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CHAPTER 1
INTRODUCTION

This chapter describes the purpose and scope of this handbook, introduces the concept of
air vehicle qualification, and provides an overview of qualification methods.

1-1 PURPOSE

The purpose of this handbook is two-
fold. First, it isintended to serve as atuto-
rial for persons unfamiliar with the airwor-
thiness qualification process. Thisincludes
Government and contractor personnel who
are involved in development of requirements
or members of the design team who are not
directly involved in the qualification proc-
ess. In this context the handbook provides
an overview of the airworthiness process for
developing requirements. It describes air
vehicle and typical system requirementsas a
guide for airworthiness qualification. Sec-
ond, it isintended to serve as areference
guide for those involved in preparing airwor-
thiness qualification documentation. This
includes persons who are responsible for
generating and reviewing documentation
that establishes the airworthiness of systems
and subsystems. Requirements for and ex-
amples of airworthiness documentation are
covered in the Appendices to this handbook.

1-2 SCOPE

This handbook addresses the airwor-
thiness qualification of air vehicles and re-
lated systems. The air vehicle and systems
to which an airworthiness qualification pro-
gram is applicable might be completely new
or might be the result of major modification
of aprevioudy qualified system. This
handbook is for guidance only. It cannot be
cited asarequirement. If it is, the contractor
does not have to comply. It isnot intended
to provide mandatory or regulatory require-
ments that must be achieved during the
course of aprogram. Such requirements
will be included in the specific contractual
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requirements for the program. Excluded
from the discussions of this handbook are
tests normally conducted after completion of
airworthiness qualification testing, such as
force development test and experimentation
(FDTE) tests that are intended to provide
insight into the type of force structure best
suited to the operation of the air vehicle.

1-3 DEFINITIONS OF ROTORCRAFT
AND AIRCRAFT

1-3.1 ROTORCRAFT

A rotorcraft is defined as a heavier-
than-air air vehicle that depends principally
for its support in flight on the lift generated
by one or more rotors and may include static
lifting surfaces contributing less than half
therequired lift. Anairworthy rotorcraftisa
rotorcraft whose capability to function satis-
factorily when used within prescribed limits
has been demonstrated.

1-3.2 AIRCRAFT

An aircraft is defined as a powered
(heavier-than-air) air vehicle whose princi-
pal lifting surfaces are statically positioned,
i.e., fixed-wing airplane. Similarly, an air-
worthy aircraft is one whose capability to
function satisfactorily within prescribed
[imits has been demonstrated.

" Note: Reconfigurable air vehicles, e.g., tilt rotor
and tilt wing air vehicles, have unique features that
are not specifically covered in this handbook except
for areference to avertical takeoff and landing
(VTOL) air vehicle specification, but they may be
qualified by combining rotorcraft and aircraft quali-
fications and defining unique qualification require-
ments to demonstrate satisfactory operation of their
transient and unique features.



1-4 INTENDED AUDIENCE

This handbook is intended for both
Government and contractor audiences. For
Government design team personnel this
handbook provides an overview of the phi-
losophy of airworthiness qualification and a
source of detailed references upon which to
base contractual airworthiness qualification
program requirements. For contractor de-
sign team personnel this handbook provides
aguide to responding to requests for pro-
posals (RFPs) and to implementing and exe-
cuting airworthiness qualification programs.

1-5 AIRVEHICLE QUALIFICATION

The paragraphs that follow provide a
description of the purpose, scope, and tech-
niques of air vehicle airworthiness qualifi-
cation.

1-5.1 PURPOSE

The main purpose of air vehicle
qualification isto ensure that the product
meets its intended requirements. Airworthi-
ness qualification, specification compliance
verification, military qualification, first arti-
clevalidation, flight safety parts qualifica
tion, and structural integrity verification are
all processes leading to qualification of sys-
tems, subsystems, and components. All of
these processes include test methods and
techniques used to ensure continued validity
of the qualification results in expected envi-
ronments. Each has a different focus, but al
lead to the ultimate goal of qualification.
Although treated separately in the following
subparagraphs, these activities are often in-
terrelated and overlap during the conduct of
air vehicle qualification programs. The pur-
pose of each is discussed in the subpara-
graphs that follow.
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1-5.1.1 Airworthiness Qualification

Airworthiness qualification is de-
fined as an analysis, design, test, and docu-
mentation process used to determine that an
item—air vehicle system, subsystem, or
component—is airworthy. The primary
purpose of airworthiness qualification isto
demonstrate that the air vehicle has the ca-
pability to function satisfactorily and safely
when used within prescribed limits. In ad-
dition, airworthiness qualification is re-
quired to ensure that a system or component
is properly integrated into an airworthy plat-
form. Airworthiness qualification is con-
ducted to ensure the overall risk of operating
theair vehicleisminimal.

1-5.1.2 Specification Compliance Valida-
tion

Specification compliance validation
is defined as the process used to determine
that an item meets its established require-
ments. The purpose of specification compli-
ance validation is to show through inspec-
tion, analysis, demonstration, and/or testing
that an item satisfies all contractual per-
formance specification requirements. Even
though specification compliance validation
isprimarily a process used to demonstrate
that the contractor has met the requirements
of the contract, much of the data may be
used to substantiate the airworthiness of the
system.

1-5.1.3 Military Qualification

Military qualification is defined as a
test and documentation process used to en-
sure the military utility of an item is estab-
lished. Its purposeisto ensure that an item
will perform adequately in atactical envi-
ronment. Thus military qualification usually
includes extensive testing requirements over
awide range of environmental conditions.
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1-5.1.4 First Article Validation

First article validation is the process
used to determine that the first item pro-
duced by either the original developer or an
alternate source meetsits physical perform-
ance requirements. The purpose of first ar-
ticle validation isto ensure that the manufac-
turing processes employed yield an accept-
able product that will retain the properties of
previous qualification. Thefirst article vali-
dation process is usually conducted after the
item being procured enters the production
phase of development. Thisvalidationis
also used to verify that the production tool-
ing and processes have not changed the
characteristics that were qualified on a pro-
totype.

1-5.1.5 Flight Safety Parts Qualification

Flight safety parts qualification is
defined as a process of identification and
intensive analysis, testing, control, and man-
agement of parts that have been determined
to be critical to the operational safety of an
air vehicle. The purpose of flight safety
parts qualification is to ensure not only that
these critical parts are properly designed,
analyzed, manufactured, and tested as part of
the air vehicle qualification program but also
that critical characteristics are identified and
the manufacturing process is established and
frozen. The primary differences between
qualification of flight safety parts and quali-
fication of other parts are the increased level
of management and the increased level of
technical detail required for flight safety
parts.

1-5.1.6 Structural Integrity Verification
Structural integrity verification is

defined as a process used to establish,
evaluate, and substantiate the structural in-
tegrity—airframe strength, rigidity, damage
tolerance, and durability—of an air vehicle.
The purpose of structural integrity verifica
tion isto ensure compliance with the struc-
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tural design criteria. Structural integrity
verification is used to verify that load paths
and stresses are as predicted and to identify
poor structural design detailsto aleviate and
prevent (where possible) future maintenance
difficulties.

1-5.2 SCOPE

The range of the scope of determina
tions and tests that are the basis for each as-
pect of qualification is discussed in the fol-
lowing subparagraphs. Determinations are
findings supporting qualification substantia-
tion that may be verified by datareview, in-
spections, or other actions that require no
further tests or analyses.

1-5.2.1 Airworthiness Qualification

Airworthiness qualification isapro-
gressive assessment process performed at
the component, subsystem, and system lev-
elsto ensure that a system meets airworthi-
ness requirements. The scope of determina-
tions and tests that are the basis for airwor-
thiness qualification includes determinations
of the desired operating envelope, testing to
verify operations within that envel ope, and
establishing any limit actions to assure safe
operation. The process of airworthiness
qualification includes engineering analysis,
formal inspections, design reviews, safety
assessments, contractor demonstrations, and
contractor and Government qualification
tests. The requirements for airworthiness
qualification are developed by the procuring
activity and documented in the Airworthi-
ness Qualification Plan (AQP). The Airwor-
thiness Qualification Specification (AQS)
defines the contractor’ s obligation to con-
duct specific analyses, reviews, tests, sur-
veys, and demonstrations to fulfill the re-
quirements and objectives specified in the
AQP.

1-5.2.2 Specification Compliance Valida-
tion



Specification compliance validation
is a comprehensive assessment of whether a
system performs in compliance with the
specification requirements. The emphasisis
on performance, and the quality assurance
portion of the system specification should
normally contain a compliance matrix that
indicates how compliance with each para-
graph of the specification is determined.
The scope of a specification compliance
validation matches the specification. For
example, a subsystem-level specification
compliance validation would address the
subsystem-level specification requirements.

1-5.2.3 Military Qualification

Military qualification may be
achieved by establishing that an item pos-
sesses the required military utility by either
analysisor test. The scope of military
gualification is the process by which an item
istested for performance, reliability, and
maintainability in the full range of its ex-
pected operating environments. Expected
environments for military qualification in-
clude, but are not limited to, possible global
field conditions, i.e., extreme cold, sand and
dust, atitude, etc.; weapon effects, such as
blast, radiation and ballistic impacts; and
human interface and engineering considera-
tionsin global military environments for op-
erability and maintainability.

1-5.2.4 First Article Validation

First article validation consists of
establishing that the article was manufac-
tured according to its applicable processes
and procedures and that the manufactured
part meets its performance requirementsin
its specified environment. The critical as-
pect of first article validation is ensuring that
the production manufacturing procedures
and processes can result in a product of the
same performance level as the product re-
sulting from the prototype devel opment and
qualification effort. The scope of determi-
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nation and test that constitutesfirst article
validation is a subset of previous qualifica-
tion to reconfirm performance and additional
testing to validate manufacturing processes.

1-5.2.5 Flight Safety Parts Qualification

The scope of determinations and
tests that are necessary for flight safety parts
qualification (FSPQ) isthe detailed identifi-
cation of characteristics of partsthat are
critical to sustaining safe flight and the
identification of tests for those characteris-
tics. FSPQ activitiesinclude analyzing the
design of flight safety parts, testing at the
component level for specific flight safety
characteristics of the part, and establishing
inspection criteriaand part tracking re-
guirements.

1-5.2.6 Structural Integrity Verification
Structural integrity verification en-
compasses the establishment of acceptable
structural design criteria, adequate materials,
process and joining methods, design analy-
ses, load analyses, stress analyses, damage
tolerance analyses, vibration analyses, ma-
terials tests, full-scale static tests, fatigue
tests, and flight and ground loads surveys.

1-5.3 GENERAL TECHNIQUES

Qualification may be performed at
the component, subsystem, or system level.
General qualification techniques include
testing, analysis, modeling, similarity
(equivalency), and combinations of these
techniques.

The techniques described may be
applied individually or in combination de-
pending upon the specific circumstance of a
program. The application of total quality
management and concurrent engineering
principles and techniques to qualification
requires early involvement in the design
process of not only the designers of the item
but also of those involved in the testing,
manufacture, and support of theitem. Ap-
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plication of these principles and technique
ensures that the design process produces an
item that is testable, producible, and sup-
portable.

1-5.3.1 Testing

Testing involves applying the scien-
tific principles of experimentation to charac-
terize the properties of an item under con-
trolled conditions. A test has a stated objec-
tive, a predefined set of proceduresto be
performed during its conduct, a method for
collecting and assessing the test data, a set of
pass-fail criteria, and a description of the test
results.

1-5.3.2 Analysis

An analysisis an evaluation of the
characteristics of an item performed on the
basis of engineering and scientific principles
to determine whether the item meets its per-
formance requirements.

1-5.3.3 Modeling

Modeling techniques involve the in-
vestigation of the properties of a model—
either physical or conceptual—of the real
system in order to infer the characteristics of
the real system.

1-5.3.4 Similarity

Similarity qualification is based on
the concept that if two items are similar with
respect to a characteristic of interest and one
of the items has been previously qualified,
the similar items may also be considered for
gualification. A statement of similarity
without any basis for comparison is insuffi-
cient and should not be accepted.

1-54 DEVELOPMENT TECHNIQUES
Qualification techniques that apply
primarily during the development portion of
the life cycle of an item include analyses,
modeling, prototyping, informal and formal
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prequalification testing under controlled,
known conditions, and qualification testing.
I ssues unique to rotorcraft include hovering
performance, vibratory characteristics, and
transitional flight performance. Issues
unique to aircraft with fixed-wings include
high-speed landing gear considerations, stall
characteristics, cabin pressurization, and
thrust/propeller reversals.

1-5.5 SUSTAINMENT TECHNIQUES

Qualification techniques that apply
primarily during the operational and support
phase of the life cycle of an item include
testing and similarity. During the opera
tional and support phase, qualification ac-
tivities center primarily on changesto and
improvement of an existing design, and
similarity techniques are often applicable.
When such techniques are not applicable,
test and analysis may be used as appropriate.
Also of significant importance during sus-
tainment is the verification of characteris-
tics, such as durability, that could not be
fully assessed during a devel opment pro-
gram because of limited test time. Another
gualification technique that applies during
the sustainment phase is the assurance that
replacement parts or repair items meet or
exceed the criteria established by the origi-
nal manufacturer. Thisis otherwise known
asthe qualified parts program.

1-6 QUALIFICATIONITEMS,
TIMING, AND OBJECTIVES

Items that require qualification in-
clude components, subsystems, systems, and
modifications to systems that ensure satis-
factory performance of the item.

1-6.1 INTRODUCTION

The time span of a piece of military
equipment development can be viewed as a
life cycle in which the item passes through
various stages. Typically, these life cycle
phases are concept exploration and defini-



tion, demonstration and validation, engineer-
ing and manufacturing development, pro-
duction and deployment, and operation and
support. Demilitarization and disposal
should be considered during all life cycle
phases because of the potential safety con-
siderations, e.g., hazardous material, that
carry forward to the final activity of thelife
cycle. If amission need cannot be satisfied
by anonmaterial solution, i.e., changein
doctrine, operational concepts, tactics,
training, or organization, a Mission Need
Statement (MNS) isdeveloped. The MNSIis
a broad statement of need rather than sys-
tem-specific solutions. Phase 0 begins with
approval of the MNS. Descriptions of the
life cycle phases follow.

1-6.1.1 Concept Exploration and Defini-
tion (Phase 0)

During concept exploration and
definition, conceptual alternativesto satisfy
mission needs and airworthiness require-
ments are defined.

1-6.1.2 Demonstration and Validation
(Phasel)

During demonstration and validation
alikely candidate or candidates to satisfy the
stated need is(are) tested to show that the
selected candidate(s) is(are) viable.

1-6.1.3 Engineering and Manufacturing
Development (Phasell)

During engineering and manufactur-
ing development, design engineering and
testing are performed to define an end-item
that satisfies the military need. The main
product of engineering and manufacturing
development is documentation of informa-
tion for use in the production of the end-item
for field use.

1-6.1.4 Production and Deployment
(Phaselll)
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During production and deployment
the item is manufactured based on the data
developed in the engineering and manufac-
turing development phase. The manufac-
tured item is sent to the using unit or to a
depot for storage.

1-6.1.5 Operationsand Support (Phase
V)

The operations and support phase
consists of use of the system by operational
units and the associated training, supply, and
maintenance activities. It also includesre-
moval of weapons, environmentally safe
detoxification or containment of hazardous
material, deformation of expended lifeitems
to prevent reuse, and commercial resale or
recycling.

1-6.2 NEW SYSTEM

A new system is defined as a newly
designed system that requires performance
of afull range of development activities.
Typicaly, it requires engineering develop-
ment, prototype fabrication and testing, and
production efforts.

1-6.2.1 Items

Qualification is an incremental proc-
ess that typically is performed on compo-
nents, subsystems, and systems. These
items are normally prototype hardware fab-
ricated during the development process.

1-6.2.2 Timing

Because qualification is an incre-
mental buildup process, timing is critical to
the success of a qualification program.
Components should be qualified before the
subsystem into which they will be integrated
isqualified. The subsystem-level tests and
analyses should achieve certain minimum
goals prior to initiation of system-level tests.
Similarly, numerous analyses and ground
tests should be successfully completed prior
to flight testing. Flight testing is an incre-
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mental, progressive activity during which
periodic assessments of progress are made
prior to proceeding to the next phase of the
qualification program.

1-6.2.3 Objectives

The objectives of qualification dur-
ing development are to ensure that a newly
developed item meetsitsintended require-
ments. Because theitem is newly devel-
oped, it can be expected to require signifi-
cantly more qualification effort than modifi-
cation programs.

1-6.3 MODIFICATION

A modification program is defined as
achange to an existing system to provide an
added capability or exploit technological
advances. Modifications can range from
minor changes to a component to major
changes affecting the entire system. Minor
changes, however, do not usually require
qualification. Modifications that would
measurably affect the airworthiness of an
aircraft include but are not limited to

1. Thosethat could affect

a. Structura integrity

b. Propulsion, transmission, and
drivetrain stability and control

c. Air vehicleflight performance

d. Aerodynamic characteristics, in-
cluding rag

e. Control response and stability

f. Electromagnetic characteristics

g. Navigational system effectiveness

h. Flight control system authority
and effectiveness

i. Weight and balance

j. Flight control system logic and
software.

2. Those that could restrict the flight
crew in the performance of normal duties

3. Those that could increase the
danger to the crew in the event of an acci-
dent
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4. Those that incorporate a source of
energy which could be hazardous, such as
explosive ordnance, explosive or flammable
fluids, and laser energy

5. Those that could affect the operat-
ing limits and/or emergency procedures
specified in the operator’s manual, see
AR70-62, Airworthiness Qualification of US
Army Aircraft System (Ref. 1).

6. Those that could affect the cur-
rently approved ordnance configuration or
its controlling software.

1-6.3.1 Items

The qualification test articles that are
normally available during modifications
may be a combination of prototype hardware
for those items undergoing modification and
production hardware for those items already
developed and not requiring modification.
Asin new developments, the components,
subsystems, and system may undergo quali-
fication depending on the nature and magni-
tude of the modification effort.

1-6.3.2 Timing

The timing discussions of subpar. 1-
6.2.2 apply to amodification program as
well. Specific timing considerations are a
function of the magnitude and nature of the
modification effort.

1-6.3.3 Objectives

The objectives of qualifying a modi-
fication are to ensure that the changes incor-
porated do not adversely impact the system
from an airworthiness standpoint and that
the desired capabilities or performance im-
provements as expressed in the changed ob-
jective for the item have been achieved.

1-7 SOURCE QUALIFICATION

Source qualification, applicable pri-
marily at the part or component level, isthe
qualifying of a producer's manufacturing and
inspection processes and procedures as be-



ing acceptable for the production of speci-
fied items.

1-7.1 QUALIFIED PARTSLISTS(QPL)

When a supplier has demonstrated
that he can consistently produce an itemin
accordance with the requirements of an ap-
plicable specification, that manufacturer's
item is placed on the QPL for that specifica-
tion. The agency responsible for the particu-
lar specification establishes the criteriafor
and determines compliance with require-
ments for QPLSs.

1-7.2 SOURCE-CONTROLLED ITEMS

The concept of source-controlled
itemsisto use existing items known to be
effective in the system being qualified with-
out detailed knowledge of the item or its
critical characteristics. Thisusualy is ap-
plied to complex subsystems in which one
or more adequate products exist, typically
involving critical proprietary processes that
are not practical to duplicate.

1-7.3 SPECIFICATION CONTROL
ITEMS

Specification control items are items
that are certified by their manufacturer to
have been built and tested in accordance
with an applicable specification. For elec-
tronic equipment the Defense Electronic
Supply Center (DESC) conducts audits to
ensure that a source meets the requirements
of the specification or standard.

1-7.4 ALTERNATE SOURCES

During the course of or subsequent
to the original qualification process, alter-
nate sources may be qualified by demon-
strating that they can produce theitemto a
performance and quality level equivalent to
that of the original source. The purpose of
alternate sourcing is to eliminate depend-
ency on asingle source for acritical item. A
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procurement contract may stipulate that the
contractor developing an item is required to
participate in the selection and qualification
of alternate sources.

1-8 USE ASTEXTBOOK,
REFERENCE, AND PREPARATION
GUIDE

This handbook has a number of in-
tended uses. First, as atextbook, it provides
an overview of airworthiness qualification
programs and testing by describing the ele-
ments and procedures necessary for success-
ful accomplishment of an airworthiness
qualification program. Second, this hand-
book provides atutorial text on airworthi-
ness qualification for new personnel by
providing "how-to" instructions on structur-
ing an Airworthiness Qualification Program.
Finally, this handbook is intended to be a
reference for preparing each of the following
documents: Airworthiness Qualification
Plan (AQP), Airworthiness Qualification
Specifications (AQS), Contractor Flight
Release (CFR), Airworthiness Release
(AWR), Statement of Airworthiness Qualifi-
cation (SAQ), and Airworthiness Qualifica-
tion Substantiation Report (AQSR) both in
terms of essential elements as described in
the appendices to the handbook and required
content as described in the body of this
handbook. The Department of Defense In-
dex of Specifications and Sandards
(DODISS) (Ref. 2) is used to identify un-
classified federal and military specifications
and standard, QPLs, military handbooks,
and those industry documents coordinated
for Department of Defense (DoD) use. The
DODISS is composed of an alphabetical
listing and a numeric listing, and it contains
procedures for ordering these documents.
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