meeting the performance requirements of this specification

before, during, and after exposure to the natural and induced environments as verified by
analyses, tests, and demonstrations.

4.2.7.3 Crash worthiness.

Subsystem crash worthiness shall be verified through analysis and test.

4.2.7.4 Materials and processes.

Material and process requirements shall be verified _ (TBS) .

4.2.7.4.1 Coatings and finishes.

Surface coatings and finishes shall be verified to be in accordance with JSSG-2001.
4.2.7.4.2 Prohibited materials and processes.

It shall be verified by _ (TBS) _that prohibited materials and processes are not used.
4.2.7.4.3 Producibility.

The producibility shall be verified by _ (TBS) .

4.2.7.4.4 Damage tolerance

4.2.7.4.4.1 Safety and mission critical functions.

It shall be verified that all subsystems that perform safety or mission critical functions are
damage and fault tolerant in the presence of material defects, manufacturing and processing
defects, or maintenance/service induced damage. Damage and fault tolerance shall be verified

by _(TBS) .
4.2.7.4.4.2 Damage tolerant - fail safe evident subsystems and components.

Subsystem damage tolerance of fail safe-evident subsystems shall be verified by _ (TBS) .
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4.2.7.4.4.3 Mechanical component damage tolerance.

The damage tolerance requirements shall be verified by analysis and test.

4.2.7.5 Strength.

Strength requirements shall be verified by _ (TBS) .

4.2.7.6 Durability and economic life.

The durability and economic life shall be verified by __ (TBS) .

4.2.7.6.1 Corrosion.

Corrosion protection and control measures shall be verified by _ (TBS) .

4.2.7.6.2 High cycle fatigue (HCF).

It shall be verified that subsystems subjected to the combined steady state and vibratory
induced stresses that occur anywhere within the operating envelope and during ground, flight,
and logistics operations do not fail.

4.2.7.6.3 Low cycle fatigue (LCF).
Low cycle fatigue shall be verified by _ (TBS) .
4.2.7.6.4 Dielectric materials.

Verification of specific dielectric materials when exposed to maximum predicted voltage shall be

by (TBS) .
4.2.7.6.5 Creep.

Subsystems creep characteristics shall be verified by _ (TBS) .
4.2.8 Transportability.

Transportability requirements shall be verified by _ (TBS) .
4.2.9 Integrated diagnostics.

Integrated diagnostics requirements shall be verified by _ (TBS) .

4.2.9.1 Fault detection and isolation.

Fault detection and isolation shall be verified by _ (TBS) .

4.2.10 Nameplate and product marking.

The requirement of 3.2.10 shall be verified by inspection.
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4.3 Design and construction.

Design and construction requirements shall be verified by _ (TBS) .
4.3.1 Interchangeability.

Interchangeability shall be verified by _ (TBS) .

4.3.2 Non-interchangeability.

Non-interchangeability shall be verified by _ (TBS) .

4.3.3 Safety.

Subsystems safety features to optimize the safety of pilot, maintenance, support personnel, and
the air vehicle shall be verified by _ (TBS) .

4.3.3.1 Safety criteria.

The defined safety criteria shall be verified by _ (TBS) .

4.3.3.2 Foreign object damage (FOD).

Defined subsystem tolerance to FOD shall be verified by _ (TBS) .

4.3.3.3 Software safety.

It shall be verified that air vehicle subsystem Software Safety Critical Items are identified and
separated or partitioned from other less critical software _ (TBS) .

4.3.3.4 Acoustic noise.
Acoustic noise levels shall be verified by _ (TBS) .
4.3.4 Electromagnetic environmental effects (E®).

The E® performance of the subsystems shall be verified through a combination of inspection,
analysis, and test.

4.3.5 Standardization.

The application of standardization principles shall be verified by inspection.

4.3.6 Environmental.

Environmental verification requirements for the Air Vehicle Subsystems shall be those specified
in the Air System Joint Service Specification Guide, JSSG-2000, “Environmental Verification,”
as applicable.
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4.3.7 Health.

Health verification requirements for the Air Vehicle Subsystems shall be those specified in the
Air System Joint Service Specification Guide, JSSG-2000, “Health verification,” as applicable.

4.3.8 Installation hazards reduction.

By analysis and inspection it should be verified that installation hazards reduction designs have
been used to the fullest extent practicable to prevent the occurrence of fire and explosion due to
the uncontrolled presence of _ (TBS 1) . The adequacy of the provided design should be

verified by _ (TBS 2) .

4.4 Subsystem characteristics

4.4.1 Landing subsystem.

Reference appendix A.

4.4.2 Hydraulic power subsystem.

Reference appendix B.

4.4.3 Auxiliary power subsystem.

Reference appendix C.

4.4.4 Environmental control subsystems.

Reference appendix D.

4.4.5 Fuel subsystem.

Reference appendix E.

4.4.6 Aerial refueling subsystem.

Reference appendix F.

4.4.7 Fire and explosion hazard protection subsystem.
Reference appendix G.

4.4.8 Electrical power subsystem.

Reference appendix H.

4.4.9 Mechanical subsystems.

Reference appendix I.

4.4.10 Cargo, aerial delivery, and special operations subsystem.

Reference appendix J.
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4.4.11 Vertical takeoff and landing — short takeoff and landing power drive subsystems.
Reference appendix K.

4.4.12 Propeller subsystem.

Reference appendix L.

4.4.13 Pneumatic subsystem.

Reference appendix M.

4.4.14 Additional subsystems and functions.

Reference appendix X (to be included, as necessary).
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5. PACKAGING

5.1 Packaging.

For acquisition purposes, the packaging requirements shall be as specified in the contract or
order (see 6.2). When packaging of materiel is to be performed by DoD or in-house contractor
personnel, these personnel need to contact the responsible packaging activity to ascertain
packaging requirements. Packaging requirements are maintained by the Inventory Control
Point's packaging activities within the Military Service or Defense Agency, or within the military
service’s system commands. Packaging data retrieval is available from the managing Military
Department's or Defense Agency's automated packaging files, CD-ROM products, or by
contacting the responsible packaging activity.

6. NOTES

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

6.1 Intended use.

The requirements in this specification are intended for the development of subsystems in air
vehicles designed to perform combat and support missions in environments unique to military
weapons systems.

6.2 Acquisition requirements.

Acquisition documents should specify the following:
a. Title, number, and date of this specification.
6.3 Definitions.

Methods of verification

Inspection: Inspection consists of visual examination, physical manipulation, weighing and
measurement, as required to verify the hardware item conforms to the design requirements, and
includes review of documentation that controls the configuration.

Analysis: Analysis is a technical evaluation of equations, graphs, data, etc. Verification by
analyses should be used when it is not feasible to perform tests to obtain the required data.
Analysis should also be used when testing is not warranted for verification of requirements,
such as the capability of simple components to withstand accelerated loads.

Stress analysis: The air vehicle finite element model can be used as the basis for stress
generated by airframe interactions (e.g., actuator hinge movements, leading edge flap side
loads, etc.). Supplemental, vendor finite element models can be used as the basis for the
stress analysis of individual components and design details, where needed. The stress analysis
can also be used as a basis to determine the adequacy of structural changes throughout the life
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of the subsystem and to determine the adequacy of the subsystem structure for new loading
conditions that result from increased weight or new mission requirements.

Durability analysis: Durability analyses address economic issues. Analysis should be
performed to show individual subsystem components will perform for the required environments
specified herein. These analyses could verify that the development of cracking, corrosion,
wear, deterioration, etc., will not adversely affect subsystem performance within the required
maintenance-free operational periods specified herein.

Damage tolerance: Damage tolerance analyses (see next definition) address safety issues.
The approach to damage tolerance philosophy is based on the assumption that damage
tolerance critical parts contain pre-existing material and/or manufacturing flaws or defects.
These manufacturing flaws include any quality characteristics that contribute to a failure mode
of the equipment. Therefore, it may be assumed that damage tolerance critical parts contain the
maximum acceptable manufacturing defects, including initial cracks - size 0.05 in., excessive
tube ovality - max ovality 5 percent (5%), solder slump/solder void of 25 percent (25%) or
current board reworked 3 times. Note, this is a more general definition of damage tolerance
than is usually associated with the discipline of fracture mechanics. These assumptions are
then analyzed for the worst case to determine the part’s damage tolerance.

The intent of Airplane Damage Tolerant Requirements is to ensure the maximum acceptable
initial damage will not progress to a condition which would endanger flight safety during the
service life of the air vehicle.

Similarly, the intent of the Integrity Program’s Damage Tolerant Requirement is to ensure the
maximum acceptable initial damage will not progress to a condition that compromises flight
safety during the service life of the subsystem equipment. In addition, the Damage Tolerant
Requirement applies to Mission Critical Equipment.

When applied, the Integrity Process will accomplish the Damage Tolerance intent through:

Proper material selection and control
Control of stress levels
Use of damage-resistant design concepts

Manufacturing process control

® 2 0o T 9

Use of qualified inspection procedures.

Tolerance analysis: The objective of tolerance analysis is to predict the effect on circuit
performance of the tolerances inevitably associated with manufactured components.

Demonstration: Demonstration is a test where success is determined by a "GO” or "NO-GO”
criteria.

Test: Test is the verification that a requirement is met by a thorough exercise of the subsystem
or item. This includes actual measurement of unit performance with calculations/analysis as
required and under controlled and recorded environment, as applicable.
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Durability: Test articles must represent production configurations as closely as is necessary to
ensure test validity. Durability testing may be combined with other functional tests.

Because most subsystems consist of many components, the verification of the durability and
economic life must be accomplished by analysis and test of components and a further
consideration of the system or subsystem as a whole.

Process control: This is an element of verification that provides objective evidence of
controlled processes. Examples of evidence may be in the form of control charts derived from
application of SPC, or data from automated inspection, non-destructive evaluation, data from
machines operating under adaptive control, or periodic testing of production samples.

Mission critical item: The mission critical item is an item whose failure alone may generate a
significant adverse impact to air vehicle survivability or result in less than acceptable handling
gualities during air-to-air combat and weapon delivery launch flight phases as defined. The
failure of an individual mission critical item would jeopardize the ability to disengage from a
combat engagement successfully.

Mission essential item: This is an item whose fault-free operation is procedurally required
from launch through recovery of a combat or training mission. All equipment contained in the
Mission Essential Subsystems List (MESL) should be designated as mission essential items.

Safety critical: This is an aspect of the design engineering process that requires careful
judgment and judicious evaluation because of the potential risk to safety. “Safety of Flight” and
“Flight Critical” are terms equivalent to “Safety Critical.”

Safety critical function: This is a function that, if performed incorrectly or not performed, may
result in death, loss of the air vehicle, severe injury, severe occupational illness, or major
system damage.

Safety critical item: This is an item that contributes to a safety-critical function and whose
failure alone may result in death or loss of the system (air vehicle).

Safety significant item. This is an item that contributes to a safety-critical function.

Economic life: The economic life of an asset is the time interval that minimizes the asset’s
total equivalent annual costs. The economic life is also referred to as the “minimum-cost life” or
the “optimum replacement interval.”

Materials and processes selection and characterization: The materials and processes
specified for the subsystems should be selected for compatibility of design, manufacturing, and
assembly while maintaining design integrity and reliability. Special attention should be paid to
the use of materials which minimized materials problems encountered in the past with the other
air vehicle subsystems. New and improved materials and processes which avoid stress
corrosion and brittle fracture, coupled with a design philosophy which recognizes such problem
areas, could result in increased durability.

Test requirements verification: This paragraph defines the various demonstrations, tests, and
other methods of verification which should be utilized to verify quality conformance to section 3
requirements.
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the requirements of the air vehicle specification.

Subsystem verifications should be conducted at contractor-, vendor-, or government-furnished

facilities. Subsystem verifications include:

a.

inspections and analyses, performance demonstrations, pre-qualification (safety-of-
flight), formal qualification tests, and pre-delivery tests conducted on the respective

components or subsystems; and

subsystem compatibility, performance demonstrations, and system-level testing is to
provide confidence that the functional and physical compatibility of the integrated
subsystems has been achieved and supports system performance requirements.

Special tests:

Laboratory: Laboratory testing should be conducted on all Air Vehicle Subsystem Equipment.

Major laboratory test articles include the following:

-~ o 20 T @

S

Integrated Vehicle Systems Simulator (Iron Bird)
Environmental Control System, Avionics and Cockpit Simulator
Electrical System Hot Mockup

Fuel System Simulator

Fire and Overheat System Simulator

Software Development Lab

Landing Gear Simulator

APS Test Stand

Hydraulic and pneumatic system simulator (Iron Bird)
Integrated diagnostic and controls simulator

Thermal Management System simulator.
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Subsystem level: The air vehicle subsystem performance and operability verification should
be conducted:

a. Subsystem performance verifications, using elements of the subsystem to verify that
specified performance levels have been achieved.

b. Subsystem operability verifications, utilizing elements of the subsystem to demonstrate
that the subsystem has achieved minimum specified levels of reliability, maintainability,
safety, interface compatibility, and supportability with planned resources, training, and
support equipment.

Methods of verification: Methods of verification are inspection, analysis, demonstration,
tests, or process control, or a combination thereof.

Test article: Test articles represent production configurations as close as necessary to
ensure test validity. Prior to subsequent testing, each test article should have successfully
passed the applicable acceptance test.

In-process verification

Qualification: Qualification should be by the methods identified. Testing is generally
classified as functional and environmental, but there are other tests classified by discrete
disciplines; for example; reliability, maintainability, and safety.

Functional tests: The subsystems and components should be operated for a period of time
sufficient to establish stability of performance. The performance and functional
characteristics of the equipment should then be measured and data recorded.

Environmental tests: The subsystems and components should be subjected to specified
natural and induced environments in specified combinations and cycles, with performance
monitored.

Safety of flight: Certification of satisfactory completion of safety-of-flight testing should be
submitted to the Customer prior to delivery of the first air vehicle.

Acceptance: Acceptance tests should be conducted. Acceptance tests should verify
baseline functional characteristics.

TEMPEST: Refers to investigation, study, and control of compromising emanations from
telecommunications and automated information systems equipment. Compromising
emanations are unintentional signals that, if intercepted and analyzed, would disclose the
information transmitted, received, handled, or otherwise processed by information-
processing equipment.

Transmissions: Transmission systems includes all parts between the engine and the load
absorbers. This includes gearboxes, shafting, universal joints, couplings, rotors, brake
assemblies, clutches (overrunning, friction, and dog), supporting bearings for shafting and
any attendant accessory pads or drives. Transmission oil cooling fan drives when driven by
a component of the system are considered a part of the transmission system. The oil cooler
is not considered part of the transmission, unless it is an integral part of a gearbox.
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6.4 Acronyms.

The following list contains the acronyms/abbreviations contained within Parts 1 and 2 of this
document.

AFGS Air Force Guide Specification
AISI American Iron and Steel Institute
APS Auxiliary Power Subsystem
APU Auxiliary Power Unit
BIT Built-in Test
BTU British Thermal Unit
CD-ROM Compact Disk — Read Only Memory
CDR Critical Design Review
CFC Chlorofluorocarbons
CPU Central Processing Unit
da/dn Incremental crack growth per cycle
DoDISS Department of Defense Index of Specifications and Standards
DSN Defense System Network
= Electromagnetic Environmental Effects
EMC Electromagnetic Compatibility
EMD Engineering Manufacturing Development
EME Electromagnetic Effects
EMI Electromagnetic Interference
FAA Federal Aviation Administration
FF First Flight
FMECA Failure Modes and Effects Criticality Analysis
FOD Foreign Object Damage
FRACAS Failure Reporting and Corrective Action System
HCF High Cycle Fatigue
HOL High Order Language
IBIT Initiated Built-in Test
IUID Item Unique Identification
JSSG Joint Service Specification Guide
LCC Life Cycle Cost
LCF Low Cycle Fatigue
LRU Line Replaceable Unit
23
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MAIT
MECSIP
MHGIT
MTBF
NALDA
NATO STANAG
NBC
PBIT
PDR
RCS
R&D
REO
SAE
SBIT
SFR
SPC
SVR
TBD
TBS

TO

uib
USA
USAF
USN
VTOL-STOL
WRA
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Minimum Autogenous Ignition Temperature

Mechanical Equipment and Subsystems Integrity Program
Minimum Hot Gas Ignition Temperature

Mean Time Between Failures

Naval Aviation Logistic Data Analysis

North Atlantic Treaty Organization Standardization Agreement
Nuclear, Biological, Chemical

Periodic Built-in Test

Preliminary Design Review

Radar Cross Section

Research and Development

Responsible Engineering Office

Society of Automotive Engineers

Start-up Built-in Test

System Functional Review

Statistical Process Control

System Verification Review

To Be Determined

To Be Supplied

Technical Order

Unique Identification

United States Army

United States Air Force

United States Navy

Vertical Take-off and Landing — Short Take-off and Landing

War Reserve Assembly

6.5 Subject term (key word) listing.

Aerial refueling
Auxiliary power
Cargo

Corrosion

Crash worthiness

Creep
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Electrical power subsystem

Environmental control

Explosion hazard

Fire

Fuel

Hydraulic

Integrity

Interchangeability

Landing gear

Maintainability

Mechanical subsystem

Observables

Pneumatic

Producibility

Propeller subsystem

Reliability

Strength

Transportability

VTOL-STOL

6.6 Amendment notations.

The margins of this specification are marked with vertical lines to indicate modifications
generated by this amendment. 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.

6.7 Responsible engineering office.

The office responsible for the development and technical maintenance of this specification is
AFLCMC/EZFA, BLDG 28 RM 118, WPAFB OH 45433-7017; DSN 785-2023, COMMERCIAL
(937) 255-2023; AFLCMC.EZF.MAILBOX@US.AF.MIL. Requests for additional information
about this specification can be obtained from AFLCMC/ENRS, BLDG 28 RM 118,
2145 MONAHAN WAY, WPAFB OH 45433-7017 USA; DSN 674-5476; COMMERCIAL (937)
904-5476; ENGINEERING.STANDARDS@US.AF.MIL.
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HANDBOOK FOR AIR VEHICLE SUBSYSTEMS
JOINT SERVICES SPECIFICATION GUIDE

1. SCOPE
1.1 Scope.

This handbook provides tailoring guidance and background information for individual
paragraphs of the Air Vehicle Subsystems Specification (AVSS). The handbook has been
developed and coordinated by technical personnel from the Air Force, Navy, and Army and has
been approved as an official guide for use by Government personnel for assistance in tailoring
the AVSS for acquisition and model specifications. This handbook is a mandatory part of the
specification guide. The information contained herein is intended for guidance only.

1.2 Structure.

The handbook structure replicates the structure of the Air Vehicle Subsystems Specification
except it places each corresponding section 3 requirement and section 4 verification together.

1.3 Handbook.

This handbook provides tailoring guidance and background information for individual
paragraphs of the Air Vehicle Subsystems Specification Guide. Guidance gives
recommendations on how to tailor the specification paragraph. Where _ (TBS)  appears, the
guidance paragraph provides recommended values or text that the Using Service may use to
insert in the _ (TBS) . When contractors are expected to fill-in the _ (TBS) , the Guidance
paragraph will so state. The Using Service makes the final decision on whom fills in the _ (TBS)
in the specification. Finally, Lessons Learned are provided to give insight to past events which
could impact the tailoring of the specification.

1.4 Deviations.

Deviations from this specification which will result in improvement of the system performance,
reduced life cycle cost, reduced developmental cost, or where requirements of the specification
results in compromise in operational capability, should be brought to the attention of the Using
Service.

1.5 Environmental impact.

Air Vehicle Subsystems will be designed such that their operation, maintenance, and repair may

be accomplished without violating the most stringent environmental regulations applicable to
locations where subsystems are used or supported. Compliance with environmental regulations
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will not prevent subsystems from achieving and sustaining mission performance capability.
Materials, processes, and environmental control equipment necessary to meet these
environmental requirements must currently be available in the Using Service’s maintenance and
supply system. The design will not use environmentally unsuitable materials such as ozone
depleting fluorocarbons, chlorofluorocarbons, and halons, or highly volatile organic compounds
in solvents and coatings during development, production, operation, maintenance, or repair. The
Environmental Protection Agency maintains an online list of toxic chemicals and hazardous
substances on its Ozone Layer Depletion Website at http://www.epa.gov/ozone/snap/ that
should be consulted. The Significant New Alternatives Policy (SNAP) Program available thereon
identifies substitutes for ozone depleting chemicals.

The contractor will conduct an environmental analysis of air vehicle subsystems.
1.6 Responsible engineering office.

The responsible engineering office (REO) for this Handbook is AFLCMC/EZFA, BLDG 28
RM 118, WPAFB OH 45433-7017; DSN 785-2023, COMMERCIAL (937) 255-2023;
AFLCMC.EZF.MAILBOX@US.AF.MIL.

2. APPLICABLE DOCUMENTS

2.1 General.

The documents listed in this section are specified in sections 3 and 4 of this handbook. This
section does not include documents cited in other sections of this guide specification 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 and 4 of this handbook, 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.

DEPARTMENT OF DEFENSE SPECIFICATIONS

JSSG-2000 Air System Joint Services Specification Guide
JSSG-2001 Air Vehicle Joint Services Specification Guide

DEPARTMENT OF DEFENSE STANDARDS

MIL-STD-130 Identification Marking of U.S. Military Property
MIL-STD-882 System Safety Program Requirements

73

Source: https://assist.dla.mil -- Downloaded: 2015-12-17T12:54Z
Check the source to verify that this is the current version before use.


http://www.epa.gov/ozone/snap/
mailto:aflcmc.ezf.mailbox@us.af.mil?subject=JSSG-2009A%20w/AMENDMENT%201

Downloaded from http://www.everyspec.com

JSSG-2009A
W/AMENDMENT 1

MIL-STD-1472  Human Engineering Design Criteria for Military Systems,
Equipment & Facilities

MIL-STD-1798  Mechanical Equipment and Subsystems Integrity Program
DEPARTMENT OF DEFENSE HANDBOOKS

MIL-HDBK-189 Reliability Growth Management
MIL-HDBK-310 Global Climatic Data for Developing Military Products
MIL-HDBK-454  Electronic Equipment, General Guidelines for

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

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.

USAF TECHNICAL REPORT

AFCRL-TR-74-0603 World-Wide Extremes of Humidity with Temperatures between 85
and 120 Degrees F, Accession Number ADA007676

(Copies of this document are available from www.dtic.mil; the Defense Technical Information
Center, 8725 John J. Kingman Road, Fort Belvoir VA 22060-6218; Phone: (703) 767-8274;
DSN 427-8274.)

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.

SAE INTERNATIONAL

SAE AIR 1826 Acoustical Consideration for Aircraft Environmental Control
System Design
SAE AS 5202 Port or Fitting End, Internal Straight Thread

(Copies of these documents are available from www.sae.org; SAE International,
400 Commonwealth Drive, Warrendale PA 15096-0001 USA; and www.ihs.com to qualified
users.)
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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.

2.5 Streamlining.

The Air Vehicle Subsystems Specification has been streamlined. The documents listed in this
handbook which are required for acquisition have the same status as those referenced directly
in section 2 (first tier). All other documents referenced through tiering, may be used for
guidance and information only.

75

Source: https://assist.dla.mil -- Downloaded: 2015-12-17T12:54Z
Check the source to verify that this is the current version before use.



Downloaded from http://www.everyspec.com

JSSG-2009A
W/AMENDMENT 1

3. REQUIREMENTS

4. VERIFICATIONS

3.1 Definition.

The (TBS 1) air vehicle shall perform the identified table | functions and meet the
requirements for safety, mission reliability, and vehicle growth as specified in _ (TBS 2) .

TABLE I. Subsystems functions.

(IBS 3)

REQUIREMENT RATIONALE (3.1)

Defining the applicable subsystems with their required functions establishes the linkage and
allocates key functional requirements of the air vehicle with that of the individual subsystems to
be developed. This linkage will form the basis from which the lower-tier component specification
requirements will be derived.

REQUIREMENT GUIDANCE (3.1)
TBS 1 should specify the air vehicle.

TBS 2 should reference the applicable air vehicle document that contains the overall
requirements for safety, mission reliability, and vehicle growth.

TBS 3 is a table that identifies the individual subsystem functions that are to be provided for the
air vehicle and assigns the key required air vehicle functions that are explicit in or derived from
the air vehicle specifications. A partial example of conventional manned air vehicle subsystems
is shown below:

SUBSYSTEM FUNCTION

Auxiliary Power - Auxiliary power generation for self-sufficient
normal ground and maintenance operations

- Main Engine Starting
- Emergency Power Generation

-Power Transmission (Engine shaft horsepower
to airframe)
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Fire Protection Crew Safety

- Air Vehicle Survivability

- Fuel Tank Inerting
-- Fire Prevention
-- Fire Detection
-- Fire Suppression

-- Bleed Air Leak Detection

Environmental Control - Pressurization

- Air Conditioning & Control

- Environmental Protection
-- Fog & Frost Protection
-- Rain Removal
-- Ice Protection

-Engine Bleed Air Distribution & Control

Fuel - Fuel Storage
- Fuel Management & Delivery
- Aerial Refueling

- Additional Functions as requirements dictate

Hydraulics - Hydraulic Power Generation and Distribution
for use in:

-- Primary Flight Control actuation
-- Utility subsystem actuation

-- Additional Functions as requirements
dictate
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Landing Gear - Air vehicle Ground Maneuvering & Recovery
- Steering
- Braking

- Additional functions as requirements dictate

VTOL/STOL power drive - Propellers

- Additional functions as requirements dictate

Propellers - Provide thrust (e.g., propellers, rotors, fans)

- Additional functions as requirements dictate

Additional Subsystems as requirements
dictate

A more integrated solution, however, may allocate, assign, or group a different combination of
functions such as in the following partial example:

SUBSYSTEM FUNCTION

Thermal/Energy Management Module - Auxiliary power generation for self-sufficient
normal ground and maintenance operations

- Main Engine Starting
- Emergency Power Generation
- Pressurization
- Air Conditioning & Control
- Environmental Protection
-- Fog & Frost Protection
-- Rain Removal
-- Ice Protection

- Thermal Management

78

Source: https://assist.dla.mil -- Downloaded: 2015-12-17T12:54Z
Check the source to verify that this is the current version before use.



Downloaded from http://www.everyspec.com

JSSG-2009A
W/AMENDMENT 1

Accessory Drive

- Power Transmission (Engine shaft
horsepower to airframe)

Fuel - Fuel Storage

- Fuel Management & Delivery

- Aerial Refueling

- Additional Functions as requirements dictate
Hydraulics - Hydraulic Power Generation and Distribution

for use in:
-- Primary Flight Control actuation
-- Utility subsystem actuation

-- Additional Functions as requirements
dictate

Landing Gear

- Air Vehicle Ground Maneuvering & Recovery
- Steering
- Braking

- Additional functions as requirements dictate

VTOL/STOL power drive

- Propellers

- Additional functions as requirements dictate

Propellers

- Provide thrust (e.g., propellers, rotors, fans)

- Additional functions as requirements dictate

Additional Subsystems as requirements
dictate

REQUIREMENT LESSONS LEARNED (3.1)

(TBD)
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4.1 Definition.

The basic objective of verification requirements is to verify that the air vehicle subsystem
performance and operability requirements specified in section 3 have been met. This section
specifies the method(s) of verification for each section 3 subsystem requirement. Requirements
shall be verified incrementally _ (TBS) .

VERIFICATION RATIONALE (4.1)

The purpose of incremental verification is to install design development discipline, provide
engineering and program management with events and progress criteria for continually
assessing the design effort toward achievement of contractual subsystem requirements, and to
ensure key system engineering risk reduction activities are successfully accomplished prior to
each demonstration milestone.

VERIFICATION GUIDANCE (4.1)

TBS should be filled in with verification cross-reference table. Table Il is an example of a
verification cross reference table, composed of five sections: Requirement Section,
Requirement Reference, Requirement Criticality, Verification Section and Verification
Method/Event. The requirement section should be a numerical listing of all section 3
requirements. The requirement reference should restate the respective requirement parameter
from section 3. The requirement criticality should document whether the requirement, as
designated by the User, is a critical system requirement. If the requirement is critical, then all
the subordinate allocated requirements within and across the lower level specifications should
carry the same rating. For critical subsystem requirements, the final incremental verification
should culminate in a test. The verification section should be a numerical listing of all
verifications for section 3 requirements. The verification method/event designate the method of
verifying (I - inspection, A - analysis, D - demonstration, T- test, or P - process control) the
requirement to show design maturity at designated events (SFR, PDR, CDR, FF, SVR and any
other event necessary for the proper incremental verification of the subsystem and its
components). The method of verification should be specified for each milestone event.
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TABLE Il. Incremental verification.
REQUIREMENT/VERIFICATION CROSS-REFERENCE MATRIX
_ Verification
SeC?EIOH Requirement Requirement Section 4 Method/Event
Reference Criticality Verification
Reqts.
N/A | SFR | PDR | CDR | FF | SVR | Other
3.1 AVSS definition C 4.1
3.2 AVSS 4.2
characteristics
3.3 Design and 4.3
construction
3.4.1 Landing 441
3.4.2 Hydraulic power 4.4.2
3.4.3 Auxiliary power 443
3.4.4 Environmental 4.4.4
control
3.45 Fuel 445
3.4.6 Aerial refueling 4.4.6
3.4.7 Fire and explosion 447
hazard protection
3.4.8 Electrical power 4.4.8
3.49 Mechanical 4.4.9
3.4.10 Cargo, aerial 4.4.10
delivery, and
special operations
3.4.11 VTOL-STOL 4411
power drive
3.4.12 Propellers 4.4.12
3.4.13 Pneumatics 4413
3.4.14 Additional 4.4.14
subsystems
and functions
Requirement Criticality: C — Critical, N — Non-Critical
Method of Verification: | — Inspection, A — Analysis, D — Demonstration, T — Test, P — Process Control

Events:

N/A — Not Applicable
SFR — System Functional Review
PDR — Preliminary Design Review

CDR - Critical Design Review

FF — First Flight
SVR - System Verification Review
Other — Include all events necessary for incremental verification of subsystems and components.
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VERIFICATION LESSONS LEARNED (4.1)

(TBD)
3.1.1 Functional diagram.

Functional diagrams for the _ (TBS) shall be provided.
REQUIREMENT RATIONALE (3.1.1)

Diagrams are needed to evaluate functional and physical characteristics.
REQUIREMENT GUIDANCE (3.1.1)

TBS should be filled with the subsystem for which procurement is being considered. Item
diagrams for each subsystem should be included in the air vehicle specification.

REQUIREMENT LESSONS LEARNED (3.1.1)

Diagrams are useful design tools.

4.1.1 Functional diagram.

Functional diagrams shall be verified.
VERIFICATION RATIONALE (4.1.1)
Diagrams are needed for verification to assure subsystem functional and physical correctness.

VERIFICATION GUIDANCE (4.1.1)
Functional diagrams should be verified by inspection.
VERIFICATION LESSONS LEARNED (4.1.1)
(TBD)

3.1.2 Interface drawing.

Interface drawings for the _ (TBS) shall be provided.
REQUIREMENT RATIONALE (3.1.2)
Interface between airframe and subsystem/component(s) must be established and controlled to

ensure compatibility. Interface drawings are required to ensure physical compatibility between
subsystems, components and airframe.
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REQUIREMENT GUIDANCE (3.1.2)
TBS should be filled with interface drawings for each subsystem.
REQUIREMENT LESSONS LEARNED (3.1.2)

Past air vehicle procurements have benefited from the inclusion of interface drawings.

Fluid drains, drain characteristics, and collection requirements have been included on interface
drawings. Component clearances have also been included.

4.1.2 Interface drawing.

Interface drawing shall be verified by _ (TBS) .
VERIFICATION RATIONALE (4.1.2)

Drawings are needed for verification to assure physical compatibility between subsystems/
components and airframe.

VERIFICATION GUIDANCE (4.1.2)

TBS should be accomplished by inspection.
VERIFICATION LESSONS LEARNED (4.1.2)
(TBD)
3.2 Characteristics

4.2 Characteristics

3.2.1 Security.
Subsystem security shall be in accordance with _ (TBS) .
REQUIREMENT RATIONALE (3.2.1)
This is a flowdown requirement from JSSG-2001, Air Vehicle Joint Services Specification Guide.
REQUIREMENT GUIDANCE (3.2.1)
TBS should be in accordance with the JISSG-2001 requirement.
REQUIREMENT LESSON LEARNED (3.2.1)

(TBD)
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4.2.1 Security.
Subsystem security shall be verified by _ (TBS) .

VERIFICATION RATIONALE (4.2.1)
(TBD)
VERIFICATION GUIDANCE (4.2.1)
(TBD)
VERIFICATION LESSONS LEARNED (4.2.1)

(TBD)

3.2.2 Computer resources.

The computer resources, hardware and software, dedicated to the control of air vehicle
subsystems shall support allocated air vehicle subsystem functional requirements. Computer
resources hardware defined as, electric/electronic sensor data collection devices (data input),
electric and electronic effector devices (data output), analog, digital communication paths (serial
and parallel data buses), data processing elements (general or specialized CPUs), and power
supply characteristics shall be defined by computer resources. Computer resources software
defined as, High Order Language (HOL), software development and testing tools (software
environment), and software development processes shall be characterized by computer
resources. Computer resources hardware and software shall be designed as an open
architecture that is expandable, upgradable and compatible with other computer resources
within the air vehicle to maintain security requirements.

The computer resources shall support the _ (TBS) _level maintenance concept.

A hardware and software obsolescence plan shall be implemented for computer resources to
address maintenance of the air vehicle.

REQUIREMENT RATIONALE (3.2.2)
Hardware characteristics such as bus bandwidth, bus type, input device impedance/voltage
range, output device impedance/voltage range, and CPU type must be “owned” by one design
group. This stops proliferation of hardware and forces commonality.

REQUIREMENT GUIDANCE (3.2.2)

Hardware and software processing resources should be an open, expandable architecture using
a minimum number of module types.
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TBS: Computer resources should support the air vehicle subsystem diagnostics, fault detection,
fault isolation, fault reconfiguration, and life management requirements.

See JSSG-2001, Air Vehicle Computer Systems, for additional guidance.

REQUIREMENT LESSONS LEARNED (3.2.2)
(TBD)

4.2.2 Computer resources.

The functional requirements allocated to and implemented by computer resources shall be

verified by _ (TBS) .

VERIFICATION RATIONALE (4.2.2)
(TBD)
VERIFICATION GUIDANCE (4.2.2)

TBS: The functional requirements implemented into computer resources should be verified by
stand-alone computer resource testing air vehicle. Additional functional verification should be
accomplished during system-level tests described in each subsystem.

Architectural requirements and the expansion capability should be verified by analysis. An
analysis of the module types should verify that the minimum number of modules is used
consistent with the need to partition functions and to minimize overall hardware complexity.
A testability analysis should verify that the air vehicle subsystem computer resources support
the fault detection, fault isolation, and reconfiguration requirements. Specific functional
requirements should be verified as called out in the specified requirement section.
The support-level maintenance should be verified by testability analysis and demonstration on
the VSS. The electrical design should be analyzed to verify that electrical failures can be
detected and isolated to the quantitative level required to support air vehicle requirements.

VERIFICATION LESSONS LEARNED (4.2.2)

(TBD)

3.2.3 Observables.
Subsystem IR, acoustics, radar, and visual observable requirements shall be as follow: (TBS) .

REQUIREMENT RATIONALE (3.2.3)

This is a flowdown requirement from JSSG-2001.
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REQUIREMENT GUIDANCE (3.2.3)
TBS should be in accordance with JSSG-2001, “Susceptibility*.

REQUIREMENT LESSONS LEARNED (3.2.3)

In the past, the dynamic RCS signature of the rotating blades on propellers have been a
significant design observable consideration.

4.2.3 Observables.

Subsystem IR, acoustics, radar, and visual observable requirements shall be verified (TBS) .
VERIFICATION RATIONALE (4.2.3)

This verification is to ensure survivability.
VERIFICATION GUIDANCE (4.2.3)

TBS should be filled in with analysis of model measured data, analysis of EMC radiated
emissions data, and data collected during ground and flight tests.

VERIFICATION LESSONS LEARNED (4.2.3)
(TBD)

3.2.3.1 Electromagnetic emissions.

Electromagnetic emissions shall be in accordance with _ (TBS) .
REQUIREMENT RATIONALE (3.2.3.1)

This is a flowdown requirement from JSSG-2001.

REQUIREMENT GUIDANCE (3.2.3.1)
TBS should be in accordance with the JSSG-2001 requirement.

REQUIREMENT LESSONS LEARNED (3.2.3.1)
(TBD)

4.2.3.1 Electromagnetic emissions.

The EME requirement shall be verified (TBS).
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VERIFICATION RATIONALE (4.2.3.1)
(TBD)
VERIFICATION GUIDANCE (4.2.3.1)
TBS: The EME requirement should be verified by analysis of EMC radiated emissions test.
VERIFICATION LESSONS LEARNED (4.2.3.1)
(TBD)
3.2.4 Survivability.
The air vehicle subsystems shall be designed and integrated into the air vehicle to meet the
survivability requirements of the air vehicle as specified in _(TBS 1) . Specific subsystem
allocated and derived susceptibility and vulnerability requirements shall be as follow: (TBS 2) .

REQUIREMENT RATIONALE (3.2.4)

The air vehicle subsystems must be able to withstand and perform in the intended environment
in order for the air vehicle to be effective.

REQUIREMENT GUIDANCE (3.2.4)
TBS 1. JSSG-2001, along with the applicable paragraphs and any associated supplemental
program specific documents identifying vulnerability/survivability requirements, should be

referenced.

TBS 2: The following hazards and vulnerability areas should be considered as to how the
subsystems would contribute to the total air vehicle performance:

- Ballistic impact from conventional munitions and missile fragmentation

- Chemical and Biological agents to include decontamination agents

- Lasers and other directed energy weapons such as high power microwave
- Nuclear

- Birds
- Observables

-- IR, UV, and EM radiation
-- Radar Cross Section (RCS)

-- Visible, such as smoke and vapor trails.
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Survivability is divided into two areas: vulnerability (provisioning so that once hit, damage is
minimized) and susceptibility (provisioning such that you do not get hit).

VULNERABILITY AREAS SUSCEPTIBILITY AREAS

Observables ...

Ballistic impact ...

- Chemical and Biological - Stealth

- Lasers - Countermeasures
- Nuclear - Chaff

- Birds

REQUIREMENT LESSONS LEARNED (3.2.4)
(TBS)

4.2.4 Survivability.
The survivability requirements shall be verified as follows: _ (TBS) .
VERIFICATION RATIONALE (4.2.4)

Verification that the subsystems can meet their allocated requirements is necessary for air
vehicle verification.

VERIFICATION GUIDANCE (4.2.4)

TBS: Vulnerability techniques should be verified by inspection of design drawings and tests.
The specific vulnerability reduction techniques used to enhance the survivability of the
subsystem should be verified in accordance with tailored verification methods which are specific
for the threat environments. The susceptibility reduction techniques should be verified as
specified in JISSG-2001.

VERIFICATION LESSONS LEARNED (4.2.4)
(TBD)
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3.2.5 Reliability.

The air vehicle subsystem requirements shall be consistent with JSSG-2001 Air Vehicle
“Reliability” requirements.

REQUIREMENT RATIONALE (3.2.5)

This is a flowdown requirement from JSSG-2001.

REQUIREMENT GUIDANCE (3.2.5)

The primary reliability requirement is the mission reliability requirement. It is derived, by
allocation, from the mission reliability statement in the operational requirements. It cannot be
measured satisfactorily in the R&D environment. It assumes mature equipment under field
operating conditions and would require the completion of many missions to obtain a high
confidence measurement. It is for this reason that Mean Time Between Failure (MTBF)
measurements are used. The MTBF requirement is related to the mission success requirement
through the reliability equation. The MTBF required to meet the mission success requirement is
increased 15 to 20 percent (15-20%) to allow for failures induced by operational and
maintenance problems handling damage, etc.

The required reliability is not generally achieved in development: when achieved it is generally
well into production after all correctable problems have been resolved and necessary
improvements have been retrofitted into delivered equipment. Reliability is a growth process. It
starts at a low level and grows as failures and problems are observed and corrected. Reliability
is a growth process and is discussed in MIL-HDBK-189, Reliability Growth Management.
Recognizing the growth process, two sets of reliability are generally used; the first represents
the operational requirement while the second applies strictly to the development phase of the
program.

Reliability does not just occur; it must be planned for. Reliability activities that must be planned
and performed might include:

Subcontractor and Supplier Control

Failure Reporting and Corrective Action System (FRACAS)

Reliability Analysis and Prediction

Failure Modes, effects, and Criticality Analysis

Identification and Control of Critical Items

Development, Qualification, and Production Tests.
A more complete list of reliability activities and instructions on their implementation are found in
MIL-STD-785B, Reliability Program for Systems and Equipment, Development and Production.

The selection of reliability activities will be determined by the reliability requirements, program
requirements and/or constraints, and past experience.
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The key to achieving the required degree of reliability growth is to accelerate the occurrence
and correction of correctable failures in the system. In some cases a system is dedicated to
performing reliability development tests at simulated operational environments. These tests are
run in parallel with other development tests. All failures are processed through the FRACAS,
corrective action is defined and installed in the test hardware to provide verification. Otherwise,
data from all tests, laboratory and flight, must be processed through FRACAS to determine the
required corrective actions. After development and into production, the process continues using
data from factory, flight, and operational tests.

REQUIREMENT LESSONS LEARNED (3.2.5)
(TBD)

4.2.5 Reliability.
Reliability requirement shall be verified by _ (TBS) .

VERIFICATION RATIONALE (4.2.5)

Verification is an element of the Reliability Program for air vehicle subsystems and provides
information and data for the verification process. Reliability is a design attribute and is achieved
principally by applying appropriate controls to every step of the design process, and by applying
appropriate quality controls to the manufacture of the item so that the inherent reliability of the
design will not be degraded. A good prediction will indicate the feasibility of meeting the
reliability requirements. The prediction process should be thoroughly understood so that the
prediction can be analyzed to identify problems that should be corrected before the design is
mechanized.

VERIFICATION GUIDANCE (4.2.5)
TBS should be filled in according to JSSG-2001.

The FMECA should be used to identify the critical failure modes that require correction. The
FRACAS should be used in all development testing to analyze all failures and identify those
needing correction. Special laboratory reliability tests might be required for some critical
component items to assure that their performance is compatible with the subsystem reliability
and life requirements. No special reliability test is recommended for the subsystems, but data
for all tests at the subsystem and higher levels should be utilized to enlarge the reliability data
base and provide a continuing measurement of reliability.

One factor that should not be overlooked is experience; the extent to which the reliability history
of previous subsystem designs might apply to this design. A “new” subsystem design might be
merely a physical rearrangement of the components in a previous design. This factor should be
carefully studied to make effective use of prior experience.

Test methods of the past have not yielded high confidence measurements of subsystem

reliability. The verification methods discussed herein do not represent a break with the past so
that the confidence level of the reliability measurements will continue to be low. The procedures
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discussed and recommended here emphasize the early identification and correction of problems
that might seriously impact the field reliability of the subsystem.

VERIFICATION LESSONS LEARNED (4.2.5)

General practice has been to subject the subassemblies and components to extensive
qualification testing then perform functional verifications, including, reliability in flight test as part
of the air vehicle contractors development test program. This might be called hybrid testing
since it is performed in many steps throughout the development process. Tests and analyses
are selected and structured so as to optimize the test time required and be beneficial to costs.

3.2.6 Maintainability.

The air vehicle subsystem maintainability requirements shall be in accordance with JSSG-2001.

REQUIREMENT RATIONALE (3.2.6)

This is a flowdown requirement from JSSG-2000, Air System Joint Services Specification
Guide.

REQUIREMENT GUIDANCE (3.2.6)

The subsystem design maintainability should be capable of meeting subsystem or air vehicle
availability goals for the mission and mission mix profile. Maintainability Qualitative and
Quantitative requirements should be specified.

The diagnostic capabilities necessary to meet subsystem maintainability requirements should
be specified.

All excluded maintenance and repair functions should be listed.

Subsystem design should permit maximum use of non-destructive inspection techniques and
multi-purpose test and inspection equipment. Inspection provisions, including access
envelopes, should be shown on the subsystem item diagrams.

Required tooling should be held to a minimum. Ideally, the subsystem should be capable of
being maintained with a set of standard hand tools to the maximum extent possible. Where
provisions for standard hand tools are not feasible, the design should provide, wherever
possible and cost effective, for special tools and test equipment that are available and in use on
other in-service subsystems of the same type.

Subsystems should be designed to be maintained by at least the central ninety percent (90%) of
the maintainer population (5th percentile female stature through 95th percentile male stature)
wearing a full complement of personal protective equipment, under all defined environmental
conditions (including day/night), and all defined operational scenarios at operating bases and
deployed locations.
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The capability for battle damage repair should be considered. Combat damage repair design
techniques should utilize tools and materials found at organizational and intermediate levels if
practical.

All subsystem components should be permanently marked to indicate all instrumentation and oil
connections. Components and items of the subsystems requiring routine servicing or
adjustment should be made readily accessible without removal of other parts. Each line
replaceable unit (LRU) should be removable from the system without removal of other LRU’s.

Parts subject to wear and which require replacement prior to expected life achievement of the
system component, should be individually replaceable.

Subsystem components should be accessible for inspection, cleaning, adjustment, or
replacement, with tools normally found in a mechanic's toolbox, while installed and without
removal of other components or structures. Exceptions should be identified.

Safety wire and cotter keys should not be used at an organizational level.
REQUIREMENT LESSONS LEARNED (3.2.6)

Clearance provisions for installing hose nipples or flared tube fittings have been a problem in
the past.

In the past, safety wire and cotter keys have punctured and torn NBC protective gear exposing
personnel to possible contamination.

4.2.6 Maintainability.

The maintainability requirements shall be verified by _ (TBS) .
VERIFICATION RATIONALE (4.2.6)

The maintainability requirement is a flowdown from JSSG-2001.

VERIFICATION GUIDANCE (4.2.6)
TBS should be filled in with Verification Requirements of JSSG-2001.

VERIFICATION LESSONS LEARNED (4.2.6)
(TBD)
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3.2.7 Integrity and environment
4.2.7 Integrity and environment

3.2.7.1 Service life and usage

4.2.7.1 Service life and usage
3.2.7.1.1 Design service life.
The subsystem design service life shall be in accordance with the JSSG-2001, “Design service
life”.
REQUIREMENT RATIONALE (3.2.7.1.1)

This is a flowdown requirement from JSSG-2001.

REQUIREMENT GUIDANCE (3.2.7.1.1)

The subsystems should be designed to satisfy the performance requirements of this
specification for the design service life of the air vehicle.

Operational service life data should be used for developing subsystems and components
design, analysis, and test criteria. Validity of information should be verified.

Reliability, durability and service life of subsystems are all dependent on Service usage. The
design usage will be supplied by the using service as part of the request for proposal. The
contractors should identify any recommended changes based on their experience to the using
service for consideration. It is recommended that the contractors conduct trade studies to
establish cost (Life Cycle Cost - LCC, Weight, Performance) as a function of structural life
(inspection intervals, economic life). The results of these trade studies should be presented to
the using service for consideration to establish a preferred design service life.

If specific design usage requirements are not specified by the using service, the contractor
should convert the airframe mission profile information supplied by the using service to
Subsystem usage profiles as required (e.g., to convert airplane thrust requirements for profile
segments into engine power settings). The design usage should be included as part of the
contract specifications.

The design usage should include:

Missions and Mission Mix (both training and operational)
Usage parameters

Externally applied forces

a0 oW

Ambient temperature extremes and ambient temperature distribution for principal sited
bases
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e. Mix of ship and shore based operations
f. Storage and shipment.

REQUIREMENT LESSONS LEARNED (3.2.7.1.1)
(TBD)

4.2.7.1.1 Design service life.
Design service life shall be verified in accordance with JSSG-2001.

VERIFICATION RATIONALE (4.2.7.1.1)
(TBD)
VERIFICATION GUIDANCE (4.2.7.1.1)

Operational service life should be verified by analysis and test.

VERIFICATION LESSONS LEARNED (4.2.7.1.1)
(TBD)

3.2.7.2 Environment.

Each subsystem shall meet the performance requirements of this specification before, during,
and after exposure to any operational combination of the following natural and induced
environments:

a. Natural environment: _(TBS 1) .

b. Induced environment. The induced environments for the air vehicle subsystems shall be
developed using the above natural environment and the environment imposed on the
subsystems by the air vehicle design and its operating environment. Induced
environments shall be established for all modes of operation or non-operation including
normal operation, intermittent operation (transient operation), non-operation, storage,
and transport. These induced environments shall include: _ (TBS 2) .

REQUIREMENT RATIONALE (3.2.7.2)

This is a flowdown requirement from the JSSG-2001. The intent is to provide a definition of the
natural and induced environments under which the air vehicle is expected to operate. The air
vehicle designer must add induced effects to determine overall subsystem exposure.

REQUIREMENT GUIDANCE (3.2.7.2)

TBS 1 should be filled in with the following guidance, except for air vehicle operating in limited
geographical areas:
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Air vehicle subsystems should be designed to meet the entire specified requirement while
operating under the worst expected natural extremes. These design conditions are usually
based upon MIL-HDBK-310, formerly MIL-STD-210, which established extreme climatic design
criteria for military equipment intended for worldwide usage.

The difficulty in applying MIL-HDBK-310 is in selecting the severity of the extreme to be used.
Systems being designed for specialized applications or limited usage may be designed to more
lenient requirements as determined by the program office. Listed below are the natural
environments, which must be considered during the analysis, design, and test of air vehicle
subsystems. Generally, many of these environmental conditions are specified in the air vehicle
specification based upon the operational requirements. The project engineer must review these
requirements to determine if all the appropriate environmental conditions have been specified,
and if not, address them in this paragraph. The engineer must be sure the requirements
specified are consistent with those established by the program office; i.e., if the program office
selects the MIL-HDBK-310 10-percent (10%) extreme flight operation high temperature, the
1-percent (1%) extreme flight operation humidity would probably not be appropriate. MIL-HDBK-
310 defines the 1-percent (1%) extreme, 10-percent (10%) extreme, etc., and how the design
criteria were established. The handbook should be consulted when this requirement is being
prepared. The engineer must make it clear that these values represent the extremes and that
the equipment is expected to meet specification at all conditions less than (or greater than) the
extremes.

Listed below are the environmental conditions that typically should be given for air vehicle
subsystems. When values are not provided in the air vehicle specification, the following values
are recommended for unlimited, worldwide usage:

Note: Since MIL-HDBK-310 is a handbook, it is not contractually binding. If any of the values
below are to be contractually binding, including the tables, they must be directly inserted into the
specification as requirements.

a. Ground operation high temperature. 120°F (MIL-HDBK-310, Worldwide Surface
Environment 1-percent (1%) extreme)

b. Ground operation low temperature. -60°F (MIL-HDBK-310, Worldwide Surface
Environment 20-percent (20%) extreme)

c. Flight operation high temperature. (MIL-HDBK-310, 5.3.1.1.2, Worldwide Air 1-percent
(1%) extreme)

d. Flight operation low temperature. (MIL-HDBK-310, 5.3.1.2.2, Worldwide Air 1-percent
(1%) extreme)

e. Ground operation of high absolute humidity with high temperature. The “GROUND”
curve on figure 1 should be used. This curve represents data from MIL-HDBK-310,
Worldwide Surface Environment 1-percent (1%) extreme, and is based on the curves
developed in Air Force Cambridge Research Laboratories Report AFCRL-TR-74-0603,
dated 5 December 1974.

f. Ground operation high relative humidity. (MIL-HDBK-310, Worldwide Surface
Environment 1-percent (1%) extreme [table VI])

g. Flight operation high humidity. (MIL-HDBK-310, 5.3.1.2.2, Worldwide Air 1-percent (1%)
extreme)
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In-flight operation of high absolute humidity with high temperature. The “IN-FLIGHT”
curve on figure 1, herein, should be used. This curve represents the 1-percent (1%)
extreme of figure 14 from the Air Force Cambridge Research Laboratories Report
AFCRL-TR-74-0603, dated 5 December 1974. The curve is for sea level conditions.
Extrapolating the curve to altitude conditions should be considered. The report also
provides other frequencies of occurrences.

Low humidity for all ground and flight conditions: zero percent (0%).

Ground operation rainfall rate. (MIL-HDBK-310, 5.1.11.2, Worldwide Surface
Environment 0.5-percent (0.5%) extreme.) In addition, externally mounted equipment
should be operable without significant degradation in performance and should sustain no
physical damage, during periods of extreme rainfall with a rate of 1.8 mm/min and with
intermittent wind.

Flight operation rainfall rate. (MIL-HDBK-310, 5.3.2.5.2, Worldwide Air 0.5-percent
(0.5%) extreme)

Solar radiation intensity. As defined on figure 2, herein. This data was extracted from
figure 10 of WADC Technical Report 55-254. The upper limit is consistent with the
ASHRAE Handbook — Fundamentals Volume (1989 edition, page 27.2), which gives the
solar intensity at the outer edge of the atmosphere as between 449.6 BTU/hr-ft?
(1418.2 W/m?) in mid-winter and 419.9 BTU/hr-ft* (1324.5 W/m?) in mid-summer. The
lower limit has been adjusted to reflect the MIL-HDBK-310 (table 1) value of 355 BTU/hr-
ft? (119.8 W/m?).
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FIGURE 1. Joint values of high temperature with high humidity.
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m. Ground hot soak conditions. MIL-HDBK-310, Worldwide Surface Environment Daily
Cycle of Temperature and Other Elements, 1 percent (1%) extreme (MIL-HDBK-310,
table 1). This should be used for requirements where longer-term duration is an issue
such as storage and start-up from hot soaked condition. Worldwide Surface Environment
Daily Cycle of Temperature and Other Elements, 1 percent (1%) extreme (MIL-HDBK-
310, table IV) should also be used where humidity may be a factor.

n. Atmospheric pressure. Pressure altitudes from 1,300 ft (396 m) below sea level to the
operational ceiling of the vehicle. Use of 1,300 ft (396 m) below sea level allows for both
normal atmospheric pressure changes and those geographic areas with below sea-level
elevations.

0. Salt spray. A sea salt fallout of at least 27 kg/ha/yr should be used.
p. Icing conditions:

1. In-flight. The icing environments should be those represented on figure 3, herein, for
in-flight icing from supercooled droplets. The particle droplet distribution must be
considered and can be approximated by the "Langmuir B" distribution modified for
cloud type, maritime, and orographic effects. The duration of exposure should not be
less than 45 minute with 90 minutes a worst-case desired exposure capability. The
guidance information given in "Air vehicle Icing Handbook” DOT/FAA/CT-88/8-1 is
the most up-to-date central source of icing design data to date (beyond ADS-4), is
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updated on a regular basis by the FAA and the SAE AC-9C Icing Subcommittee, and
should be used for air vehicle design. The specification should include in-cloud and
precipitating hydrometeors such as supercooled liquid droplets, basic ice crystals,
crystal aggregations, freezing rain, sleet, graupel, hail, and snow. Airframe
configurational phenomena such as condensation icing and vortex icing should be
addressed.

Ground. The icing environments should be those represented in the Ground
Environment of MIL-HDBK-310. The subsystem specification should consider effects
during/after exposure due to (layer and accretion of precipitating, blowing and
recirculating snow; sleet; hail; graupel; freezing rain; slush; and de-icing/anti-icing
fluid residual using the references cited above.

Ship. The icing environments should be those represented in the Naval Surface and
Air Environment of MIL-HDBK-310. Use the references cited above to develop the
subsystem specification with consideration to effects during/after exposure due to
accretion of precipitating, blowing, and recirculating snow; sleet; hail, graupel,
freezing rain; slush; and de-icing/anti-icing fluid residual.

(a.) Salt spray. Protection against sea salt fallout of at least 27 kg/ha/yr should be
provided.

(b.)Fungus. Fungus types for operation and stowage should be defined using
MIL-STD-810 as a guide.
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FIGURE 3.

TBS 2 should be filled in with the following guidance on induced environments: MIL-STD-810,

although a test specification, is helpful in establishing many of the requirements.

Using the ground ambient temperatures established

above the contractor should be required to develop the induced environment accounting

a. External Ground Temperature.

for such effects as radiative and convective heating off of tarmacs and air vehicle

exhaust that may be recirculated back to the air vehicle. Where air vehicle operate from
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different types of environments such as air vehicle carriers, a separate requirement for
the individual environments should be considered.

External Skin and Ram Temperature. Using the in-flight ambient temperatures
established above the contractor should be required to develop the induced environment
accounting for aerodynamic heating of the skin and boundary layer air.

Operating Temperature

High Temperature (internal)

Low Temperature (internal)

Temperature Shock

Vibration (including gunfire where applicable)
Acceleration

Shock

Acoustic Noise

Humidity

Low Pressure (altitude)

. Fungus

Sand and Dust
Explosive Atmosphere
Leakage (immersion)
Attitude

Pitching, Rolling, Yawing Angular Velocities and Accelerations and Load Factors (up,
down, aft, forward, and side)

Electromagnetic

Typically, the contractor is required to develop this data for regions and compartments in
the air vehicle using MIL-STD-810 as a guide and to submit it for government approval.
When levying this requirement, a contract data item should be prepared to require the
data to be delivered and approved. Electromagnetic environment is not covered in
MIL-STD-810.

REQUIREMENT LESSONS LEARNED (3.2.7.2)

On the V-22 FSD air vehicle, the induced environment resulting from hot exhaust from the
engines being deflected into the air vehicle on the ground resulted in the air temperatures at
inlets being much higher than predicted, resulting in failure to meet cabin, cockpit and avionics
specified temperatures.

C-130H air vehicles stationed at Dyess AFB TX experienced extreme clogging of heat
exchangers on the ram airside with sand and dust. This clogging was found to be due to the
high fin density and location of the ram air inlet in the plane of rotation of the propellers and near
the ground.
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4.2.7.2 Environment.

The subsystems shall be capable of meeting the performance requirements of this specification
before, during, and after exposure to the natural and induced environments as verified by
analyses, tests, and demonstrations.

VERIFICATION RATIONALE (4.2.7.2)

The intent of this requirement is to verify the capability of the subsystem to withstand and
operate in the natural and induced environments to which it will be subjected.

VERIFICATION GUIDANCE (4.2.7.2)

All individual components and/or subsystems of the air vehicle should be analyzed and/or tested
to verify compatibility with the natural and induced environments. The following will not apply to
all subsystems or part of subsystems. Such factors as whether they are internal or external or
have electronic equipment or not should be considered. The potential effect of the
environmental factor on the subsystem will also vary from subsystem to subsystem and
component to component. This can only be determined during the design process. The
contractor should be required to submit a data item to specify which environmental tests will be
run on which subsystems and their components. Combining environments in tests should be
considered where the interaction of factors may be critical. It may be considered for cost
effectiveness where verification is not compromised. MIL-STD-810 should be used as a guide
to develop verification requirements.

a. Ground operation high temperature
Ground operation low temperature
Flight operation high temperature
Flight operation low temperature

Ground operation high absolute humidity with high temperature

-~ 0o o o0 T

Ground operation high relative humidity
Flight operation high humidity

= @

Low humidity

Ground operation rainfall rate

Flight operation rainfall rate

[—

k. Solar radiation intensity

Ground hot soak conditions
. High temperature (internal)

Low temperature (internal)

Temperature Shock

Vibration (including gunfire where applicable)

L ©T o 5 3

Acceleration
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r. Shock
s. Acoustic Noise

—

Low Pressure (altitude)

Fungus

Salt Fog (carrier based air vehicle should add sulfur to this)
Sand and Dust

Explosive Atmosphere

Leakage (immersion)

N < X g < €

Solar Radiation

aa. Icing/Freezing Rain

bb. Electromagnetic - Should be in accordance with JISSG-2001.
VERIFICATION LESSONS LEARNED (4.2.7.2)

The experience of one-type fighter in recovery from spins, hard landings, and arrested landings
shows the acceleration and shock limits (MIL-STD-810) to which the air vehicle was tested were
exceeded. After one incident, a method of post-flight inspection had to be instituted to ensure
there was no damage to the mechanical equipment (rotating, valves).

3.2.7.3 Crash worthiness.
Subsystems shall be in accordance with JSSG-2001, “Crash worthiness”.

REQUIREMENT RATIONALE (3.2.7.3)

This is a flowdown requirement from the JSSG-2001, “Crash worthiness”.

REQUIREMENT GUIDANCE (3.2.7.3)

Crash worthiness should be considered during the initial design phase by selecting the most
effective mix of crash resistance factors including the following:

a. retention of high mass components, equipment, and cargo;
b. occupant environment hazards; and
C. post crash hazards.

Specific subsystems contributing to crash protection include crash resistant fuel systems,
energy absorbing landing gear, crash resistant cargo restraint systems, and air vehicle flotation
systems. Relative to rotary wing air vehicle, all gearbox support structures should prevent the
gearbox from being displaced into occupied space at crash load factors equal to or less than
those specified for a survivable air vehicle crash.
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REQUIREMENT LESSONS LEARNED (3.2.7.3)
(TBD)

4.2.7.3 Crash worthiness.

Subsystem crash worthiness shall be verified through analysis and test.
VERIFICATION RATIONALE (4.2.7.3)

This is a flowdown requirement from JSSG-2001.

VERIFICATION GUIDANCE (4.2.7.3)

Verification should be in accordance with JSSG-2001, “Safety verification.”

VERIFICATION LESSONS LEARNED (4.2.7.3)
(TBD)

3.2.7.4 Materials and processes.

The materials and processes shall ensure adequate strength, durability, and damage tolerance
capabilities of components as required _ (TBS) .

REQUIREMENT RATIONALE (3.2.7.4)

Some materials do not ensure adequate strength, durability, and damage tolerance capabilities
due to corrosion, degradation, toxic vapors, out gassing, nutrients for fungi.

REQUIREMENT GUIDANCE (3.2.7.4)

TBS: Durability considerations should include low cycle fatigue, high cycle fatigue, current-
carrying capacity, dielectric materials margins, and corrosion resistance.

Damage tolerance considerations should include fracture toughness, crack growth rate, stress
corrosion cracking, and corrosion resistance.

Elastomers and other materials exposed to lubricants, fluids and chemical agents used to
operate and maintain the subsystem should be compatible with such fluids throughout the entire
system temperature range without experiencing detrimental swelling, shrinkage, hardening or
other forms of material deterioration.

REQUIREMENT LESSONS LEARNED (3.2.7.4)

(TBD)
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4.2.7.4 Materials and processes.
Material and process requirements shall be verified _ (TBS) .
VERIFICATION RATIONALE (4.2.7.4)
(TBD)
VERIFICATION GUIDANCE (4.2.7.4)

TBS: Verification of the materials and processes requirements could be by material data
analysis and characterization testing. Material characterization testing may include yield
strength, ultimate strength, S/N data, da/dn testing, etc., for various materials and processing
variables as required by strength, durability, damage tolerance, and other analysis methods.
Historical data may be used in lieu of material characterization testing if available.

VERIFICATION LESSONS LEARNED (4.2.74)
(TBD)

3.2.7.4.1 Coatings and finishes.

Surfaces shall be coated and finished in accordance with the air vehicle specification.
REQUIREMENT RATIONALE (3.2.7.4.1)

This is a flowdown requirement from JSSG-2001, “Exterior color”.

REQUIREMENT GUIDANCE (3.2.7.4.1)

Coatings and finishes should be in accordance with JISSG-2001, “Exterior color”.

REQUIREMENT LESSONS LEARNED (3.2.7.4.1)
(TBD)

4.2.7.4.1 Coatings and finishes.
Surface coatings and finishes shall be verified to be in accordance with JSSG-2001.

VERIFICATION RATIONALE (4.2.7.4.1)

This is a flowdown requirement from JSSG-2001.

VERIFICATION GUIDANCE (4.2.7.4.1)

Verification should be by inspection.
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VERIFICATION LESSONS LEARNED (4.2.7.4.1)
(TBD)

3.2.7.4.2 Prohibited materials and processes.

The following materials and processes shall be prohibited:

a. Chlorofluorocarbons (CFCs)

b. (TBS).
REQUIREMENT RATIONALE (3.2.7.4.2)

The prohibition of certain materials is intended to assure that materials and processes that could
cause system degradation or hazards to personnel are eliminated.

REQUIREMENT GUIDANCE (3.2.7.4.2)

TBS: The following materials and processes should be considered:

a. magnesium;
silicon rubber;
room temperature vulcanizing rubber which comes in contact with lubricants, and

b

c

d. ge-sensitive elastomers;

e. unstabilized, austenitic steels above 700°F;
f

cold-rolled stainless steel at a temperature of more than 50° below the recovery
temperature;

g. precipitation hardenable stainless steels above 750°F;

h. nickel on heat exchangers where a sulfur environment will be encountered such as on
air vehicle carriers and where the temperature will exceed 600°F.

REQUIREMENT LESSONS LEARNED (3.2.7.4.2)

Castings. Castings should be clean, sound, and free from blow holes—excess porosity, cracks,
and other defects that may reduce the physical properties below design requirements.

Magnesium and magnesium alloys. Marine atmospheric exposure and most acids and salts
attack magnesium alloys rapidly. They are also highly susceptible to galvanic corrosion when in
contact with most other metals. Corrosion problems of this nature were experienced on
pneumatic controls and other components of the F-104 air vehicle. The corrosion caused
plugging or orifices and resulted in having to change components to eliminate the magnesium.
Therefore, magnesium and its alloys should be avoided. When it must be used, the contractor
must take the necessary precautions to prevent corrosion problems.

Corrosion-resistant steel.  Prolonged exposure to high temperatures can result in the
sensitization and intergranular corrosion of certain stainless steels. A good example is 19-9DL
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stainless steel, which the USAF has had to replace in the bleed air systems of the F-4 and
F-111 air vehicles and the Navy in F-4 and F-14 air vehicles.

Cadmium-plated material. The USAF experienced failures of cadmium-plated bolts on the B-52
bleed air system. High heat-treated cadmium-plated bolts, when installed in a high-stress, high-
temperature environment for an extended period, are subject to diffusion of the cadmium into
the base metal, resulting in cadmium embrittlement. Bolts in which cadmium embrittlement has
occurred will fail at a much lower load than their allowable strength. By limiting cadmium-plated
material application to temperatures less than 450°F, cadmium embrittlement failures can be
avoided.

Cadmium vapors and dust are highly toxic and should not be used in applications where the
cadmium vapors or dust could be delivered to the occupied compartments during normal
conditions or following component failure. A near-accident on the C-130 was attributed to
cadmium poisoning of the crew following failure of a cooling turbine with a cadmium-plated
turbine nozzle. The crew became nauseous and the pilot lost consciousness and was
hospitalized for 2 years. The same toxic conditions exist for beryllium.

Neoprene. Another experience on the B-52 was the use of neoprene-covered insulation on low-
temperature ducts. Corrosion of the duct surfaces occurred, caused by hydrochloric acid that
results from the combination of condensate and chloride ions emitted from the neoprene at
elevated temperatures. Neoprene can be used satisfactorily at temperatures up to 250°F. It
should not, however, be used at temperature above the boiling point of water when in contact
with or in close proximity to any material that is sensitive to chlorides, such as stainless steel.

Organic materials. Materials that are nutrients for fungi should be avoided because of the
problems of preventing the growth of fungus and the resulting decomposition of the material.
Typical problems caused by fungi are:

a. Micro-organisms digest organic materials as a normal metabolic process, thus degrading
the substrate, reducing the surface tension, and increasing moisture penetration.

b. Enzymes and organic acids produced during metabolism diffuse out of the cells and onto
the materials and cause metal corrosion, glass etching, hardening of grease, and other
physical and chemical changes to the materials.

c. The physical presence of microorganisms produces living bridges across components,
which may result in electrical failures.

Adhesives, tapes and sealants should not decompose, break down, degrade, or outgas to
combine with moisture to form corrosive compounds. The USAF has had numerous instances
where adhesives, tapes have been used on systems and have ultimately decomposed and
combined with moisture to form corrosive compounds. It is extremely important that all
materials used be carefully selected and fully investigated for each application. The following
examples serve to emphasize this requirement:

An adhesive was used as an assembly aid to install insulation on ducting for the F-111 air
vehicle. This adhesive broke down when heated and in the presence of moisture formed an
acid that corroded the ducting.
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The ends of ducts on the F-101 were wrapped with a pressure-sensitive tape before they were
covered with insulation. When heated, the chloride in the tape formed hydrochloric acid and
corroded the duct.

4.2.7.4.2 Prohibited materials and processes.

It shall be verified by _ (TBS) _that prohibited materials and processes are not used.
VERIFICATION RATIONALE (4.2.7.4.2)
(TBD)
VERIFICATION GUIDANCE (4.2.7.4.2)
(TBD)
VERIFICATION LESSONS LEARNED (4.2.7.4.2)
(TBD)

3.2.7.4.3 Producibility.

The selected fabrication techniques, design parameters, and tolerances shall enable the
product to be fabricated, assembled, inspected and tested with repeatable quality. A change in
manufacturing process, vendor, vendor location shall be subject to a re-verification process.

REQUIREMENT RATIONALE (3.2.7.4.3)

This requirement is directed toward achieving a design that is compatible with the realities of the
manufacturing capability of the defense industrial base. Producibility is a coordinated effort by
design engineering and manufacturing engineering to create a functional design that can be
easily and economically manufactured. The requirement documents establish what the system
must accomplish. These statements are the performance objectives for the system.
Subsequent statements in the requirement documents describe the physical, functional, and
support framework for the system. These statements operate as constraints on the design. The
relationship between the performance objectives and the constraints establish the potential
standards of producibility for the design.

The issue of design producibility and capabilities of the production system should be specifically

considered when tailoring the system specification and other contractual requirements for the
development contract.
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REQUIREMENT GUIDANCE (3.2.7.4.3)

Certain design practices can make a substantial contribution to attaining a high level of
producibility in the system. Among these are:

a. Simplicity of design — eliminate components of an assembly by building their function
into other components or into integral components through application of unique
manufacturing processes.

b. Standardization of materials and components — a wide variety of off-the-shelf materials
and components are available which, when incorporated in the design, reduce cost and
increase availability.

c. Manufacturing process capability analysis — determine the available manufacturing
capacity, and its capability to produce the desired end item without special controls.
This includes an analysis of process variability.

d. Design flexibility — offer a number of alternative materials and manufacturing processes
to produce an acceptable system.

REQUIREMENT LESSONS LEARNED (3.2.7.4.3)

If the beneficial effects on the design process, unit production cost and system producibility are
to be realized, the procuring activity will need to emphasize producibility activity and be willing to
allow time and funds for the accomplishment of design trade studies which are the foundation of
the producibility effort.

4.2.7.4.3 Producibility.
The producibility shall be verified by _ (TBS) .

VERIFICATION RATIONALE (4.2.7.4.3)

Verification is employed to mitigate the risk associated with production, to ensure the ability to
maintain design tolerances during the manufacturing process, and to confirm that the contractor
has a process to control quality in production.

VERIFICATION GUIDANCE (4.2.7.4.3)

TBS: Verification of producibility should be based on inspections, demonstrations, analyses and
tests. The level of inspection, demonstration, analysis and test should be dependent on the
criticality of the system or component.

VERIFICATION LESSONS LEARNED (4.2.7.4.3)
(TBD)
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3.2.7.4.4 Damage tolerance

4.2.7.4.4 Damage tolerance

3.2.7.4.4.1 Safety and mission critical functions.

User service specified subsystems and components that perform safety or mission critical
functions shall be damageffault tolerant. Damage/fault tolerance shall be achieved by

(TBS) .
REQUIREMENT RATIONALE (3.2.7.4.4.1)

Since damage tolerance is the ability of a system, subsystem or component to resist failure due
to the presence of flaws, cracks, or other damage for a specified period of operation, this
requirement protects safety and mission critical subsystems and components from potentially
degrading effects of handling damage and material, manufacturing and processing anomalies
which could result in premature failures and loss of air vehicle.

REQUIREMENT GUIDANCE (3.2.7.4.4.1)

Damage tolerance requirements should be applied to subsystems that perform safety or mission
critical functions and to individual safety or mission critical components.

TBS: Looking at the wide variety of air vehicle systems, subsystems, and individual safety and
mission critical components, damage and fault tolerance requirements should be met by the
following approaches:

a. Redundant or fail-safe-evident design

b. Damage tolerance design approaches in which the subsystem continues to function in
the presence of material defects, manufacturing and processing defects or
maintenance/service induced damage.

REQUIREMENT LESSONS LEARNED (3.2.7.4.4.1)

In the past, damage tolerance requirements have supplemented LCF requirements during
design and development. Significant damage tolerance, to the level required by the
specification, was then designed into the subsystem or critical components. Damage tolerance
requirements were stated in terms of hours or cycles after the specified damage has been
incurred. These parts have then been referred to as “damage tolerant designed.”

Damage tolerant design does not imply or require scheduled in-service inspections. However,
some subsystems may be designed for damage tolerance under structural integrity programs
such as MECSIP (Mechanical Equipment and Subsystems Integrity Program) which may
employ scheduled in-service inspections.
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4.2.7.4.4.1 Safety and mission critical functions.

It shall be verified that all subsystems that perform safety or mission critical functions are damage
and fault tolerant in the presence of material defects, manufacturing and processing defects, or
maintenance/service induced damage. Damage and fault tolerance shall be verified by _ (TBS) .

VERIFICATION RATIONALE (4.2.7.4.4.1)

Safety and mission critical functions must be verified to assure that the required functions are
actually met.

VERIFICATION GUIDANCE (4.2.7.4.4.1)

TBS: Safety and mission critical requirements should be verified by tests which will assure
continuation of the functions with the specified damage for the specified duration.

VERIFICATION LESSONS LEARNED (4.2.7.4.4.1)

(TBD)

3.2.7.4.4.2 Damage tolerant - fail safe evident subsystems and components.
Damage tolerant - fail safe evident subsystems and components shall be specified.

REQUIREMENT RATIONALE (3.2.7.4.4.2)

Fail safe evident refers to situations where on some subsystems or components, damage
tolerance may be more appropriately achieved by assuring that the failure is detectable and a
redundant system provides for mission completion and “get home” capability.

REQUIREMENT GUIDANCE (3.2.7.4.4.2)

Those subsystems and components that are damage tolerant -fail safe - evident should be
identified. Fail-safe evident subsystem design may be achieved by redundancy which assures
that failure within a subsystem does not result in loss of the air vehicle or mission capability,
both of which should be maintained by a backup or secondary subsystem. The loss of
redundancy should be evident in flight and on the ground to personnel conducting routine
maintenance.

REQUIREMENT LESSONS LEARNED (3.2.7.4.4.2)

(TBD)
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4.2.7.4.4.2 Damage tolerant - fail safe evident subsystems and components.

Subsystem damage tolerance of fail safe-evident subsystems shall be verified by _ (TBS) .

VERIFICATION RATIONALE (4.2.7.4.4.2)

Damage tolerant-fail safe evident designs must be verified to assure that the failure is evident
and that safety or mission critical functions will actually be met by the backup or secondary
system.

VERIFICATION GUIDANCE (4.2.7.4.4.2)

TBS: Subsystem damage tolerance should be verified by analysis to verify redundancy of the
fail-safe system design. Verification that failure will be evident in flight should be achieved by a
Failure Modes, Effects and Criticality Analysis (FMECA) of the subsystem. Verification that
failure will be evident to personnel conducting routine maintenance should be by demonstration.

VERIFICATION LESSONS LEARNED (4.2.7.4.4.2)

(TBD)

3.2.7.4.4.3 Mechanical component damage tolerance.

Safety or mission critical components shall maintain adequate damage tolerance in the
presence of the maximum undetected maintenance or manufacturing defect as _ (TBS) .

REQUIREMENT RATIONALE (3.2.7.4.4.3)

Damage tolerance is the ability of a component to resist failure due to the presence of flaws,
cracks, or other damage for a specified period of operation. The damage tolerance requirement
protects safety and mission critical subsystems and components from potentially degrading
effects of handling damage and material, manufacturing, and processing anomalies that could
result in premature failures.

REQUIREMENT GUIDANCE (3.2.7.4.4.3)

TBS: Damage tolerant design should be achieved by design to a maximum anticipated
undetected maintenance or manufacturing induced defect and a functional capability for
specified duration. Both the assumed defect size and the operational duration should be
specified by the procuring agency. The size of the defects typically dictated by the minimum
defect size detectable by production or in-service inspection methods. The period of damage
tolerance is often stated in terms of scheduled in-service inspection. It may be desirable to no
scheduled inspections during the design life. Since damage tolerance is conventionally stated
as an average capability, the magnitude of which is twice the minimum capability for forged
parts, the required period of damage tolerance operation is often stated as two design service
lives. This would insure a damage tolerant operation with minimum capability for one design
service life. The weight penalty that may be incurred to achieve this may not be feasible.
Therefore the period of average damage tolerant operation may be specified as equal to the
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design service life with a minimum damage tolerant capability equal to one-half (*/,) the design
service life. Scheduled inspections at one-half (*/,) the design service life could then be
conducted at the discretion of the user to ensure damage tolerant operation for the entire
service life.

REQUIREMENT LESSONS LEARNED (3.2.7.4.4.3)

In the past, damage tolerance of safety and mission critical components has been achieved by
damage tolerant design methods such as slow crack growth, leak before burst or composite
impact design. Slow crack growth can be assured by control of stress levels, choice of damage
tolerant materials, use of fracture mechanics methods, and manufacturing and process controls.
The key design assumption is that a low cycle fatigue crack is present at any or all surface or
subsurface locations in the most unfavorable location and orientation.

The MIL-STD-1798 for Mechanical Equipment and Subsystems Integrity Program can be used
for reference on relevant damage tolerance requirements for air vehicle subsystems. This
document was created to address damage tolerance and structural integrity concerns regarding
mechanical equipment and subsystems.

4.2.7.4.4.3 Mechanical component damage tolerance.

The damage tolerance requirements shall be verified by analysis and test.

VERIFICATION RATIONALE (4.2.7.4.4.3)

Damage tolerant designs must be verified to ensure safety- and mission-critical functions will
actually be met.

VERIFICATION GUIDANCE (4.2.7.4.4.3)

Safety- and mission-critical requirements should be verified by analysis and tests that will
ensure continuation of the functions with the specified defects for the specified duration. Early
analysis and test will enable identification of and focus on structurally sensitive areas and will
minimize occurrences of deficiencies later in development. Final verification may be by
component or subsystem test.

VERIFICATION LESSONS LEARNED (4.2.7.4.4.3)
(TBD)
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3.2.7.5 Strength.
Component strength shall be _ (TBS) .

REQUIREMENT RATIONALE (3.2.7.5)
(TBD)
REQUIREMENT GUIDANCE (3.2.7.5)

TBS: The components within each subsystem should not exhibit permanent set due to flight,
ground, and limit load conditions.

In addition, the component structure should not temporarily deform to the extent that functional
performance is significantly degraded within the flight and ground operating envelope
conditions.

The components should not experience catastrophic failure when subjected to ultimate loads or
combinations of ultimate loading.

REQUIREMENT LESSONS LEARNED (3.2.7.5)
(TBD)

4.2.7.5 Strength.
Strength requirements shall be verified by _ (TBS) .

VERIFICATION RATIONALE (4.2.7.5)
(TBD)
VERIFICATION GUIDANCE (4.2.7.5)

TBS: Verification of the strength requirements should be by analysis or test, or both.

a. Stress analysis. Stress analysis will determine the stresses, deformation, and margins
of safety resulting from the loads (including over speed, over pressure, burst pressure,
vibration, etc.) and environments imposed on both the electronic and mechanical
components of the subsystem.

The ability of the subsystem component to support the critical loads and to meet the
specified strength requirements and performance requirements will be established by
analysis. In addition, the stress analysis will be used as a basis for durability and
damage tolerance analyses, selection of critical component parts for design
development tests, material review actions, and selection of loading conditions to be
used in the subsystem structural test program.
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b. Stress testing (mechanical components only). Static load tests of components and
associated parts should verify that the static strength requirements are met. The applied
test loads, including ultimate loads should reflect those loads resulting from operational
and maintenance loading conditions.

VERIFICATION LESSONS LEARNED (4.2.7.5)
(TBD)

3.2.7.6 Durability and economic life.
Subsystems shall be durable and economically maintainable throughout the service life.

REQUIREMENT RATIONALE (3.2.7.6)
(TBD)
REQUIREMENT GUIDANCE (3.2.7.6)

Limited life criteria should be established based on the optimization of durability life analysis
(which determines the repair and replacement interval from a structural fatigue or wear
standpoint), durability testing, an economic life analysis (which determines the optimum repair
and replace interval from a cost standpoint), or a weight impact analysis.

The provisions could allow for durability and economic life less than the design service life, but
must be incorporated into the subsystem unique integrity requirements.

Durability analysis should demonstrate adequate durability margins for safety critical, mission
critical, and durability critical subsystems to ensure that no structural failure will occur in one
lifetime; therefore, analysis should predict that no structural failures will occur for at least two
design service lifetimes.

Durability for mechanical components should be adequate to resist fatigue damage (cracking
and delamination), wear and deterioration, thermal degradation, and corrosion during
operational and maintenance use such that the operational and maintenance capability of the
subsystems is not degraded to functional impairment for the durability, and economic life.

Durability for electrical components should be adequate to resist vibration fatigue, thermal
fatigue, electrical derating, dielectric material failure, and corrosion during operational use such
that the operational and maintenance capability of the subsystems is not degraded to functional
impairment for the durability and economic life.

Subsystem durability and economic life should not be degraded by wear or deterioration of
components, elements, seals, and major bearing surfaces.
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REQUIREMENT LESSONS LEARNED (3.2.7.6)

The policy for propulsion system components has always been to base all material properties
on minimum material capability.

In the past, rolling element bearings in magnesium, aluminum, or composite housings have
been required to be installed in liners which are retained or locked by a positive method to
prevent rotational and axial motion.

4.2.7.6 Durability and economic life.

The durability and economic life shall be verified by _ (TBS) .
VERIFICATION RATIONALE (4.2.7.6)
(TBD)
VERIFICATION GUIDANCE (4.2.7.6)

TBS: The durability and economic life of subsystems should be verified by analysis and test.

a. Economic analysis. A life cycle analysis should be performed on components to
determine the optimum economic life from a cost standpoint. The result of this analysis,
which includes maintenance, spare part procurement, down time should define the
economic life of the subsystem.

b. Durability analysis. Analysis should be conducted to show that the durability life of the
subsystem is at least equal to the economic life. These analyses should verify that the
development of cracking, corrosion, wear, deterioration would not adversely affect
subsystem performance within the economic life of the subsystem. Durability analysis
should include the assumption of the average manufacturing defects for typical
manufacturing quality. Analysis should also be performed on the electronic assemblies
assuming the maximum undetectable manufacturing process defects for use in
sensitivity analysis and variability reduction.

c. Durability tests. Durability testing should be conducted to verify that the specific
durability requirements are met. The loading must simulate the major environmental and
operational spectrum, which influence failure. Any critical areas, not previously identified
by analyses or development tests, should be identified. Any special inspection and
identification requirements necessary to achieve the durability life could be derived from
this test.

Accelerated testing may be performed, if it is shown by analysis, test, or historical data
that the usage-environment-imposed produced damage levels equivalent to the damage
level produced by the usage environment as specified.

In all cases, installation details should be included. Test loads and environments should

represent the equivalent usage specified herein in representative sequence of
application, to simulate service. Test duration should demonstrate confidence in
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achieving durability and therefore should not be less than the equivalent of one times the
durability and economic life for electronic equipment, and two times the durability and
economic life for mechanical equipment. In no case should the test time be less than
one equivalent lifetime. The success criteria for durability testing are the completion of
one durability and economic life, as well as, meeting the operational periods without
maintenance associated with that life.

Failures caused by operator error, test equipment malfunction, or unrealistic test loads
should not be counted as a durability test failure. All failures should be analyzed and
appropriate corrective action taken.

Development testing should verify the durability life. The development tests should be
performed on selected sample configurations (production representative) and should
consist of production representative mounting designs and manufacturing processes.

Off-the-shelf hardware whose previous durability test levels have been analyzed as
meeting or exceeding the equipment’s environments and usage requirements may be
used without additional durability testing.

VERIFICATION LESSONS LEARNED (4.2.7.6)
(TBD)

3.2.7.6.1 Corrosion.

Corrosion shall not degrade the operational readiness or mission performance of the subsystem
during the service life.

REQUIREMENT RATIONALE (3.2.7.6.1)

This is a flowdown requirement from the JSSG-2001, “Environmental resistance”.

REQUIREMENT GUIDANCE (3.2.7.6.1)
Subsystems should operate in the corrosion producing usage and environments as specified.

Corrosion that affects the operational readiness of the subsystems should not occur during the
service life for the usage and environment specified.

Corrosion prevention, including finishes, and coatings, should be resistant to surface damage
and should remain effective during the service life for the usage and environment specified.

The use of dissimilar metals in contact with each other should be suitably protected against
galvanic corrosion. Dissimilar metals are defined in MIL-STD-889.

REQUIREMENT LESSONS LEARNED (3.2.7.6.1)
(TBD)
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4.2.7.6.1 Corrosion.
Corrosion protection and control measures shall be verified by _ (TBS) .

VERIFICATION RATIONALE (4.2.7.6.1)

This is a flowdown requirement from JSSG-2001.

VERIFICATION GUIDANCE (4.2.7.6.1)

TBS: Corrosion prevention and control measures should be established and implemented in
accordance with the air vehicle corrosion control program; the criteria for the selection of
corrosion resistant materials, coatings, and finishes should be defined. Implementation of the
corrosion control program and analysis and testing necessary to meet specific requirements
within the program should verify that the corrosion control system provides resistance to the
environments specified.

VERIFICATION LESSONS LEARNED (4.2.7.6.1)
(TBD)

3.2.7.6.2 High cycle fatigue (HCF).

Subsystems shall not fail when subject to the combined steady state and vibratory induced
stresses that occur anywhere within the operating envelope and during ground, flight, and
logistics operations.

REQUIREMENT RATIONALE (3.2.7.6.2)
(TBD)

REQUIREMENT GUIDANCE (3.2.7.6.2)
The equipment should withstand vibration-induced stresses that occur throughout the air
vehicle-operating envelope and during ground, flight, and logistics operations for the
equipment’s durability and economic life for the usage and design environments at installed
location.

Potential flow resonances due to forced air or liquid cooling, and vibration coupled from the
structure into lower level assemblies should be considered.

For purposes of infinite life, table Il represents standard design practice for HCF.
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TABLE Ill. High cycle fatigue.

MATERIAL LIFE (cycles)
Ferrous, Nickel-Base Superalloys 107 cycles
Titanium 109 cycles

Other Materials 3x 107 cycles

REQUIREMENT LESSONS LEARNED (3.2.7.6.2)
(TBD)

4.2.7.6.2 High cycle fatigue (HCF).

It shall be verified that subsystems subjected to the combined steady state and vibratory
induced stresses that occur anywhere within the operating envelope and during ground, flight,
and logistics operations do not fail.

VERIFICATION RATIONALE (4.2.7.6.2)
(TBD)
VERIFICATION GUIDANCE (4.2.7.6.2)

The durability and economic life analysis and tests should verify adequate life for the vibration-
induced fatigue life requirements.

VERIFICATION LESSONS LEARNED (4.2.7.6.2)
(TBD)

3.2.7.6.3 Low cycle fatigue (LCF).
Subsystems shall not fail when subject to the combined steady state and cyclic stresses due to
repetitive cycles whether thermally induced, induced by mechanical start and stop cycles or
both, or applied loads.

REQUIREMENT RATIONALE (3.2.7.6.3)

Low Cycle Fatigue is one of the most severe and costly problems encountered in service. The
intent of the requirement is to insure that the specified design considerations are applied to LCF.
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REQUIREMENT GUIDANCE (3.2.7.6.3)

Common design practice is to design to at least two times the design service life. Components
should withstand low cycle fatigue throughout the operating envelope of the vehicle and during
ground, flight, and logistics operations for the durability and economic life for the specified
service usage and environment. Components must also withstand mechanical start and stop or
ground-air-ground (GAG) loading cycles.

REQUIREMENT LESSONS LEARNED (3.2.7.6.3)
(TBD)

4.2.7.6.3 Low cycle fatigue (LCF).
Low cycle fatigue shall be verified by _ (TBS) .
VERIFICATION RATIONALE (4.2.7.6.3)
The LCF lives must be verified to preclude the occurrence of part failures.
VERIFICATION GUIDANCE (4.2.7.6.3)
TBS: Verification should be by analysis and testing.

VERIFICATION LESSONS LEARNED (4.2.7.6.3)
(TBD)

3.2.7.6.4 Dielectric materials.
Dielectric materials when exposed to maximum predicted voltage shall not fail.
REQUIREMENT RATIONALE (3.2.7.6.4)
(TBD)
REQUIREMENT GUIDANCE (3.2.7.6.4)

Dielectric materials used in the electronic equipment should be able to withstand the maximum
predicted voltage without failure when subjected to the electrical power spectra and
environment specified.

REQUIREMENT LESSONS LEARNED (3.2.7.6.4)
(TBD)
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4.2.7.6.4 Dielectric materials.

Verification of specific dielectric materials when exposed to maximum predicted voltage shall be

by _(TBS) .
VERIFICATION RATIONALE (4.2.7.6.4)
(TBD)
VERIFICATION GUIDANCE (4.2.7.6.4)

TBS should be filled in with test and circuit tolerance analysis. Historical data may be used in
lieu of test.

VERIFICATION LESSONS LEARNED (4.2.7.6.4)
(TBD)

3.2.7.6.5 Creep.

Subsystems shall not fail due to component creep. Part creep shall not interfere with
disassembly, reassembly or function of the subsystem.

REQUIREMENT RATIONALE (3.2.7.6.5)

Creep during service life must be accounted for to ensure that acceptable operation and
maintenance is not impaired.

REQUIREMENT GUIDANCE (3.2.7.6.5)

One approach to accounting for creep is to specify a maximum allowable value. Common
design practice is to allow a value of 0.1 percent to 0.2 percent (0.1%-0.2%) elongation.

REQUIREMENT LESSONS LEARNED (3.2.7.6.5)
(TBD)

4.2.7.6.5 Creep.
Subsystems creep characteristics shall be verified by _ (TBS) .

VERIFICATION RATIONALE (4.2.7.6.5)

Creep verification is required to ensure the subsystem can operate satisfactorily for the service
life.
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VERIFICATION GUIDANCE (4.2.7.6.5)

TBS: Design documentation inspection, analysis, or tests should verify compliance with the
creep requirement.

VERIFICATION LESSONS LEARNED (4.2.7.6.5)
(TBD)

3.2.8 Transportability.

Transportability shall be in accordance with JISSG-2001, “Transportability”.

REQUIREMENT RATIONALE (3.2.8)
This is a flowdown requirement from the JSSG-2001, “Transportability”.

REQUIREMENT GUIDANCE (3.2.8)
The transportability of the subsystems should be in accordance with JISSG-2001. Subsystems
should be suitable for installation and transportation on appropriate static and mobile ground
equipment.

REQUIREMENT LESSONS LEARNED (3.2.8)

In order to prevent contamination and hazards to personnel and equipment, cover plates have
been furnished for covering all drive openings when driven components were not to be mounted

for shipment. Suitable provisions for covering or plugging all other connection openings were
required to be made.

4.2.8 Transportability.

Transportability requirements shall be verified by _ (TBS) .
VERIFICATION RATIONALE (4.2.8)

This is a flowdown requirement from the JSSG-2001, “Transportability”.
VERIFICATION GUIDANCE (4.2.8)

TBS: Verification should be by analyses or test or both.

VERIFICATION LESSONS LEARNED (4.2.8)
(TBD)
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3.2.9 Integrated diagnostics.

Hardware and software, when required by the AVSS, shall be provided to monitor and record
subsystem performance during flight and ground operation, and to provide data in an organized
format for ground analytical condition checkout capability, component life tracking (if required),
warranties, and scheduling maintenance actions. The malfunction of any diagnostic hardware or
software shall not affect subsystem performance or operability. The diagnostic capability shall
be compatible with the air vehicle maintenance system. The subsystem diagnostic system shall
be completely functional after failure of any other subsystem or subsystem component.

REQUIREMENT RATIONALE (3.2.9)

This is a flowdown requirement from the JSSG-2001, “Integrated diagnostics”. Diagnostic
capability monitors and records subsystem status.

REQUIREMENT GUIDANCE (3.2.9)

The diagnostic system should be compatible with organizational, intermediate, or depot
maintenance, depending on the level of maintenance that will retrieve and use the data. It may
be completed by the using service to drive the design if a firm maintenance concept has been
established, or the contractor may complete it to allow greater flexibility in optimizing the design.

Diagnostics should be an integral part of the subsystem maintenance system and should be
compatible with both the air vehicle data collection and ground support systems. Diagnostic
data may or may not be retrieved through the air vehicle system, and the description should
state whether or not the air vehicle system is used. All air vehicle subsystem interfaces should
be described in the interface section of this specification. The contractor should describe the
components included as part of the subsystem diagnostic system (such as subsystem data
collection box and sensors, and if applicable, the air vehicle data collection system and ground
support, data transfer system). A detailed description of the diagnostic system is not necessary,
but a sufficient system level description is needed so that the using service and contractor
understand the system’s capability.

The subsystem diagnostic system should include installed airborne equipment, ground
equipment, flight line support equipment, intermediate level support equipment, depot support
equipment, technical publications, manual inspections and personnel required to accomplish the
complete task. However, collecting data is only a small part of the system approach required to
develop an effective diagnostic system. Some details to be considered in the design are the
sensors, signal conditioners, data processor, data storage, crash survivability, data exchange
rate(s), air vehicle mounting, ground based processing station, and programming language.

There has been considerable proliferation of diagnostic ground support equipment. It is
generally recognized that the airborne diagnostic equipment will be somewhat application
unique, but the ground equipment required to extract, transmit, process, and distribute the data
can be adaptable to the application.

Diagnostic system software algorithms and instrument range, system accuracy, time response,

sample rate, and electrical characteristics for each parameter should be provided to the using
service.
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REQUIREMENT LESSONS LEARNED (3.2.9)

The USAF has had numerous experiences with engine monitoring systems that did nothing
more than collect data. The data that were collected could not be reduced into useful
information, and some of the more important parameters were not collected.

4.2.9 Integrated diagnostics.

Integrated diagnostics requirements shall be verified by _ (TBS) .
VERIFICATION RATIONALE (4.2.9)

This is a flowdown requirement from the JSSG-2001, “Integrated diagnostics”. Verification is
required to assure user needs are satisfied.

VERIFICATION GUIDANCE (4.2.9)

TBS: Integrated diagnostics requirements should be verified through a combination of
analyses, inspections and demonstrations.

An analysis should be performed to show that faults can be detected and isolated using a
combination of Startup BIT (SBIT), Periodic BIT (PBIT), Initiated BIT (IBIT), ancillary tools and
test equipment, or computer assisted manual procedures.

It is important that the diagnostic system tested on the subsystem ensures that the system
works properly. An important function of the test should be to establish thresholds for
determining out of range faults, verifying when false faults occur, determining if signal noise is
present, and revealing other problems that may occur. Flight-testing is needed since that is
when the true diagnostic environment and usage will concur.

The contractor should select and demonstrate a number of these fault detection and isolation
procedures.

VERIFICATION LESSONS LEARNED (4.2.9)

(TBD)

3.2.9.1 Fault detection and isolation.

Diagnostics shall provide _ (TBS)  percent detection and isolation of all faults. The on-board
subsystem diagnostics shall provide fault detection and isolation to the faulty LRU/WRA as
required to meet the reliability and maintainability requirements of JSSG-2001. Subsystems
shall be compatible with the mission critical functions of the on-board diagnostic system that
monitors mission and safety critical parameters. The on-board subsystem diagnostics shall not
cause failure of any other mission or safety critical system.
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REQUIREMENT RATIONALE (3.2.9.1)

Subsystem diagnostic fault detection and isolation capabilities and equipment and maintenance
effects necessary to accomplish these functions need to be specified.

REQUIREMENT GUIDANCE (3.2.9.1)

TBS: Fault detection and isolation rate should be between 90-100 percent (90-100%),
depending on the system. However, for ground based fault detection systems, the fault
detection rate should be between 95 and 100 percent (95-100%).

The list of functions may include; the on-board subsystem diagnostics, inspections, results from
processed diagnostic data, and troubleshooting (automated, computer assisted, or manual).

The goal is to have the on-board system identify any faulty LRU/MWRA and have maintenance
personnel only conduct minor troubleshooting tasks on the ground. A higher percentage of the
fault detection and isolation should be accomplished through automated processes to save
maintenance work hours. Evaluating the problem in the field through diagnostics can also save
depot rework hours and other supply costs by reducing the number of “cannot duplicate”
occurrences. Diagnostics should be compatible with existing subsystem maintenance systems,
Core Automated Maintenance System (CAMS), Naval Aviation Logistic Data Analysis (NALDA),
and Aviation Maintenance - Materials - Management System.

REQUIREMENT LESSONS LEARNED (3.2.9.1)
(TBD)
4.2.9.1 Fault detection and isolation.
Fault detection and isolation shall be verified by _ (TBS) .
VERIFICATION RATIONALE (4.2.9.1)

Verification is required to assure diagnostic usefulness as a maintenance, performance
trending, and warranty tool.

VERIFICATION GUIDANCE (4.2.9.1)

TBS: Fault detection and isolation requirements should be verified through a combination of
analyses, inspections, tests and demonstrations.

Testing should be performed throughout the development cycle and should include qualification
testing, test cell testing, and flight-testing. The flight-testing should evaluate the effectiveness of
the entire system including airborne equipment, ground equipment, and data output product
usage. Flexibility of diagnostics during flight-testing should be maintained so that changes can
be made to the system to ensure it is a useful maintenance tool.
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VERIFICATION LESSONS LEARNED (4.2.9.1)

Many diagnostic systems have been tested from a functional standpoint and adequate hardware
testing has also been performed. However, the software area has been neglected, resulting in
problems after fielding. These problems were due to “bugs” that were not discovered during
functional testing, but surfaced when the system became operational. Thorough testing of the
software is necessary to prevent this from happening.

3.2.10 Nameplate and product marking.

Subsystems equipment, assemblies, modules, and parts shall be marked legibly with
machine/man-readable markings per MIL-STD-130 and such that component removal is not
necessary to read the data plate. The machine-readable markings are required for parts whose
cost exceeds five thousand dollars, parts that are serially managed, or parts that are mission
critical. These markings shall be as permanent as the normal life expectancy of the item and be
able to withstand the environmental tests and cleaning procedures specified for the item to
which they are affixed. The type and length of product identification characters on the data plate
shall be compliant with MIL-STD-130 and applicable requirements documents referenced
therein for format compatibility. The contractor shall upload the Item Unique Identification (IUID)
assigned numbers and information into the Government UID (Unique Identification) database
according to the Using Service’'s guidance and procedures.

REQUIREMENT RATIONALE (3.2.10)

All subsystem components require marking or identification. The maximum number of digits or
characters must be limited due to computer limitations used for inventory and logistical control.

REQUIREMENT GUIDANCE (3.2.10)

ASME Y14.24, ASME Y14.34, ASME Y14.35M, ASME Y14.100, and the most current version of
MIL-STD-130 should be used for guidance. Night vision goggles preclude the need for red
lighting. Whenever possible, the markings should be visible through normal access openings on
the subsystem and aircraft. Modern subsystem programs are moving towards the use of
2-dimensional (2D) markings. ATA Spec 2000, DoD IUID, or other ISO specifications marking
capability can be used for reference.

REQUIREMENT LESSONS LEARNED (3.2.10)

Components have had to be removed to examine nameplates and markings during inspection
and maintenance due to the poor placement of those markings. The limitation on number of
characters in the part number was identified as impacting select DoD Weapon System
programs.
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4.2.10 Nameplate and product marking.

The requirement of 3.2.10 shall be verified by inspection.
VERIFICATION RATIONALE (4.2.10)

Verification of man-readable property marking or identification can be accomplished only by
inspection.

VERIFICATION GUIDANCE (4.2.10)
Verify completeness, accuracy, and visibility of the information supplied. Verify machine-
readable information was obtained with properly-calibrated barcode verification equipment.
Machine-readable information must be verified by the supplier through use of a verification
process that ensures conformance to the grading requirements of MIL-STD-130.

VERIFICATION LESSONS LEARNED (4.2.10)
(TBD)

3.3 Design and construction.
Design and construction shall be in accordance with JISSG-2001.

REQUIREMENT RATIONALE (3.3)
This is a flowdown requirement from JSSG-2001.

REQUIREMENT GUIDANCE (3.3)
Materials, processes, and part integrity, electromagnetic environmental effects, including
electromagnetic compatibility, lightning (for example direct and indirect, grounding and bonding,
electrostatic discharge, hazards of electromagnetic radiation, TEMPEST, high power
microwave, precipitation static) should be considered and specified accordingly.

REQUIREMENT LESSONS LEARNED (3.3)

(TBD)

4.3 Design and construction.
Design and construction requirements shall be verified by _ (TBS) .
VERIFICATION RATIONALE (4.3)

This is a flowdown requirement from JSSG-2001.
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VERIFICATION GUIDANCE (4.3)

TBS: Design and construction should be verified by test, demonstrations, inspection, and
analysis.

VERIFICATION LESSONS LEARNED (4.3)
(TBD)

3.3.1 Interchangeability.

Subsystem equipment, which is to be interchangeable and the level of interchangeability shall
be defined.

REQUIREMENT RATIONALE (3.3.1)

It is desirable that all equipment having the same part number be interchangeable to reduce
logistic support requirements, minimize maintenance and repair problems, and assure that
subsystem performance and operability are not compromised.

REQUIREMENT GUIDANCE (3.3.1)

Subsystem equipment, which has been identified as being interchangeable, having the same
manufacturer’s part number should be functionally and physically interchangeable and should
meet all applicable subsystem performance, operability, and durability. Matched or selective fits
may be permitted where necessary to meet design requirements. The use of matched and
selective fits should be held to a minimum. A list of non-interchangeable, matched, and selective
fit equipment should be identified and submitted to the using service during the subsystem
development program to focus attention on these exceptions and force early, improved design
changes.

REQUIREMENT LESSONS LEARNED (3.3.1)

(TBD)
4.3.1 Interchangeability.

Interchangeability shall be verified by _ (TBS) .
VERIFICATION RATIONALE (4.3.1)

Testing and demonstrations are required to evaluate the functional and physical
interchangeably of subsystem equipment.

VERIFICATION GUIDANCE (4.3.1)

TBS: Interchangeability requirement should be verified by testing and demonstrations.
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Interchangeability of subsystem equipment may be evaluated during the course of routine
assembly, maintenance, and testing. Documentation of this evaluation is recommended to
insure complete coverage of all equipment.

VERIFICATION LESSONS LEARNED (4.3.1)
(TBD)

3.3.2 Non-interchangeability.

It shall not be possible to misconnect electrical or fluid inputs or outputs with like items from the
same or other subsystem equipment.

REQUIREMENT RATIONALE (3.3.2)
(TBD)
REQUIREMENT GUIDANCE (3.3.2)
(TBD)
REQUIREMENT LESSONS LEARNED (3.3.2)
(TBD)

4.3.2 Non-interchangeability.
Non-interchangeability shall be verified by _ (TBS) .
VERIFICATION RATIONALE (4.3.2)
(TBD)
VERIFICATION GUIDANCE (4.3.2)
(TBD)
VERIFICATION LESSONS LEARNED (4.3.2)
(TBD)

3.3.3 Safety.

Subsystem safety features shall be provided to optimize the safety of the pilot, maintenance,
and support personnel within the constraints of operational effectiveness, time, and cost.

REQUIREMENT RATIONALE (3.3.3)

This is a flowdown requirement from JSSG-2001.
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REQUIREMENT GUIDANCE (3.3.3)

Subsystems should incorporate features to eliminate or control all identified hazards to
acceptable levels of risk and prevent mishaps. Hazard risk acceptability criteria should be
defined. Features should be provided to minimize the number of occurrences of logistics and
operations related mishaps.

Pilot and maintenance personnel should be protected from all identified hazards (for example
toxic and corrosive substances, electrical and mechanical hazards, extremes in temperature,
and hazardous radiation and acoustical hazards). Subsystems should provide personnel
protection in accordance with MIL-HDBK-454, Requirement 1. The MIL-STD-1472 paragraph
on “Hazards and Safety” (5.13) should be used as a guide.

Subsystem hazards should be eliminated or controlled to acceptable levels of risk in accordance
with the requirements of paragraph on “Risk assessment,” “Hazard severity,” and “Hazard
probability” (4.5 through 4.5.2) of MIL-STD-882. The hazard risk assessment matrix contained
in the air vehicle System Safety Program Plan should be used to determine risk acceptability.

REQUIREMENT LESSONS LEARNED (3.3.3)
(TBD)

4.3.3 Safety.

Subsystems safety features to optimize the safety of pilot, maintenance, support personnel, and
the air vehicle shall be verified by _ (TBS) .

VERIFICATION RATIONALE (4.3.3)

This is a flowdown requirement from JSSG-2001.

VERIFICATION GUIDANCE (4.3.3)

TBS: Subsystem safety features to optimize the safety of pilot, maintenance support personnel
and the air vehicle should be verified by analyses, inspection and test, as applicable.
Engineering drawings, diagrams, specifications, and safety hazard analyses should be
inspected to assure that functional safety relationships have been identified, that all identified
hazards have been eliminated or controlled to an acceptable level, and that safety design
features have been incorporated including features to minimize operations- and logistics-related
mishaps. Preliminary Technical Orders (T.0.s) should be analyzed during validation to assure,
prior to use, that appropriate cautions, warnings, notes, inspection provisions, and special
emergency procedures have been incorporated and are consistent with those developed by the
system safety analyses. Test data should be inspected to determine the existence of previously
unidentified hazards and to evaluate the sufficiency of established safety provisions.

Protection of pilot and maintenance personnel from all identified hazards (for example, toxic and
corrosive substances, electrical and mechanical hazards, extremes in temperature, radiation
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and acoustical hazards) should be verified by safety hazards analysis, inspection and test, as
applicable.

VERIFICATION LESSONS LEARNED (4.3.3)
(TBD)

3.3.3.1 Safety criteria.
Subsystem safety criteria shall be defined.
REQUIREMENT RATIONALE (3.3.3.1)
(TBD)
REQUIREMENT GUIDANCE (3.3.3.1)

The appropriate level of redundancy for subsystem operation should be determined. The
system should provide the specified level of redundant operation. For example, the subsystem
could either fail-safe or fail to operate.

REQUIREMENT LESSONS LEARNED (3.3.3.1)
(TBD)

4.3.3.1 Safety criteria.
The defined safety criteria shall be verified by _ (TBS) .

VERIFICATION RATIONALE (4.3.3.1)
(TBD)
VERIFICATION GUIDANCE (4.3.3.1)
(TBD)
VERIFICATION LESSONS LEARNED (4.3.3.1)
(TBD)

3.3.3.2 Foreign object damage (FOD).

Subsystem tolerance of foreign object damage shall be defined.
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REQUIREMENT RATIONALE (3.3.3.2)
(TBD)
REQUIREMENT GUIDANCE (3.3.3.2)

Subsystem design should treat tolerance of FOD as a prime concern, to the greatest extent
practical, consistent with other requirements such as cost, weight and space.

REQUIREMENT LESSONS LEARNED (3.3.3.2)
(TBD)

4.3.3.2 Foreign object damage (FOD).
Defined subsystem tolerance to FOD shall be verified by _ (TBS) .
VERIFICATION RATIONALE (4.3.3.2)
(TBD)
VERIFICATION GUIDANCE (4.3.3.2)
(TBD)
VERIFICATION LESSONS LEARNED (4.3.3.2)
(TBD)

3.3.3.3 Software safety.

Air vehicle subsystem Software Safety Critical Items shall be identified and separated or
partitioned from other less critical software.

REQUIREMENT RATIONALE (3.3.3.3)
(TBD)
REQUIREMENT GUIDANCE (3.3.3.3)
(TBD)
REQUIREMENT LESSONS LEARNED (3.3.3.3)
(TBD)
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4.3.3.3 Software safety.

It shall be verified that air vehicle subsystem Software Safety Critical Items are identified and
separated or partitioned from other less critical software _ (TBS) .

VERIFICATION RATIONALE (4.3.3.3)
(TBD)
VERIFICATION GUIDANCE (4.3.3.3)
(TBD)
VERIFICATION LESSONS LEARNED (4.3.3.3)
(TBD)

3.3.3.4 Acoustic noise.

The contractor shall establish acoustic noise level limits for noise producing or noise
transmitting air vehicle subsystems required to meet the acoustic noise level limits for air vehicle
established in JSSG-2001.

REQUIREMENT RATIONALE (3.3.3.4)

This is a flowdown requirement from JSSG-2001. Many aircraft subsystems produced
significant noise. It is important to establish noise levels consistent with air vehicle requirements
in order that the requirements be considered during the design phase of the subsystems.
Correcting noise problems after the air vehicle and its subsystems are already designed can be
costly and have impact on volume and weight constraints.

REQUIREMENT GUIDANCE (3.3.3.4)

Noise transmitting portions of subsystems, such as ECS ducts that supply the occupied
compartments, must be considered.

REQUIREMENT LESSONS LEARNED (3.3.3.4)

SAE AIR 1826 provides excellent guidelines for acoustical considerations in the design of ECS.
Much of it is applicable to other subsystems as well.

4.3.3.4 Acoustic noise.
Acoustic noise levels shall be verified by _ (TBS) .

VERIFICATION RATIONALE (4.3.3.4)
(TBD)
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VERIFICATION GUIDANCE (4.3.3.4)
(TBD)
VERIFICATION LESSONS LEARNED (4.3.3.4)
(TBD)

3.3.4 Electromagnetic environmental effects (E°).

Subsystem electromagnetic environmental effects shall be in accordance with the JSSG-2001.
REQUIREMENT RATIONALE (3.3.4)

This is a flowdown requirement from JSSG-2001.
REQUIREMENT GUIDANCE (3.3.4)

The Defense Standard MIL-STD-464 requirements should be applied directly to the
subsystems. The architecture of the air vehicle plays an important role in determining the
electromagnetic interaction between onboard items and translation of external environment
stresses (including lightning, external RF fields, and electromagnetic pulse (if required)) to
internal stresses at the electrical interfaces of onboard equipment. This flowdown is generally
based on transfer functions of the external stress outside the air vehicle to internal stresses
expressed as electrical cable currents or field quantities, which are included as part of the
electromagnetic interference (EMI) JSSG-2001 requirements. The Defense Standard MIL-STD-
464 contains detailed rationale, guidance, and lessons learned information for the requirement
areas addressed in subsequent subparagraphs.

REQUIREMENT LESSONS LEARNED (3.3.4)

Emphasis on systems engineering aspects of E* is important. In the past, the E® area was often
viewed as a test and fix effort with little influence on the actual design at the air vehicle level.
With the proper performance of electronics playing a more important role for safety and mission
completion and the extensive use of composite materials in air vehicle structure, it is essential
that the response of the air vehicle to external electromagnetic stresses be analyzed,
understood, and translated into EMI requirements for the subsystems.

The types of requirements, placement of limits, and applicable frequency ranges in MIL-STD-
461D are based on lessons learned on past programs. MIL-STD-461D includes an appendix to
explain the rationale for the requirements and to provide guidance in tailoring the requirements.
There had been a great deal of misunderstanding and confusion in the past regarding MIL-STD-
461D requirements.

Electrical bonding is often one of the first areas reviewed for adequacy when a electromagnetic
compatibility problem develops at the air vehicle-level. Some problems have been fixed simply
by improving the bonding. The actual need for a certain level of bonding is dependent on a
number of issues including shielding topology, type of circuit interfaces, and ground referencing
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of circuits to the electronics enclosures. The increasing use of differential circuit interfaces
make bonding somewhat less critical because of the better rejection of common mode signals.

Problems have been found on air vehicle from ground loop currents in the electrical power
system coupling into low frequency circuits. Modification of the current return path normally
fixes the problem.

Lightning protection of air vehicle in the past was mostly concerned with direct effect issues to
fuel systems, control surfaces, antennas and radomes. With the increased importance of
electrical and electronic systems onboard air vehicle due to the dependence on these items to
keep the air vehicle flying and to complete missions, indirect effect protection has been
receiving much more emphasis. Also, the use of composite materials in airframe results in
much larger electrical stresses appearing on electrical interfaces internal to the air vehicle
during a lightning event.

The electrical circuit internal to an electrically initiated device is usually a small resistive element
termed a bridgewire. The general concern with electroexplosive circuits is heating of the
bridgewires from induced currents caused by electromagnetic fields potentially resulting in
inadvertent initiation. Some of the factors involved in potential initiation are transmitter power
output, modulation characteristics, operating frequency, antenna characteristics,
electroexplosive wiring configuration (shielding, length, and orientation) and the thermal time
constants of the bridgewire.

4.3.4 Electromagnetic environmental effects (E°).

The E® performance of the subsystems shall be verified through a combination of inspection,
analysis and test.

VERIFICATION RATIONALE (4.3.4)
This is a flowdown requirement from JSSG-2001.
VERIFICATION GUIDANCE (4.3.4)

Electromagnetic environmental effects requirements should be verified through an incremental
verification process. “Incremental” implies that verification that E* requirements are met in a
continuing process of building an argument (audit trail) throughout development that the design
satisfies the imposed performance requirements. Initial engineering design must be based on
analysis and models. As hardware becomes available, testing of components of the subsystem
can be used to validate and supplement the analysis and models. The design evolves as better
information is generated. When the subsystem hardware is available, inspection, final testing
and follow-on analyses complete the incremental verification process.

It is important to note that testing is often necessary to obtain information that may not be
amenable to determination by analysis. However, testing also is often used to determine a few
data points with respect to a particular performance requirements with analysis (and associated
simulations) filling in the total picture.
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VERIFICATION LESSONS LEARNED (4.3.4)

A tri-service and industry-working group issued the "D” revision of MIL-STD-462 in January
1993. This group considered many of the lessons learned from past problems with
electromagnetic interference testing and incorporated required changes into the document.
One important area is that the testing is generally better related to measurable and predictable
physical parameters at the air vehicle-level, such as bulk cable currents induced from
electromagnetic fields outside the air vehicle and electrical power quality. MIL-STD-462
contains an appendix which provides guidance on electromagnetic interference testing.

Powerline filtering arrangements in equipment can result in hazardous voltages on the
enclosure if the safety ground is disconnected. Typically, filters will be present on both the high
and return sides that will have capacitance to chassis. If the chassis is floating with respect to
earth ground, the capacitors act as a voltage divider for AC waveforms with half the AC voltage
present on the case with respect to earth. The value of the capacitors determines the amount of
current that may flow.

A concern with safety ground wire routing inside electronic enclosures is the possibility of
creating a coupling mechanism for conducting interference emissions out of the enclosures with
subsequent re-radiation or conducting induced levels from electromagnetic fields into the
enclosure. To ease this concern, safety ground wires should be grounded inside the box in as
short a distance as possible and should be kept away from other wiring.

Flight testing of an air vehicle often begins prior to verification of immunity of the vehicle to
lightning. Under this circumstance, the flight test program must include restrictions to prohibit
flight within a specified distance from thunderstorms, usually 25 miles. Lightning flashes
sometimes occur large distances form the thunderstorm clouds.

Instrumentation used to monitor induced levels and demonstrate safety margins during
electroexplosive subsystem testing needs to effectively simulate the response of the actual
electroexplosive devices. Important parameters are maintaining the electrical impedance of
electroexplosive devices, including their thermal time constants (heating characteristics of the
bridgewires) in assessing responses, and considering the response times of the
instrumentation.
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3.3.5 Standardization.

Standardization principles shall be used to the maximum extent possible without compromise in
design, performance, operability, or economic life of the subsystem.

REQUIREMENT RATIONALE (3.3.5)
This is a flowdown requirement from the JSSG-2001.
REQUIREMENT GUIDANCE (3.3.5)

Government or industry standard parts should be used whenever possible and identified by their
standard part numbers. Items already in the Government inventory should be used to the
maximum extent possible where suitable for the intended purpose. Variation in similar
components or parts should be held to the absolute minimum. Proprietary designs should be
kept to a minimum. Where general-purpose standards are used in critical or high strength
applications, parts should be identified by the manufacturer’'s part number. Parts derived from
general purpose standards or Government standards solely on an inspection or selection basis
should be identified by contractor part numbers and all previous identification marks should be
removed.

Government and industry standards and parts developed specifically for a particular type of
subsystem should be used unless they are unsuitable for the intended purpose.

Standard screw thread forms should be used whenever possible. Taper threaded plugs should
not be used in castings and nonferrous parts. Tapered pipe threads may be used only for
permanent plugging of drilled passages or openings in steel.

REQUIREMENT LESSONS LEARNED (3.3.5)
(TBD)

4.3.5 Standardization.

The application of standardization principles shall be verified by inspection.
VERIFICATION RATIONALE (4.3.5)

This is a flowdown requirement from JSSG-2001.
VERIFICATION GUIDANCE (4.3.5)

Design documentation should be inspected for compliance with the standardization
requirement.

VERIFICATION LESSONS LEARNED (4.3.5)
(TBD)
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3.3.6 Environmental.

Environmental requirements for the Air Vehicle Subsystems shall be those specified in the Air
System Joint Service Specification Guide, JSSG-2000, “Environmental,” as applicable.

REQUIREMENT RATIONALE (3.3.6)

Rationale for the need for environmental requirements is explained in the Air System JSSG
Handbook, JSSG-2000.

REQUIREMENT GUIDANCE (3.3.6)

Guidance for implementation of environmental requirements is included in the Air System JSSG
Handbook, JSSG-2000.

REQUIREMENT LESSONS LEARNED (3.3.6)

Lessons learned to justify the need for environmental requirements can be found in the Air
System JSSG Handbook, JSSG-2000.

4.3.6 Environmental.

Environmental verification requirements for the Air Vehicle Subsystems shall be those specified
in the Air System Joint Service Specification Guide, JSSG-2000 “Environmental Verification,” as
applicable.

VERIFICATION RATIONALE (4.3.6)

Rationale for the need for verification of environmental requirements is explained in the Air
System JSSG Handbook, JSSG-2000.

VERIFICATION GUIDANCE (4.3.6)

Guidance for implementation of verification of environmental requirements is included in the Air
System JSSG Handbook, JSSG-2000.

VERIFICATION LESSONS LEARNED (4.3.6)

Lessons learned to justify the need for verification of environmental requirements can be found
in the Air System JSSG Handbook, JSSG-2000.
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3.3.7 Health.

Health requirements for the Air Vehicle Subsystems shall be those specified in the Air System
Joint Service Specification Guide, JSSG-2000, “Health,” as applicable.

REQUIREMENT RATIONALE (3.3.7)

Rationale for the need for health requirements is explained in the Air System JSSG Handbook,
JSSG-2000.

REQUIREMENT GUIDANCE (3.3.7)

Guidance for implementation of health requirements is included in the Air System JSSG
Handbook, JSSG-2000.

REQUIREMENT LESSONS LEARNED (3.3.7)

Lessons learned to justify the need for health requirements can be found in the Air System
JSSG Handbook, JSSG-2000.

4.3.7 Health.

Health verification requirements for the Air Vehicle Subsystems shall be those specified in the
Air System Joint Service Specification Guide, JSSG-2000, “Health verification,” as applicable.

VERIFICATION RATIONALE (4.3.7)

Rationale for the need for verification of health requirements is explained in the Air System
JSSG Handbook, JSSG-2000.

VERIFICATION GUIDANCE (4.3.7)

Guidance for implementation of verification of health requirements is included in the Air System
JSSG Handbook, JSSG-2000.

VERIFICATION LESSONS LEARNED (4.3.7)

Lessons learned to justify the need for verification of health requirements can be found in the Air
System JSSG Handbook, JSSG-2000.
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3.3.8 Installation hazards reduction.
The following designs shall be applied to subsystem installations:

a. Subsystem installation and associated equipment designs shall be such that normal
operation of the subsystem will not contribute to or result in fire and explosion hazards.

b. Subsystem installations and associated equipment designs shall be such that fire and
explosion hazards due to failure or accident are minimized.

c. Subsystem installation boundaries common to the air vehicle exterior shall be designed
such that fire will not readily spread between subsystems due to the natural airflow over
the air vehicle.

REQUIREMENT RATIONALE (3.3.8)
Good subsystem installation design includes the consideration of fire and explosion.

REQUIREMENT GUIDANCE (3.3.8)

Dump provisions. Fuel system dump provisions should be designed to direct the dumped fuel
away from the air vehicle. Also, should be designed so that dumped fuel will not impinge on any
part of the air vehicle so that fire and explosion hazards will not result, and that dumped fuel will
not re-enter the air vehicle, during any known mission attitude. Location and design of the
dump provisions (mast, chute) should be based on sound aerodynamic considerations. This
guidance also applies to other flammable fluid dump systems.

Protrusions. Powerplant installations should consider the possibility of protrusions into the
airstream acting as flame holders. Under high airflow conditions, protrusions into the airstream
can cause air pockets. In the event of fire, these protrusions may hold isolated flames which
may persist and cause reignition after the extinguishing agent is used. This problem is
associated with both main engines and ancillary units and may be alleviated by the use of
smooth aerodynamic design on the interior and exterior of nacelle installations and the interior
of compartment installations.

Subsystem installation and associated equipment designs should include provisions that will
protect system components, fluid carrying lines and electrical wiring from interference with each
other or the air vehicle structure, or bulkheads, and prevent damage to them. Chafing of lines
and wiring against each other, or the structure can lead to fire and explosion hazards through
leaks in combustible fluid and vent lines and the destruction of the insulation on electrical lines.
Lines and wiring should be properly spaced to prevent interference that will cause the noted
damage. Secure mounting provisions should be used. Resilient material has been used to
protect lines and wiring where they pass through bulkheads. A careful analysis of potential
interference and chafing areas is important to the provision of a safe installation.

System lines and wiring should be routed as directly as practicable to minimize the occurrence
of fire or explosion hazards. This design is applicable to both fluid carrying lines and electrical
wiring. Where practicable, routing flammable fluid system lines through tanks and routing
flammable fluid lines and electrical wiring internal to components will reduce the potential
hazards that may result from fitting failure or line or wiring damage. The intent is to minimize
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the length of system and equipment lines and wiring that may be subject to damage or that may
fail from normal or accidental means and present fire and explosion hazards through the
uncontrolled presence of flammable fluids, ignition sources, or oxidizers or reducing agents.

Sharp bends and restrictions in fluid lines should be avoided. Tubing should not be installed in
a stressed condition. Tubing installations should be configured so that vibration or deflection of
the tubing attaching structure should not result in tubing damage. Flexible fluid line connections
should be used between the structure and engines and on similar type installations.

The doors for wheel wells and other similar openings should be designed to seal tightly upon
closure to prevent rearward streaming fire from entering and igniting combustible materials
within these compartments.

REQUIREMENT LESSONS LEARNED (3.3.8)

Qil, hydraulic, and water-alcohol tanks have been designed to withstand a 2000 Deg. F fire for
10 minutes without leakage. Oil, hydraulic, and water-alcohol tanks in compressor sections of
engines have been kept, as far as practicable, toward the front of the compressor and were
located as low as practicable. These have not been located adjacent to burner, turbine, and
tailpipe areas. Oil tanks for auxiliary power plants have been designed to withstand a
2000 Deg. F fire for 10 minutes without leakage.

Magnesium has not been used (see Design and Construction of Aircraft Weapon Systems, SD-
24, Vol. I and Vol. II).

Aluminum alloy has not been used within or close to a potential fire zone for structure or
equipment, the breakdown of which will endanger the integrity of the air vehicle structure or
controls necessary for flight, jeopardize the controllability of the air vehicle, or cause hazardous
spread of fire.

Insulation has been nonabsorbent as a material, or as a material configuration, and designed
and installed so that fluids were not retained on or under it.

Nonmetallic material which is combustible has been used only when use of more fire-resistant
material is impractical. Nonmetallic material should not ignite spontaneously under all
environmental temperatures of installation, and it should be self-extinguishing after removal of a
flame. When used in potential fire zones with fire extinguishing capabilities, it should not
afterglow.

Metallic shock-absorbing elements has been used in potential fire zones, whenever practical,
instead of elements made of elastomeric material. When metallic shock-absorbing elements
could not be used, the elements were designed so that the supported components remained
adequately supported and continued to function effectively, in spite of failure of the nonmetallic
material in the mounting system due to fire.

All nuts, bolts, and fasteners in burner, turbine, and exhaust sections which can cause leakage
of flammable fluid, when loose, have been safety-wired or otherwise mechanically locked.
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Flammable Fluid Subsystems

Location of fuel tanks above engine compartments has been avoided. If fuel tanks were located
above engine compartments for justifiable reasons, provisions were made to prevent leakage of
fuel into engine compartments or onto exhaust systems. A ventilated and drained space has
been provided between fire wall and tank to afford safe disposal of any fuel leakage from the
tank. Insulation was also provided, if necessary, to prevent ignition within the tank, or in the
shrouded air space, in case of a power plant fire.

Flammable fluid lines in potential fire zones has been reduced to a minimum total length and a
minimum number of connectors. They were arranged as low as practical in the compartment
and away from potential fire sources.

Flammable fluid accessories have been located in potential fire zones only when justifiable
reasons for such locations existed. Flammable fluid accessories which were located in potential
fire zones were designed so that not more than 0.5 gallons of flammable fluid were likely to be
released into an existing fire, as a consequence of an existing fire, within the first five minutes of
a fire. If necessary to accomplish this, flammable fluid accessories have been able to withstand
a flame of 2000°F (1093°C) for five minutes, or flow restrictions were provided, where feasible.
Simultaneous leakage from multiple accessories or tanks is not likely to be released into an
existing fire if accessories or tanks are located remote from each other and so that spread of fire
to both accessories and tanks is unlikely.

Fuel tanks have been located laterally as far from the plane of the propulsion engine turbine as
possible. If fuel tanks were located in the plane of the turbine for justifiable reasons, the turbine
was tested for blade containment up to a speed which produces kinetic energy of the maximum
allowable overspeed of the engine, or strategic armoring around the turbine was provided.

Fuel tank location has been avoided in an area within plus or minus 5 degrees of propeller
planes.

Fuel tanks with walls adjoining the free atmosphere has been avoided in protrusions and
extremities of the aircraft, and in areas less than 12 inches from leading edges and trailing
edges for reasons of lightning protection. Fuel tanks located in these areas for justifiable
reasons, were protected against lightning. Fuel has not been stored in fore or aft extremities,
such as in the nose of the fuselage, or in the nose or aft cone of a wing tip tank.

Fittings have been located above the fuel level, preferably on top of the tank whenever
practicable. Fuel tank shutoff valves have been located as near to the fuel tank outlets as
possible. This location provided the greatest protection against battle damage and fuel line
leakage. |If practicable, filler caps, vents, gage units, outlets, etc., were incorporated in one
inspection plate at the top of the tank. Fuel tank fittings in or close to the bottom of the aircraft
were avoided, or provisions were made to minimize the hazards of tank rupture in a crash
landing or due to gunfire.

Fuel lines were routed through fuel tanks and close to heavy structure, wherever possible, to

provide the greatest possible protection against combat damage, and fire hazard resulting from
line leakage. Metallic tubing has not been in contact with the walls of self-sealing tanks, and
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fuel tank fittings were located that they are as well protected against battle damage as
practicable. Fuel tank fittings have been located as high as practicable in the tank so that battle
damage to a fitting causes a minimum of fuel loss. Fuel tanks have not been located
immediately adjacent to gun compartments; they were separated from such compartments by at
least one liquid and vapor-tight bulkhead in addition to the tank boundary structure. Fuel tank
shutoff valves have been integral with or as close as possible to the tanks. The fuel sequencing
from multiple fuel tanks has been arranged to result in lowest vulnerability to battle damage.

Self-locking units utilizing nonmetallic locking devices have not been used in oil tanks because
of loss of locking characteristics through oil and heat. Nonmetallic have not been used on
tanks containing flammable fluids where frequent threading of the nuts is required.

Bladder cells have been supported by the tank cavity so the bladder is not required to withstand
fluid loads. Negative loads on bladder cells has been avoided by proper vent size and design.
Interior surfaces of bladder cell cavities should be smooth and free of projections which could
cause wear of the bladder, unless provisions are made for protection of the bladder at such
points of unless the construction of the bladder itself provides such protection. Tank fittings and
accessories should have been mounted so that their loading is transmitted to the structural
cavity. The bladder has been sized to fit the cavity without clearance. The tank cavity has
been liquid and vapor-tight, and drained.

Metal structural members such as stiffeners, hat sections, etc., have been kept to a minimum in
cavities for rigid nonmetallic self-sealing tanks. The minimum clearance between metal
structure and the tank has been one inch. However, it may be necessary to use the tops of
stringers for tank support to maintain tank shape. The above requirements with regard to
surrounding structure do not apply to the top surface of the tank. The tank cavity has been
liquid and vapor-tight, drained and ventilated.

All surface of the tank cavity of flexible self-sealing tanks, other than the top surface, have been
lined with plastic panels conforming to MIL-P-8045. The tank cavity has been liquid and vapor-
tight, and should be drained. The cavity structure and the plastic panels have withstood the
forces produced by the passage of projectiles, specified in MIL-T-5576, 4.6.12, through the
confined liquid to such a degree that no additional hazards evolve.

Unsupported sections of lines carrying flammable fluids whose natural frequency would be such
that dangerous amplitudes of vibration might occur in operation have been avoided. Rubber
lined clamps, such as MS21919, have been used to support metal tubing and hoses. Chafing of
lines has been prevented by clamping, or in bulkheads or other structure by grommets.
Grommets, however, have not been used for support of rigid lines. Grommets in firewalls have
withstood a flame of 2000°F for 15 minutes without flame penetration in installed condition.
Lines have not been supported from each other.

Cut hose and clamps have not been used in any part of a flammable fluid system. Hose

assemblies have been protected by shielding or other means against temperatures in excess of
the maximum specified allowable temperature for the particular hose.

143

Source: https://assist.dla.mil -- Downloaded: 2015-12-17T12:54Z
Check the source to verify that this is the current version before use.



Downloaded from http://www.everyspec.com

JSSG-2009A
W/AMENDMENT 1

Tubes, carrying flammable fluid, with below standard radii have not been used. Tubes have
been provided with bends or other expansion means to avoid rupture during normal services, or
during a fire if located in or close to a fire zone.

Lines have had as few joints as possible, consistent with economical installation requirements.
Fittings for hoses and tubes 3/s-inch 1.D. and smaller have been made of steel.

Flammable fluid lines in wheel wells have been installed to have the maximum protection
against rocks, frozen mud or exploding tires.

Excessive internal pressure in components carrying flammable fluids, during normal service, or
during exposure to a fire, if located in a potential fire zone, have been prevented by positive
means.

All filler units for tanks containing flammable fluids, both gravity and pressure fueling type, which
are recessed behind access doors, have incorporated positive provisions whereby the access
doors physically were not secured unless the filler cap or safety cap was properly installed.
Unless specifically authorized, all filler units were sealed to the exterior of the aircraft against the
entrance of flammable fluids or vapors to the interior of the aircraft. If necessary, filler basins
(scuppers) were provided with drains of at least */g-inch I.D. The scupper was adequately
sealed to the surrounding structure to prevent spilled fluid from entering the fuselage, engine
compartment, or wing. The cap incorporated provisions for positive locking. Filler caps were
designed so that visual inspection of the installed cap from a distance of at least 10 feet in
daylight gave positive indication that the cap was properly and positively locked in the closed
position. An electric ground receptacle for grounding pressure and gravity fueling nozzles,
conforming to MS 33645, was installed, with the exception that the receptacle was located:
(a) not more than 20 inches or less than 5 inches from the adapter, and (b) not near fuel vents
or openings.

If dipsticks were used in fuel tanks which have provisions for pressure fueling, they were either
made of material which is electrically nonconductive and does not retain an electrostatic surface
charge, or they were contained in an electrically conductive sheath, made of metal screen or
perforated tube, or any other suitable design, which was electrically bonded to the metal filler
adapter and carries away static charges rapidly from the fuel surface in the vicinity of the
dipstick.

All vent and drain exits which carry flammable fluids and vapors overboard were arranged such
that there is no impingement on the aircraft under any normal condition or aircraft operation.
Vent discharge, drain discharge, fueling and defueling nozzles were not located in close
proximity to fittings for air crew oxygen replenishment, engine start and electric power cable
connections. Where the prevention of impingement was impractical, there was no re-entry of
the flammable fluid or vapor into aircraft spaces where a possible source of ignition existed,
considering seams which might “open” during normal operation of the aircraft, throughout the
service life of the aircraft. Further, fuel tank vents were installed so that fluids discharged will
not contact ground equipment normally parked about the aircraft, when servicing the aircraft.
Fuel tank vent exit configurations should such that they do not protrude from the surface of the
aircraft whenever there is a possibility of a lightning clinging on to the exit and causing a flame
propagation to the tank, or adequate protection against lightning should be provided. Vent and
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drain exits permitted free drainage of fluid from the lines without wetting the skin when the
aircraft is standing on the ground. The line exits were sealed at the aircraft around the
periphery of the line to prevent entrance of fluid or vapor into the aircraft. Vent and drain
discharge were away from engine and rocket exhaust, to the extent necessary to prevent flame
propagation into drained and vented compartments. Fuel tank vent exits were located so that
fuel vapors are not likely to enter areas in the fuselage, wing and power plant during fueling.
Vent line exits for fuel tanks which have provisions for pressure fueling were designed so that
inadvertent blocking of the vent exit by masking tape or by stoppers used for system leakage
checks, was eliminated to the greatest practical extent.

The support structure of tanks containing flammable fluids was designed such that the stresses
in the tank are low. Support in padded cradles is recommended, whenever practicable.
Material for padding was nonabsorbent, and fuel and oil resistant. Supports of tanks containing
flammable fluids, which are located in engine compartments were designed to withstand a
2000°F fire for 10 minutes without failure. The tank support pads have been able to withstand a
2000°F fire for five minutes without losing the ability to retain the tank in position under normal
flight loads.

Airscoops into potential fire zones were located and constructed so that flammable fluids and
vapors, or flames, cannot enter a potential fire zone under any reasonable flight attitude.

Electrical Subsystems

Electric equipment was located in potential fire zones only when justifiable reasons for such
location exist.

All electric equipment, and all metal lines within a fuel tank connected to electric equipment,
regardless of size, have been grounded. All electric wires and equipment in fuel tanks has been
designed with the highest degree of protection against sparking, arcing, or overheat under
normal operating and emergency conditions, and during maintenance. Arc-over from electric
equipment or wiring being removed from or installed into fuel tanks has been prevented by
positive means, if such arcs are a potential ignition source. In addition, metal wire conduit wall
thickness, joints, and attachments have carried maximum fault current without dangerous
external heating or conduit burn through under conditions of an internal power fault to the wall of
the conduit or between adjacent wires.

Conduits which are open to the exterior of the tank for breathing purposes, or for easy removal
of the wires have discharged safely any leakage of fuel into the conduit.

All electric equipment in fuel tanks should be explosion-proof.

Electric equipment which can be an ignition source in a normal operating or failed condition has
not been located in compartments containing flammable fluid components, or in compartments
adjacent to fuel tanks, or in compartments into which leakage of flammable vapor from other
compartments was likely due to lack of adequate sealing. Such lack of adequate sealing is
normal in many cases after extended maintenance and service.
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Leakage of flammable vapors into electrical compartments was avoided, when practicable, by
providing a positive pressure head in the electrical compartment relative to any adjacent
compartment containing flammable fluid components.

All accessory unit such as filters, valves, etc., the weight of operation of which impose adverse
stresses or vibration on tubing carrying flammable fluid, were supported by means other than
the tubing. If rigid connections are used between accessories, then all accessories so
connected should be rigidly mounted on the same base.

Electric motor driven pumps for flammable fluids have used shaft seals and suitable drain
chambers and overboard drains to allow any fluids which leak past the main seal to drain to the
outside before entering the motor. The drain were terminated on the outside of the pump in a
boss in accordance with SAE AS 5202. The only possibility of seal leakage was between the
rubbing members of the seal. In the event that an electric motor is utilized, wherein its rotating
element operates immersed in the fluid, this requirement does not apply. On electric motor
driven pumps, unless the motor operates immersed in fluid, the motor was vented overboard.
The vent line was integral with the pump without connectors. Motor cases of electric motor
driven pumps with immersed motor had a vent hole to the tank cavity, which incorporates a
proven flame arrestor. The electric motors were explosion-proof.

Electric motor driven pumps which, in case of a failure, can reach case temperature higher than
the autogenous ignition temperature of the fluid have incorporated thermal protection. The
thermal protection has cut off the current to the motor so that no point of the motor case
exceeds at any time a temperature which is 50°F below the autogenous temperature of the fluid.
The thermal protection was not be resettable in flight.

Electric motor driven pumps were such that current cannot be carried from the motor section
into the pump under any failure condition. The electric wires entered the motor through potted
inlets, if the wire inlet was submerged, in normal condition or in case of a failure.

Centrifugal pumps were used rather than positive displacement pumps if necessary to preclude
high-pressure buildup in case of line blockage. High-speed positive displacement pumps were
not used when the pump element may run immersed

Capacitor type fuel quantity gages have complied with the fire protection requirements of MIL-G-
8998.

Quantity indicators in tanks containing flammable fluids have been designed so that no “single
electrical failure” in any part of the circuit, inside or outside the tank, could cause a spark or arc,
with an energy greater than 0.2 millijoules, within the tank. Liquid level switches were in
accordance with the fire protection requirements of MIL-S-21277. If transformers were used for
power supply to the gages in the tank, electrostatic grounded shields were applied between the
two windings, if a short between the primary and secondary winding could cause a spark or arc,
with an energy greater 0.2 millijoules in the tank.

Electric components which were permanently or temporarily located in compartments containing
flammable fluid components with potential leakage, or in compartments adjacent to fuel tanks,
or in compartments into which leakage of flammable vapors from other compartments is likely
due to lack of adequate sealing, should comply with the following requirements:
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The following technical documents have been used in military aircraft:

Explosion proof

The electric components, including connectors, have been explosion-proof as defined in MIL-E-
5272, Procedure IV. Procedure Il of MIL-E-5272 is acceptable only for such components which
cannot develop internal spark producing failures, such as loose wires and contacts, or other
loose objects.

Overheat protection

Overheat protection has been provided for electric components, in case temperatures can
cause ignition of the fluids involved under any potential condition of failure. The thermal
protection has cut off the power to the equipment so that no point exposed to the fluids exceeds
at any time a temperature which is 50°F below the minimum autogenous ignition temperature of
the fluids. The thermal protection has not been resettable in flight. Where resettable protection
must be used, the thermal protections has been designed on the basis that it may be
continuously reset as rapidly as is practicable after each time the power is cut off.

Short circuit

All bare conductors or other exposed current carrying parts has been adequately protected
against short circuits caused by loose objects. This protection was obtained by locating them in
such a manner that additional protection was not required, or by means of suitable coverings.
Protection by location or covering was not sufficient for terminals, ground studs and similar
components which can cause ignition by sparking or heating because of loose connections.
Allowance was made for cumulative heating over extended periods and all affected materials
were selected to prevent deterioration or electric breakdown under these conditions.

Wires

The installation and routing of electric wires has complied with the fire protection requirements
of MIL-W-5088.

Flammable fluid systems and components have complied with the fire protection requirements
of the following specifications:

Fuel Systems Aircraft, Installation and Test of, MIL-F-17874;

Fuel System Components, General Specification for, MIL-F-8615;
Fuel and Oil Lines, Aircraft, Installation of, MIL-1-18802;

Hydraulic System, Aircraft Requirements for, MIL-H-5440.

Electronic equipment have complied with the fire protection requirements of MIL-E-5400, and
electric wiring has complied with the fire protection requirements of MIL-W-5088.

Installation of fuel and oil lines has complied with the fire protection requirements of MIL-I-
18802.
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Tank filler caps and adapters has complied with the fire protection requirements of MIL-C-7244.
Pressure fueling adapters has complied with the requirements of MIL-A-6425. Fueling adapters
were properly grounded to the airframe in accordance with MIL-B-5087

Gaseous oxygen systems has complied with the fire protection requirements of MIL-I1-8683.
Liquid oxygen systems have complied with the fire protection requirements of MIL-I1-19326.

Electric components which are essential for safety of flight, or are required to perform
emergency operations, have not been located in or close to a fire zone. If they must be located
in or close to a fire zone for justifiable reasons, components essential for the safety of flight
have been able to withstand a 2000°F flame of the type likely to be encountered in the area for
at least 15 minutes. Components required to perform emergency operations have been able to
withstand such a flame of 2000°F for at least five minutes, without failure.

Shock mounts for electric components located in potential fire zones have been all-metal.

Wire in fire zones which is essential for safety of flight or for emergency operations have been in
accordance with MS 24284.

Electric components and wires have been located away from oxygen equipment. When such
separation cannot be obtained for justifiable reasons, electric wires and wire bundles have been
provided with frequent supports, including protective conduits if necessary, or other suitable
means of support to prevent a free end of a broken wire from touching any oxygen tube.
Electric wires have not been attached to oxygen components, unless required for electric
operation or monitoring of the component.

The pressure in electrical and electronic components has not, when practicable, been above
that of an adjacent compartment which contains volatile flammable fluid components with
potential leakage, to compensate for the lack of complete sealing which may be expected after
reasonable maintenance and service. Tests have been made to substantiate that flammable
zones run at lower pressures than any adjacent ignition zone.

Nonmetallic material used in or close to electric components which can attain excessive
temperatures due to resistance heating caused by a failure, should not ignite at the maximum
temperature of a failed component. Flammable fluid has not been used in electric equipment
such as ballasts in neon lights.

External power receptacles have been located as remote as possible from points of potential
flammable fluid or vapor release, such as vent and drain exits. They have been located in areas
of the aircraft where flammable vapors from leakage within the aircraft cannot accumulate, or
they were enclosed in a vapor tight compartment.

Hermetically sealed batteries were used only with specific approval. Where used, they were
provided with frangible safety blow-out plugs or the equivalent.

Batteries have had gasketed covers held down by reliable fasteners, in conjunction with the use

of sealed type electric connections. Lead-acid batteries were vented overboard to a place
where ignition or re-entry cannot occur. Nickel-cadmium batteries have been provided with
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pressure-relief vents to limit internal pressure build-up. Battery vent lines and fittings should be
resistant to the electrolytes and their products of decomposition.

Safe cell temperatures and charging rates have been maintained when the battery is recharged
(after previous complete discharge) at maximum regulated voltage, during a flight of maximum
duration, under the most adverse cooling condition likely to occur in service.

Electro explosive systems

Since safe design of electroexplosive systems such as ejectors, igniters, destructors, flares,
etc., is dependent upon proper design of the initiator system, the following design
recommendations were directed toward initiator systems:

Specifications

Electric initiators have been designed in accordance with the fire protection requirements of
MIL-1-23659.

Initiator systems

An initiator system consists basically of a fusible link (bridge wire), the external power supply
and the triggering device which initiates the firing current. The fusible link generally ignites a
small primer charge which in turn explodes an actuating powder charge. Sensitive, low
electrical energy initiators has been avoided, whenever possible.

Shunt fuses

An electric shunt fuse connected across the bridge wire circuit has been included within the
initiator circuit. This fuse was not more than one fifth of the resistance of the parallel bridge wire
path and its blow-out rating was equip to the minimum all fire current of the bridge. A resistor
may also be installed in series with the complete initiator to provide current limiting during firing
and prevent opening the initiator wiring circuit breaker.

Bridge circuit

The bridge wire circuit was a two-wire, ungrounded system. Where a ground is necessary, the
ground should be made at a single point only.

The external firing circuit wires to the initiator bridge wire was a twisted-pair cable, encased in a
flexible metallic shield. This shield was covered with an insulating sleeve, but was electrically
bonded to the disconnect plug shell at the initiator with a wire as short as possible. The twisted-
pair firing cable to one initiator was not placed within the shielding braid of another initiator firing
cable. Where an isolating relay is used in the firing circuit, it was located as close to the initiator
as is practicable, and it opened both initiator leads.

Initiator shielding and grounding

The initiator was encased in a complete metallic shield container, with a metallic electric
receptacle for external connections. The initiator case was thoroughly electrically grounded to
basic metallic structure by means of the mounting installation.
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Radio frequency filter

In addition to metallic shielding of the bridge wire and its twisted-pair shielded wiring, a radio
frequency filter was included within the initiator circuit. The longer the twisted-pair shielded
wiring, the more important the radio frequency filter becomes. The filter may be the
conventional inductor-capacitor network or a “solid state attenuator” incorporated in the bridge
wire leads.

Location of initiators and wiring

The wiring and the initiator have been routed separately from aircraft wiring, especially radio
frequency coaxial cables and heavy ac power cables. The initiator and its wiring were located,
insofar as practicable, within and close to the metallic skin or structure of the vehicle for
shielding purposes. The initiator was not located adjacent to transmitting antennas in the
aircraft.

Accessibility
All initiators were easily accessible and replaceable.
Exploding bridge wire initiating systems

Exploding bridge wire electric initiators employ bridge wires of much larger diameter adjacent to
but not necessarily touching the normal charge of explosive. Since there is no heat sensitive
explosive in contact with the bridge wire, any heating that may result from the passage of
currents caused by stray voltages, electromagnetic radiation, or other accidental causes will
have no effect on this type of initiator.

Bleed Air Subsystems

Ducts and their connections which terminate in the cabin or which are routed through the cabin
have been made of aluminum or equally fire-resistant material. Air ducts passing through
potential fire zones, when allowed to burn through, might give a fire the opportunity to travel
from one fire zone to another or to the rest of the air vehicle, and they may also allow a high air
mass flow to enter the potential fire zone and feed the fire. Such air ducts have been made of
stainless steel or titanium not less than 0.015 inches thick, or equivalent material, where they
pass through fire zones. Air ducts originating in fire zones have been made of stainless steel or
titanium not less than 0.015 inches thick, or equivalent material, for a sufficient distance beyond
the fire barrier to assure that any fire can be contained within the duct. For air ducts originating
in potential fire zones, shutoff means has been provided.

Combustion air ducts have not communicated with the heating airstream unless it is
demonstrated that flames from backfires or reverse burning cannot enter the heating airstream
under any conditions of ground or flight operation, including conditions of reverse flow or
malfunctioning of the heater or its associated components. Combustion air ducts have not
restricted prompt relief of exhaust and backfires which can cause heater failure due to
pressures generated within the heater.

Combustion and ventilating air intakes have been so located that no flammable fluids or vapors
can enter the heating system under any conditions of ground or flight operation either during
normal operation or as a result of failure.

Engine and combustion air inlets have been designed, whenever possible, so that air cannot be
drawn from a compartment with potential flammable leakage during any ground or flight phase.
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Low pressure in the air inlet ducts relative to pressures in adjacent compartments during ground
runs and low flight speeds can cause ingestion of flammable leakage with resulting engine stall,
flash-back of combustor flames through the compressor, and fire and explosion in the adjacent
compartment. It also causes reverse flow of air in the compartment with the related problems of
improper detector and extinguisher discharge nozzle location.

Hot bleed air and other hot gas ducts and their components have not been located in
compartments containing flammable fluid components with potential leakage, or in
compartments adjacent to fuel tanks, or in compartments into which leakage of flammable vapor
from other compartments is likely, if the following conditions apply:

CONDITION 1: The maximum surface temperature of the bleed air ducts and components,
under any normal or emergency condition, is equal to or higher than the minimum autogenous
ignition temperature (MAIT) minus 50 Deg. F of the flammable fluids in question.

CONDITION 2: The maximum bleed air temperature under any normal or emergency condition
is equal or higher than the minimum hot gas ignition temperature (MHGIT) minus 50 Deg. F of
the flammable fluids in question.

If, for justifiable reasons, bleed air ducts and components must be located in such
compartments, the installation of the ducts has complied with the following requirements, for
above Conditions 1 and 2:

CONDITION 1: The ducts have been located as high within a compartment as practical, and
away from potential flammable fluid leakage. The compartment has been drained, ventilated,
and insulated as indicated in other sections of this document.

CONDITION 2: Bleed air ducts and components have been isolated by fluid and vapor tight,
preferably permanent, barriers

Air bled from the engine to prevent compressor stall has been discharged directly overboard,
and was not discharged inside any airplane compartment. Discharge into turbine and tailpipe
compartments was permitted, except if water-alcohol was added to the compressor air for thrust
augmentation upstream of the bleed air takeoff. The ducts for anti-stall bleed air discharge were
made of steel, or equivalent material, within fire zones.

Oxygen Subsystems
Component temperatures

Oxygen components have been located in or close to potential fire zones, or in other areas
where they could be subjected to temperatures in excess of those specified in the individual
component specification, under normal operating conditions, or in case of a fire, hot duct
rupture, etc. If such location is not possible permanently installed shielding and insulation, if
necessary, has been provided to keep the component temperatures within specification values.

Portable oxygen containers

Portable oxygen containers were stored in areas where the likelihood of a fire is remote, or they
were stored in enclosures which can withstand a fire likely to occur at their location, and they
were insulated so that such fire will not cause discharge of oxygen from the container into the
fire.
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System layout

The layout of the oxygen system and the location of the components was such that all lines
were as short as practical, and that high-pressure lines were held to a minimum length. Oxygen
containers, however, were not be located immediately adjacent to the crew, and in combat
aircraft they were located, whenever practical, so that they were protected against gunfire.

Flammable fluid components

Insofar as practicable, oxygen lines and components have not been grouped with lines and
components carrying flammable fluids, and were not located above each other. When
necessary to keep potential flammable fluid leakage away from oxygen lines and components,
shrouding was used.

Component clearance

A clearance of at least two inches has been provided between oxygen tubing and components,
and control cables and other flexible moving parts. A clearance of at least ¥z inch was provided
between oxygen tubing and components, and other parts of the aircraft under any condition of
operation and accumulation of manufacturing tolerances, unless the oxygen lines and
components were rigidly attached to these parts.

Propellers and turbine rotors

Oxygen containers were not be located within six inches of the plane of rotation of aircraft
propellers or turbine rotors.

Lines and fittings

Aluminum or stainless steel tubing have been used in oxygen systems, and the connectors
were an approved type for use in oxygen systems.

Container support

The oxygen container supports were designed to withstand the same inertia loads as the seats
of the occupants. The container supports in combat aircraft were designed to prevent the
container from tearing loose when hit by gunfire.

Filling provisions

The filler connections were located so there was no possibility of oil coming in contact with the
filler valve. The filler connection was installed within a closed box behind a cover plate with a
dirt and oil-tight seal.

Contaminants such as dirt, lint, metal chips, etc., were prevented from entering filler connections
of the oxygen systems by means of fine mesh or sintered filters installed in the system.

Cleanliness
The entire oxygen system was completely free from oil, grease, and other foreign matter. Open
ends of cleaned and dried tubing and components was plugged at all times. There was no

unplugged opening in the installation at any time, except during attachment or detachment of
parts.
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Hazardous Subsystems

The systems treated or referenced in this section are potential fire and explosion hazards if not
properly designed, located, or installed.

High speed rotating equipment
Recirculation fans or other high-speed rotating equipment have not contained magnesium parts.

Location

High speed rotating equipment such as starters, auxiliary power units (APUs), drive shafts, etc.,
were located, whenever possible, to prevent damage of flammable fluid components,
explosives, oxygen containers, and in particular fuel tanks by flying fragments in case of
disintegration of a rotating part.

Overspeed protection

If location recommended above was not possible for justifiable reasons, high speed rotating
equipment, except main propulsion engines, was designed to incorporate either one of the
following features:

Containment

Capability of containing all rotor fragments within the equipment under the conditions of the
most adverse “single failure” which causes maximum overspeed at maximum operating
temperature.

Rotor strength

Strength of all rotor parts to withstand a speed which produces 1.50 times the kinetic energy of
a maximum overspeed which can be caused by the most adverse “single failure”, and at
maximum operating temperature.

Aerodynamic speed limitation

Aerodynamic speed limitation such that failure of the rotor cannot occur at a speed producing
1.5 times the kinetic energy of the limit speed and at maximum operating temperature. If the
equipment requires controlled ingestion of air for aerodynamic speed limitation, the equipment
model specification should give all the requirements necessary for satisfactory duct design.

Friction braking

Speed limitation by friction braking between rotor and case such that failure of the rotor cannot
occur at a speed producing 1.50 times the kinetic energy of the maximum limit speed, and at
any operating temperature.
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Speed limiting device

In order to limit the maximum over speed in the Containment or Rotor Strength sections, two
reliable and independent speed limiting devices was considered. One of these devices may be
the normal speed control and the other one a topping device with the sole purpose of
preventing the equipment from exceeding a predetermined maximum speed. The topping
device has incorporated a “self-exercising”, or a testable feature to prevent sticking from
inactivity. The speed limiting device has been located as close as practicable to the component
which is to be protected against over speed by the device. Any electrical portion of the toping
device was located or protected so that it will not be rendered inoperative by the lubricating oil of
the equipment, under normal operating condition or in case of a “single failure”.

Other hazards

High speed rotating equipment was carefully analyzed for other potential fire hazards such as
ignition of flammable fluids by high case temperature due to normal operation or due to failure,
such as oil starvation and bearing failure. Satisfactory protection was provided if such hazards
exist. High speed rotating equipment was supported in such a manner that imbalance due to
potential failures will not cause failure of the support with consequent fire potentiality.

High speed drive shafts were encased, if necessary to protect flammable fluid components, fuel
tanks, explosives, oxygen containers, etc.

High pressure air systems

Specifications

High-pressure air systems have complied with the fire protection requirements of MIL-P-5518.
General

High pressure air compressor and related components utilizing lubricating oil as piston lubricant
which ultimately is mixed with the compressor air can experience explosions with destructive
results to the equipment and to adjacent components, if not properly designed.

Location

High pressure air compressors and related equipment have been located, whenever possible, to
minimize damage of flammable fluid components, explosives, oxygen containers, and in
particular fuel tanks, by flying fragments in case of any explosion.

Explosion hazards

High pressure air compressors and related equipment have complied with MIL-P-5518. An
explosion hazard report should be submitted as required by MIL-P-5518. Particular attention
should be given in this report to potential hazardous conditions caused by equipment
malfunctions. The oil-air mixture in a compressor, which is pre-charged with compressed bleed
air, may move from “too lean” to “explosive” when the mass airflow is reduced due to a severed
compressor air intake line. The same result can be experienced when the lubricating oil flow to
the cylinders of the compressor is increased due to a malfunction of the lubricating system.
Breakdown of the cooling system due to a fan failure may also cause explosion when the air
temperature exceeds the autogenous ignition temperature of the lubricating oil.
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Support

Compressors and reservoirs for compressed air have been supported so that compressor
unbalance caused by malfunction, or reservoir damage caused by gunfire, will not result in
failure of a support with resultant fire potentiality.

Explosives

Specifications

Explosives have complied with the fire protection requirements of the following specifications:
Initiators, Electric, Design and Evaluation of, MIL-1-23659;
Design and Evaluation of Cartridges for, Cartridge Actuated Devices, MIL-D-21625;
Installation and Test of Aircraft Pyrotechnic Equipment, General Specification for, MIL-1-8672.

Location

Explosives have not been installed or stowed in the proximity of heat sources if these heat
sources can cause ignition of the explosives under any normal condition, or if a “single failure”
can cause ignition of the explosives. Explosives have not been installed or stowed in the
proximity of potential fire zones. If explosives must be located close to real or potential heat
sources for justifiable reasons, they were adequately protected by permanently installed
insulation, or shields, or both.

Installation

Explosives can be a hazard to manufacturing and maintenance personnel. Designs have
permitted installation of explosives as late as possible in manufacturing sequence, preferably at
the flight line. Explosives have been interchangeable without force or rework.

Engine Starters

Specifications

Turbine starters have complied with the fire protection requirements of MIL-S-7848.
Overspeed Protection

Failure of a starter coupling to disengage after engine lightoff can cause over speed of the
starter. Starter disintegration due to this type of failure and due to failure in the speed control
mechanism has been prevented by over speed protection as indicated above.

Cartridge Starters
In addition to the above requirements, a cartridge starter has complied with the following:
Inadvertent Ignition

A cartridge starter should be suitably protected against inadvertent ignition of the cartridge. It
should be possible to arm the starter only after securing the breech. It should be possible to
disarm the starter at any time prior to actuation.
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Gas Leakage

There should be no leakage of gases into the starter compartment or into any other
compartment from any part of the starter during or following operation throughout the operating
range.

Overpressure Protection

An overpressure relief device should be incorporated in the starter which will limit the maximum
breech pressure in the event of abnormal cartridge burning. The device should bypass the
turbine. The relief pressure should not exceed the breech proof pressure.

Cartridges

Cartridges should comply with the fire protection requirements of MIL-D-21625.
Gun Installations

General

Gun gases leaving the muzzle and leaking from the breech contain considerable quantities of
unburned combustibles. Appropriate measures have been taken so that the gas-air mixture
within the gun compartment does not fall within the explosive range.

Gun Gas Data

The maximum gun gas release rate into the gun compartment and the maximum content of
combustibles by volume in the gas has been determined and specified by the gun manufacturer.
The lower explosive limit of gun gas is approximately 9 percent (9%) by volume.

Ventilation

If ventilated was used for diluting the gas-air mixture in the gun compartment, air intake was
located away from the gun muzzle to prevent gases from the muzzle from entering the
ventilating air. Gun icing by ventilating air has been prevented. This can be accomplished with
a ventilating system operating only while the gun fires. The ventilating airflow rate has been
high enough to result in an average concentration of combustibles of 4.5 percent (4.5%) with
good mixing, and 2.25 percent (2.25%) with less thorough mixing.

Fuel Tanks

Fuel tanks have not been located immediately adjacent to gun compartments; they were from
such compartments by at least one liquid and vapor tight bulkhead in addition to the tank
boundary structure.

Landing Wheel Brakes

Wheels which serve as housings for highly loaded brakes have been provided with pressure
relief devices actuated by heat. Consideration should also be given to the use of a heat shield
between the brake and the wheel. The purpose of these devices is to prevent tire explosion
caused by brake overheating or by brake fire.

In addition, serious consideration has been given to a brake overheat warning system. Use of a
brake warning system should be based on the type of vehicle, its intended usage, the
characteristic of the brake, and the probability and the consequences of the hazards.
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External Rockets

External rockets have been installed so that the rocket exhaust was not be a hazard to fuel tank
vent lines. If fuel vent exits cannot be located at a safe distance from the rocket exhaust, the
vent line exits were protected by flame arrestors or other effective means to prevent flame
propagation into the tanks.

Surfaces of rocket exhaust impingement have been designed for heat and corrosion resistance.
Protection was provided, if necessary, for flammable fluid components, fuel tanks, explosives,
etc., located in compartments exposed to the exhaust wake.

4.3.8 Installation hazards reduction.

By analysis and inspection it should be verified that installation hazards reduction designs have
been used to the fullest extent practicable to prevent the occurrence of fire and explosion due to
the uncontrolled presence of _ (TBS 1) . The adequacy of the provided design should be

verified by _(TBS 2) .
VERIFICATION RATIONALE (4.3.8)

The use of these prevention designs to the fullest extent practicable is necessary to reduce the
need for detection and control provisions. The adequacy of the provided designs must be
verified to eliminate poor designs and avoid costly retrofits.

VERIFICATION GUIDANCE (4.3.8)

TBS 1: To prevent hazards resulting from component, line, wiring, etc. interference, line or
wiring routing or line or wiring fabrication and installation should be verified by inspecting the
various subsystem installations throughout the air vehicle ground and flight test program. Past
recommendations have been to conduct these inspection at 50-hour intervals during the flight
test program. When appropriate, additional inspections should be conducted after the following
flight conditions and maneuvers:

Simulated and actual weapon delivery
Internal gun firing

Inflight refueling

Maximum positive and negative g maneuvers

Maximum roll and sideslip maneuvers

-~ 0o a0 T ®

Maximum climbs and descents

g. Ciritical speed brake or thrust reverser actuations.

The adequacy of designs provided to prevent the spread, due to airflow, of fire along the air
vehicle exterior from one subsystem to another may need to be verified by demonstration.
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TBS 2: The required analysis and inspection should be done along with the analysis and
inspection required by Installation hazards reduction and should be part of a fire and explosion
hazard analysis done to determine the protection required for the total air vehicle.

a. The adequacy of designs provided to prevent normal subsystem operation from
contributing to or resulting in fire and explosion hazards may need to be verified by
demonstration. In the case of fuel dump systems it should be demonstrated by using
dyed fluid that no fuel or fumes impinge on or enter any portion of the air vehicle and
cause unsafe conditions under all normal flight conditions. Record data, including
movies, during selected operating conditions.

b. The adequacy of designs provided to minimize fire and explosion hazards resulting from
failure or accident may be verified by inspection, test or demonstration depending on the
particular design. The test or demonstration may be required to show that flameholders
have been excluded from powerplant installations and that flames from backfires or
reverse burning cannot enter combustion heating airstream.

VERIFICATION LESSONS LEARNED (4.3.8)

When using dyed fluids for fuel impingement tests, visually inspect the air vehicle as part of the
impingement determination. Do not rely solely upon motion pictures.

3.4 Subsystem characteristics

4.4 Subsystem characteristics

3.4.1 Landing subsystem

Reference appendix A.

4.4.1 Landing subsystem

Reference appendix A.

3.4.2 Hydraulic power subsystem.

Reference appendix B.

4.4.2 Hydraulic power subsystem.

Reference appendix B.
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3.4.3 Auxiliary power subsystem.

Reference appendix C.

4.4.3 Auxiliary power subsystem.

Reference appendix C.

3.4.4 Environmental control subsystems.

Reference appendix D.

4.4.4 Environmental control subsystems.

Reference appendix D.

3.4.5 Fuel subsystem.

Reference appendix E.

4.4.5 Fuel subsystem.

Reference appendix E.

3.4.6 Aerial refueling subsystem.

Reference appendix F.

4.4.6 Aerial refueling subsystem.

Reference appendix F.

3.4.7 Fire and explosion hazard protection subsystem.

Reference appendix G.

4.4.7 Fire and explosion hazard protection subsystem.

Reference appendix G.
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3.4.8 Electrical power subsystem.

Reference appendix H.

4.4.8 Electrical power subsystem.

Reference appendix H.

3.4.9 Mechanical subsystems.

Reference appendix I.

4.4.9 Mechanical subsystems.

Reference appendix I.

3.4.10 Cargo, aerial delivery, and special operations subsystem.

Reference appendix J.
4.4.10 Cargo, aerial delivery, and special operations subsystem.

Reference appendix J.

3.4.11 Vertical takeoff and landing — short takeoff and landing power drive subsystems.
Reference appendix K.

4.4.11 Vertical takeoff and landing — short takeoff and landing power drive subsystems.

Reference appendix K.

3.4.12 Propeller subsystem.

Reference appendix L.

4.4.12 Propeller subsystem.

Reference appendix L.
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3.4.13 Pneumatic subsystem.

Reference appendix M.

4.4.13 Pneumatic subsystem.

Reference appendix M.

3.4.14 Additional subsystems and functions.

Reference appendix X.

4.4.14 Additional subsystems and functions.

Reference appendix X.

161

Source: https://assist.dla.mil -- Downloaded: 2015-12-17T12:54Z
Check the source to verify that this is the current version before use.



Downloaded from http://www.everyspec.com

JSSG-2009A
W/AMENDMENT 1
APPENDIX A

APPENDIX A

AIR VEHICLE LANDING SUBSYSTEM
REQUIREMENTS AND GUIDANCE

A.1 SCOPE
A.1.1 Scope.

This appendix provides the requirements, verifications, tailoring guidance, and background
information for the Landing Subsystem provided for in Part 1 of this specification. The appendix
has been developed and coordinated by technical personnel from the Air Force, Navy, and
Army and has been approved as an official guide for use by Government personnel for
assistance in tailoring the air vehicle subsystems specification for acquisition and model
specifications. This appendix is a mandatory part of the specification. The information contained
herein is intended for compliance.

A.1.2 Structure.

The appendix structure replicates the structure of the Air Vehicle Subsystems Specification
except it places each corresponding section 3 requirement and section 4 verification together.

A.1.3 Appendix.

This appendix provides tailoring guidance and background information for individual paragraphs
of the Air Vehicle Subsystems Specification. Guidance gives recommendations on how to tailor
the specification paragraph. Where _ (TBS)  appears, the guidance paragraph provides
recommended values or text that the using service may use to insert in the _ (TBS) . When
contractors are expected to complete the _ (TBS) , the Guidance paragraph will so state. The
Using Service makes the final decision on whom completes the _ (TBS) _ in the specification.
Finally, Lessons Learned are provided to give insight to past events that could impact the
tailoring of the specification.

A.1.4 Deviations.
Projected designs for given applications which will result in improvement of the system
performance, reduced life cycle cost, or reduced developmental cost through deviations from

this guidance, or where requirements of the specification results in compromise in operational
capability, should be brought to the attention of the using service.
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A.1.5 Environmental impact.

Air Vehicle Subsystems will be designed such that their operation, maintenance, and repair may
be accomplished without violating the most stringent environmental regulations applicable to
locations where subsystems are used or supported. Compliance with environmental regulations
will not prevent subsystems from achieving and sustaining mission performance capability.
Materials, processes, and environmental control equipment necessary to meet these
environmental requirements must currently be available in the Using Service’s maintenance and
supply system. The design will not use environmentally unsuitable materials such as ozone
depleting fluorocarbons, chlorofluorocarbons, and halons, or highly volatile organic compounds
in solvents and coatings during development, production, operation, maintenance, or repair. The
Environmental Protection Agency maintains an online list of toxic chemicals and hazardous
substances on its Ozone Layer Depletion Website at http://www.epa.gov/ozone/snap/ that
should be consulted. The Significant New Alternatives Policy (SNAP) Program available
thereon identifies substitutes for ozone depleting chemicals.

The contractor will conduct an environmental analysis of air vehicle subsystems.
A.1.6 Responsible engineering office.

The responsible engineering office (REO) for this appendix is AFLCMC/EZFA, BLDG 28
RM 118, WPAFB OH 45433-7017; DSN 785-2023, COMMERCIAL (937) 255-2023;
AFLCMC.EZF.MAILBOX@US.AF.MIL.

A.2 APPLICABLE DOCUMENTS

A.2.1 Government documents

A.2.1.1 Specifications, standards, and handbooks.

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

INTERNATIONAL STANDARDIZATION AGREEMENTS

NORTH ATLANTIC TREATY ORGANIZATION
‘ NATO STANDARD  Aircraft Jacking

AASSEP-1
STANAG 3098 Aircraft Jacking
STANAG 3278 Aircraft Towing Attachments and Devices

(Copies of these documents are available at http://nso.nato.int and www.ihs.com to qualified
users.)
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DEPARTMENT OF DEFENSE SPECIFICATIONS

JSSG-2006
JSSG-2010
MIL-PRF-5041
MIL-B-8075

MIL-L-8552
MIL-B-8584
MIL-S-8812
MIL-A-8860
MIL-A-8863

MIL-A-18717
MIL-L-22589
MIL-T-81259
MIL-PRF-83282

Airframe Structures Joint Service Specification Guide
Crew Systems Joint Service Specification Guide
Tires, Ribbed Tread, Pneumatic, Aircraft, General Specification for

Brake Control Systems, Anti-Skid, Aircraft Wheels; Instruction for
Preparation of Specifications of

Landing Gear, Aircraft Shock Absorber (Air-Oil Type)
Brake Systems, Wheel, Aircraft, Design of

Steering System: Aircraft, General Requirements for
Airplane Strength and Rigidity

Airplane Strength and Rigidity Ground Loads for Navy Acquired
Airplanes

Arresting Hook Installation, Aircraft
Launching System, Nose Gear Type, Aircraft
Tie Downs, Airframe Design, Requirements for

Hydraulic Fluid, Fire Resistant, Synthetic Hydrocarbon Base,
Metric

DEPARTMENT OF DEFENSE STANDARDS

MIL-STD-203
MIL-STD-805

MIL-STD-878

MIL-STD-1568

Cockpit Controls Location and Actuation of for Fixed Wing Aircraft

Towing Fitting and Provisions for Fixed Wing Aircraft Design
Requirements

Method of Dimensioning and Determining Clearance for Aircraft
Tires and Rims

Materials and Processes for Corrosion Prevention and Control in
Aerospace Weapons Systems

DEPARTMENT OF DEFENSE HANDBOOKS
MIL-HDBK-1587

Materials and Process Requirements for Air Force Weapon
Systems

(Copies of these documents are available online at http://quicksearch.dla.mil or from the
Standardization Document Order Desk, 700 Robbins Avenue, Building 4D, Philadelphia PA

19111-5094 USA))
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A.2.1.2 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.

AIR FORCE MANUALS AND DESIGN HANDBOOKS

AFM 86-3 Planning and Design of Theater of Operations Air Bases
AFM 86-8 Airfield and Airspace Criteria

AFM 88-6 Flexible Pavement Design for Airfields

AFML 70-7 Do’s and Don’ts of Materials Applications

AFSC DH 1-6 System Safety

AFSC DH 2-1 Airframe

ARDCM 80-1 Handbook of Information for Aircraft Designers (HIAD)

(Copies of these documents are available to qualified users. Contact
AFLCMC/ENRS, BLDG 28 RM 118, 2145 MONAHAN WAY, WPAFB OH 45433-7017 USA,
DSN 674-5476; COMMERCIAL (937) 904-5476; ENGINEERING.STANDARDS@US.AF.MIL.)

USAF TECHNICAL REPORTS

ASD-TR-68-34 Evaluation of Aircraft Landing Gear Ground Flotation
Characteristics for Operation from Unsurfaced Soil Airfields
(Accession Number AD0843585)

ASD-TR-70-43 Aircraft Ground Flotation Analysis Procedures—Paved Airfields
(Accession Number AD720273)

(Copies of these documents are available at www.dtic.mil to qualified users; Defense Technical
Information Center, 8725 John J. Kingman Rd., Suite 0944, Ft. Belvoir VA 22060-6218 USA.)

A.2.2 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.

SAE INTERNATIONAL

SAE ARP1107 Tail Bumpers for Piloted Aircraft
SAE AS50141 Tube, Pneumatic Tire, Aircraft

(Copies of these documents are available from www.sae.org; SAE International,
400 Commonwealth Drive, Warrendale PA 15096-0001 USA; and www.ihs.com to qualified
users.)
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AMERICAN SOCIETY OF MECHANICAL ENGINEERS
ASME B46.1 Surface Texture

(Copies of this document are available from https://www.asme.org; ASME, Three Park Avenue,
New York NY 10016-5990 USA))

A.2.3 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.

A.2.4 Streamlining.
The Air Vehicle Subsystems Specification has been streamlined. The documents listed in this
appendix which are required for acquisition have the same status as those referenced directly in

section 2 (first tier). All other documents referenced through tiering, may be used for guidance
and information only.

166

Source: https://assist.dla.mil -- Downloaded: 2015-12-17T12:54Z
Check the source to verify that this is the current version before use.


https://www.asme.org/

Downloaded from http://www.everyspec.com

JSSG-2009A
W/AMENDMENT 1
APPENDIX A

A.3 REQUIREMENTS
A.4 VERIFICATIONS
A.3.1 Definition

A.4.1 Definition

A.3.2 Characteristics

A.4.2 Characteristics

A.3.3 Design and construction

A.4.3 Design and construction
A.3.4 Subsystem characteristics
A.4.4 Subsystem characteristics

A.3.4.1 Landing subsystem.

The landing subsystem covers the technologies, functions, interfaces, systems, and
performance which provide the air vehicle with landing control and ground mobility. More
specifically, this includes the design areas for landing subsystem flight and ground operation,
structural support, and ground velocity and directional control. The landing subsystem provides
the air vehicle with safe and maintainable capabilities of hold position, towing, taxi, takeoff,
landing touchdown, balanced field, critical field length abort, and (emergency) arresting barrier
compatibility.

A.3.4.1.1 Landing gear.

The landing gear subsystem shall provide a safe and reliable means of physically supporting the
air vehicle structure (and any associated loads) during takeoff, landing, taxi, balanced field, and
critical field length abort, hold position, and all other required ground operations at its intended
operational sites. The landing gear also shall provide _ (TBS) .

REQUIREMENT RATIONALE (3.4.1.1)
When an air vehicle is not in the air, some parts of the air vehicle, by necessity, touch the

ground (or water, if intended to land on water). The parts of the air vehicle that touch the
ground (or water) should be able to support the air vehicle so it remains airworthy and useful.
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REQUIREMENT GUIDANCE (3.4.1.1)

When designing landing gear design for a particular air vehicle, one should take into account
such factors as the intended landing surface and operational environment (carrier landings,
unimproved runways), and air vehicle gross weight.

TBS: If the determination is made that the air vehicle will have some sort of landing gear other
that just skids (as on a helicopter), then the requirement blank should be filled in with what sort
of velocity and directional control is desired. That is, braking, braking control, steering control, If
the air vehicle is a helicopter, and skid-type gear is to be used, a determination should be made
whether to utilize standard or non-standard skid gear. Some factors to be used for this
determination are:

Mission profile

Skid height

Crosstube flex

Skid wear

Standard or non-standard gear (See lessons learned.)

-~ 0o o0 T ®

Deployment applications.

Extended landing gear should provide some amount of energy absorption to reduce the vertical
velocity of the fuselage under crash conditions.

REQUIREMENT LESSONS LEARNED (3.4.1.1)

During conventional conflicts when deployment of helicopters on large transport-type air
vehicles (C-141 or larger) are to be used, standard skid gear is adequate. During non-
conventional conflicts such as guerilla warfare or terrorism, deployment on smaller transport air
vehicles may be a factor thereby increasing restrictions on the helicopter to be transported. The
Army had a requirement during the Middle East conflict to move small teams of armed
reconnaissance helicopters rapidly to locations which would not accommodate large transport
air vehicles. The skids on these helicopters were changed to an underslung crosstube design
and a gear set allowing the helicopter to be lowered and raised as a unit to accommodate the
restricted confines of a smaller transport.

A.4.4.1 Landing subsystem
A.4.4.1.1 Landing gear.

Analysis and tests shall be performed on the landing gear subsystem to insure structural
integrity, endurance, and performance conditions are met.
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VERIFICATION RATIONALE (4.4.1.1)

A landing gear design analysis may be accomplished to show that all operational requirements
and conditions are adequately addressed for the air vehicle. Taxi, takeoff and landing tests are
accomplished to ensure all operational performance is satisfactory to the user.

The purpose of landing gear tests is to demonstrate the landing gear meets the specified
performance and interface requirements, such as specified extend and retract times, normal
and crash loads, low observables, and compatibility with flotation and skis (if applicable).

VERIFICATION GUIDANCE (4.4.1.1)

The landing gear design analysis shows how the various landing gear subsystems work to
accomplish the required action to assure the air vehicle operates satisfactorily while on the
ground and in transition to and from the air. Flight testing and field-testing should be
accomplished by the airframer and the eventual user to evaluate the landing gear subsystem
suitability for the requested operational mission.

Typical measurements for landing gear include energy absorption, absorption capacity, and
dynamic load characteristics of the landing gear. Landing gear subsystem qualification tests
include drop testing, low- and high-speed testing, braking and brake lock testing, floatation
testing, ski testing, retraction and extension testing.

VERIFICATION LESSONS LEARNED (4.4.1.1)

During air vehicle checkouts and flight testing many designs inconsistencies and design faults
are discovered and corrected before the air vehicle goes into service.

A.3.4.1.1.1 Gear arrangement.

The landing gear for conventional air vehicles shall be arranged so that the airframe structure
will not contact the ground during a ground turn producing _ (TBS 1) lateral acceleration at the
most critical operational center of gravity configuration.

The landing gear for Vertical Takeoff and Landing (VTOL) and rotary wing air vehicles shall also
be arranged to prevent overturn during ground run-up of engines and during landing under the
following conditions _ (TBS 2) .

REQUIREMENT RATIONALE (3.4.1.1.1)

Lateral stability of the air vehicle during ground operation is a primary factor in positioning of the
landing gear. This requirement is necessary to insure acceptable ground operating
characteristics to counter the natural tendency to use a narrow tread landing gear to minimize
weight. Improvement of lateral stability characteristics after assembly of the air vehicle is very
difficult and expensive.
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REQUIREMENT GUIDANCE (3.4.1.1.1)

TBS 1 should be completed by analysis of ground handling requirements of the proposed air
vehicle. A possible approach is to accomplish a dynamic analysis of similar existing air vehicle
to determine lateral acceleration required for overturning. Operational experience can then be
applied to determine suitability of this limit.

TBS 2 should be filled in with consideration given to the following:

It may be necessary to expand this requirement to adequately define overturn stability for VTOL
air vehicles. Side load during landing of VTOL air vehicles may exceed that normally
encountered during ground turns. Ground run-up of helicopters may also present an overturn
stability problem. It is suggested the following words be used: “ ". The blank should
contain the most adverse condition(s) anticipated for normal operation.

Performance Parameters: The dominant parameters on this requirement are physical
arrangement of the landing gear air vehicle, center of gravity location and strut-tire dynamic
characteristics.

Background and Source of Criteria: The concept for this requirement comes from AFSC DH 2-1,
and is described as turnover angle. Rather than identify a limit on turnover angle, the
requirement is expressed in air vehicle performance. The 63° turnover angle limit in
AFSC DH 2-1 was established to provide approximately a 0.5g side loads turning capability.
This requirement was originated in 1950 or earlier. It should be noted that meeting the 63° limit
does not assure a 0.5g turn capability due to shock strut and tire deflection.

REQUIREMENT LESSONS LEARNED (3.4.1.1.1)

Generally, the criteria applied at 0.5g side load are conservative. It is possible that this can be
further studied and general criteria could be generated for each type or class of air vehicle. The
combination of speed and turning radius, which approaches the limits on safe operation, should
probably drive this requirement. Safety and operating restraints should become the driving
force.

Air vehicle turning capability may be degraded by increased gross weight. Consideration should
be given to growth potential during design of a new air vehicle.

This requirement should be examined during design of growth versions of existing air vehicles
to determine if landing gear changes are required to maintain adequate turning capability.

A.4.4.1.1.1 Gear arrangement.

Air vehicle stability during turns shall be evaluated by a ground handling analysis substantiated
by air vehicle taxi test as follows: _ (TBS) .
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VERIFICATION RATIONALE (4.4.1.1.1)

An analysis supported by limited taxi data, permits exploration of the operational envelope
without incurring risk of tip over and subsequent air vehicle damage. Since the criteria are
based on maximum usage expectation, the results of the analysis will be used to provide
operational limitations. That is, the limits on turning velocities, turning radius for various gross
weights and configuration can be logically established.

VERIFICATION GUIDANCE (4.4.1.1.1)

TBS: The analysis should show the air vehicle tracking profiles for maximum steering angles
and show that the air vehicle will not turnover or tip up during a turn at the maximum specified
speeds over any given achievable turn radius. Taxi testing and flight test should verify the
performance of the air vehicle over all the operational spectrum.

VERIFICATION LESSONS LEARNED (4.4.1.1.1)

Measured field data showed that for most operational high speed turns are at .2 g's or less. With
the F-111 have some maximum turns at .25 g's. However the .5 g requirement (63° turnover)
will often keep the air vehicle from catching a wing tip during a lateral skid that often occurs in a
ground looping incident.

An additional 600 Ibs of metal had to be added to the gear structure on the B-1 to get the struts
far enough apart to meet this requirement. This was levied on the landing gear because the
location of the wheel wells was established by the airframe structure design without
consideration given this requirement.

A.3.4.1.1.2 Pitch stability.

The landing gears shall be arranged to provide pitch stability such that safe air vehicle ground
control is maintained and no part of the air vehicle, other than the landing gear, contacts the
ground under the following conditions: _(TBS) .

REQUIREMENT RATIONALE (3.4.1.1.2)

The most aft center of gravity should be far enough forward of the centroid of the main gear
ground contact area that the air vehicle is stable statically and will not tip back on the tail.

REQUIREMENT GUIDANCE (3.4.1.1.2)

TBS in the requirement blank should take into account air vehicle center of gravity location, fore
and aft pitch characteristics, aerodynamic tail power during takeoff rotation, strut-tire dynamic
characteristics, and aft fuselage design such that tip back or ground contact is precluded.

This requirement includes conditions during engine run-up and during cargo handling fuel
transfer. In the event the air vehicle design permits center of gravity excursions which preclude
meeting this criteria, provisions should be provided to protect the air vehicle from damage due
to uncontrolled ground contact. This is particularly pertinent with air vehicle utilizing variable
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sweep wing geometry during engine run-up. Ground contact is also a possibility due to landing
or rotation for takeoff.

This requirement is a clarified statement of the arbitrary criteria for tip back previously described
in AFSC DH 2-1. In that criteria the main wheel location was limited in a forward direction to a
position where the angle between the most aft center of gravity, main wheel contact, and the
vertical should be at least as large as the maximum tail down landing contact angle, limited by
fully extended wheel contact and the tail bumper or aft fuselage. The intent was to try to insure
that the air vehicle would rotate to a three point attitude upon contact with the ground. It was
arbitrary criteria satisfied by geometric analysis.

REQUIREMENT LESSONS LEARNED (3.4.1.1.2)

Since the F-111 was the first production variable sweep wing air vehicle, the problems with pitch
stability (tip back) were quite critical. Ground handling was most critical for the F-111B, aboard
ship.

A classic example of critical center of gravity location was the C-54, which required a ground
handling strut.

As a conservative rule of thumb, consider placing the main gear so that an angle between a line
joining the center of gravity and the center of main gear contact with a vertical line through this
contact is 15° with a most aft center of gravity configuration.

The B-1A experienced a tip back occurrence during an engine run-up with a faulty fuel transfer
occurring at the same time causing damage to the tail cone.

A.4.4.1.1.2 Pitch stability.
Pitch stability shall be verified by (TBS 1) for the following conditions: _ (TBS 2) .
VERIFICATION RATIONALE (4.4.1.1.2)

Analysis of this condition can most economically be used to verify fore and aft stability. In the
event the performance is marginal, the analysis can be supplemented by a demonstration of a
critical condition on the air vehicle to increase the credibility and acceptability of the analysis.

VERIFICATION GUIDANCE (4.4.1.1.2)

TBS 1: A static center of gravity force moment analysis should be done to determine air vehicle
ground stability during ground maneuvers, engine run-ups, towing, and jacking.

TBS 2: A dynamic performance analysis should cover all rotational conditions to ensure there is

no gear dynamics that will cause over-rotation. The information used in these analysis should
be supported by laboratory testing and verified by subsequent flight testing.
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VERIFICATION LESSONS LEARNED (4.4.1.1.2)

(TBD)

A.3.4.1.1.3 Extended clearances.

Clearances shall be provided so that with the landing gear down and locked, and during any
phase of the air vehicle ground operation, there is no contact between the landing gear and any
other part of the air vehicle that results in degradation of life or performance of any air vehicle
component. This requirement applies with the following conditions and restrictions: _ (TBS) .

REQUIREMENT RATIONALE (3.4.1.1.3)

Experience has shown that failure to provide adequate clearance between movable parts of the
landing gear and the fixed structure (including stores) will result in operational problems.
Design of the air vehicles for minimum weight and frontal area encourages use of minimum
clearance. While this may be adequate for operation of new equipment under ideal conditions,
it may not be sufficient for operation of a worn system. This requirement is needed to force
consideration of this problem.

REQUIREMENT GUIDANCE (3.4.1.1.3)

TBS should reflect sufficient air vehicle clearances that are influenced and controlled by tire
growth characteristics, strut physical dimensions, strut-servicing limits tire production
dimensional tolerances, gear structural deflections, and gear kinematics.

This requirement is intended to replace the clearance statements and diagrams of
AFSC DH 2-1, AFSC DH 1-6, and MIL-STD-878. It is intended to expand to cover incorrectly-
serviced hardware and the full range of dimensional tolerances.

REQUIREMENT LESSONS LEARNED (3.4.1.1.3)

In past designs, it has been determined that it is good design practice to leave clearance
between the wheel, brake, and tire assemblies and the support structure or fairings. It was
found that it is best to leave clearances, particularly around the tire, to accommodate growth,
maximum production tolerances, and centrifugal forces for rotating tires. Special consideration
should be given to installations utilizing a fork. Prime examples are the F-4 and F-105. Many
aircraft have little or minimum clearance for the landing gear. Prime examples are B-52, F-111,
F-15, EF-111 and other high-density aircraft.

A.4.4.1.1.3 Extended clearances.

Clearance between the landing gear and other air vehicle components shall be verified by

(TBS) .
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VERIFICATION RATIONALE (4.4.1.1.3)

The method of verification will depend on the program. If a landing gear simulator is available, it
may be suitable for verification of clearances. Measurement on the air vehicle will usually be
required to verify the values used in the analysis

VERIFICATION GUIDANCE (4.4.1.1.3)

TBS should be filled as follows: Clearances between the landing gear and all other air vehicles
structure and components should be verified by analysis based on clearances measured on the
air vehicle and adjusted for tolerances, deflections, and wear. Ground clearance after tire
failure and strut deflation should be determined by analysis. The analysis should include
deflection and dynamic effects for the landing gear and airframe, and where applicable, account
for traversing arresting cables. Clearances during arrestment should be demonstrated by air
vehicle operation.

VERIFICATION LESSONS LEARNED (4.4.1.1.3)

The use of landing gear simulators on many systems have proved useful in establishing
clearances for new and worn gear systems, and allowed fixes to be tested and verified before
being applied on the air vehicle. However, simulators are expensive especially for large air
vehicles and should be justified for verification of other performance requirements, not only this
requirement.

A.3.4.1.1.4 Retraction clearances.

Clearances shall be provided on retractable landing gears so that with the landing gear in the
retracted position and during any transition between the extended and retracted positions, there
is no contact between the landing gear and any other part of the air vehicle, including landing
gear fairing doors, that results in degradation of life or performance of any air vehicle
component. This requirement applies with the following conditions or restrictions: _ (TBS) .

REQUIREMENT RATIONALE (3.4.1.1.4)

This is to insure no interference between the landing gear components and the stationary
structure or adjacent wheel well equipment.

REQUIREMENT GUIDANCE (3.4.1.1.4)
TBS should reflect the speed, temperature, altitude, operating condition of tires (stationary or
rotating), air vehicle speed, operating mode of the air vehicle (takeoff, touch and go), and air

vehicle altitude. It should consider malfunctions such as a flat strut.

Requirement influenced and controlled by gear kinematics, component dimensional tolerances,
design of surrounding structure, gear gyroscopic loads and direction of reaction, and air loads.
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There are numerous conditions that potentially cause interference. It is a new requirement and
is not generally found in previous documentation.

Tire growth dimensions should be per the guidance of the Tire and Rim Association.
REQUIREMENT LESSONS LEARNED (3.4.1.1.4)

Gear interference while in transit between fully extended and fully retracted, and vice versa, can
be attributed to numerous factors: oversize components, rotating parts, wear, kinematic stability,
and design clearances. The most uncontrollable and potentially the most dangerous is a
combination of rotating parts and structural stability in transit caused by gyroscopic loads. The
YF-16 is the most recent example.

Part wear or improper servicing can place the gear in the improper position upon entering the
wheel well. The F-15 is a recent example that required aircraft modification.

The C-5A aircraft has experienced clearance problems during inflight rotation and retraction of
the main landing gear strut. These problems were a result of the rolling of the strut during
rotation. Mechanical roll positions would not stop the roll moment caused by the side wind
loads.

A thorough evaluation on the landing gear simulator can help prevent these incidents.

A.4.4.1.1.4 Retraction clearances.

Clearances between the landing gear and other air vehicle components shall be verified by

(TBS) .
VERIFICATION RATIONALE (4.4.1.1.4)

If a simulator is provided (strongly recommended), it may be suitable for verification of
clearances. Verification on the air vehicle will usually be required.

VERIFICATION GUIDANCE (4.4.1.1.4)

TBS is usually filled with analysis, with parameters verified by air vehicle measurements,
followed with air vehicle demonstration during checkout and flight-testing.

VERIFICATION LESSONS LEARNED (4.4.1.1.4)

The justification of landing gear simulators on new programs has always been difficult due to
program constraints. However, simulators have always proven themselves by uncovering many
component and system problems and deficiencies before they happen in operation. It also
provides a test bed to verify redesigns, fixes, troubleshooting procedures, system control logic,
endurance, service life, checkout, and T.O. procedures.
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A.3.4.1.1.5 Anti-rotation in retracted position.

(TBS) _ wheels shall be stopped from rotating during retraction or prevented from rotating in
the retracted position.

REQUIREMENT RATIONALE (3.4.1.1.5)

This requirement is to identify the need to stop rotation of wheels after landing gear retraction.
Wheel rotation may adversely affect air vehicle operation or cause pilot discomfort. Stopping
rotation also minimizes air vehicle damage if the landing gear is retracted with a tire that has a
loose tread.

REQUIREMENT GUIDANCE (3.4.1.1.5)

TBS should be filled in with “All” or “Main”. Normally, all wheels should be stopped. In some
cases it may be cost-effective to stop only the main wheels.

Rotating mass and radius of gyration of the wheel, brake, and tire assembly are important
parameters in assessing this requirement. Gear kinematics and retraction rates have an
influence on the gyroscopic loads. Wheel well clearances are impacted by tire sizes and
dimensional tolerances.

REQUIREMENT LESSONS LEARNED (3.4.1.1.5)

This requirement reflects the statement made in AFSC DH 2-1. It was originally included in
ARDCM 80-1 (Handbook of Information for Aircraft Designers [HIAD]) as a result of fleet retrofit
of the C-133 from trouble generated from free-rotating design.

In addition to the C-133, several other air vehicles have had to provide nose gear snubbers on a
retrofit basis. As mentioned in the rationale, hazards of rotating nose wheels include: excessive
vibration, electronic interference, and stones thrown from the rotating tire treads. The design
solutions have ranged from fuselage mounted snubbers to simple cantilevered devices mounted
on the doors. There have generally been no detrimental effects on the tires. It is recommended
the rubbing be accomplished against the tires rather than against the wheel, which can suffer
defacing damage.

Main gear snubbing is usually achieved by pre-braking associated with gear-up selection. This

reduces or eliminates the gyroscopic loads. Generally, the pressure is relieved with the gear in
the stowed position to preclude extension and touchdown with brake pressure applied.

A.4.4.1.1.5 Anti-rotation in retracted position.

Demonstration that the wheels do not rotate in the retracted position shall be shown by (TBS) .
VERIFICATION RATIONALE (4.4.1.1.5)
If snubbing of all or some of the wheels is required. The effectiveness of the proposed snubber

is best demonstrated with actual hardware. A landing gear simulator is a convenient device for
this purpose, however, it is usually evaluated on the air vehicle. On the main gear, it is
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important to evaluate the sequence and timing between brake pressure application and
cessation of wheel rotation.

VERIFICATION GUIDANCE (4.4.1.1.5)

The TBS should reflect a demonstration that the rotating wheel is stopped before fully retracted
for braked wheels, or stopped when fully retracted for non braked wheels. Retraction should be
commanded with the wheel rotating at a speed not less than 75 percent (75%) of the liftoff
speed at maximum gross weight.

VERIFICATION LESSONS LEARNED (4.4.1.1.5)

(TBD)

A.3.4.1.1.6 Clearance with flat tire and flat strut.

In the event of flat tire and flat strut, the lowest part of the landing gear structure, door fairing, or
air vehicle components, including external stores shall not be closer than (TBS) from
ground.

REQUIREMENT RATIONALE (3.4.1.1.6)

The objective is to provide a clearance requirement to insure that no part of the air vehicle will
engage the barrier cable installation when landing under the most adverse sequence of landing
gear failures. By combining tire and strut failures, it will also insure that neither single failure will
cause inadvertent engagement. The recommended ground clearance limit is six inches for
safety considerations.

REQUIREMENT GUIDANCE (3.4.1.1.6)

TBS should reflect the minimum acceptable distance from the ground and or arresting cable
installation to the lowest points on the air vehicle for all phases of its ground operation on
through rotation. For this requirement, the wheel, brake and tire are not considered a part of the
landing gear structure. It is also assumed that the wheel and tire are intact and that the rolling
radius is the flat tire radius.

Air vehicle geometry, wheel, brake, tire sizing, and landing gear configurations are the
controlling parameters in meeting this requirement.

REQUIREMENT LESSONS LEARNED (3.4.1.1.6)

This is an expansion of the existing requirement of AFSC DH 2-1 to include lessons learned on
recent air vehicle accidents.

With the extensive use of arresting systems within the Air Force, most runways are equipped
with arrestment cables at the ends of runways. Some runways also have midpoint barrier
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installations. Therefore, it is very important to not have a rigid member of the air vehicle
extending low enough to engage the barrier cable in the event of a flat tire or a flat strut. The
YF-16 was designed with a gear member extending low enough to engage the cable with a flat
tire. This resulted in significant damage. Six-inch ground clearance under these circumstances
should be a target for design.

A.4.4.1.1.6 Clearance with flat tire and flat strut.

Ground clearance after tire failure and strut deflation shall be determined by analysis.
VERIFICATION RATIONALE (4.4.1.1.6)

An analysis is the most economic approach to evaluating ground clearances for all the potential
air vehicle configurations. An analysis would be required to determine the critical combinations
if a test were selected for demonstration.

VERIFICATION GUIDANCE (4.4.1.1.6)

The analysis should take into account the ground clearance after a tire failure or strut deflation.
The analysis should include deflection and dynamic effects for the landing gear and airframe,
and where applicable, for the arresting cable.

VERIFICATION LESSONS LEARNED (4.4.1.1.6)

(TBD)

A.3.4.1.1.7 Gear stability.

Landing gear shall have natural or augmented damping so that the amplitude of any landing
gear oscillations after _ (TBS 1)  cycles is reduced to (TBS 2)  or less of the original
disturbance, with the following exceptions: _ (TBS 3) . The damping requirement applies to all
initial displacements of the landing gear under the following conditions: _ (TBS 4) .

REQUIREMENT RATIONALE (3.4.1.1.7)

This requirement is necessary to establish an acceptable level of dynamic stability. The primary
concern is the damping of steered landing gear to prevent shimmy. The same criteria also may
be applied to other landing gear oscillations induced by air field roughness or brake system
operation.

REQUIREMENT GUIDANCE (3.4.1.1.7)

TBS 1 and TBS 2 should be completed by requiring the amplitude be reduced to 1/3 of the
original amplitude within three cycles. This has been recognized as standard by the airframe
industry for damping of steered landing gear. Suitability for other oscillations has not been
verified.
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TBS 3 should permit some types of oscillation to be excluded from the general damping criteria.
Examples include brake chatter and squeal and bogie beam pitching. The blank should include
success criteria for each item excluded from the general requirement.

TBS 4 should be used to establish the range of operating conditions to be considered in
application of the damping criteria. This should include air vehicle speed and weight conditions,
type of airfield surface, and wear surfaces worn to the operational limit.

Gear damping characteristics are controlled by tire dynamics characteristics, landing gear
component stiffnesses and damping characteristics, individually and “as installed.” If friction
damping is utilized, wear of the friction surfaces should be assumed and accounted for in the
design. Air vehicle ground speed range defines the range of concern.

The landing gears (main and nose) should be free of detrimental oscillations induced by runway
roughness, tire balance or design, brake vibrations or gear natural responses. The oscillations
include fore and aft, torsional and vertical modes.

REQUIREMENT LESSONS LEARNED (3.4.1.1.7)

This is a tailorable statement for shimmy damping and other vibration, patterned after the
requirement of MIL-S-8812. This requirement has been improperly placed in the Steering
System design specification for years. It is a general landing gear requirement, steered and
non-steered. It was improperly placed in the steering system specification because the nose
gear shimmy damping is most frequently controlled by modification to steering system
components and most shimmy occurs on the nose gear. Originally, the criteria was generated
as a result of Dr. W. J. Moreland’s study of shimmy and published in WADC TN 55-1 in 1955,
and Journal of Aeronautical Sciences, Vol. 21, No. 12, Sec. 54. This was further expanded and
studied by J. Edman of Bendix under contract to WADC and the results were published in
WADC TR 56-197, dated July 1956.

Shimmy and various forms of gear vibration have historically been a serious landing gear
problem. Nose gear shimmy has been a problem on the A-37, T-38, F-5, F-104, F-15, C-141A,
and numerous other air vehicles. Solution of the problems include change of tires, balancing
tires, adding friction dampers, changing hydraulic dampers, improving maintenance and
servicing procedures, and changing materials.

There is industry evidence that main gear shimmy is most likely on dual wheel installations. A
couple of commercial air vehicles have encountered such a problem. The solutions have been
to add additional damping to the system.

Prevention of bogie pitch is generally a design problem of multiple axle (4 wheel and 6 wheel
bogies), and by proper analysis and design, the problem is avoided.

Brake chatter and squeal are landing gear vibration phenomena, but the damping criteria
proposed may not necessarily apply. The source of the vibration is the brake assembly.
Therefore, system response and compatibility is a function of design of that component. See
“Aircraft Landing Gear Brake Squeal and Strut Chatter, Investigation” by F. A. Biehl, The Shock
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and Vibration Bulletin, January 1969, for an explanation of the phenomenon and a method of
analysis.

A.4.4.1.1.7 Gear stability.

Landing gear subsystem damping shall be verified analytically and substantiated by _ (TBS) .
VERIFICATION RATIONALE (4.4.1.1.7)

Various component design parameters used in the shimmy analysis are estimated or calculated
because the review is accomplished before the hardware is delivered on a development
program. Therefore, it is necessary to verify the assumptions or calculations by system and
component tests. Then the system response is verified by the ground vibration test of the
installed gear. Frequently, the results are different from that which was estimated and the
analysis should be modified accordingly to establish safety for first actual air vehicle operation.
The blank should be filled with the minimum acceptable program to substantiate the stability
analysis.

VERIFICATION GUIDANCE (4.4.1.1.7)

TBS: The vertical, fore and aft, and torsional damping should be verified by analysis. The
parameter used in the analysis should be supported by test measurements of actual hardware
and sir vehicle stiffness data.

VERIFICATION LESSONS LEARNED (4.4.1.1.7)
Many dynamic analysis are dependent on accurate determination of the landing gear and
backup structure stiffness data, which is not always easy to obtain. Often ground vibration test

results (GVT) are used to support the analysis. It is prudent to have an agreed to list of
parameters and how they are measured or determined prior to the conduct of the analysis.

A.3.4.1.1.8 Alighment.

The landing gear shall be aligned relative to the airframe to minimize degradation of the tire,
wheel, or brake life, resulting from misalignment throughout the life of the air vehicle.

REQUIREMENT RATIONALE (3.4.1.1.8)
This requirement is presented to reflect the desired performance.

REQUIREMENT GUIDANCE (3.4.1.1.8)
Gear design and material selection of the wearing elements are the parameters which control or
influence the ability to meet this requirement. In particular the camber and caster of the gear

should be such as to minimize the yaw and toe-in/toe-out of the wheel and tire assembly.

The geometry of the gear should not allow tire rollover or scuffing.
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REQUIREMENT LESSONS LEARNED (3.4.1.1.8)

There have been cases where the gear design and installation practices allowed excessive
misalignment on new gears as well as where the material selection allowed excessive weatr,
allowing excessive misalignment. Both resulted in a degradation in expected tire and wheel life.

Investigations into premature wheel failure and tire wear on both the F-15 and A-10 air vehicles
indicated that the failures or excessive wear were due to improper gear alignment.

Provision of a 360° free swiveling capability best minimizes excessive wear due to tailwheel
misalignment.

A.4.4.1.1.8 Alignment.

Landing gear alignment shall be determined analytically and substantiated by inspection.
VERIFICATION RATIONALE (4.4.1.1.8)

Reviews of design drawings and continual monitoring of the development are adequate to
determine compliance with this requirement.

VERIFICATION GUIDANCE (4.4.1.1.8)

Throughout the design phase the gear alignment should be monitored through inspection of
drawing and the production of the gear and airframe. The tire wear and wheel loads should be
monitored during flight-testing and into initial field demonstration.

VERIFICATION LESSONS LEARNED (4.4.1.1.8)

(TBD)

A.3.4.1.1.9 Growth.

The landing gear structural arrangement and critical fuselage clearances shall permit a _ (TBS)
growth in the maximum takeoff weight without major airframe modifications or gear geometry
changes.

REQUIREMENT RATIONALE (3.4.1.1.9)
Over the lifetime of most air vehicles, the maximum takeoff gross weight has significantly

increased from the original design. To prevent major modifications to airframe, the wheel well
should have sufficient volume (clearance) to install a stronger gear, wheel and brake, and tires.
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REQUIREMENT GUIDANCE (3.4.1.1.9)

Consider strength criteria, gross weight, clearances, volume, gear location and design aspects,
static and fatigue, and pin and lug sizing strut wall thicknesses.

TBS: As a minimum, allow for at least 25 percent (25%) growth in maximum takeoff gross
weight.

There is a history of air vehicle development and difficulties in redesigning wheel well to
accommodate larger gears.

REQUIREMENT LESSONS LEARNED (3.4.1.1.9)

The F-15, F-16, and B-1 had gear redesigns to larger size or load capability to accommodate air
vehicle gross weight increases of 77 percent (77%), 78 percent (78%), and 32 percent (32%),
respectively, from their original designs.

A.4.4.1.1.9 Growth.

Analysis shall be performed to determine maximum air vehicle growth capability as determined
by the clearances and volume available within existing wheel well envelopes, the results of
which shall be supported by inspection.

VERIFICATION RATIONALE (4.4.1.1.9)

An analysis of all critical growth loads, at all critical areas where interference with airframe
structures may result, is required. The analysis should show that the dimensional growth of the
landing gear structure will not exceed the established clearances. Inspection should be
performed on the air vehicle to ensure the clearances used in the analysis are maintained.

VERIFICATION GUIDANCE (4.4.1.1.9)

The analysis should look into the volume and clearance between the gear and wheel well
structure, as well with other gear components are such that the wall, pins, lugs and any other
structural member may be increased such as to support the required increase in air vehicle
gross weight. The analysis should include consideration for rework of joints and pins.

VERIFICATION LESSONS LEARNED (4.4.1.1.9)

During the design and verification phase the analysis and requirement is often deleted or
ignored. This is due to pressures to achieve lower air vehicle weight and lower cost, which are
in direct conflict with this requirement. Remember that history and air vehicle data shows that
every production air vehicle has grown in weight after it has gone into service. This data may
have to be presented to program management in order to maintain this requirement in
contractual documents.

With existing computer analysis and Computer Aided Design/Computer Aided Manufacturing
(CAD/CAM) capabilities this can be readily accomplished with a good degree of confidence.
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A.3.4.1.1.10 Service life.
With the stated exceptions, the service life shall be _(TBS) .

REQUIREMENT RATIONALE (3.4.1.1.10)

Design life of the landing gear subsystem is a significant driver of life cycle costs. This
requirement is necessary to establish a minimum acceptable service life for design. This is to
insure minimum cost, but acceptable utility of the completed system.

Consumable portions of the landing gear subsystem should be defined due to direct impacts to
the logistics cost and support of the equipment. There are numerous design techniques and
materials available that meet the design conditions that provide varying lengths of service life.
Therefore, the objective of this requirement is to express the logistic needs of the system in a
manner, which will influence the design, and material selected to produce the desired life.

REQUIREMENT GUIDANCE (3.4.1.1.10)

TBS should be filled in with:

a. Landing gear structure: TBS should be stated in terms of the minimum acceptable
number of landings or years of service. The anticipated utilization of the system should
be defined. It may also be desirable to reference or define the logistics support plan for
the major landing gear components. The number selected for this requirement will
usually be the same as used for the basic airframe service life.

b. If tires are used: TBS should be filled in with a service life, due to tread wear only based
on a reference to Tire design load-speed-time figure for the air vehicle application,
showing the number of air vehicle cycles required for a given tire diameter and speed
rating range. This should apply during operation of the air vehicle during which the life
requirement is to be applied.

c. If wheels are used: TBS should reflect an accelerated life performance of a specified
number of miles at a specified overload. This allows a reasonable test program and
produces a limited life wheel. The number selected is a function of the type of air vehicle
on which it will be installed and the overall logistic plan.

d. If brakes are used: TBS should state how many landings that the heat sink material is
capable of sustaining without replacement, the life capability of the structural member of
the brake assembly, and a definition of the operational spectrum that the brake
assembly will see in service. See section 6, “Component information,” for brake
information.

e. If an arresting hook is used: TBS should state the required number of engagements the
hook system will take before replacement as well as list the components that can be
replaced sooner such as “ground contact” items.

f. If a drag chute is used: TBS should state that the life of the drag chute in number of
deployments, how often it should be replaced, and the environmental operating
conditions.
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REQUIREMENT LESSONS LEARNED (3.4.1.1.10)

If damage tolerant criteria is used exclusively, it would eliminate the use of material such as
300M steel which does not have an inspectable flaw size used to verify the two-lifetime
capability with a flaw. Therefore, if this type of material is to be allowed it will be necessary to
maintain the four fatigue life requirements as dictated by Miner’s rule that has successfully been
used on B-1, F-16, F-15, and many other aicraft.

Service life of various landing gear components is a function related to various modes of failure.
The primary modes and causes of failure include structural, corrosion, overload in performance,
wear, inadequate design, erratic performance and abuse.

There are numerous examples of fatigue failures due to stress concentrations due to
inadequate design. Emphasis should be placed on design details to avoid high KT. Fatigue
failures have occurred on virtually every landing gear in the inventory, including B-52, B-66, KC-
135, C-130, C-141, Century Series fighters, F-4, F-111, all trainers, and the A-37. Careful
attention should be paid to lug areas and holes.

Choice of material for the application also has a significant influence on the success of the
application. Selection of the wrong alloy and improper protection system can produce corrosion
and stress corrosion failures. Stress corrosion failures of landing gear components has been
particularly prevalent. Examples include B-52, KC-135, C-141, Century Series fighters, and F-4.
Most of these failures were with aluminum parts heat-treated to the T6 temper. The alloys
which were most susceptible were 7075 and 7079. A large portion of these failures occurred in
components that had high-sustained stresses, such as outer cylinders which were pressurized.
Stress corrosion failures with these alloys were not as prevalent when used as beam members
in axial loading.

Many landing gear structural failures occur in overstressed parts. Examples of landing gears
with overstress failures include virtually every air vehicle in the inventory. This appears be a
very difficult deficiency to avoid. This may result from design errors or from subjecting the
hardware to conditions not considered by the original design. Common design errors include
failure to consider dynamic loading and secondary loading due to deflection of the landing gear
or mounting structure. Any change in air vehicle operational needs during development should
be reviewed for structural implications to avoid designed in deficiencies.

Numerous landing gear failures have been initiated by inadequate process and manufacturing
control. Prime examples are the F-101 pin failures stemming from damage due to grinding of
the chrome plating.

Frequently, major components are lost from the inventory due to insufficient material to permit
rework dictated by corrosion or wear. This consideration and allowance should be included in
the initial design. This consideration is best illustrated by the commercial landing gears for
airline usage. The material for rework is mandatory for airline usage and should be seriously
weighed for evaluation of Air Force applications. Only in cases of extreme weight criticality
should this be waived.
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Use of hard thermoplastic material in the construction of tubing clamps may result in chafing
damage when dirt or sand enters the voids between the tube and clamp. Recommend the use
of elastomeric material or other soft rubbery material in the construction of the clamp.
A.4.4.1.1.10 Service life.

Service life shall be verified by _ (TBS) .
VERIFICATION RATIONALE (4.4.1.1.10)

It is intended to verify this requirement in a manner consistent with the remainder of the
structural verification program. Utilization of laboratory, flight tests, and service tests covers the
total usage spectrum.

VERIFICATION GUIDANCE (4.4.1.1.10)

TBS should list the particular test and analysis for each individual consideration, since there will
be different types of tests for landing gear structures, tires, wheels, brakes, drag chutes, and
arresting hooks.

VERIFICATION LESSONS LEARNED (4.4.1.1.10)

Rarely is the spectrum developed and used in analysis and testing of the gear the one
experienced in the field. The efforts in the integrity program is to provide recording and
algorithms capabilities to obtain actual loading of the fleet air vehicles, combine this data in an
analytical program to determine useful life remaining and overhaul criteria.

A.3.4.1.2 Ground operation

A.4.4.1.2 Ground operation

A.3.4.1.2.1 Ground flotation.

The landing gear shall have ground flotation capability to permit the air vehicle _(TBS) .
REQUIREMENT RATIONALE (3.4.1.2.1)

The purpose of this requirement is to insure that the load that the air vehicle applies to the
airfield is compatible with the bearing strength of the airfield surface. Details of the requirement
are very dependent upon the air vehicle mission and basing concepts. The primary
consideration for a large cargo air vehicle, for example, might be to insure ability to operate on
existing commercial jet air vehicle airfields without causing an unacceptable rate of pavement
deterioration. Tactical cargo and fighter air vehicles, on the other hand, may need to be
designed to perform a specified mission on an unpaved airfield.
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REQUIREMENT GUIDANCE (3.4.1.2.1)

In many cases, this airfield compatibility is a primary system characteristic and is addressed in
detail in the System Specification. If this is the case, reference to the System Specification will
be sufficient. Some system documents, however, fail to define the requirement in adequate
engineering terms. If this is the case, this requirement should be expanded to include the
significant engineering parameters. The exact wording should be tailored for each system using
the following parameters.

TBS should clearly state the user’s mission requirements for the type of airfields he wants to
operate on and should reflect the number of times he expects to perform these missions. The
tire pressure should not exceed 300 PSI and the tire footprint area should be a minimum of
50 square inches for operation on bituminous surfaces.

The following should be considered in determining flotation equipment:

Air vehicle Gross Weight Condition

Air vehicle Center of Gravity Position

Type of Airfield Surface (Paved or Unpaved)
Strength of Airfield Surface

Level of Operation (Frequency or Total Number)

-~ 0o a0 T ®

Tire Operating Limits.

It should be understood that flotation requirements are usually in conflict with brake sizing,
wheel well volume, and location, and often affect the plane form shape of the air vehicle, as well
as the number of tires and tire pressures used. This is a result of obtaining the largest tire
profile at the lowest possible pressure with the biggest wheel spacing (on multiple wheel
configurations) which force the air vehicle to give a large space to store the gear in during flight.

REQUIREMENT LESSONS LEARNED (3.4.1.2.1)
Flotation criteria were previously identified in AFSC DH 2-1.

Air Vehicle Conditions: In the case of paved airfields, it is usually best to specify the maximum
gross weight that will be used for ground operation. Center of gravity position may not be too
critical for paved airfields, however, specification as nominal, average or most critical makes the
requirement more exact. The gross weight and center of gravity specified for unpaved airfield
operation will usually be specified in terms of a specific mission condition. A specific weight
should not be specified.

a. Type of Airfield Surface. The requirement should at least specify a paved or unpaved
surface. Paved is considered to include rigid concrete surfaces, flexible asphalt surface
and combination rigid and flexible surfaces. Unpaved means bare soil without
vegetation with soil of any combination of sand, silt, or clay. Specification of landing mat
or membrane surfaced airfields is not recommended. Experience has indicated that
performance of these surfaces to applied loads is highly variable and difficult to predict.
Also the type of surface in use at the time the air vehicle becomes operational may be
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much different than that in use at air vehicle conception. Landing mat and membrane
development cycles are not keyed to air vehicle development.
b. Strength of Airfield Surface.
1. Paved Airfields - Possible approaches to this parameter include the following:
(a) Provide a list of the airfields to be used. This will require that a pavement

evaluation report for each airfield be provided to the contractor. This is the most
exact method, but may be difficult to accomplish due to lack of pavement
evaluation data.

(b) Analyze the pavement evaluation reports of airfields to be used and develop a

single chart to summarize most critical pavement characteristics. This has the
same disadvantage as “a” but has an advantage in that it avoids the necessity for
the Air Force to identify positively the final list of airfields to be used.

(c) Analyze an existing operational air vehicle and develop a rigid pavement and a

flexible pavement requirements chart for operation at a condition comparable to
the new air vehicle requirement. See “Aircraft Landing Gear Brake Squeal and
Strut Chatter, Investigation” by F. A. Biehl, The Shock and Vibration Bulletin,
January 1969, for an explanation of the phenomenon and a method of analysis to
develop the chart. This approach has been used successfully. Although less
exact, it permits establishment of a requirement without knowledge or
examination of the exact airfields to be used.

(d) Specify that the airfields to be used are light, medium, or heavy load airfields as

specified by AFM 88-6. The manual, in turn, then provides details of the
pavement construction. A fallacy in this approach is that it assumes that all of
the airfields will comply with AFM 88-6 criteria. In fact, very few military airfields
comply entirely. Commercial and foreign airfields are constructed to different
criteria.

(e) Specify the minimum Load Classification Number (LCN) of airfields to be used.

(f)

The LCN method is an index approach used in many foreign countries to match
air vehicle loading to airfield strength. Administrative limits prohibiting operation
of air vehicle with LCN exceeding the airfield LCN are common. If the air vehicle
is to be used extensively on airfields under foreign control, the LCN of the
airfields to be used should be reviewed and an appropriate LCN specified. A
detailed description of LCN can be found in ASCE Transportation Engineering
Journal, November 1973, Page 785. The U.S. Army Corps of Engineers does
not recognize the LCN approach as a valid method of pavement strength rating.
Caution is advised in use of only the LCN approach if the air vehicle is to be
operated in both foreign and U.S. military airfields.

It should be noted that high tire pressures (greater than 300 PSI) used on recent
air vehicles are inflicting irreversible damage to bituminous taxiways. Initial tire
sizing is very important and should allow for future growth without causing
pavement damage.

2. Unpaved Airfields:
(a) The strength of unpaved airfields is usually expressed in terms of California

Bearing Ratio (CBR). The CBR is defined and measured in accordance with
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MIL-STD-621. The U.S. Army Corps of Engineers recommends use of a CBR 4
for design because this is the minimum strength that is suitable for airfield
construction. This concept assumes that an area will not be used for air vehicle
operation unless it is suitable for operation of airfield construction equipment.
Recently, joint Army and Air Force operational analysis has indicated that CBR 6
is a more practical limit to operation. A CBR 9 was used for C-5A and C-17 air
vehicle development. This was selected solely on the basis that it appeared to
provide the same bearing strength as the landing mat on CBR 4 originally
specified. The latter requirement was abandoned because of the inability to
predict accurately landing mat performance to repeated landing.

(b) An alternative to specification of CBR is to use a cone penetrometer reading
known as Airfield Index (Al). CBR measurement is a tedious process not
practical for extensive measurements during air vehicle test on unpaved
surfaces. Al measurements can be made rapidly. Consequently, nearly all air
vehicle test data is presented in terms of Al rather than CBR. Al and CBR
correlation varies from soil to soil. This is because CBR is a measure of confined
bearing strength of soil, whereas Al is a measure of bearing strength plus soil
cohesion. Presently, flotation technology is in a state of transition from CBR to
Al. CBR should be used until a suitable procedure for correlation of ground
flotation to Al is published.

c. Level of Operation. The level of operation intended on a selected airfield type and
strength is a significant factor. Short time overloads of paved airfields may be necessary
or desirable. Specification of unlimited operation for cases that actually involved very
limited use, results in extreme weight and cost penalty to the air vehicle. Design levels
for normal operation on paved airfields may be selected from those specified in AFM 88-
6. The level of operation on unpaved airfields should be determined by analysis of the
mission to be performed. An alternative is to determine the estimated capability of an
existing air vehicle on the specified unpaved surface and then relate the new air vehicle
requirement to the capability of the existing air vehicle.

d. Tire Operating Limits. Frequently, it is desirable to establish a limit on the amount of tire
deflection permitted to meet the ground flotation requirement. Most ground flotation
analysis methods are very sensitive to tire deflection (under inflation). Theoretically, this
provides the required flotation. In practice, it is not achievable because tires will not
perform properly or have satisfactory life. A suggested limit is 40 percent (40%)
deflection for bias ply tires. This should be adjusted, however, in the case of flotation
requirements applied to destination conditions. For example, a cargo air vehicle may of
required to deliver cargo to an unpaved airfield. Tire limits should be applied to the
original takeoff conditions rather than the destination conditions. Enroute deflation to
permit use of low pressure at the destination was applied to the C-5A aircraft. This
approach is not recommended because it adds excessive complexity to landing gear
and wheels.

188

Source: https://assist.dla.mil -- Downloaded: 2015-12-17T12:54Z
Check the source to verify that this is the current version before use.



Downloaded from http://www.everyspec.com

JSSG-2009A
W/AMENDMENT 1
APPENDIX A

A.4.4.1.2.1 Ground flotation.
The flotation capability shall be verified by _ (TBS) .

VERIFICATION RATIONALE (4.4.1.2.1)

Bases for the procedures are results of US Army Corps of Engineers test of pavement and soil
sections. All tests were accomplished at low speeds with ground carts. The failure criteria for
paved airfields are surface cracking. The failure criteria for unpaved airfields are three inches or
permanent rutting. All tests on unpaved surfaces were accomplished by straight rolling on an
unbraked wheel.

Verification of unpaved airfield flotation by demonstration or test is not considered practical.
The primary problem is establishment of a safe airfield with uniform strength characteristics at
the specified value. Flight test of the air vehicle on an unpaved airfield may be desirable to
develop flight handbook procedures, and to qualitatively evaluate system suitability. This test,
however, should not be established as a verification method for the stated flotation requirement.

VERIFICATION GUIDANCE (4.4.1.2.1)

TBS should be filled in with analysis using standard acceptable industry method for unprepared,
semi-prepared, and prepared runway surfaces. The analysis should reflect the air vehicle
mission requirements for the type of operation requested by the user.

VERIFICATION LESSONS LEARNED (4.4.1.2.1)

Analysis using the procedures contained in ASD-TR-70-43 for paved airfields and ASD-TR-68-
34 for unpaved airfields or analysis in accordance with the LCN procedure of
ASCE Transportation Engineering Journal, November 1973, or analysis from ICAO Airfield
Design Manual was previously used.

The rigid pavement procedures of ASD-TR-70-43 evaluate concrete stress at the center of the
slab due to a loading at the center of the slab. Air Force Civil Engineering, U.S. Army Corps of
Engineers and Federal Aviation Agency rigid pavement design methods evaluate concrete
stress at the edge of the slab due to a loading at the edge. This approach results in maximum
stress up to 25 percent (25%) greater than the method used by ASD-TR-70-43. This increase is
somewhat offset by assumption of level transfer to adjacent concrete slabs. In the event that
ground flotation requirements are closely related to design of a specific pavement, it may be
best to evaluate the landing gear design by the exact method of the appropriate agency.

It has been often noted that when more than one tire pressure is used to meet the flotation
requirement, the user may be reluctant to change the tire pressure for any individual mission.
Thus, it is more preferable to meet the requirement with the normal tire pressure.

The C-5 had and on-board inflation and deflation system to meet the flotation requirement, this
was subsequently removed due to lack of use and unscheduled maintenance to fix leaks. Thus
consider carefully the use of onboard inflation and deflation devices, and ensure they can meet
maintenance requirements.

189

Source: https://assist.dla.mil -- Downloaded: 2015-12-17T12:54Z
Check the source to verify that this is the current version before use.



Downloaded from http://www.everyspec.com

JSSG-2009A
W/AMENDMENT 1
APPENDIX A

A.3.4.1.2.2 Ground handling
A.4.4.1.2.2 Ground handling
A.3.4.1.2.2.1 Jacking provisions and conditions
A.4.4.1.2.2.1 Jacking provisions and conditions

A.3.4.1.2.2.1.1 Axle jacking.

Axle jacking shall be capable of raising _ (TBS 1) weight air vehicle high enough to perform
required maintenance while exposed to _ (TBS 2) crosswind from any direction.

REQUIREMENT RATIONALE (3.4.1.2.2.1.1)
This requirement establishes axle-jacking capability.
REQUIREMENT GUIDANCE (3.4.1.2.2.1.1)

TBS 1 should usually reflect the maintenance operations of the air vehicle dictate the need to
jack a maximum design gross weight air vehicle.

TBS 2 lists a crosswind limit set at a value which can realistically be expected in service usage
and when the user would expect to still be performing maintenance functions requiring jacking.
Arbitrarily, this value should be 15 knots to be consistent with structural design criteria. The
structural load factors will be defined by the applicable structures criteria document.

Air vehicle gross weight, center of gravity location, strength of the jack pad, and attachment are
influences on meeting this operational need.

This requirement is an expansion of MIL-A-8860 criteria to include crosswind limits.
REQUIREMENT LESSONS LEARNED (3.4.1.2.2.1.1)

None.

A.4.4.1.2.2.1.1 Axle jacking.

Jacking capability and provisions shall be evaluated on the air vehicle during the flight test
program to the specified limits of the system. Crosswind compatibility shall be verified by
analysis.

VERIFICATION RATIONALE (4.4.1.2.2.1.1)
The risk and time associated with exposing valuable test air vehicle to high crosswinds during
flight test is too high. Therefore, analysis of crosswind capability is satisfactory. However, it is

important to demonstrate the basic axle jacking capability on the air vehicle to evaluate
component compatibility and design capability.
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VERIFICATION GUIDANCE (4.4.1.2.2.1.1)

Required jacking capability and provisions should be demonstrated on the air vehicle. Jacking
should be demonstrated in the wind available, performance under the full wind velocity should
be verified by analysis. Jacking demonstration should use an air vehicle configured to the most
critical weight and center of gravity location. As a minimum the following demonstrations should
be accomplished using only production support equipment: (1) Replacement of the main wheel,
tire, and brake with tire inflated; (2) Replacement of nose wheel and tire with nose tire initially
deflated; (3) Replacement of main wheel and tire with main tire initially deflated.

VERIFICATION LESSONS LEARNED (4.4.1.2.2.1.1)

If the air vehicle is to be operated in a worldwide environment, then the jacking interface need to
meet the international requirements for international support equipment (such as NATO
STANDARD AASSEP-1 and STANAG 3098).

A.3.4.1.2.2.1.2 Fuselage jacking.

See JSSG-2006, Structures Joint Services Specification Guide, “Maximum Airframe Jacking
Weight” requirement.

A.4.4.1.2.2.1.2 Fuselage jacking

See JSSG-2006, Structures Joint Services Specification Guide, “Maximum Airframe Jacking
Weight” verification.

A.3.4.1.2.2.1.3 Landing gear towing.

Interfaces shall be provided on the landing gear for pushing or towing the air vehicle at (TBS 1)
gross weight up or down a _(TBS 2) slope on a _(TBS 3) surface.

REQUIREMENT RATIONALE (3.4.1.2.2.1.3)
This is to ensure the air vehicle and the landing gear subsystem can withstand the loads
imparted while towing, and to ensure that the interface between the air vehicle and towing
equipment are adequately defined.

REQUIREMENT GUIDANCE (3.4.1.2.2.1.3)

TBS 1 should reflect maximum design gross weight usage. The air vehicle should be able to be
pushed or pulled over a required slope should that reflect the expected usage.

TBS 2 should typically be 3°-slope.
TBS 3 should address towing under maximum conditions should probably be limited to dry
concrete surfaces, but any special case can be reflected in this requirement. Towing at angles

other than straight-ahead is implied by the operational concept of the requirement. Towing
provisions should be compatible with STANAG 3278.
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Details of the tow bar and tow bar attachment, strength of the landing gears for horizontal loads,
runway surface conditions, available coefficient of friction, and angle of load application have
influence on meeting the requirements stated above. The detail characteristics of the towing
vehicle also impacts meeting the requirement.

This requirement is clarification of criteria, which has been implied in MIL-STD-805 and MIL-A-
8862. As stated, it is a new requirement even though a similar requirement has been
individually applied to numerous air vehicles.

REQUIREMENT LESSONS LEARNED (3.4.1.2.2.1.3)

Compatibility with the nose gear steering system is a serious consideration. On some gears,
towing is permitted to the limits of the powered system, but any additional input can result in
damage to the steering system. This interface is very important.

Several gears have been damaged because the towing vehicle exceeded the limit drag force,
sheared the safety pin, replaced the pin with a stronger material, then repeated the high drag
force pull. Instead of shearing the pin, the excessive load is reacted by the nose gear and
structural failure occurs. This recently occurred on the F-5.

Depending on the air base, frequent use of the tow bar is a possibility. Therefore, simple and
reliable installation is a clear requirement.

Consideration should be given to the air vehicle brake modulating system to prevent
overloading the nose landing gear and air vehicle backup structure when the air vehicle brakes
are being used during towing. Of special concern is the use of on and off brake pressure at
maximum towing speeds.

A.4.4.1.2.2.1.3 Landing gear towing.
Performance of the towing system shall be verified by _ (TBS) .

VERIFICATION RATIONALE (4.4.1.2.2.1.3)

Since there is considerable interface with the Aerospace Ground Equipment (AGE) and the air
vehicle, this requirement is best verified with all the parts operating as a system on the air
vehicle.

VERIFICATION GUIDANCE (4.4.1.2.2.1.3)

TBS: Towing capability should be verified by analysis, inspection of drawings and layouts, and a
ground test demonstration with production and international support equipment. The
demonstration should start with a stationary air vehicle and as a minimum include at least the
following:

a. Towing at the maximum weight, with engines off, at most critical towing angle up the
required slope.
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b. Towing at maximum weight, with engine off, at most critical towing angles down the
required slope.

c. Towing at angles outside of the powered steering range. Emergency fore and aft pulling
provisions should be verified by analysis.

VERIFICATION LESSONS LEARNED (4.4.1.2.2.1.3)

Adequate provisions and documentation should be established to prevent any towing action that
will cause damage to the air vehicle, steering system or the towing implements. If there are
physical stops on the steering system, then either quick disconnected are need on the gear, or
the ground equipment need to have shearpins or some other device to prevent overloading the
gear if towing angle limits are exceeded.

A.3.4.1.2.2.1.4 Emergency towing.
The landing gear shall have the following provisions for emergency towing: _ (TBS) .

REQUIREMENT RATIONALE (3.4.1.2.2.1.4)

There are options available for emergency towing of the main and nose landing gear. Normally,
this requirement is used for identifying towing lugs or rings.

REQUIREMENT GUIDANCE (3.4.1.2.2.1.4)

TBS should reflect the expected gear towing in the fore and aft directions under the emergency
conditions expected to occur in field usage. The interface should be compatible with available
ground equipment, both domestic and international.

Details of the tow vehicle attachment, tow ring design details, strength of the gear, and
operating terrain control meeting this operational need.

REQUIREMENT LESSONS LEARNED (3.4.1.2.2.1.4)

This requirement reflects the criteria of MIL-STD-805 and the implied performance of MIL-A-
8862. lItis a clarification.

Some recent large air vehicles have received a deviation to equipping each main gear with
emergency towing lugs. However, provisions for installation are provided. The risk that is taken
by this action is the availability of the lugs when the need arises. If the need for emergency
towing arises in a relatively remote area, the probability of having tow lugs located in the
proximity is low.

The probability of needing emergency towing capability is very high for each off-runway
situation. If the air vehicle is remotely dispersed or an emergency is inadvertently encountered
due to an incident, the use of lugs is very likely. This is assuming that the air vehicle is in an
environment for which it is not normally intended to operate.
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A.4.4.1.22.1.4 Emergency towing.

Performance of the main gear towing system shall be demonstrated on the air vehicle during the
ground test program.

VERIFICATION RATIONALE (4.4.1.2.2.1.4)

The capability of using the main gear as a towing attach point to extract that air vehicle from
certain undesirable positions should be specified in accordance to the user expectations.

VERIFICATION GUIDANCE (4.4.1.2.2.1.4)

Towing capability should be verified by analysis, inspection of drawings and layouts, and a
ground test demonstration with production and international support equipment. The
demonstration should start with a stationary air vehicle

VERIFICATION LESSONS LEARNED (4.4.1.2.2.1.4)

(TBD)

A.3.4.1.2.2.1.5 Towing interface.

The interface between the air vehicle and tow vehicle shall be as follows: _ (TBS) .
REQUIREMENT RATIONALE (3.4.1.2.2.1.5)

This requirement is to define configuration or performance requirements to insure compatibility
of the air vehicle towing fittings and the tow bar or tow vehicle. Other areas to be considered
include steering of the air vehicle during towing and communications between the towing crew
members.

REQUIREMENT GUIDANCE (3.4.1.2.2.1.5)

TBS should provide dimensions of towing fittings that are the subject of an international
standardization agreement. Air vehicles intended for worldwide operation should comply to
insure compatibility with towing equipment in various countries (that is, NATO STANAG 3278).
Consider a requirement that the tow fittings be compatible with the appropriate standard tow
bar. This requirement should be coordinated with ground equipment specification requirements.

Normally it should be required that the air vehicle be designed to permit the air vehicle to be
steered by the tow vehicle, it may be desirable to require that this be done without disconnect of
the air vehicle steering system.

Air vehicle size and weight, quantity of air vehicles to be built and type of operation (world-wide
or local) are primary factors to be considered in establishment of this requirement.

194

Source: https://assist.dla.mil -- Downloaded: 2015-12-17T12:54Z
Check the source to verify that this is the current version before use.



Downloaded from http://www.everyspec.com

JSSG-2009A
W/AMENDMENT 1
APPENDIX A

REQUIREMENT LESSONS LEARNED (3.4.1.2.2.1.5)

Most of the items covered by this requirement were included in MIL-STD-805 and
AFSC DH 2-1.

a.

Most existing air vehicles can be towed without disconnecting the steering, provided that
the normal steering range is not exceeded. Tow bar shear pins are provided to prevent
damage in the event the steer angle is inadvertently exceeded. Experience indicates
that these pins are sometimes replaced by high strength pins and nose gear damage
results from exceeding the steering limit. The steering limit should be clearly marked on
the air vehicle because it is too difficult for the tow operator to detect angle limits or see
markings on the nose gear strut. Air vehicle markings should be at least 5° inside of
absolute mechanical limits.

It is possible on most current air vehicle to disconnect the steering during towing so that
the tow angle may exceed the normal steering angle. After disconnect of the steering
system, it should be possible to turn the gear up to +180° from the straightforward
position. A lesser angle (+120°) may be sufficient for towing, but again could result in
structural damage, if exceeded.

The method used to disconnect the steering is very critical. If frequently used, the
resultant wear may increase free play to the point that nose gear shimmy becomes a
problem. Failure to reconnect the steering or incorrect connections have been problems
on some past designs. Automatic disconnect methods avoid most of these problems,
but should also include a method to detect that the landing gear is out of the normal
steering range and return it to the proper position for taxi. Particular attention should be
given to proper detection of the 180° position because most landing gears are unstable if
driven in reverse at high speeds.

Nose gear designs, such as the T-37, which require peculiar AGE, such as “stiff knees”
during towing to preclude collapse of the gear have encountered difficulty. Such a
design approach is currently considered to be undesirable. This was highlighted by
AFLC/AFALD in their Lessons Learned.

It is difficult for tow vehicle operators to push back a tailless air vehicle. The absence of
a long fuselage makes it difficult for the operator to sense his position relative to the
centerline. This may be additionally problematic if the wheelbase/track ratio is low since
the sensitivity to the tow bar angle is greater. Provide a visual indicator of angle on the
nose strut that is visible to the tow operator. Something as simple as large tick marks
painted at 60, 0, +60 on the upper strut and a single tick mark below the pivot could be
sufficient.
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A.4.4.1.2.2.15 Towing interface.
Towing interface shall be verified by _ (TBS) .
VERIFICATION RATIONALE (4.4.1.2.2.1.5)

Due to the complex interaction of the air vehicle and support equipment verification should be
accomplished by demonstration.

VERIFICATION GUIDANCE (4.4.1.2.2.1.5)

TBS: Towing interface should be verified by analysis, inspection of drawings and layouts, and a
ground test demonstration with production and international support equipment.

VERIFICATION LESSONS LEARNED (4.4.1.2.2.1.5)

(TBD)

A.3.4.1.2.2.1.6 Mooring provisions.

Mooring provision shall be compatible with _ (TBS 1) , and shall be capable of withstanding
(TBS 2) with all surfaces locked, at _ (TBS 3) _ gross weight.

REQUIREMENT RATIONALE (3.4.1.2.2.1.6)
Landing gear should be compatible with standard mooring patterns. This is a performance
requirement for the landing gear with mooring equipment attached. The amount of crosswind
identified should be the same as that selected for structural design. Nominally, the value is
70 knots and it applies to any gross weight.

REQUIREMENT GUIDANCE (3.4.1.2.2.1.6)

TBS 1 should reflect the expected mooring arrangement that the landing gear will see in
service.

Mooring patterns, mooring attachment details, mooring methods, and attachment strength
control this requirement.

TBS 2 should reflect the mooring capability of withstanding a 70-knot wind from any horizontal
direction, with all air vehicle surfaces locked.

TBS 3 should be filled in with all gross weight configurations, Preloading of the mooring
provisions resulting from strut compression beyond the gross weight static position should be
included.

Mooring fitting strength and mooring loads control meeting this requirement.
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REQUIREMENT LESSONS LEARNED (3.4.1.2.2.1.6)

The strength requirement is derived from the legacy specification MIL-A-8865. This indicates
mooring in a 70-knot crosswind. The MIL-A-8865 requirement is a direct derivative of MIL-A-
8865, which requires mooring in a 75-mph wind.

Several recent air vehicles have waived the mooring requirements. But, this basically is a Using
Command decision. If the mooring is not to be used to survive in adverse weather, it may be
more expedient to dispatch to air vehicle to other bases rather than to take the risk of weather
damage.

Generally, the gear design uses the same attachment for mooring and emergency towing. The
towing lug makes a convenient attachment for a mooring cable.

The legacy MIL-T-21063 can provide tie down details. The inside diameters of tie down rings
should not be less than one inch.

MIL-T-81259 provides standard mooring patterns.

If at all possible, the same attachment for emergency towing and mooring should be used on
main gears to minimize the weight to accommodate this capability.

Caution should be used in nose gear mooring arrangements to avoid damaging control
equipment when the mooring cables are installed.
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A.4.4.1.2.2.1.6 Mooring provisions.

The mooring provisions shall be verified by _ (TBS 1) . Mooring conditions shall be verified by
(TBS 2) . Design characteristics and component compatibility shall be evaluated.

VERIFICATION RATIONALE (4.4.1.2.2.1.6)

AGE - Air vehicle interface is best demonstrated on the actual air vehicle. Analysis cannot
adequately evaluate this characteristic.

VERIFICATION GUIDANCE (4.4.1.2.2.1.6)

TBS 1: Mooring provisions should be verified by analysis, inspection of drawings and layouts,
and a ground test demonstration.

TBS 2 should reflect the ability to moor the air vehicle in a demonstration using only production
support equipment. Resistance to wind loads while moored, including preload of the shock
absorbers, should be verified by analysis.

VERIFICATION LESSONS LEARNED (4.4.1.2.2.1.6)

(TBD)

A.3.4.1.2.3 Ground FOD.

Landing gear forward of engine inlets shall be designed and located to minimize FOD and water
ingestion into the engine.

REQUIREMENT RATIONALE (3.4.1.2.3)

This requirement is presented to reduce detrimental engine performance due to water or other
contamination thrown by the landing gear during ground operations.
REQUIREMENT GUIDANCE (3.4.1.2.3)
(TBD)
REQUIREMENT LESSONS LEARNED (3.4.1.2.3)
(TBD)

198

Source: https://assist.dla.mil -- Downloaded: 2015-12-17T12:54Z
Check the source to verify that this is the current version before use.



Downloaded from http://www.everyspec.com

JSSG-2009A
W/AMENDMENT 1
APPENDIX A

A.4.4.1.2.3 Ground FOD.
(TBD)

VERIFICATION RATIONALE (4.4.1.2.3)
(TBD)
VERIFICATION GUIDANCE (4.4.1.2.3)
(TBD)
VERIFICATION LESSONS LEARNED (4.4.1.2.3)
(TBD)

A.3.4.1.3 Structure

A.4.4.1.3 Structure

A.3.4.1.3.1 General provisions.

See JSSG-2006, Structures Joint Service Specification Guide.

A.4.4.1.3.1 General provisions.
See JSSG-2006, Structures Joint Service Specification Guide.

A.3.4.1.3.1.1 Material selection.

Material selection shall be made in accordance with _(TBS 1) , except as modified by (TBS 2).
REQUIREMENT RATIONALE (3.4.1.3.1.1)
Alloy selection, manufacturing processing, protective finishes, surface finishes, plating methods,
and material properties are important factors in the success of the landing gear design. The
major modes of failure for landing gear equipment are frequently structural and this is a very
important consideration.
REQUIREMENT GUIDANCE (3.4.1.3.1.1)
TBS 1 should be filled in with requirements from MIL-STD-1568 and MIL-HDBK-1587.

TBS 2 should be completed by reference to the document used to tailor the standards.
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REQUIREMENT LESSONS LEARNED (3.4.1.3.1.1)

The material selection methods and corrosion control plans identified in MIL-STD-1568 and
MIL-HDBK-1587 are a compilation of experience and lessons learned by the Air Force Materials
Laboratory and the ASD/Industry counterparts. They evolved into AFML 70-7, “Do’s and Don’ts
of Materials Application.” This unofficial documentation has been directly inserted in several
recent development programs’ System Specifications. It reflects much of the experience of the
landing gear industry and lessons learned in landing gear service difficulties. Much of the
criteria were contained in MIL-L-8552, Amendment 1, and reflect the former Aeronautical
Systems Division/Ogden Air Logistics Center Task Group lessons learned.

a.

There have been many lessons learned in landing gear material and processes. Ogden
ALC personnel contributed significant improvements and observations in this area.

In addition to guidance provided in MIL-STD-1568 and MIL-HDBK-1587, the following
items apply to landing gear design and processing as recommended practices:

Where steel forgings are used, use only vacuum arc remelt parts.

The preferred method of cold straightening of steel parts hardened to tensile strength of
200,000 psi and above would be to temper the parts while in a straightening fixture.

Magnetic particle inspection should be performed on all finished steel parts which are
heat treated in excess of 200,000 psi ultimate tensile strength.

Many parts are received with forging laps or inclusions that were in the part at time of
manufacture. These defects may not be detrimental to the service of the part; however,
when the part is magnetic particle inspected at depot after service, inspectors cannot
determine that these indications are forging laps and not fatigue cracks and, therefore,
the part may be rejected.

Bushings should be limited to non-ferrous materials for the principal static and dynamic
joints.

All joints should be bushed to facilitate depot rework.

Considerable numbers of problems have been experienced where bushing materials
have been made from Teflon and phenolic type materials. These should not be used
without verification of wear life expectancy or a rework procedure available for
refurbishment of the bearing. Consideration should be given to the need and also to the
placement of adequate grooves and their configuration for providing lubrication to all
areas of the joint.

All surfaces, except holes under */,-inch in diameter, of structural forging forged from
stress-corrosion susceptible alloys which, after final machining, exhibit transverse grain
exposed in the surface, should be shot peened or placed in compression by other
suitable means.

All interior surfaces of hollow landing gear components, pins, and fasteners should have
suitable corrosion protection to prevent degradation of capability.

Areas of components considered to be critical in fatigue should have a surface
roughness in the finished product not to exceed 63 rhr, as defined by ASME B46.1, or
should be shot peened, with a surface roughness prior to peening of not over 125 rhr.
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Unmachined aluminum die forging should be approximately 250 rhr, except surfaces
where flash has been removed.

m. Efforts should be made to reduce stress concentrations such as, using stress relief heat
treatments (except aluminum alloys), try to optimize grain flow orientation, use “wet
installed” inserts and pins and extensive use of surface cold working.

n. Avoid cross drilling of joint pins. Drilling operations result in material surface damage
and stress risers that are difficult to control.

0. Consideration should be given to the location of drain holes to ensure they will properly
drain and reduce the probability of corrosion.

p. The short transverse grain direction, if exposed, should not be subjected to any
sustained tensile loads.

A.4.4.1.3.1.1 Material selection.
Material selection shall be verified.

VERIFICATION RATIONALE (4.4.1.3.1.1)

The landing gear becomes an integral part of the airframe structure and review of materials and
processes is accomplished in the same manner as the rest of the structure.

VERIFICATION GUIDANCE (4.4.1.3.1.1)
Material selection should be in accordance with the required standards.
VERIFICATION LESSONS LEARNED (4.4.1.3.1.1)

(TBD)

A.3.4.1.3.1.2 Roughness and runway repair profile criteria.

The landing gear shall operate without degradation of performance or service life on surfaces
with the following roughness characteristics: _ (TBS) .

REQUIREMENT RATIONALE (3.4.1.3.1.2)

The roughness of the surfaces to be used by the air vehicle is a major consideration in design of
the landing gear. In all cases it provides the input for design of landing gear response to control
ground loads to a level to provide the required air vehicle life. In the case of operation on
unpaved airfields, it may also establish limits on landing gear arrangement and tire size to
ensure that the air vehicle is not immobilized by the specified roughness.
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REQUIREMENT GUIDANCE (3.4.1.3.1.2)

TBS should be filled in with one or two aspects of roughness. The first should be a discrete
bump or dip criterion that establishes the maximum roughness to be encountered. The second
is the frequency of occurrences of the various levels or roughness. The air vehicle gross weight
condition and operating requirements should also be stated. In the case of paved airfields, this
is usually all weights to maximum gross weight and all ground speeds to the maximum required
for takeoff and landing. In the case of air vehicles to be operated from unpaved airfields, the
gross weight is usually limited to that required for missions to be performed from unpaved
airfield.

The paved airfield curve should be specified for all air vehicles along with a requirement for
negotiation of one inch step bumps. The semi-prepared (matted soil) airfield curve and a two-
inch step bump should be specified for most air vehicles to be operated on unpaved surfaces.
The unprepared airfield curve and a four-inch step bump are considered severe and are rarely
used.

For forward field operation, bomb damage repair criteria needs to be established. During the
Have Bounce Program bump profiles corresponding to categories A, B, C, D, E, and | bumps
were defined based on repair mat profiles. It was found that most existing air vehicles were
limited to category A or B bump profiles. It was shown through testing that gear could be easily
modified or designed to handle C, D, and even | bumps, if needed. It is recommended that for
wartime operation over bomb damage repair, the gear be designed to category E bump criteria
as a minimum to provide the quickest turnaround for the Rapid Runway Repair (RRR) group
and for the most effective wartime operations.

Performance parameters include gross weight, ground speed, lift characteristics and frequency
of operation on unpaved airfields.

REQUIREMENT LESSONS LEARNED (3.4.1.3.1.2)

This requirement was previously stated in MIL-A-8862. The criteria are based on airfield
roughness surveys conducted by the Air Force Flight Dynamics Laboratory in the early 1960's.
The Have Bounce Program defines repair profiles and provides the basis for RRR philosophies.
Wartime operational scenarios should dictate the capabilities needed for operation.

Laboratory testing and on air vehicle demonstration has shown that the gear can be designed,
without any significant impact to gear weight, to handle bomb damage repair profiles of
4.5 inches or more than the runway surfaces. The internal changes can be accomplished on
existing gear designs or incorporated on new designs as required. By being able to handle
greater bump heights the fatigue life of the gears and air vehicle structure are improved and the
time to repair the runway to a condition to launch air vehicles is significantly reduced.
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A.4.4.1.3.1.2 Roughness and runway repair profile criteria.

Performance during and after operation on surfaces of specified roughness shall be verified by

(TBS) .
VERIFICATION RATIONALE (4.4.1.3.1.2)

Performance is a result of a complex interaction of air vehicle systems and the environment.
Consequently, this requirement is best verified by air vehicle test. Testing can be accomplished
on discrete bumps constructed to duplicate the specified roughness. Testing on a specified
random roughness is usually impossible. An approach used in the past is to conduct taxi tests
on two or three airfields to validate a dynamic response analytical model. The requirement is
then verified by the validated analysis.

VERIFICATION GUIDANCE (4.4.1.3.1.2)

TBS should reflect an analysis of all expected bump and roughness profiles that the air vehicle
will traverse, during ground operations up through rotations as applicable to the user mission
requirements. The analysis should be substantiated with air vehicle operations over known
bumps and repair profiles.

VERIFICATION LESSONS LEARNED (4.4.1.3.1.2)

The significance of airfield roughness to performance of a given air vehicle is somewhat
dependent upon the characteristics of the air vehicle. Analysis should be used to select most
critical roughness for test. Usually a bump or dip wavelength critical for one design will not be
critical for another.

Several simulated rough surfaces have been constructed at Edwards Air Force Base (AFB) for
evaluation of existing air vehicles. These surfaces may not be suitable for test of a new design
because they do not represent the most critical condition. Test on these surfaces, however,
may be useful for validation of a dynamic response analysis model.

Portable surfaces to simulate roughness were constructed for evaluation of the C-5A air vehicle.
These surfaces may be fastened to paved runways for taxi testing. These surfaces were in

storage and available for use as of early 1977. The Air Force program manager at the
Lockheed-Georgia Company should be contacted concerning availability of these surfaces.

A.3.4.1.3.1.3 Failure tolerance.

In the event of landing gear structural failure, the following failure modes shall be prohibited:

(TBS) .
REQUIREMENT RATIONALE (3.4.1.3.1.3)

This requirement is to establish limits on structural failure modes to minimize secondary effects.
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REQUIREMENT GUIDANCE (3.4.1.3.1.3)

TBS should be completed by a statement of prohibited failure modes. It may also be necessary
to further define the conditions of failure. As an example, a statement for a transport air vehicle
might read, “pierce a crew station or passenger seating area, or result in spillage of enough fuel
from any part of the fuel system to constitute a fire hazard. It should be assumed that failure
occurs during takeoff or landing and that landing gear loads are acting in the upward and aft
directions except when the air vehicle departs the runway.”

Equipment affecting safety of flight, if located in the wheel well, should be protected from tire
blowout.

Hydraulic brake lines located on or near the landing gear should be protected against tire
disintegration related damage.

Landing gears should permit rapid replacement of main wheels, tailwheels, or nosewheels.
REQUIREMENT LESSONS LEARNED (3.4.1.3.1.3)

There are numerous causes of gear structural failure and every precaution is taken to avoid
such events. However, action can be taken by design to control the modes of failure. Every
effort should be taken to keep failed landing gear components from the cockpit area, from
severing hydraulic lines, or from penetrating the fuel tank areas. The results of such an inability
are obvious. This occurred with the F-89 and commercially on the 747. Subsequent redesigns
have corrected these modes of