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Introduction 
The following article is the first of a two-part series on 
nondestructive testing (NDT) for the aerospace industry. 
These articles have been excerpted from Aerospace NDT, an 
ASNT Industry Handbook (2014), for which I served as 
technical editor. 

Part 1 is a brief introduction to structure, design, and 
material selection considerations for aerospace structure taken 
from the chapter written by Joe Gabris. Because of the serious 
consequences of a failure in aircraft and aerospace systems 
(loss of human life and/or significant cost), NDT plays a 
significant role in the design and material selection decisions 
that must be made. 

Part 2, which will be published in April, will focus on 
NDT of composites, which are now widely employed in 
aircraft and spacecraft structures. This article will touch on 
the key NDT methods that are selected for applications in the 
aerospace industry. 
—Richard H. Bossi, Technical Editor of Aerospace NDT, an 
ASNT Industry Handbook

Background
Aerospace vehicles include air vehicles, spacecraft, rockets, and 
missiles. Ensuring the integrity of the vehicle structure and 
associated avionics and systems is essential when considering 
manufacturing costs, the value of items that are transported, 
and human safety.

The structure is the aerospace vehicle’s frame, which carries 
the loads during initiation of flight, during execution of the 
mission, and in some cases during recovery of the vehicle. 
Aerospace structure is commonly divided into (1) primary 

structure, the failure of which will cause loss of life or loss 
of the vehicle, and (2) secondary structure. The integrity 
of aerospace structures and systems is determined by using 
some level of nondestructive testing (NDT) both during 
manufacturing and throughout the life cycle of the vehicle.

Avionics are generally the aviation electronics, 
computers, and software that govern guidance and control, 
communication, navigation, weather, weapons, and 
anticollision systems. Systems may be broken into many 
categories, such as propulsion, environmental control, 
hydraulics, and armament. Some typical components of 
aircraft structure are illustrated in Figure 1.

Aerospace vehicles are commonly segregated into four 
categories: aircraft, spacecraft, missiles, and rockets. The 
intended use or mission of the air vehicle provides the basis 
for system and structure design.

Nondestructive Testing Overview
Nondestructive testing, inspection, evaluation, and 
characterization (NDT, NDI, NDE, and NDC) are all 
terms that relate to using processes that check for quality 
and suitability for service without altering the product being 
examined. NDT and NDI are usually used synonymously 
for the examination and measurement process and for 
comparisons to specification-based accept/reject criteria. 
NDE and NDC are terms that are used for relating the 
nondestructive measurements to fitness of the object for 
service. In aerospace applications, the consequences of failure 
of a component are often dire in terms of risk to life or cost. 
Thus, NDT, in all its forms, becomes a very fundamental part 
of every aerospace product. 
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In the first edition of the Nondestructive Testing Handbook, editor 
Robert McMaster described the importance of NDT. Table 1 lists 
his critical points. All these points are useful to keep in mind when 
designing for and implementing NDT in aerospace products.

Because of the nature of aerospace products, the NDT procedures 
and acceptance criteria are among the most stringent of all 
industries. This can be understood by the safety factors that are used 
in aerospace design. They may run as low as 1.15 for some military 
applications and up to as high as 1.5 to 2.5 for commercial aircraft. 
This is compared to safety factors of between 4 and 10 that are 
commonly applied to other industrial products and construction. 
Lower safety factors allow the design and use of thinner and/
or lower strength structure, thereby reducing weight, which may 
reduce propulsion needs and increase range and payload. As such, 

NDT engineering plays an important role in the design process 
and throughout the life cycle of aerospace vehicles. The use of 
lower safety factors typically requires NDT to identify smaller 
discontinuities with higher probabilities of detection to ensure that 
rogue anomalies are not present in the structure.

Conceptual and Initial Design Phases
The design of an aircraft is an iterative process. It begins with 
a conceptual phase that defines the mission and operational 
parameters. This phase triggers an initial design phase 
complemented with trade studies and test programs, including 
(1) preliminary weights and loads (static and fatigue),
(2) aerodynamics, (3) propulsion concepts, (4) proposed materials

Figure 1. Basic aircraft components.
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and construction geometry, (5) integration of new fabrication 
and assembly processes, (6) exploration of tooling concepts for 
fabrication and assembly, and (7) performing effects of anomalies 
study programs.

This phase may last several years, with the results of the various 
analytical and laboratory testing reported to the design team to 
create a refined definition of all aspects of the air vehicle. Prime 
contractors of the vehicle typically partner with subcontractors of 
systems and propulsion systems to ensure a parallel initial design 
phase to be integrated in the overall air vehicle. NDT plays an 
important role during the initial design phase, where there is a great 
deal of interaction with structural and design engineers on activities. 
This can include: 
l Evaluation of various inspection methods to provide the optimum

inspection for the material/geometry.
l Determination of the type, size, and effects of anomalies that can

be found in a material or geometry. Where inspections cannot be
performed, structural engineers will have to assume an anomaly
could be present in their analysis, which can result in heavier
structure to compensate.

l Evaluation of specimens for material property tests (before,
during, and after testing).
Structural and design engineers use the results of these studies

to determine allowable loads, refine design geometries, select 
fabrication processes, and develop in-service inspection concepts 
during the primary design phase. NDT personnel involved in 
these activities need to be knowledgeable about the variety of test 
techniques and alternatives that may be applied, as well as the 
consequences of variations in their application.

Primary Design and Fabrication
The primary design and fabrication process has also been known as 
the full-scale development (FSD) or the engineering manufacturing 
development (EMD) phase of an aircraft program. This phase 

begins with the primary design of the vehicle followed by the 
manufacture and assembly of the first several air vehicles that will 
be used in the certification process. During primary design, the 
basic external applied loads are established, which allows calculation 
of internal element loads. External loads are then distributed 
into the allowable internal element loads that will meet strength 
requirements. Factors of safety are determined for the primary 
structure that serves as the major load path. With this knowledge, 
selection of material and geometry of the structure may be defined 
and the parts sized for the aircraft structure. Initial sizing is 
based upon static loads, but fatigue loading becomes the primary 
consideration in the final design of the structure. Systems design 
occurs in parallel with structure design, and as the general shape 
and size of the structure is refined, so are the systems. Although 
systems do not carry primary structural aircraft loads, system parts 
are designed and sized based on reliable functioning of the system 
for the life of the vehicle. 

After parts are sized, initial vehicle weights are adjusted and 
power plant requirements for lift, thrust, and range are refined. 
Production drawings (or models) are then completed. During 
this period of sizing and design, NDT engineers develop process 
specifications that establish requirements for the various test 
methods, including the acceptance/rejection criteria for features 
or anomalies that may be detected by the selected NDT method. 
These criteria are established by testing or analysis and coordinated 
with the structural and materials engineers. NDT engineers work 
with the design engineers to identify the NDT process specifications 
and acceptance criteria to be called out on the engineering drawings 
and models. NDT engineers also participate in the evaluation 
and qualification of subcontractors that will perform NDT on 
production and test parts. Close communication between the NDT 
engineer and quality assurance NDT specialists is necessary early 
in the design process to develop the NDT philosophy and provide 
adequate time to plan NDT activities before the fabrication of 
parts. Some of the NDT activities that require advance planning 
are (1) development of detailed inspection techniques, (2) design of 
associated tooling for NDT equipment and to hold objects during 
NDT operations, (3) identification and procurement of NDT 
equipment, (4) design and fabrication of reference standards, and 
(5) determination of inspection sequence during the manufacturing
and assembly process.

A critical design review (CDR) is normally performed when 
most of the structural design has been established and at the early 
stages of fabrication. As fabrication of parts begins, raw material 
manufacturers perform NDT on raw material and starting stock for 
key structural components as required by engineering drawings and 
models. After raw material is fabricated into parts and assembled, 
NDT is performed at various stages to verify that discontinuities 
do not exceed the acceptance criteria. Typically, the first few fully 

TABLE 1 
The importance of nondestructive testing (ASNT 1959)
To ensure product reliability

To prevent accidents and save human lives

To make a profit for the user (add value)

To ensure customer satisfaction and to maintain the manufacturer’s good 
reputation

To aid in better product design

To control manufacturing processes

To lower manufacturing cost

To maintain a uniform quality level
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assembled aircraft, along with several of the major subassemblies 
and systems, are subjected to ground, flight, and functional 
testing as part of flight certification. Ground tests may include 
a destructive test article and tests of small assemblies as well as 
full-scale tests. Destructive tests typically allow coupons to be 
cut and tested to verify performance and critical features in a 
part. They also provide an opportunity to verify anomalies seen 
during NDT by excising pieces and performing section cuts. 
Ground testing for static loads is normally completed before 
initiating a flight test program. Static test articles are usually 
disassembled and evaluated with NDT to determine if any 
damage was incurred during statically applied loading. 

A flight readiness review is typically performed around the 
time that static and fatigue testing begin. The review must be 
completed before any flight operations. Fatigue ground tests 
and flight testing usually run concurrently and can last from 
several months to several years. One of the key elements of 
flight testing is to verify flight loads and increase the operation 
envelope of the aircraft. Additional full-scale tests may be 
performed that are related to mission performance of structure 
and systems, such as corrosion, drop, flutter, mechanical 
vibration, environmental, and leak tests.

Nondestructive testing plays a key role during ground, flight, 
and functional test programs to identify system and structural 
integrity and key failure points. NDT is typically performed 
before the start of these tests to verify the initial condition, at 
key points during the tests, and at the conclusion of the test 
to make a final determination of the integrity of the structure 
or systems. This information is used to refine design features 
of structure and systems before beginning low rate initial 
production or full-scale production.

AUTHOR
The information in this article was excerpted and adapted for 
publication from Aerospace NDT, an ASNT Industry Handbook 
(2014), ed. Richard H. Bossi. Content was excerpted from a chapter 
written by Joe Gabris. 
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EDITOR’S NOTE
Aerospace NDT, an ASNT Industry Handbook is available for purchase 
from the ASNT Store at asnt.org.     
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