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EXECUTIVE SUMMARY 

Carbon fiber reinforced plastic is an essential material in the structural design and construction of 
modern commercial aircraft. This is evident in the cutting-edge Boeing 787 and Airbus A350, 
which are comprised of more than half solid laminate composites by weight. Inspection 
procedures, technology, and deployment for solid laminate composite structures differ markedly 
from traditional metallic structures. In addition, today’s nondestructive inspection (NDI) personnel 
have little or no exposure to the demands of composite inspections. The airlines face a significant 
challenge in how to develop and deliver appropriate training to personnel performing NDI on these 
modern aircraft. To meet this need, the FAA initiated the development of a comprehensive 
composite laminate training course. The course, which was developed by the FAA Airworthiness 
Assurance Center at Sandia Labs, aims to provide the airlines with the information necessary to 
adequately train their inspectors.   
 
This report provides the course content for the Composite Inspector Training Course. Development 
of the class that began in late 2014; it was completed and was sent to more than 20 airlines in the 
early part of 2017. The training package consists of six classroom training lecture modules and the 
drawings and specifications needed to fabricate the accompanying set of hands-on training aids, 
or NDI proficiency specimens. The classroom modules include an introduction to composite 
materials, composite NDI theory and best practices, special cases and lessons learned from in-
service aircraft, and a guide on constructive use of the NDI proficiency specimens. In addition to 
the classroom content, the developers of the course designed and fabricated the set of solid 
laminate composite NDI proficiency specimens that contain realistic, challenging composite 
structures and representative damage. The specimen set is used to reinforce teaching points of the 
course and test/enhance inspector proficiency. Extensive details of the course modules, hand-on 
exercises, and the proficiency specimens are all presented in this report.  
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1.  BACKGROUND AND INTRODUCTION 

The FAA Composite Inspector Training Course is composed of a classroom lecture portion and a 
set of hands-on student exercises meant to teach and reinforce best practices for inspecting 
composite laminate structures. The information provided in each chapter in this report is intended 
to provide background to aid the actual classroom lectures and student exercises associated with 
the FAA Composite Inspector Training Course. The Airworthiness Assurance NDI Validation 
Center (AANC), with input from industry and the Inspection Task Group of the Commercial 
Aircraft Composite Repair Committee chaired by the AANC, developed training materials for the 
Composite Inspector Training Course. The first deployment of this course was conducted in 
collaboration with Delta® Air Lines in Atlanta, GA in July 2016 [1, 2].  
 
Modules—including an introduction to composite materials, composite nondestructive inspection 
(NDI) theory and practice, special cases, and lessons learned—were produced in addition to 
various hands-on NDI exercises. A set of proficiency specimens containing realistic composite 
structures and representative damage was designed to reinforce teaching points of the course and 
“test” inspectors’ proficiency. Appendix A provides a course guide titled “Composite Inspector 
Training Course Material Guide” that provides an overview of all of the materials developed as 
part of this effort. Extensive details of the course modules, hand-on exercises, and the proficiency 
specimens are all presented in this report.  
 
Composites have many advantages for use as aircraft structural materials, including their high 
specific strength and stiffness, resistance to damage by fatigue loading, light weight, and resistance 
to corrosion. The aircraft industry continues to increase its use of composite materials, especially 
in principle structural elements. This expanded use, coupled with difficulties associated with 
damage tolerance analysis of composites, has placed greater emphasis on the application of 
accurate NDI methods. Carbon fiber-reinforced composite materials were once used mainly for 
secondary components, but they are now used to fabricate major structural elements in aircraft 
because of their extreme damage tolerance and high strength-to-weight ratio [3]. This is witnessed 
in projects such as the Boeing® 787, the Airbus® 380, and others in which carbon graphite 
composites are used for the wings, the empennage, the fuselage, bulkheads, and other primary 
structural elements. This increased usage in critical structural components has created a greater 
need for quality and NDI procedures [4, 5]. Accordingly, increased use of solid laminate 
composites is driving changes to airline NDI training requirements. 
 
2.  MODULE 1: INTRODUCTION TO THE COMPOSITE INSPECTOR TRAINING CLASS – 
MOTIVATION, BACKGROUND, AND COURSE CONTENT 

Module 1 in the Composite Inspector Training Course lecture series addresses the reasons for 
offering a focused training class and discusses the benefits that students will receive from taking 
this class. Figures 1–48 encompass all of the lecture materials for “Module 1: Introduction, 
Motivation, Objectives, and Expected Outcome from the Class.” If inspectors are provided with 
the motivation behind this class and shown how it can help them improve their performance when 
inspecting composite materials, they may be more receptive to the material and exercises presented 
in this class.  
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2.1  AIRLINE PERSPECTIVES ON TRAINING NEEDS FOR NDI OF COMPOSITES 

Inspection procedures for solid laminate composite structures differ markedly from traditional 
metallic structures. Airlines and the aerospace sector face a challenge in how to develop and deliver 
appropriate training to personnel performing NDI on modern aircraft with an increased percentage 
of solid laminate composite construction. The Composite Inspector Training Course is intended to 
aid airlines in implementing a training program that allows inspection personnel to develop the 
skills to safely, effectively, and reliably inspect solid laminate composites. NDI classroom training 
is defined as an organized and documented program of activities designed to impart the knowledge 
and skills necessary to obtain the level of qualification sought, which consists of classroom and 
laboratory training. An individual maintains qualification through continued use of the skills, 
coupled with recurrent training. 
 
Airlines maintain procedures that establish the minimum requirements for the training, 
examination, and qualification of personnel involved in the application of NDI methods to aircraft, 
engines, and components. The purpose of this class is to ensure that individuals performing NDI 
on composites are fully informed about procedures, techniques, and equipment, and are competent 
to perform the applicable duties. It is understood that the effectiveness of NDI relies on the 
capabilities, knowledge, and experience of the individuals responsible for proper application of 
the method and correct interpretation of test results. This procedure is established based on 
information contained in ATA Spec 105, NAS 410, and ASNT Recommended Practices No. SNT-
TC-1A [6–8]. These documents apply to personnel using NDI methods to accept materials, repairs, 
products, systems, or components as directed by the applicable maintenance and inspection 
program. They also apply to those individuals who determine the technical adequacy of NDI 
techniques and to those providing technical training to NDI personnel. 
 
At the forefront of NDI techniques is pulse-echo ultrasonics, which is the dominant inspection 
method in Boeing 787 part production [3, 9]. Within ultrasonic use, phased arrays are gaining 
popularity because of their increased inspection speeds for large-area NDI. Carbon fiber-
reinforced polymer aircraft require in-service inspections, although to a lesser extent than more 
traditional aircraft designs. These in-service inspections cannot rely on robotic automated systems 
to achieve high scanning speeds. Data acquisition and interpretation are also sometimes made more 
difficult by complicated internal support structures that are often not well-defined to inspectors. 
Although inspection requirements vary somewhat, emphasis is still placed on rapid, efficient, and 
reliable inspections. 
 
2.2  FAA ROLE AND BACKGROUND FOR CLASS 

The mission of the FAA is to provide safe and efficient aviation systems. There are many ways in 
which the FAA seeks to accomplish its mission. The FAA develops safety regulations that set the 
minimum safety requirements for aviation and also conducts research and development to help it 
achieve its mission. The William J. Hughes Technical Center in Atlantic City, NJ is one of the 
nation’s premier aviation research, development, test, and evaluation facilities. The Technical 
Center serves as the FAA’s national scientific test base for research and development, test and 
evaluation, verification and validation in air traffic control, communications, navigation, airports, 
aircraft safety, and security.  
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The Maintenance and Inspection (M&I) Research Program is a research programs in the Structures 
and Propulsions Branch. The M&I program conducts research on topics related to maintaining the 
continued airworthiness of aircraft throughout their service lives. There are many aspects in 
maintaining aircraft with the overriding goal of ensuring that they remain fully compliant with 
regulations through the entirety of their commercial operation. As aircraft evolve, the FAA must 
remain proactive in its safety mission. As such, the FAA is constantly working with the industry, 
academia, and other government agencies to ensure the safe operation of today’s aircraft. The main 
drivers of M&I research are evolving materials, technologies, and procedures. For example, 
aircraft have been predominately made from metal alloys such as aluminum and titanium. Today 
there are many aircraft composed of more than 50% composite materials by weight. The aerospace 
industry uses composites to take advantage of their high strength-to-weight ratios, superior fatigue 
lives, resistance to corrosion, and their tolerance to various types of damage. Much of the M&I 
research portfolio is based on composites’ safety and includes evaluating both conventional and 
advanced nondestructive testing methods’ effectiveness in detecting damage in composites, 
documenting best practices in industry repair methods, and providing training and education to the 
aviation maintenance workforce to familiarize them with new materials and technologies. 
 
In the mid-2000s, the FAA teamed up with Sandia Labs AANC and more than 35 airlines and 
original equipment manufacturers (OEMs) from around the world to conduct two probability of 
flaw detection (POD) experiments: “Composite Honeycomb Flaw Detection Experiment” and the 
“Composite Laminate Flaw Detection Experiment.” The motivation for these experiments was 
increasing the use of composites on commercial aircraft, and the program goals were to assess and 
improve damage detection performance in composite aircraft structures. Both programs quantified 
the performance of current inspection methods for honeycomb and solid laminate composite 
structures and then determined possible improvements through the use of more sophisticated 
inspection methods, optimized procedures, and enhanced inspector training. This research 
provided clear recommendations and best practices for inspecting composites. One 
recommendation was that the aviation industry should provide more composite-inspection 
training.  
 
As a follow-up to the composite POD experiments, the M&I program decided to develop training 
material and proficiency specimens for the industry. Working with the industry, the FAA 
developed a curriculum that teaches airline inspectors the fundamentals of composite materials 
and gives them an opportunity to routinely inspect composites. The proficiency specimens used 
are a series of panels with simulated types of damage, which offer inspectors hands-on experience 
working with composites. This FAA final technical report presents the finalized curriculum and 
proficiency specimen exercises. 
 
2.3  AANC EVALUATION OF INSPECTION PRACTICES FOR COMPOSITE STRUCTURES 

The FAA Airworthiness Assurance Center, operated by Sandia Labs for the FAA, completed 
studies that produced quantitative assessments of conventional and advanced NDI techniques for 
detecting flaws in composite aircraft structures [10–12]. In addition to these quantitative 
assessments, several studies have been conducted to evaluate the detection and characterization 
capabilities of various nondestructive testing techniques applied to solid laminate aircraft 
structures [10, 13–14]. To assess the aviation industry’s ability to detect composite damage, the 
AANC completed several structured POD experiments to evaluate the performance of NDI on 
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composite honeycomb and solid laminate structures, relating damage threat to flaw detection 
stemming from impact, detection and quantification of weak bonds, assessment of composite 
porosity levels, and inspection of composite repairs.  
 
These studies generated POD values for inspecting composite honeycomb laminate aircraft 
structures. The POD experiments were performed by airlines, third-party maintenance depots, and 
aircraft manufacturers to produce statistically valid POD curves representative of the industry. The 
collective reliability data allow the NDI community to determine how well current inspection 
techniques can reliably find flaws in composite structure and to determine the degree of 
improvements possible through the integration of more advanced NDI techniques and procedures. 
These studies also produced a series of recommendations for improving the performance of current 
inspection practices. A primary recommendation was to enhance inspectors’ preparation and 
training by focusing on the unique challenges associated with composite laminate inspections.  
 
Figures 29–46 (POD Studies to Quantify Flaw Detection in Composite Laminate Structures) 
describe the Sandia Labs Composite Laminate Flaw Detection POD Experiment. The intent of the 
composite POD experiments was to present the inspectors with uniform test panels to: 1) quantify 
their composite flaw detection performance using current inspection techniques (i.e., assess 
aircraft maintenance depots), and 2) to determine if better flaw detection can be produced using 
advanced NDI techniques. The study incorporated statistically relevant and realistic flaw profiles 
into the test specimens. A series of carbon composite specimens with statistically relevant flaw 
profiles (e.g., voids, disbonds, delaminations, and impact damage) were inspected using 
conventional, hand-held pulse-echo ultrasonic testing and resonance, and new NDI methods that 
have recently been introduced to improve sensitivity and repeatability of inspections. The primary 
factors affecting flaw detection in laminates were included in this study: material type, flaw 
profiles, presence of complex geometries like taper and substructure elements, presence of 
fasteners, secondarily bonded joints, and environmental conditions.  
 
To acquire flaw detection data, POD test specimens representing actual composite structures found 
on today’s aircraft and containing realistic types of damage were shipped to airlines, third-party 
maintenance depots, aircraft manufacturers, and NDI developer labs around the world. For the 
solid laminate POD experiment, more than 70 inspectors of different ages and experience levels 
performed the blind tests to produce statistically valid POD curves representative of the industry 
as a whole. Inspections were performed in typical maintenance hangars to provide representative 
environments with common impediments, such as poor lighting, noise, and distractions. All 
inspectors were provided with the appropriate inspection procedures from The Boeing Company 
and Airbus SAS maintenance manuals. In addition, each blind inspection process was preceded by 
proper equipment setup according to appropriate reference standards. Sample POD curves, which 
relate the probability of finding a flaw to the size of the flaw for a particular specimen construction, 
were charted for several different types of inspection devices. Results from these POD studies 
were used to identify paths to inspection improvement. They also provide excellent examples of 
how training can improve inspection performance. Several key results are included in this lecture 
module so inspectors can better understand the value of focused training. 
 
Figure 36a shows one sample result for overall flaw detection in composite structures in the 12–
20-ply thickness range (Thin Laminate Experiment) [11]. This figure shows the spread of all the 
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individual inspector POD curves (dashed lines) compared with the cumulative POD[90] curve (solid 
line) for all 27 inspectors. These results were produced by considering all flaws in constant 
thickness and complex geometry regions of the composite test specimens. The spread shows 15 
inspectors with a POD value of less than the cumulative POD[90] = 1.20” diameter flaw (POD[90/95] 
= 1.29”) and 12 inspectors with a POD value higher than the cumulative POD[90] value. The 
variation within the experiment ranged from a POD = 0.53” diameter flaw for the best-performing 
inspector to a POD = 2.17” diameter flaw for the worst-performing inspector. The standard 
deviation for the inspector POD data set was a 0.417” diameter flaw. The overall POD performance 
calculated when a 90% flaw detection was combined with a 95% confidence bound was POD[90/95] 
= 1.29” diameter flaw. For these experiments, POD values were calculated using a pass/fail 
analysis with a log normal model.  
 
Figure 36b shows another sample result for overall flaw detection in composite structures in the 
12–20-ply thickness range (Thick Laminate Experiment) [11]. This figure shows the spread of all 
the individual inspector POD curves (dashed lines) compared with the cumulative POD[90] curve 
(solid line) for all 30 inspectors who participated in the 20–32-Ply Thick Laminate Experiment. 
These results were produced by considering all flaws in constant thickness and complex geometry 
regions. The spread shows 19 inspectors with a POD value of less than the overall cumulative 
POD[90] = 0.77” diameter flaw (POD[90/95] = 0.82”) and 11 inspectors with a POD[90] value higher 
than the overall cumulative POD[90] value. The variation within the experiment ranged from a POD 
= 0.20” diameter flaw for the best-performing inspector to a POD = 1.70” diameter flaw for the 
worst-performing inspector. The standard deviation for the inspector POD data set was a 0.420” 
diameter flaw. The overall POD performance calculated when a 90% flaw detection was combined 
with a 95% confidence bound was POD[90/95] = 0.82” diameter flaw. It can be seen that the overall 
cumulative POD[90/95] for all flaws in the Thick Laminate Experiment (20–32-ply skins, plus 
substructure elements) was better (i.e., lower). This was mainly because of the construction method 
used for this set of test panels, which involved a co-cured substructure bond line that was less 
attenuative, and included less “noise” in the signals than the secondarily bonded substructure (film 
adhesive bonding) used in most of the Thin Laminate Experiment test specimens. Also, the test 
specimens for the Thick Laminate Experiment did not contain curvature, fasteners, sealed joints, 
or skin-over-honeycomb substructure. This eliminated some of the deployment, human factors, 
and signal interpretation challenges that were present in the Thin Laminate Experiment. Finally, it 
should be noted that the 20–32-ply specimen set included 12 ft2 of inspection area, whereas the 
12–20-ply specimen set included 34 ft2 of inspection area. Therefore, inspector fatigue was less of 
an issue in the Thick Laminate Experiment. 
 
The major item of concern in the NDI performance plots of figures 36a–36b is the amount of 
spread in the results across the array of inspectors. This indicates that an inspector carrying out a 
composite inspection job card could produce a good, average, or poor inspection result. The 
purpose of the Composite Inspector Training Class is to reduce the degree of variation from one 
inspector to another. By reinforcing key inspection practices, focusing on the unique challenges 
associated with composite inspections and providing more hands-on exposure to realistic 
composite inspections, this class is set up to eliminate the poor performance outliers and increase 
the level of reliability across the entire population of aircraft inspectors. Several more examples 
are included in this lecture package to reinforce this approach. 
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During the POD testing, the experiment monitors also recorded various methods that inspectors 
used to ensure inspection area coverage for the Composite Laminate POD Experiment. Some 
inspectors covered the inspection area with their UT transducers using a pure freehand approach 
(i.e., no guides or markings on the panels). Some inspectors divided the inspection surface into 
quadrants to reduce freehand coverage errors. Some inspectors used a series of tick marks, often 
placed at 0.5” or 1” intervals, to divide the inspection surface into a number of rows and columns. 
Some inspectors used flexible straight edges to guide their transducer movement. The different 
surface coverage techniques observed fall into four categories. The POD results produced by each 
of these inspection coverage methods were calculated separately and compared to quantify the 
benefits of deploying specific inspection coverage methods. The four different surface coverage 
techniques were combined and analyzed for the overall Solid Laminate POD Experiment. The 
POD results produced by each of these inspection coverage methods for the 12–20-ply and 20–32-
ply specimen sets were combined and calculated separately. These are plotted in figure 38 along 
with the corresponding POD[90/95] values.  
 
The best performing coverage method that produced the lowest (i.e., best) combined POD level 
was when inspectors made tick marks for spacing and used a straight edge on all panels throughout 
both experiments, achieving a POD[90/95] = 1.0” diameter flaw. This produced a 28% improvement 
compared with the POD[90/95] value of 1.29” diameter flaw. The second best performing coverage 
method was when inspectors used a straight edge on all panels throughout both experiments. This 
produced a POD[90/95] = 1.1” which is a 17% improvement compared with the overall, cumulative 
combined POD[90/95] value of 1.29” diameter flaw. The third best performing coverage method was 
when inspectors started the experiments using a straight edge but at some point during the 
experiments switched to freehand (13 inspectors). This method produced a POD[90/95] = 1.42” 
which is a decrease in performance of 10%. The poorest-performing coverage method was when 
inspectors used the freehand method on all panels throughout both experiments. This produced a 
POD[90/95] = 2.39” which is an 85% decrease in performance compared with the overall cumulative 
POD[90/95] value of a 1.29” diameter flaw. The data show inspectors need to use some sort of guide 
to ensure that they are achieving full coverage with their inspection. 
 
Finally, figure 39 provides one last example depicting improvements that could be achieved with 
focused training. In this example, performance brackets were used to place inspectors into groups 
and then calculate the resulting POD[90/95] for each performance bracket. These performance 
brackets used the inspectors that fell into the 40, 60, and 80 percentile categories. The inspectors 
that fell into the 40 percentile group (12 inspectors, each having a POD[90] of less than 0.55”) 
produced a 42% improvement to POD[90/95] = 0.48” diameter flaw value compared with the overall 
cumulative POD[90/95] = 0.82” diameter flaw. The 60 percentile group (18 inspectors, each having 
a POD[90] of less than 0.75”) produced a 34% improvement with a POD[90/95] = 0.54” diameter 
flaw. The 80 percentile group (24 inspectors, each having a POD[90] less than 1.00”) showed a 20% 
improvement with a POD[90/95] = 0.66” diameter flaw. These performance brackets might be useful 
to airlines and maintenance and repair organizations, which can judge where their inspectors fall 
within the brackets and the resulting performance they will obtain from their inspectors. The results 
in figure 39 also reveal the degree of inspection improvements possible if inspectors can shift their 
performance from the higher (worse) performance brackets to the lower (better) performance 
brackets. This shift in performance can be brought about by improved or more extensive composite 
inspection training. 
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In general, these flaw detection performance experiments have established the current baseline for 
the aviation industry in terms of quantifying performance of NDI techniques for composite 
structures. They also are paving the way for improvements in industry inspections via optimized 
procedures and practices, including proper training for the inspectors. The superior capabilities of 
a host of advanced NDI techniques have been demonstrated, and these methods are ready to be 
applied to the next generation of complex composite structures on commercial aircraft about to 
enter service. This is a key point—adequate inspection capability is needed to instill confidence in 
the industry’s ability to safely fly composites-intensive aircraft. Airlines and other aircraft 
maintenance facilities can implement good inspections with the right equipment using consistent 
standards, procedures and training. 
 
3.  RECOMMENDATIONS REGARDING ENHANCED TRAINING 

The NDI performance assessment POD experiments described above produced a number of 
recommendations for improving inspection of composite structures [9, 11–12]. This included the 
use of guides to ensure proper surface area coverage, proper equipment calibration, recognition of 
critical aspects of the UT signals, and the proper deployment of transducers. Many of these issues 
can be mitigated by additional personnel training. Some of the training can be in the form of 
composite awareness training to instruct inspectors on composite materials, composite structure 
fabrication, and typical aircraft composite construction designs. Other forms of training can stress 
procedural aspects of the inspections such as the use of NDI deployment aids and the proper use 
of drawings to assist in signal interpretation. 
 
In addition, Sandia Labs AANC conducted a survey of the aircraft maintenance industry to assess 
its needs and desires regarding training. The following are some recommendations for aviation 
industry teams and airline training departments to improve inspections [11]:  
 
• Overall, the identified, potential measures to improve inspector’s performance on 

composite inspections include increased training, apprenticeships, exposure to 
representative inspections, enhanced procedures, inspector teaming, and awareness 
training on inspection obstacles.  
 

• A majority (86%) of the industry does not have additional special inspector 
qualification/certification to qualify personnel for conducting composite inspections. Most 
companies use the normal qualification program for general NDI inspection as 
qualification for composite inspection. Specialized certification for aircraft NDI 
professionals who inspect composite structures should be considered.  
 

• Survey respondents requested additional guidance related to composite NDI training from 
the OEM, the FAA, and industry groups in the areas of specific instrument training, specific 
methods training, repair inspections, composite construction training, and reference 
standard fabrication and use. They requested that programs supporting the evolution of 
such training should be initiated and pursued in an industrywide approach.  
 

• There is a general concern that the lack of routine exposure to composite inspections makes 
it difficult for the inspectors to maintain the necessary level of expertise. Furthermore, 
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exposure to available flaw specimens is viewed as a way to keep inspectors ready for when 
an aircraft needs inspection because of damage. So, in addition to formal composite NDI 
training classes, aircraft inspectors should conduct routine practice inspections on 
representative composite structures that contain realistic damage. Such test specimens 
should be more complex and varied than the existing NDI Reference Standards and contain 
known, but nonuniformly spaced flaw profiles.  

 
As a result, this effort was formed to produce more specialized training, above and beyond Level 
I, II, and III certification. The training was developed to specifically address composite 
inspections. It would help to have a class that focuses on the unique challenges and signal 
differences associated with composite inspections. For example, signal characteristics related to 
ply tapers, secondary bonds, and composite repairs could be discussed so that it is easier for 
inspectors to distinguish flaw signals from those generated by pristine structure. 
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Figure 1. Composite NDI training class 

 

Figure 2. Overview of composite laminate NDI training class 
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Figure 3. Modules in composite laminate NDI training class 
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Figure 4. Composite laminate NDI training class—Content 
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Figure 5. Existing guidance related to composite laminate NDI training class 
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Figure 6. Composite NDI training class—Damage detection needs 
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Figure 7. Composite NDI training class—learning objectives 
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Figure 8. Composite NDI training class—Drivers 
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Figure 9. Motivation for composite NDI training class 

 

Figure 10. Sample composite structures on Airbus aircraft 
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Figure 11. Expansion in use of composite materials in aircraft construction 

 

Figure 12. Sample composite structures on Airbus aircraft 
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Figure 13. Prepreg—Automated tape laying 

 

Figure 14. Types of damage in composite structure 



 

19 

 

Figure 15. Probability of impact energy as a function of takeoff speed 

 

Figure 16. Effects of impact on composite structures 
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Figure 17. Categories of damage and defects to consider for primary composite  
aircraft structures 
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Figure 18. Sources of damage in composite structures 

 

Figure 19. Ground-handling damage in composite structures 
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Figure 20. Unusual sources of damage in composite structures 
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Figure 21. Sources of damage in composite structures 

 

Figure 22. Samples of composite laminate damage 
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Figure 23. Inspection challenge—Hidden impact damage 

 

Figure 24. Composite laminate repairs 
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Figure 25. NDI of composite laminate repairs 

 

Figure 26. Bottom line for NDI—Required relationship between structural integrity and 
inspection sensitivity 
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Figure 27. Basic pulse-echo ultrasonics 

 

Figure 28. Movement into scanning pulse-echo ultrasonic equipment 
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Figure 29. An experiment to assess flaw-detection performance in composite laminate 
structures 

 

Figure 30. Flaw detection in solid laminate composites 
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Figure 31. Thick laminate with complex taper—Fabrication 
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Figure 32. Specimen set—Flaw detection in solid laminate composites (back) 

 

Figure 33. Specimen set—Flaw detection in solid laminate composites (front) 
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Figure 34. Sample participants in the solid laminate experiment 

 

Figure 35. Implementation of solid laminate flaw-detection experiment 
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(a)

 

(b)

 

Figure 36. Probability of damage detection curves for 32-ply solid laminate family 
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Figure 37. Overall performance of pulse-echo UT for flaw detection in composite laminates 

 

Figure 38. POD improvements from use of methods to ensure proper coverage 
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Figure 39. Desire to transition inspectors from “average” to “good” to “outstanding” 

 

Figure 40. Solid laminate experiment—Advanced NDI testing evaluations 
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Figure 41. Wide area and C-scan inspection methods 

 

Figure 42. Initial inspections on feedback panels 
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Figure 43. Preliminary NDI assessments of advanced NDI methods 

 

Figure 44. Sample of POD results for composite flaw detection performance of advanced 
NDI 
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Figure 45. Conclusions—Inspection of solid laminate structures 

 

Figure 46. Recommendations—How to move inspections from “average” to “good” to 
“outstanding” 
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Figure 47. Survey of industry composite NDI training 
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Figure 48. Solid laminate flaw detection training insights 
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4.  MODULE 2: COMPOSITE AWARENESS—MATERIALS, DESIGN, FABRICATION, 
AND USE 

Module 2 in the Composite Inspector Training Course lecture series addresses composite 
awareness including an overview on composite materials, composite structural design, component 
fabrication methods, and general composite material use. Figures 49–107 encompass all of the 
lecture materials for “Module 2: Composite Awareness.” It is believed that if inspectors are 
provided with some background on composite materials and how they are designed and fabricated, 
it will help them better understand how their inspection system interfaces with these structures. 
 
Composites are combinations of two or more distinct materials present as separate phases and 
combined to form desired structures and achieve specific structural properties. They take 
advantage of the desirable properties of each component. The properties of the composite material 
are superior to the properties of the individual materials from which it is constructed. An advanced 
composite material is made of a fibrous material embedded in a resin matrix, generally laminated 
with fibers oriented in alternating directions to give the material strength and stiffness. The primary 
advantages of composite materials are their high strength, relatively low weight, ability to tailor 
designs to meet specific anisotropy needs, excellent damage tolerance, and resistance to corrosion. 
 
The manufacturing technique used to fabricate a composite structure is dependent upon material 
performance requirements, structure configuration, and production rates. The use of composite 
materials is becoming more important in the construction of aerospace structures, especially for 
primary structures. Aircraft parts made from composite materials, such as fairings, spoilers, and 
flight controls, were developed during the 1960s mainly for their weight savings over aluminum 
parts. These were mostly composite honeycomb construction. Recently, aircraft have been 
introduced with all solid laminate composite fuselage and wing structures. The repair of these 
advanced composite materials requires in-depth knowledge of composite structures, materials, and 
tooling.  
 
An isotropic material (e.g., aluminum, titanium) has uniform properties in all directions. The 
measured properties of an isotropic material are independent of the axis of testing. Conversely, a 
fiber is the primary load-carrying element of the composite material, and the composite material 
is only strong and stiff in the direction of the fibers. Unidirectional composites have predominant 
mechanical properties in one direction and are said to be anisotropic, having mechanical and/or 
physical properties that vary with direction relative to natural reference axes inherent in the 
material. Fibers can be manufactured from many different materials and the primary aviation 
components are produced from fiberglass, Kevlar®, and carbon graphite fibers. A matrix, usually 
some form of a resin material, supports the fibers and bonds them together in the composite 
material. The matrix transfers any applied loads to the fibers, keeps the fibers in their position and 
chosen orientation, gives the composite environmental resistance, and determines the maximum 
service temperature of a composite [15]. 
 
Components made from fiber-reinforced composites can be designed so that the fiber orientation 
produces optimum mechanical properties. Structural properties, such as stiffness, dimensional 
stability, and strength of a composite laminate, depend on the stacking sequence (orientation) of 
the plies. This module provides students with some background on the various materials that are 
used to construct composite aircraft parts. It introduces students to the following aspects of 
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composite material makeup, design, and construction: 1) composite usage including advantages 
and limitations, 2) materials, 3) design using composites, 4) construction and array of fabrication 
processes, 5) composite repairs, and 6) types of defects and damage found in composites. These 
major topics are further broken down into their sub-elements as follows: 
 
• Drivers for composite usage 
• Composite honeycomb versus composite solid laminate structures 
• Various fibers and matrix materials 
• Use of pre-impregnated tape or wet lay-up dry fiber materials 
• Fiber orientation – uniaxial fibers and woven fabric fibers 
• Design – tailoring composite parts to produce needed properties; damage tolerance; 

composite joining methods 
• Ply lay-ups to produce composite laminates 
• Composite part manufacture using various heat and pressure methods 
• Vacuum bagging, autoclave vessels and Vacuum Assisted Resin Transfer Molding 
• Sample composite structures in aircraft 
• Defect and damage types and damage severity categories – voids, porosity, resin 

rich/starved, fiber waviness, inclusions, fluid ingress, erosion, impact, heat exposure, weak 
bonds or disbonds, fatigue, and fiber fracture, lightning damage 

• Composite safety 
• Types of composite repairs and post-repair inspections 
• Introduction to different composite inspection methods 
 



 

41 

 

Figure 49. Composite laminate NDI training class 
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Figure 50. Composite laminate NDI training class—Class definition for composite 
awareness module 
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Figure 51. What are composites? 
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Figure 51. What are composites? (cont.) 
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Figure 52. Why composites? 
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Figure 53. Fiber-reinforcement types 
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Figure 53. Fiber-reinforcement types (cont.) 

 

Figure 54. Fiber reinforcement—Fiber formats 
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Figure 55. Fiber-reinforcement methods 

 

Figure 56. Sample fiber reinforcement 
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Figure 57. Resin matrix—Purpose 
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Figure 58. Resin matrix—Types 



 

51 

 

Figure 59. Composite terms 

 

Figure 60. Ply lay-up to produce a laminate 



 

52 

 

 

Figure 61. Laminate notation 
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Figure 62. Laminate terms 

 

Figure 63. Laminate notation examples 
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Figure 64. Composite manufacturing 

 

Figure 65. Manufacturing—Tools and molds 
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Figure 66. Resin matrix—Application 

 

Figure 67. Manufacturing with prepreg materials 
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Figure 68. Manufacturing with prepreg process 

 

Figure 69. Manufacturing with wet lay-up materials 
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Figure 70. Manufacturing—Vacuum bagging method 

 

Figure 71. Manufacturing—Vacuum bagging lay-up 
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Figure 72. Manufacturing—Vacuum bagging sample 

 

Figure 73. Manufacturing with vacuum-assisted resin transfer molding (VARTM) process 



 

59 

 

Figure 74. Manufacturing—VARTM process sample 
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Figure 75. Manufacturing—automated methods 
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Figure 76. Prepreg—Automated tape laying systems 

 

Figure 77. Manufacturing—Autoclave curing 
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Figure 78. Manufacturing—Thermoset autoclave cure cycle 

 

Figure 79. Manufacturing—Other curing methods 
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Figure 80. Composite safety 

 

Figure 81. Common composite structures 



 

64 

 

Figure 82. Common composite structures—Stiffeners 

 

Figure 83. Common composite structures—I-beam 
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Figure 84. Common composite structures—Joints and reinforcements 

 

Figure 85. A-wing technology—Center wing box 
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Figure 86. Composite defects 
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Figure 87. Types of damage in composite structures 
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Figure 88. Composite damage descriptions 
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Figure 89. Categories of damage and defects to consider for primary composite aircraft 
structures 

 

Figure 90. Inspecting for composite damage 
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Figure 91. Composite damage resistance and tolerance 
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Figure 92. Mechanical fastening in composites 
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Figure 93. Adhesive bonding in composites 

 

Figure 94. Bonding joint considerations 
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Figure 95. Bonding—Adhesive and surface prep 

 

Figure 96. Bonding—Types of adhesives 
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Figure 97. Mechanisms of weak bonds 

 

Figure 98. Bonding—bonded joint failure modes 
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Figure 99. Adhesive vs. cohesive failure 

 

Figure 100. Repair of composites 
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Figure 101. Repair of composites— scarfing process 

 

Figure 102. Sample repair of composite laminates 
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Figure 103. Types of repairs for composite honeycomb and laminates 
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Figure 104. Repair of composites—Post repair inspection 
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Figure 105. Composite repair—Compare mechanical and NDI performance 

 

Figure 106. Composite NDI and laminate repairs—MIA inspection with Bondcheck V 
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Figure 107. Conclusions—Use of composite structures on aircraft 
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5.  MODULE 3: COMPOSITE NDI – THEORY AND PRACTICE 

Module 3 in the Composite Inspector Training Course lecture series addresses composite NDI 
theory and practice. Figures 108–192 encompass all of the lecture materials for “Module 3: 
Composite NDI Theory and Practice.” This is the largest module in the Composite Inspector 
Training Course and is split into six sections. The sections are: 
 
• Visual Inspection of Composites 
• Basic Ultrasonic Inspection Theory 
• Composite A-Scan Inspection for Damage 
• Mapping Damage 
• Composite C-Scan Inspection for Damage 
• Solid Laminate Inspection Methods and Sample Results 

 
The module begins with a section on visual inspection of composites. The materials cover a brief 
overview of types of damage composite aircraft structures are subject to and how to identify 
indications of damage. This section covers how to identify and define an abrasion, gouge, nick, 
scratch/score, and fraying. Additionally, indications of impact damage, lightning strike, stress 
damage, cracking, and overheating are discussed.  

Module 3 continues to cover basic ultrasonic inspection theory beginning with Figure 117. The 
material in this section should be familiar to most inspectors, but is covered in the course for 
completeness and as a refresher for the students. The content begins with modes of ultrasonic 
vibration and basic wave theory. It continues on to cover reflection of sound waves, ultrasonic 
penetration, sound beam characteristics, and UT deployment.  

The next section covers composite A-scan inspection for damage starting with figure 135. With 
the correct hardware and equipment setup, ultrasonic NDI can be used to detect delamination, fiber 
breakage, adhesive disbonds, matrix cracking, voids, and porosity. To properly characterize this 
damage, this section describes what equipment is necessary for conducting an ultrasonic A-scan 
on a typical composite aircraft component. It includes details regarding transducer selection, 
coupling methods, delay lines, and reference standards. It also covers ultrasonic equipment settings 
such as time-corrected gain (TCG) and full wave versus radio frequency (RF) A-scan display.  

Once damage has been visually detected and the proper ultrasonic hardware and equipment setup 
has been achieved, the damage is inspected and mapped onto the surface of the aircraft. This 
process is covered in the next section, Mapping Damage, and begins with figure 145. The content 
provides various schematics of representative aircraft structures and describes hand-scanning best 
practices to accurately map composite damage. Structural configurations covered include areas of 
uniform thickness, co-cured stiffeners, tapered regions, and bonded stiffeners. A-scan signals from 
damaged and undamaged parts are also provided.  

The next section covers ultrasonic C-scan inspection of composites and begins with figure 158. 
Although there are entire classes dedicated to phased array inspection, this section of the composite 
inspector training class focuses specifically on inspection of solid laminate composites using 
multiple element arrays and single-element scanning systems. It begins with a basic introduction 
to phased array UT theory and hardware setup, including transducer parameters, element patterns, 
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aperture, and focus depth. It goes on to discuss wedges, scanners, wheel encoders, and gate 
settings. Next, amplitude, time of flight, and sectional B-scans are presented and compared.  

Module 3 then describes various composite laminate inspection methods applied to solid laminates 
and provides example inspection results starting with figure 177. This section is intended to expose 
inspectors to new inspection methods. Many of the examples use ultrasonics.  

 

Figure 108. Composite laminate NDI training class 
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Figure 109. Module 3 overview 

 

Figure 110. Introduction to visual inspection of composites 
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Figure 111. Visual indications of damage 

 

Figure 112. Example of visual indication of damage 
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Figure 113. Visual indications of damage—Terms 
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Figure 114. Visual indications of different types of composite damage 
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Figure 115. Simplified inspection flowchart 

 

Figure 116. Inspection and repair flowchart 
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Figure 117. Basic introduction to composite ultrasonic inspection theory 
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Figure 118. UT theory—Modes of vibration 
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Figure 119. UT theory—Wave theory definitions 

 

Figure 120. UT theory—Frequency 
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Figure 121. UT theory—Wave generation 

 

Figure 122. UT theory—Wave theory example 
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Figure 123. UT theory—Reflection of sound waves 

 

Figure 124. UT theory—Reflection of sound waves example 
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Figure 125. UT theory—Ultrasonic penetration 

 

Figure 126. UT theory—Refraction and mode conversion 
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Figure 127. UT theory—Sound beam characteristics 

 

Figure 128. UT theory—Sound beam characteristics 
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Figure 129. UT deployment 

 

Figure 130. Ultrasonic deployment—Pulse-echo contact testing 
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Figure 131. Ultrasonic deployment—through-transmission ultrasonic (TTU) immersion 
testing 

 

Figure 132. Ultrasonic deployment—TTU immersion testing angled parts 
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Figure 133. Ultrasonic deployment—TTU contact testing 

 

Figure 134. Ultrasonic deployment—Pitch catch UT 
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Figure 135. Composite A-scan inspection for damage 

 

Figure 136. Ultrasonic NDI of composites 
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Figure 137. Ultrasonic setup—A-scan equipment recommendations 
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Figure 138. Ultrasonic setup—Composite reference standards 

  



 

101 

 

 

Figure 139. Ultrasonic setup—Utilization of TCG 
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Figure 140. Ultrasonic setup (A-scans) full wave vs. RF 

 

Figure 141. Ultrasonic setup—Types of ultrasonic waveforms 
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Figure 142. Ultrasonic setup—Example RF display of good and bad bond line 

 

Figure 143. Ultrasonic setup—Use of delay lines 
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Figure 144. Ultrasonic setup—Ultrasonic delay lines 
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Figure 145. Mapping damage 

 

Figure 146. Mapping damage—Preparing for inspection 
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Figure 147. Mapping damage—Minimum area of inspection 

 

Figure 148. Schematic of mapping damage 
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Figure 149. Mapping damage—Extending the minimum area of inspection 

 

Figure 150. Scanning procedure—Co-cured laminate 
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Figure 151. Scanning procedure—Tapered laminate 

 

Figure 152. Scanning procedure—Indexing 
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Figure 153. Ultrasonic signals from damaged structure—Co-cured stiffeners 
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Figure 154. Ultrasonic signals from damaged structure—Bonded stiffeners 
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Figure 155. Transitioning inspectors from “average” to “good” to “outstanding” guidance 
on specific composite challenges 

 

Figure 156. Ultrasonic deployment options—“go” & “no-go” devices 
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Figure 157. Ultrasonic method comparison 
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Figure 158. Composite C-scan inspection for damage 

 

Figure 159. UT theory—Phased array ultrasonic inspections 
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Figure 160. UT theory—Transducer parameters 

 

Figure 161. UT theory—Element patterns 
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Figure 162. Composite phased array equipment set up—Typical schematic of  
phased array probe 

 

Figure 163. UT theory—Phased array settings 
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Figure 164. UT theory—Effects of changing aperture 

 

Figure 165. Phased array equipment—Setup focus depth determination 
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Figure 166. Ultrasonic deployment options—Wedges 

 

Figure 167. Ultrasonic deployment options—Scanners 
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Figure 168. Ultrasonic deployment options—Rolling wheels 

 

Figure 169. Ultrasonic setup—Gate settings 
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Figure 170. Ultrasonic setup files—Caution 

 

Figure 171. Ultrasonic setup—B-scan display of good and bad bond lines 
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Figure 172. Ultrasonic setup—C-scan display of good and bad bond line 

 

Figure 173. Ultrasonic setup—C-scans and B-scan 
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Figure 174. Example of A-scan, B-scan, and C-scan 
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Figure 175. Solid laminate inspection methods and sample results 

 

Figure 176. Composite inspection methods 



 

123 

 

Figure 177. Sample results of solid laminate impact damage 

 

Figure 178. MatrixEye™ phased array 
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Figure 179. Example of DolphiCam inspection for impact damage 

 

Figure 180. Computed tomography example of impact damage 
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Figure 181. Thermal wave imaging inspection result of impact damage 

 

Figure 182. RapidScan phased array inspection result of impact damage 
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Figure 183. Example of General ElectricE RotoArray inspection result on solid laminate 
feedback specimen 

 

Figure 184. MAUS® V with FlawInspecta® phased array inspection result on solid laminate 
feedback specimen 
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Figure 185. MAUS® V resonance inspection of full-scale impact panel with substructure 
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Figure 186. 10 MHz inspection of composite impact damage 

 

Figure 187. Example of full-scale test specimen impact tested with simulated hail 
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Figure 188. Example of inspection result of impact damage to structure with co-cured 
stringers 
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Figure 189. Results of impact damage induced at mid-bay and stringer flange 

 

Figure 190. Results of impact damage induced at shear tie flange 
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Figure 191. Image based NDI for composites 

 

Figure 192. Sample of AcoustoCamTM inspection of solid laminate feedback specimen 
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6.  MODULE 4: LESSONS LEARNED FROM OPERATION OF COMPOSITE AIRCRAFT 

This chapter contains all lecture materials associated with Module 4: Special Cases—Challenges 
and Lessons Learned. Figures 193–226 encompass the lecture materials used to relay information 
gathered from operators of composite aircraft and the procedures they use to address maintenance 
issues or damage discovered during the operation of these aircraft. This experience from various 
airlines operating composite aircraft can be used to aid other airlines as they deal with similar or 
related composite maintenance issues. In general, a lesson learned is knowledge or understanding 
gained by experience. The experience may be positive, as in a successful composite inspection or 
repair process, or negative, as in a mishap or failure. A lesson is always significant in that it has a 
real impact on operations; valid in that is factually and technically correct; and applicable in that 
it identifies a specific design, process, or decision that reduces or eliminates the potential for 
failures and mishaps in the future, or reinforces a positive result. 
 
The field examples provided by airlines operating composite aircraft include: high-energy wide-
area blunt impact (HEWABI) damage, thermal damage from fire or engines, lightning strike, 
ground-handling impacts, inspection signal complexities, and challenges produced by complex 
structural configurations. The case studies include a description of the problem encountered, 
methods used to detect the damage and its severity/size, the repair process, and the outcome of the 
entire maintenance action including post-repair NDI, if necessary. The case history examples also 
highlight the type of damage that can arise from operation and repair procedures (e.g., porosity, 
disbonds). Also, it can be seen that pulse-echo ultrasonics, primarily deployed in C-scan and 
phased-array equipment, is the method of choice for conducting all composite inspections. This 
further validates the importance of the Composite Inspector Training Class. Other topics covered 
include: 
 
• Problems created by the presence of fasteners to hold interfaces tight and mask the presence 

of delaminations 
• Value of repetitive post-repair inspections 
• Use of advanced NDI data analysis systems to quantify porosity levels 
• Inspection challenges with hidden, subsurface impact damage 
• Impact damage and possibilities for substructure (e.g., stringers, frames) disbanding from 

skins 
• Proper setup and use of TCG lines 
• Value of C-scans in located stiffeners and back-up structure 
• Considerations for both internal and external inspections 
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Figure 193. Special cases—Challenges and lessons learned  

 

Figure 194. Cargo door surrounding structure damage 
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Figure 195. Accidental damage from ground handling equipment, cargo door surrounding 
structure damage 

 

Figure 196. NDI of cargo door surrounding structure damage 
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Figure 197. Repair of cargo door surrounding structure damage 

 

Figure 198. Aircraft lightning damage statistics 
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Figure 199. Aircraft lightning damage strikes per flight 

 

Figure 200. Lightning damage to fuselage 
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Figure 201. Lightning damage assessment 

 

Figure 202. Lightning damage inspection after scarfing 
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Figure 203. Lightning damage inspection after repair 

 

Figure 204. Lightning damage next to window cutout 
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Figure 205. Inspection of lightning damage at window 

 

Figure 206. Repair of lightning damage at window 
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Figure 207. Post-repair NDI of lightning damage at window 

 

Figure 208. Repetitive inspection of repairs 
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Figure 209. Post-repair inspection 

 

Figure 210. Accidental damage from ground handling equipment 
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Figure 211. Inspection of leading-edge slat 

 

Figure 212. Post-repair inspection—Addressing challenging inspections 
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Figure 213. Advantages of scanning pulse echo ultrasonic transmission (PE UT) 

 

Figure 214. Field experience—Lightning strike adjacent to forward access door 
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Figure 215. Field experience—Lightning strike examples 

 

Figure 216. Sample challenging inspection—Landing gear door 
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Figure 217. Sample challenging inspections—Leading-edge flap skin 

 

Figure 218. Inspection challenge—Hidden impact damage 
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Figure 219. Composite impact damage assessment on full-scale fuselage test panels 

 

Figure 220. Comparison of NDI techniques for detecting composite impact damage 
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Figure 221. C-scan inspection interpretation—Impact damage 

 

Figure 222. Four challenges and lessons learned to improve in-service inspections 
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Figure 223. Lesson 1—Read and follow the procedures 

 

Figure 224. Lesson 2—Embrace new technology, it can be helpful 



 

149 

 

Figure 225. Lesson 3—Composite damage tolerance is good; NDI will tell 

 

Figure 226. Lesson 4—Follow OEM documentation 
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7.  MODULE 5: NDI PROFICIENCY SPECIMENS 

In addition to the development of the lecture portion of the Composite Inspector Training Course, 
a set of NDI proficiency specimens were designed and fabricated. The purpose of the NDI 
proficiency specimen set was to reinforce teaching points from the classroom, provide 
representative components used for hands-on training, support recurrent training and composite 
NDI exposure, and allow for use in both the blind mode and in feedback mode with templates. The 
overall configuration, thickness, defect size, and material selection was determined with industry 
feedback gathered at the first composite inspector training workshop held at Delta Air Lines in 
Atlanta, GA in August 2014. A list of workshop participants can be seen in the acknowledgements 
section of this report.  
 
Module 5 in the Composite Inspector Training Course lecture series presents the NDI proficiency 
specimens in figures 227–263. The course instructor can use these materials and provide 
immediate, visual feedback to the inspectors after they have conducted an inspection on one of the 
specimens. It contains drawings, a flaw profile, a picture, and C-scan inspection results of each 
specimen. Appendix B contains the fabrication drawings for the specimen set and details regarding 
assembly and materials acquisition. If the airline conducting the training course decides to 
fabricate a set of NDI proficiency specimens following the drawings and guidelines in this report, 
it is recommended that similar C-scan inspection results be generated on the specific specimens 
that the inspectors will be using. 
 
A summary of the NDI proficiency specimen set is shown in figure 229. The specimen set consists 
of eight specimens, each containing a different flaw profile. There are three different 
configurations of specimen. Configuration 1 contains a taper with two different taper ratios (10:1 
and 20:1) and a secondarily bonded substructure element. Configuration 1 specimens contain areas 
of uniform thickness ranging from 16 to 64 plies. Configuration 2 specimens contain built-up pads, 
fastened shear ties, sealant, and acoustic tiles. Configuration 3 specimens are simple, flat laminate 
specimens without substructure and contain impact-induced delamination.  
Configuration 1 and 2 specimens contain various types of engineered defects that when inspected 
with ultrasonics induce varying levels of signal reflection. The engineered defects used in the 
proficiency specimens are shown in figures 230–231. A spreadsheet was used for each specimen 
to distribute defect size and spacing evenly throughout the laminate thickness. An example flaw 
profile spreadsheet is shown in figure 232. After fabrication of the specimens, a second workshop 
was conducted in August 2015, also at Delta Air Lines in Atlanta, GA, where in addition to 
providing feedback on course content, participants conducted inspections on the specimen set and 
provided additional feedback regarding specific hands-on exercises.  
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Figure 227. Purpose of the composite NDI proficiency specimens 

 

Figure 228. Description of the composite NDI proficiency specimens 
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Figure 229. Proficiency specimen configuration summary 

 

Figure 230. Pictures of engineered flaws embedded in the specimens 
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Figure 231. Engineered flaws added to the specimens after fabrication 

 

Figure 232. Example flaw profile for specimen 1C 
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Figure 233. Configuration 1A—Schematic 

 

Figure 234. Specimen 1A—Flaw profile 
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Figure 235. Specimen 1A—Picture 

 

Figure 236. Specimen 1A—Pulse Econ (PU) UT inspection results 
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Figure 237. Specimen 1A—Resonance inspection results 

 

Figure 238. Specimen 1A—Phased array ultrasonic transmission  
(PA UT) inspection results 
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Figure 239. Configuration 1B—Schematic 

 

Figure 240. Specimen 1B—Flaw profile 
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Figure 241. Specimen 1B—Picture 

 

Figure 242. Specimen 1B—PE UT inspection results 
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Figure 243. Specimen 1B—Resonance inspection results 

 

Figure 244. Specimen 1B—PA UT inspection results 
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Figure 245. Configuration 1C—Schematic 

 

Figure 246. Specimen 1C—Flaw profile 
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Figure 247. Specimen 1C—Picture 

 

Figure 248. Specimen 1C—PE UT inspection results 
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Figure 249. Specimen 1C—Resonance inspection results 

 

Figure 250. Specimen 1C—PA UT inspection results 
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Figure 251. Configuration 2—Schematic 

  

Figure 252. Configuration 2—Substructure description 
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Figure 253. Specimen 2A—Picture 

 

Figure 254. Specimen 2A—Flaw profile 
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Figure 255. Specimen 2A—PE UT inspection results 

 

Figure 256. Specimen 2A—Resonance inspection results 
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Figure 257. Specimen 2A—PA UT inspection results 

 

Figure 258. Specimen 2B—Flaw profile 
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Figure 259. Specimen 2B—Picture 

 

Figure 260. Specimen 2B—PE UT inspection results 
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Figure 261. Specimen 2B—Resonance inspection results 

 

Figure 262. Specimen 2B—PA UT inspection results 
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Figure 263. Specimen 3A, 3B, and 3C design 

8.  MODULE 6: COMPOSITE NDI—INTRODUCTION TO THE HANDS-ON EXERCISES 

There are seven specific hands-on exercises developed for the Composite Inspector Training 
Course designed to be used with the NDI proficiency specimens. The exercises walk the inspector 
through a composite laminate inspection, reinforcing guidance presented in the lecture portion of 
the class. A general introduction to the hands-on exercises that can be presented to inspectors prior 
to the hands-on portion of the course is shown in figures 264–265. All seven of the hands-on 
exercises are included in this report and can be seen in Appendix C. These include: 
 
1. Calibration—set the material velocity and TCG curve 
2. Marking the substructure on the surface of the panel 
3. Defect detection in uniform thickness skin 
4. Defect detection in tapered skin 
5. Inspection of bonded substructure 
6. Inspection of co-cured substructure 
7. Defect detection around other aircraft elements 

 
The hands-on exercises reference two different composite laminate inspection procedures 
specifically developed for the course. They are the General Ultrasonic Carbon Laminate Guide 
(Conventional A-Scan) and the General Ultrasonic Carbon Laminate Guide (Conventional C-
Scan). These two procedures are provided in Appendix D.  
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In practice, once the inspector has completed the exercises applicable to the specimen they are 
working on, templates are used to lay over the specimen and determine which defects were 
detected and which ones were missed. The inspection results provided in Module 5 can then be 
used to explore why the inspector may have missed specific defects.  
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Figure 264. Introduction to hands-on exercises 
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Figure 264. Introduction to hands-on exercises (continued) 

 

Figure 265. Hands-on exercises flow chart —Applicable exercises for each panel 
configuration 
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APPENDIX A—COMPOSITE INSPECTOR TRAINING COURSE MATERIAL GUIDE 

 
Composite Inspector Training Course Materials Guide  

 
Sandia National Laboratories 

FAA Airworthiness Assurance Center 
Stephen Neidigk 

sneidig@sandia.gov; (505)284-2200 
Dennis Roach 

dproach@sandia.gov; (505)844-6078 
Tom Rice 

tmrice@sandia.gov; (505)844-7738 
 
Thank you for your interest in the FAA/Sandia National Labs Composite Inspector Training 
Course. This document is a brief description of the file structure to help you navigate the classroom 
and hands-on materials developed for the class. 
 
You have already located this “Read Me First” document within the Composite Inspector Training 
Class folder shown below. Also contained within this folder are four additional folders containing 
all of the course materials. They consist of the “Proficiency Specimen Fabrication,” “Instructor 
Materials,” “Student Packet,” and “Teaching Modules” folders.  

 
The “Teaching Modules” folder contains all six of the course modules for the class. This is the 
classroom lecture portion of the class and is intended to be taught in numerical order. It is 
recommended the hands-on portion follow the classroom portion of the class. The contents of the 
“Teaching Modules” folder are shown below.  
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The “Proficiency Specimen Fabrication” folder is used in combination with the hands-on 
exercises. It is critical that a set of the NDI proficiency specimens be fabricated and accessible to 
inspectors prior to teaching this course. The set of specimens can either be built to order from 
NORDAM Interiors and Structures (contact Daryl Graham, dgraham@nordam.com) or at another 
composite manufacturing facility using drawings provided in the “Proficiency Specimen 
Fabrication” folder. 

 
The “Student Packet” folder contains all seven of the hands-on exercises to be used with the 
proficiency specimens and is shown below. It also contains inspection procedures for A-scan and 
C-scan inspections, and structural configuration drawings used during the hands-on portion of the 
class. It is recommended that these materials be printed out and put in a binder for the inspector. 

 
The “Instructor Materials” folder contains resources necessary for grading and providing 
inspectors feedback when they are finished inspecting each proficiency specimen. The “Instructor 
Grading Materials” file provides pictures of each proficiency specimen with the engineered defects 
marked onto the surface of each panel, C-scan inspection images, and signal-to-noise data for each 



 

A-3 

defect contained in the proficiency specimens. This information is intended to be used for grading 
and providing inspectors feedback when they are finished inspecting each panel. It is 
recommended that these materials be printed out and put in a binder for the instructor. The contents 
of the “Instructor Materials” folder are shown below.  

 
FAA Program Manager: 
David Westlund 
David.Westlund@faa.gov 
(609) 485-4923 
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APPENDIX B—NDI PROFICIENCY SPECIMENS: DESIGN DRAWINGS, 
GUIDANCE/SPECIFICATIONS ON FABRICATION, SCHEMATICS OF  

ENGINEERED FLAWS 

 

Figure B-1. Panel 1A—Schematic and defect descriptions 
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Figure B-2. Panel 1A—Defect type, size, layer, and location 
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Figure B-3. Panel 1A—Substructure locations 
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Figure B-4. Panel 1A—Defect locations 



 

B-5 

 

Figure B-5. Panel 1B—Schematic and defect descriptions 
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Figure B-6. Panel 1B—Defect type, size, layer, and location 
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Figure B-7. Panel 1B—Substructure locations 
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Figure B-8. Panel 1B—Defect locations 
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Figure B-9. Panel 1C—Schematic and defect descriptions 
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Figure B-10. Panel 1C—Defect type, size, layer, and location 
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Figure B-11. Panel 1C—Substructure locations 
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Figure B-12. Panel 1C—Defect locations 
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Figure B-13. Panel 2A—Schematic and defect descriptions 
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Figure B-14. Panel 2A—Defect type, size, layer, and location 
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Figure B-15. Panel 2A—Substructure locations 



 

B-16 

 

Figure B-16. Panel 2A—Defect locations 
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Figure B-17. Panel 2B—Schematic and defect descriptions 
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Figure B-18. Panel 2B—Defect type, size, layer, and locations 
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Figure B-19. Panel 2B—Substructure locations 
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Figure B-20. Panel 2B—Defect locations 
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Figure B-21. Pictures of engineered flaws embedded in the proficiency panels 
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Figure B-22. Pictures of engineered flaws added to the proficiency panels after fabrication 
and assembly 
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Figure B-23. Schematic showing how pillow inserts are made 
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Figure B-24. Engineered defect representing localized porosity—carbosphere details 
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Figure B-25. Grafoil insert defects 
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Figure B-26. Grease contamination defect details 
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Figure B-27. Prepreg paper backing foreign object damage details 
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APPENDIX C—HANDS-ON EXERCISES 
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APPENDIX D—STUDENT PACKET: A-SCAN AND C-SCAN INSPECTION PROCEDURE 
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