
FR
O

M
 T

H
E 

A
R
CH

IV
ES

Find Similar Titles More Information

Visit the National Academies Press online and register for...

Distribution, posting, or copying of this PDF is strictly prohibited without written permission of the National 
Academies Press.  Unless otherwise indicated, all materials in this PDF are copyrighted by the National Academy 
of Sciences. 

To request permission to reprint or otherwise distribute portions of this
publication contact our Customer Service Department at  800-624-6242.

Copyright © National Academy of Sciences. All rights reserved.

Instant access to free PDF downloads of titles from the

10% off print titles

Custom notification of new releases in your field of interest

Special offers and discounts

NATIONAL ACADEMY OF SCIENCES

NATIONAL ACADEMY OF ENGINEERING

INSTITUTE OF MEDICINE

NATIONAL RESEARCH COUNCIL

This PDF is available from The National Academies Press at http://www.nap.edu/catalog.php?record_id=19496

Pages
47

Size
8.5 x 10

ISBN
0309326826

Final Report on the Effectiveness of the Air Force 
Nondestructive Inspection Program (1983) 

Panel on Nondestructive Inspection; Committee on 
Mechanical Reliability; Air Force Studies Board; 
Commission on Engineering and Technical Systems 

http://www.nap.edu/catalog.php?record_id=19496
http://www.nap.edu/related.php?record_id=19496
http://www.nap.edu/catalog.php?record_id=19496
http://www.nas.edu/
http://www.nae.edu/
http://www.iom.edu/
http://www.iom.edu/


Final Report on the 
Effectiveness of the 

,, 

Air Force Nondestructive 
Inspection Program 

Panel on Nondestructive Inspection 
Committee on Mechanical Reliability 
Air Force Studies Board 
Commission on Engineering and Technical Systems 

NATIONAL ACADEMY PRESS 
Washington, DC 1983 

REFERENCE COPY 
FOR LIBRARY USE ONi. Y 

NAS-NAE 

n:�c ?. 1�83 

LIBRARY 

Copyright © National Academy of Sciences. All rights reserved.

Final Report on the Effectiveness of the Air Force Nondestructive Inspection Program
http://www.nap.edu/catalog.php?record_id=19496

http://www.nap.edu/catalog.php?record_id=19496


IPI 
111 7 2... 
N�7 
I �q-1 

c... l 
tfJTICE 

The project that is the subject of this report was approved by 
the Governing Board of the National Research Council, whose mem­
bers are drawn from the councils of the National Academy of 
Sciences, the National Academy of Engineering, and the Institute of 
Medicine. The members of the panel responsible for the report were 
chosen for their special competences and with regard for appropriate 
balance. 

This report has been reviewed by a group other than the authors 
according to the procedures approved by the Report Review Committee 
consisting of members of the National Academy of Sciences, the 
National Academy of Engineering, and the Institute of Medicine. 

The National Research Council was established by the National 
Academy of Sciences in 1916 to associate the broad community of 
science and technology with the Academy's purposes of furthering 
knowledge and of advising the federal government. The Council oper­
ates in accordance with general policies determined by the Academy 
under the authority of its congressional charter of 1863, which 
establishes the Academy as a private, nonprofit, self-governing mem­
bership corporation. The Council has become the principal operating 
agency of both the National Academy of Sciences and the National 
Academy of Engineering in the conduct of their services to the 
government, the public, and the scientific and engineering communi­
ties. It is administered jointly by both Academies and the 
Institute of Medicine. The National Academy of Engineering and the 
Institute of Medicine were established in 1964 and 1970, 
respectively, under the charter of the National Academy of Sciences. 

This report represents work under Contract 
No. F49620-83-C-Olll between the United 
States Air Force and the National Academy 
of Sciences. 
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Air Force Studies Board 
National Research Council 
2101 Constitution Avenue, N.W. 
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Chapter 1 

INTRODUCTI(t.J 

The Air Force has adopted the Aircraft Structural Integrity Pro­
gram (ASIP) and the Engine Structural Integrity Program (ENSIP), sys­
tems of design and inspection that are intended to ensure that new 
systems as delivered will be as free from flaws as technology will 
permit. Materials and designs will be employed that are compatible 
with state-of-the-art nondestructive inspection (NDI) technology, such 
that flaws that develop during service will be discovered before they 
reach critical size and lea d to catastrophic'

failure. 
1-hwever, ASIP and ENSIP were developed after several important 

aircraft were pl.aced in service. In many cases these aircraft incor­
porated flaw-sensitive materials that require 1\DI te chnology at the 
very edge, if not slightly beyond, the state of the art. In order to 
maintain these aircraft in safe operational conditi on, extraordinary 
steps have to be taken to ensure that NDI technology is rapidly ad­
vanced or that the very best technology is used by highly trained and 
motivated people. As new syste ms are designed, it is important that 
NDI technology be i mproved so that higher-performance materials can be 
used with a high degree of assurance that safe, long-term operation 
can continue to be achieved. 

Thus, we are confronted by a circumstance in which at least one 
air weapon system important for the present the F -16 aircraft has a 
nondestructive inspecti on technology that is satisfactory and effec­
t! ve. Other systems currently in use are confronted by a variety of 
inspection problems. Some of these have required major re design of 
components; others are causing substantial concern. In addition, 
designers of new systems are currently restricted in their use of some 
advanced materials and/or component designs because of the inadequacy 
of  nondestructive inspection technology. 

The purpose of this study is to look at the Air Force organization 
for NDI to determine how it is re sponding to these challenges, and to 
assess the likelihood that the organization as currently configured 
can achieve its objectives. 

This final re port summarizes the conclusions of the Panel on Non­
destructive Inspection on the effectiveness of the Air Force NDI pro­
gram and the re sponses of the Air Force to the defi cienci es ci ted by 
the Inspector Ge neral.! The Panel visited Air Force installations 
to review at first hand the technical and personnel practices in Air 
Logistics Center (ALC) production i nspections and in R&D and other 
organizations. These Air Force practices were compared with those of 
conmercial airlines and other industries, especially with regard to 
the inspection reliability levels necessitated by structural integrity 
requi rements. Appendix A li sts the Panel's meetings and the organiza­
tions visited. 
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The importance of NO! to the Air Force in terms of strategic read­
iness and costs of overhaul and maintenance is obvious. The benefits 
of increased support for NO! equipment, personnel, and R&D may not be 
as obvious. However, the Panel recognizes that NO! is only one ele­
ment in the availability of a weapon system and that its members may 
not see issues from the standpoint of Air Force priorities. The Panel 
has therefore focused its deliberations mainly on the effectiveness 
with which NO! technology is transferred to ALC application and how 
well the technology supports ASIP and ENSIP. Deficiencies in funding 
levels are noted to the extent that they affect NO! program effi­
ciency, stabUi ty, and ability to meet requirements in a timely way. 
The Panel has limited its study to the peacetime operations of the 
ALC; special inspection problems would arise during a prolonged mili­
tary conflict. 

2 

Copyright © National Academy of Sciences. All rights reserved.

Final Report on the Effectiveness of the Air Force Nondestructive Inspection Program
http://www.nap.edu/catalog.php?record_id=19496

http://www.nap.edu/catalog.php?record_id=19496


Chapter 2 

RECOMMENDATIONS AND FINDINGS 

The many intervi ews and visi ts conducted by Panel members provided 
a wealth of information. Interpreting this information and condensinQ 
it into a few focused re commendations, which are given below, has been 
a significant task. As noted in the Introduction, no attempt has been 
made to establi sh a priority for these recommendations wi thin the 
existing budgetary structure nor has any attempt been made to pass 
judgment on the di stri buti on or adequacy of current budgets except to 
note budget defici encies that adversely affect the overall efficiency 
and performance of the Air Force NDI program. A summary of the 
Panel's recommendations and findings follows: 

• The requi red probabilities-of-detection limits and the con-
fidence limits are speci fied for minimum flaw sizes by ASIP2 and 
ENSIP. 3 However, the reliabi li ty of inspection actually achieved in 
the ALCs and thus the degree of structural integrity ensured are un­
known. Cost-benefit analysis of advanced NDI methods and equipment 
is, therefore, not available in advance of a development program 
except in the case of the Retirement for ca use inspection system. 

• A program called Reliability of Nondestructive Inspection of 
Aircraft Structures4 reviewed the results of Air Force nondestruc­
tive inspections and indicated unacceptable levels of performance for 
flaw detection in ai rframe components. Although these re sults have 
been available for several years, i ndications of poor reliability 
still exist. 5 The fact that relatively few failures have occurred 
suggests that this type of study is not the optimum way to address NDI 
effecti veness for specific i nspections. 

• Development of a new generation of engi neered NDI instrumen-
tation that incorporates automatic deci sion making should be accorded 
high pri ority. By emphasizi ng the word "engi neered, " the Panel advo­
cates strong adherence to accepted system engi neering design and 
manufacturing practices to ensure that end-user requirements are well 
understood and are met in the most cost-effective manner. 

• The NOI technology under development i s  adequate to meet 
present and anticipated requirements of ASIP and ENSIP, provided 
adequate attention is given to the overall engineering of the required 
inspecti on systems. ASIP and ENSIP establish safe i nspection inter­
vals  but do not address economic intervals; new technology may be more 
cost-effective. CUrrent technology is probably not adequate to 
address corrosion detection effectively. 

3 
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• From R&D through prototype instrument/system engineering 
development the NDI technology program of the Ai r Force Wri ght Aero­
nautical Laboratories (AFWAL) needs better continui ty. The absence of 
funding in R&D cateqories 6. 3 and 6.4 ("advanced development" and 
"engineering development") is a problem. Coordination and continuity 
to allow the tailori ng of appli cations development programs to the 
procurement of new weapon systems are essential elements of irr1)roved 
planning. 

• The location of the NDI Program Office at  the San Antonio Air 
Logistics Center (SAALC) is an impediment to technology transfer. The 
office could operate more effecti vely within the Air Force Acquisition 
Logistics Di vision (AFALD) and should be located at Wright-Patterson 
Air Force Ba se (WPAFB). A specific program (charter) to ensure the 
transfer of NDI technology from the Air Force Systems Command (AFSC) 
to the Air Force Logistics Command (AFLC) should be assigned to this 
office. 

• The Air Force should continue vi gorously to review and up-
grade its training and certi flcation programs for NDI personnel. It 
is also i mportant to have an understanding of thB results achieved in 
the training and certification programs of the nuclear power industry 
and the commercial airlines. 
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Dlapter 3 

AN ASSESSt.£NT OF INSPECTION TECHNOLOGY SI.FPORT OF ASIP ANO ENSIP 

Introduction 

Before proceeding to a discussion of the F -16 findings, it is 
appropriate to review the salient features of the ASIP and ENSIP stra­
tegies. The purpose of this section is to document the Panel's find­
ings on how well ASIP/ENSIP have been implemented in some of the Air 
Force's weapon systems and the impact that inspection technology has 
had on the successful use of this approach. To gather information for 
this section, the Panel visited four ALC bases responsible for the 
maintenance of many aircraft and engines. In addition, we visited 
several other organizations to gather additional or supportive 
details. We reviewed Air Force inspection practices used with the 
T-38, C5A, F-111, A-10. and F-16 airframes. We also reviewed the 
F-100 engine inspection process·. Of these, only the F-16, and A-10 
are post-ASIP/ENSIP structures. The F -100 underwent an ENSIP review 
after design. After reviewing all the material presented, it became 
obvious that at least one aircraft system of those reviewed had very 
successfully incorporated the ASIP concept--namely, the F -16 fleet 
assigned to Ogden ALC at Hill Air Force Base for maintenance manage­
ment. 

Today' s damage-tolerant airframe and engine design concepts con­
sider the fact that flaws and defects exist in all structural mate­
rials. Structures designed using these concepts can be segre gated by 
fracture-mechanics techniques into two general categories: (1) 11fail 
safe, .. in which unstable crack pro pagation is contained locally 
through the use of multiple-load paths and/or tear stoppers, and (2) 
11slow-crack-growth11 structures, in which flaws are not allowed to 
reach the critical size necessary for unstable rapid propagation dur­
ing a spec! fled period of aircraft service. Both design approaches 
rely heavily on the assumption that all flaws and defects above a max­
imum allowable size will be detected during fabrication and that none 
will exist in aircraft that enter service. This assumption places 
tremendous responsibility on all inspection methods, particularly 
those involving NDI methods, to exhibit the necessary flaw-detection 
reliability. Furthermore, the responsibility continues throughout 
service life for Air Logistic Center (ALC) staff to employ NDI tech­
niques to verify the absence of significant flaws. 

The inspection concerns described abo ve are reflected in ASIP and 
ENSIP requirements for demonstrating the inspectabili ty and fatigue­
crack tolerance of each critical structural component. Probabilities­
of-detection limits and confidence limits are specified for minimum 
flaw sizes, and NDI methods and procedures are established to meet 
these minimum requirements. 
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Achieving a high probability of detecting flaws ·of a given size 
generally requires high enough resolution to detect much smaller 
flaws ; such high resolution, however, can produce l.l'leconomical rates 
of rejection or repair.6 Current Air Force procedures do not deter­
mine the shape of the curve of detection probability versus flaw size, 
or in general, the probability that a detected flaw has been accur­
ately sized by nondestructive means. The procedures therefore do not 
indicate the degree of structural integrity afforded by NOI, and the 
possibility of cost-benefit analysis (which might provide a basis for 
procurement and maintenance spec! flcations) is foreclosed. The Air 
Force has the ability to perform probabilistic lifetime analysis, 
although this approach is only now being develaped (for the F-100 
engine Retirement-for-cause program), 7 and should reauire component 
manufacturers to supply probability-of-detection information along 
with NDI equipment and procedure specifications. Changing from deter­
ministic to probabilistic inspection would remove a major obstacle to 
comnunication between equipment and component manufacturers and ele­
ments of the Air Force. 

ASIP APPLIED TO F -16 

The F-16 is a good model to illustrate three key steps that must 
be combined to achieve a successful integration of NDI technology into 
an ASIP program. The three key steps are: 

• Early end-user input. The peaple that would ultimately be 
respensible for inspecting and maintaining an aircraft after it became 
operational were involved in the specification development, design, 
and testing phase of the procurement. 

• Critical components. A tolerable critical crack size was 
selected on the basis of actual demonstrated capability of available 
NOI technology. 

• Concurrent development of a technical manual. The Technical 
Manual for Nondestructive Inspection of Aircraft Structure and Compo­
nents (often referred to as the T0-36 Manual) was developed in concert 
with the procurement process and was completed and available at the 
time the aircraft was placed in operation. 
Each of these items is discussed in more detail below. 

Aircraft acquisition, operation, and maintenance are the respon­
sibility of three separate commands within the Air Force. The acqui­
sition and maintenance function is the responsibility of the Air Force 
Systems Command (AFSC) and Air Force Logistic Command (AFLC), respec­
tively. Figure 1 indicates the responsibilities and degree of 
involvement of each command as a function of time during acquisition 
and use. This diagram also serves as a reference for the discussion 
that follows. 
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Milestones: 0 

Responsible 
USAF 
Command 

AFLC vs 

AFSC 
Level of 
Involvement 

Testing Phases 

1 
Development 2 Full Selle 

Conceptual and Engineering 
Phase Validation Development 

AFSC 
(S ystems Command) 

I 
DPM L Assigned 

!...am� Supporting 

ALC 

� 
Office 
Activated 

AFSC 

3 
Production and 
Deployment 

I 
I 

, ... 

Logistics 

Phaseout, 
Service Storage, and 

Salvage 

AFLC 
(Logistics Command) 

Using Command � I 

AFLC 

Mgmt Transferred 
to Supporting 

I'Z_ PMRT� 

� 

DT&E ---- FOT&E 
(AFFT� �) (Using Command) 

Time 

DPML. 

ALC: 

AFFTC: 

IOT&E: 

DT&E: 

FOT&E: 

PMRT: 

AFTEC: 

Deputy Program Manager for LogistiCS 

Air Loglltic:l Cen18r 
Air Force Flight Test Cenur 

Initial Operational Test end Evaluation 

Development Test and Evaluation 

Follow-on Test and Evaluation 

-

Program Manag�rnent RtiiPorltlbllitY Transf• 

Air Force Test and Evaluation Cen18r 

SOURCE: Chart supplied by G.L. Yanker, Director, Logistics Engineering, Deputy for Engineering 
and Evaluation, Headquarters Air Force Acquisition Logistics Division ( AFLC) 
Wright-Patterson Air Force Base. 

FIGURE 1. Relative Involvement of Three Commands for Aircraft Procurement, Operation, and 
Maintenance 
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This ini tial step toward success occurred as soon as the aircraft 
acruisi ti on process was i ni tiated. At that ti me the System Program 
Offi ce (SPO) selected the tentative lead ALC base that would assume 
maintenance responsibi lity. Then the inspection personnel from that 
AL C  were requested to participate in the remainder of the acquisition 
activiti es i ndicated i n  Fiqure 1 .  In this manner, knowledgeable field 
inspection personnel (and personnel likely to be responsible for main­
taini ng the aircraft) were directly involved i n  setti ng design �rPci­
fi cations, ir1 conducting design revi ews and project reviews, and in 
analyzinq component and full-scale testing data as the airframe devel­
opment progressed. This i nvolvement achieved two iqJOrtant results. 
Fi rst, those responsible for the procurement acti on had direct infor­
mation about field inspection capabi li ty. Second, the inspection per­
sonnel involved acquired a vested i nterest in the aircraft and its 
mai ntainability because they  know the probability was very hi gh that 
they would have ultimate inspection responsibility once the craft 
became operational. 

The pre sence of the inspection people also contributed to the 
second key element, establi shing an allowable crack size. The allow­
able crack size established for load-beari ng components was based on 
the available inspection technology. Stated di fferently, a crack size 
that could be detected wi th a specifi ed (and demonstrated) probability 
at a given confidence level was used as one major cri terion for com­
ponent desi gn. Later, after the aircraft were assembled, they were 
subjected to full-scale, full-load cycle testing until twice the 
desiqn life of the aircraft was achieved. If during this period any 
co!J1)onent cracked, the co!J1)onent was redesigned, manufactured, and 
retested. As a result, when the testing was completed, there was 
experi mental evi dence indicating that the craft could perform through­
out i ts li fetime wi thout component failure. However, if cracking 
should occur, the re was also ample evidence that the flaws could be 
detected wi th available inspection technoloqy. 

The thi rd key item, a natural outgrowth of the first two, deserves 
hiqhli ghting. The Technical Manual for Nondestructive Inspection of 
Aircraft Structure and Co!J1)onents, which is required by Technical 
Order 36 for each aircraft, specifies i n  detail the inspection method 
and procedure for each co!J1)onent. Although preparation of the docu­
ment i s  reoui red by the procurement contract, the quality of the 
delivered product i s  often less than adequate. In the case of the 
F-lii, the T0-36 Manual i s  of very high quali ty, describing in great 
detail the co!J1)onents to be inspected, the I\OI technique, and the 
procedure to be used. All of these detai Is were prepared and the 
sufficiency of the methods and procedures veri fled during the design 
and testing stage. As a result, the do cument was completed and avail­
able when the aircraft became operationa l. 

8 

Copyright © National Academy of Sciences. All rights reserved.

Final Report on the Effectiveness of the Air Force Nondestructive Inspection Program
http://www.nap.edu/catalog.php?record_id=19496

http://www.nap.edu/catalog.php?record_id=19496


ASIP FOR OTHER AIRCRAFT 

In reviewing other ai rcraft, the Panel di d not observe the same 
degree of compliance with the ASIP concept. There are several 
reasons. In some cases an attempt was made to retrofit the ASIP con­
cept to systems or components already desi gned and in service. In 
many cases the aircraft were in servi ce before ASIP was developed. As 
a result, ei ther materials prooerties, design, or status of reliable 
inspection technology (or some combination of these factors) fails to 
satisfy the requirements for a viable system. For example, the mate­
rial selected may have the critical flaw size that must be detected in 
the si ze range where confidence of detection is low. In other cases 
the delivered T0-36 manuals were inadequate, often late, and required 
reworking to be useful. Generally, this problem was not discovered 
until after the aircraft was operational and the need for the manual 
was urgent. The fact that the T0-36 Manual had not been delivered by 
the time the aircraft became operati onal is a clear sign that inade­
quate attention was gi ven to inspection requirements ( i.e., specifica­
tion, design, and testinp ) during the procurement process. Table 1 
summarizes information about aircraft status and availability of T0-36 
manuals for one ALC. When revi ewing this table, one must recognize 
that the ASIP concept was not formulated until about 1966* and was not 
formally endorsed by the Air Force until 1975. 2 

t£W TRAit£R 

In .l.Jly l9P2 the acquisiti on of a next generation trainer ( �T) , 
which has now been designated the T -46A, was announced by the Air 
Force.+ To ensure the greatest chance of success for this new 
craft, it is important that the key features of the F-16 experience be 
repeated. Information i ndicates that these features are being includ­
ed, with some variations. The NDI Program Office has the responsibil­
ity to provide detai led insPection knowledge for both airframe and en­
gine duri ng the early phases of the procurement cycle. The program 
office will include personnel from the ALC who will be responsi ble for 
aircraft maintenance, i.e., SAALC. This early involvement is a very 
positive i ndication that the ASIP and ENSIP approach will be success­
fully applied. 

*ASD TR 66-57. 
+On .l.Jly 2 ,  1982 ,  Secretary of the Ai r Force, Mr. Verne Orr announced 
that the Next Generation Trainer would be built by Fairchi ld Republic 
Airplane Company. 
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TABLE 1 History of Aircraft Managed by SM-ALC McClellan AFB 

Production Date 
Aircraft Development Procurement Entered T0-36 Manual 
Designati on Initiated Period Service Co!!J:!letion Date 

A-10 1970 1973-present December 1974 1978 (!A-lOA) 
1982 ( A-10) 
Tentative 

T-28 1948 1949-1953 1950 1970 

T-33 1947 1948-1959 1949 1971 

T-39 1956 1950-1962 1960 1970 

F-84 1944 1944-1957 1947-1952 1969 
(various models ) 

F-100 1951 1951-1959 1954-1956 1969 
( 3 models) 

F-104 1952 1953-1961 1958-1959 1970 
(2 models )  

F-105 1952 1954-1964 1959-1961 1971 

F-111  1962 1965-1974 1967-1969 1975 

F-16* 1972 1975 1979 1979 

*Aircraft based at Hill Air Force Base , Utah . 

&l�CE: Table prepared from information suppl ied by A . P .  Rogel ,  McClellan 
AFB , and by Gerald L .  Yanker , AFLC.  

10 
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ENSIP 

The reviews of  the FlOO engine maintenance and inspection practice and 
the preliminary results from the SAALC-sponsored program on rel iabil­
i ty of enqine component inspect ion indicate that the engine inspect ion 
reliabil i ty status is  very simi lar to that of ai rframe .S Because 
the available information indicates only a remote chance of finding 
major new i nsiQhts,  additional effort was not devoted to thi s  subject . 

11 
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O'tapter 4 

INSPECTION RELIABILITY 

Inspection rel i abi l i ty is spec i fied by ASIP .  In the case of the 
F-16 the ini t ial critical crack sizes are detectable by conventional 
technology with adequate confidence . In other cases , mainly those .in 
whi ch ASIP  is bei ng applied retroactively , inspection technology reli­
abi l i ty i s  the weak l i nk. The following di scusses this  concern . 

THE ROLE OF NO! IN  ASIP AND ENSIP 

ASI P and ENSI P contain requirements for demonstrating the inspec­
tabi lity and fatigue-crack tolerance of each critical structural com­
ponent . The requi red probab i l i t i es-of-detecti on l imits and confidence 
l i mi ts are speci fied for minimum flaw sizes , and NDI methods and pro­
cedures are establi shed to meet these minimum requi rements . 

Achievi ng a high probability of detecting flaws of a g iven size 
generally requi res high enough resolut i on to detect much smaller 
flaws ; such high resolution , however ,  can result  in uneconomlcally 
hi gh rates of rejection or repa i r .� OJrrent Ai r Force procedures do 
not determine detecti on probability versus flaw size , or in general 
the probabi l i ty that a detected fl aw has a true s i ze that differs by a 
specifi ed amount from the indicated size . The procedures ,  therefore , 
do not indicate the degree of structural i ntegrity afforded by NDI , 
and the possibi lity of cost-benefit analysi s ,  which mi ght provi de the 
basi s of procurement and maintenance speci fications , i s  foreclosed . 
The Air Force has the abi l i ty to perform probabi l istic l i feti me  anal y­
s i s  (although th i s  approach i s  only now being developed for the FlOO 
enqine Reti rement for cause program) 3 and should require component 
manufacturers to supply probability-of-detection information along 
with NDI equipment and procedure speci ficati ons . Changing  from deter­
ministic to probabilistic inspecti on would allow a proper assessment 
of the i mprovement in  structural i ntegri ty that would be afforded by 
an i mprovement in inspection technology . Since economy of maintenance 
i s  a key i ssue , the poss i bil i ty of a net cost reduction as a conse­
quence of the introduction of new NDI methods and procedures may pro­
vi de the mot ivat ion for further Ai r  Force investment in development of 
new equipment , as i s  the case in the engine component Ret irement for 
cause program d i rected ini t i ally at the FlOO enqine .  The Panel i s  
also encouraged b y  the procurement o f  a research project on the prob­
abi l i ty of detection of  fati oue cracks i n  a i rframe component details .  

The Ai r Force is  naturally concerned about the time and cost of  
generat inq probabi l i ty-of-detection (POD) data for each component 
detai 1 . 9 The Panel suggests that thi s  information can be required 
for generic  materials and geometric confi gurations as part of the 
equi pment procurement spec i ficati on .  It is acknowledged that POD data 
should be li mi ted to automated or semi autornated inspections i n  view of 
the variability of technician performance . 
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CURRENT NDI RELIABILITY 

Data from the Reliabi l i ty of Nondestructive Inspection of Aircraft 
Structures4 program (a review of t he Ai r Force NDI results ) have 
generally been used to measure the rel iabil i ty of Air Force NDI.  The 
results of th is  program , conmonly referred to as "Have Cracks--Will  
Travel , "  indicate that the average reliability of  NDI in  the Air Force 
as of 10 years ago was ,  and may still  be , unacceptably low. While the 
current val idity of the results is subject to question , these results 
constitute the only avai lable quanti tative information and cannot be 
ignored . Experience in  other industries indicates that these results 
may accurately reflect the low end of the performance spectrum . As 
such, they indicate the wide variabi lity  that is possible when the 
inspection procedures , personnel traininq , and management processes 
are not tightl y defined and consistently enforced . 

Available i nspection results on thick-section carbon steel plate 
indicated similar variabil ity of results when round-robin rel iability 
tests were conducted . lO, ll More recently , the Bri ti sh Defect Detec­
tion Trials (DDT ) were conducted on a si mi lar series of thick-section 
plates conta ining a vari ety of real istic flaws . After a well-defined 
inspection protocol was developed and followed and a very thorough 
analysi s  of the s ignals was applied , the results demonstrated that 
several ultrasonic approaches could provi de excellent results for both 
detecti nq and s izing flaws of enqineeri nq sign! ficance . l2 The 
results were generated with a well-engineered inspection system con­
s ist ing of known and avai lable techni ques ,  equipment , and phys ical 
understanding , which strongly suggests problems identified in earlier 
round-robin results can be overcome . 

It  i s  tempt ing to suggest that a second "Have Cracks" program be 
develoPed and conducted usi ng lessons learned from the DDT effort and 
the previ ous "Have Cracks" project . But although such an effort may 
show considerably better inspection rel iability , its value would be 
more psychologi cal than real because i t  would not provide the informa-
tion useful on speci fic components that i s  needed to support ASIP.  

· 

Inspection rel i ab i l i ty that i s  component-soeci fie can be demon­
strated in  a di fferent manner ,  as has been shown by action mandated by 
the U . S .  Nuclear Regulatory Commissi on . l3  In that case , representa­
tive inspection person.'1el for boil ing water reactor (BWR) nuclear 
power pl ants were required to demonstrate that they could detect 
actual flaws of interest in samples of components containing service­
induced fl aws before the plants could return to power . The first 
series of performance-capabi l ity  demonstrations provided a rapi d means 
of establishi ng a basic  level of inspecti on reli ability on a go-no-qo 
bas i s .  In addition , the series provided valuable information about 
the relat ive importance of procedures , training, and experi ence and 
about the effecti ve defini tion of such an exercise . These lessons 
have been incorporated into the second series of performance­
capabi li ty demonstrat i ons now under way . 14 In this case an accept­
able reliabi l ity-threshold detection level of 80 percent of the flaws 
present was spec i fi ed .  
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These demonstrat ions are signi ficant in terms of  inspection reli­
abi l i ty .  Fi rst , the inspecti on teams had to demonstrate on flawed 
samples that they could detect these service-i nduced flaws at or above 
a specified minimum reliabi lity value . After passing these demonstra­
t ion reaui rements ,  the teams have found the same flaw condition in 
several plants .  There is  evidence that this did not occur prior to 
t he demonstrati on requi rement . These exercises also highlighted the 
need for increased emphasis on automation to provide higher inspection 
rel i ability  and served as a check on the adequacy of  personnel train­
ing . 

A performance-capabi l i t y  demonstration program such as that called 
for above also serves as a check on the adequacy of personnel training . 
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Chapter 5 

R&D PR((;RAM 

In Chapter 3 the F-1� ASI P  program was descri bed as very success­
ful .  Part of  the success i s  due to basi ng allowable crack s i zes on 
conventi onal NDI technology performance .  The approach works well for 
i mplementing a meaningful ASIP program,  as demonstrated by the F -16 
performance.  However ,  i f  designers are to be in a position to use 
higher performance materials that may fai l  in the presence of  smaller 
flaws than conventi onal NDI technology can reliabl y detect , it  is  
obviously necessary to  i mprove NDI technology . This is  a major objec­
t ive of the Ai r Force R&D program. If  successful , thi s  R&D effort can 
make a major contribution toward wider use of hi gher-performance sys­
tems .  

The Panel found the NDI R&D program elements in  fundinq categories 
6. 1 ,  6. 2 ,  and 7. 8 ( "research , "  "exploratory development , "  and "manu­
facturing technology , " respect! vely ) well coordinated and planned but 
li mited in effectiveness . This results from several factors . First , 
the Air Force has many aircraft in operat ion that were designed before 
the ASIP approach was adopted . A variet y of higher-performance mate­
rials are used in these aircraft . Each materi al/component usually  
presents a unique inspection problem. Thus , it  is  a challenge to  
allocate available and l imited resources to  solve spec i fi c  field prob­
lems .  In some cases ,  as discussed earli er ,  the problems are exacer­
bated by attempts to apply ASIP retroactively . In any case , when new 
technology is being sought , R&D cannot guarantee the result s .  A suc­
cessful solut ion takes t ime in the laboratory and even more t i me 
before it  can be transferred to the fi eld . Another open i ssue is how 
the available resources should be divi ded between providing inspection 
capability  for new-generation material s ( i . e . , composites )  and provid­
ii"(J a basis for i nspection for older-generation aircraft made from 
convent ional materials . These issues are recognized by those strug­
gl inq to establ i sh research pri ori ties .  They are ci ted here to call 
attention to pol i cy matters that must be consi dered at higher echelons 
when budget levels and directions are being establi shed . Generating 
the information necessary to make spec! fi e recommendations on these 
i ssues was beyond the scope of the Panel . 

The effect! veness of the NDI research program is  also Umi ted by 
the contracting process . Presently , as a project proceeds from con­
cepti on to manufacture , a separate contract must be negotiated for 
each funding category . Thi s  results , someti mes wi th serious conse­
quences , in a break in the work schedule , and very frequentl y  entails 
a change in contractors . A change in  contractors often results i n  a 
loss of corporate memory of the problem and promotes dupl ication of 
effort , a highly i neffective process .  Another major l i mitation is the 
absence of funding in the 6.3 and 6.4 categories ( "advanced develop­
ment" and "engineeri ng  development" ) ,  whi ch cover the progression of 
methods and devices from the proof-of-principle phase to the construe-
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tion of manufacturi ng prototypes . Thi s deficiency i s  evidenced by a 
tendency to initiate manufacturi ng development projects before the 
basic technologies have been adequately verified or optimi zed , a prob­
lem di scussed in more detail in the chapter on technology transfer . 
The solution requi res closer coupling among all phases of develop­
ment . Procurement procedures should be modi fi ed to favor multiphase,  
multicontractor programs; such a step would permit greater continuity , 
lessen the burden on AFWAL program managers , and decrease the risk of 
confusion in the transition from R&D to manufacturing . In an apparent 
effort to improve continui ty and provide the lackinq funding, the SPOs 
have been requested by the Air Force NDI Program Office to include a 
descri ption of  NDI capabi l i ty in the procurement stages o f  new weapon 
systems . 

Even though the F-1�  appl icat i on of ASIP was successful , i t  was 
not without penalty . Existing NDI capabil i ties imposed design l imits 
upon F-16 components . Thus , in some cases the desi gner cannot take 
advantage of the full  range of materi al properties and less bulky 
desi gns to improve performance and efficiency . Through the develop­
ment of improved inspection technology and its application to the ASIP 
and ENSIP concepts such penalties may be reduced . Si gni ficant work 
toward thi s goal is under way in the AFWAL R&D efforts .  

Work in  progress on the development o f  the scient! fie and engi­
neeri ng technology for quantitative NDI is  particularly germane to the 
full impl ementati on of  the ASI P  and ENSIP concept . In that program , 
sponsored jointly by AFWAL and the Defense Advanced Research Projects 
Agency ( DARPA ) , main research interests include the development of 
engineeri ng models for various NDI systems ( ultrasonic and eddy cur­
rent ) , whi ch will permit probabil i ty-of-flaw detection curves to be 
calculated i n  advance for critical ( and other)  flaws in speci fic com­
ponents and materi als , and the development of reli able flaw-s i zing 
algor! thms .  Both developments are at  the core of ASIP and ENSIP 
requirements . Successful development of the detecti on models and 
s izi ng algorithms wi ll  pl ay a signi ficant role in establ i shi ng NDI as 
an engineeri ng  technology and generat ing "smart " instrumentation .  The 
Panel notes this  approach was employed by the British whi le establish­
i ng  the safety of  thei r proposed PWR reactor system. l5 The Panel 
encourages the continued development of the quanti tative efforts and 
their  appl icati on to ASI P  and ENSIP problems as soon as i s  practical . 

The Panel bel i eves that Air Force NDI procedures (as i s  generally 
true in  industry ) depend too much on the manual dexteri ty ,  vi sual and 
sensory acuity ,  and attentiveness of inspectors . The work in quanti­
tative NDI is cons i stent wi th the Panel ' s  bel i ef that procedures 
should be replaced wi th a new generati on of smart , engineered NDI sys ­
tems as rapidly as the new technology i s  developed and evaluated . 
Engineered NDI systems that emphasize both detection and flaw-si zing 
reli abi l i ty ( rather than tradi t ional goals such as sensitivity)  are 
the key to real i zi ng reliabi lity in weapon systems and to achieving 
the cost-benefi ts possi ble through the combinati on of quantitative NDI 
and fracture mechanics . The current Reti rement-for-cause program is a 
first-qenerat ion step toward this goal . These systems should , fur-

16 

Copyright © National Academy of Sciences. All rights reserved.

Final Report on the Effectiveness of the Air Force Nondestructive Inspection Program
http://www.nap.edu/catalog.php?record_id=19496

http://www.nap.edu/catalog.php?record_id=19496


ther , be automated as much as poss i ble . Other industries are finding 
that automation is an i iJl)ortant step in reduci ng operator variance . 
The Air Force should study this  i ssue carefully to ensure that automa­
tion approaches are well plamed and engineered to fully incorporate 
appropriate technology , as opposed to try ing to dupl icate what the 
manual operator does . The availabi lity of smart instrumentation 
should help define improved operator training programs . 

Final! y ,  the Panel recognizes that i t  is  difficult  to decide how 
to distri bute the avai lable R&D budqet among the vari ety of field 
problems . To iiJl)rove thi s  process ,  the inspection problems for the 
ranqe of ai rcraft might be placed into a few speci fic categories by 
the nature of the error encountered in the NDI appl ication . Such a 
scheme , for example , i s  used to help guide R&D efforts for pipe 
i nspection in the nuclear power industry . 16 Three sources of error 
are used in that instance : 

1 .  Physical : i . e . , flaws produce s i gnals too small to be reli-
ably detected with conventional technology . 

2 .  Signal Di scriminati on : the si gnal i s  present and eas ily 
detected but errors ari se from incorrect discrimination between flaw 
and nonflaw s i gnal s .  

3. Procedural : errors ari se from improper appl ication of proce-
dure or from i iJl)roper procedure . 

Such a categori zat ion will  help demonstrate that R&D efforts have much 
broader application than mi ght otherwise be apparent . 
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Cllapter 6 

TECHtn.OGY TRANSFER 

Introduction 

" Technology transfer" is an often used phrase wi th a variety of 
definitions either stated or implied. For the purposes of  thi s  report 
the term includes all the processes and the financial , technological , 
and human resources needed to bri ng a technique or likely soluti on to 
a pro blem from the R&D stage to generally accepted practice . With 
such an encompassing definition it  is  very helpful to use a model to 
address the key parameters in the process . Such a model was presented 
recentlyl7 and wi ll be used to focus the remainder of the discus­
sion . 

�DEL DESCRI PTION 

Technology transfer is a nultidimensional process that can be 
separated and di scussed in three di fferent parts . The parts are 
organic factors ( the human element ) , mechanistic  factors ( speci fic 
development steps that lead from problem definition and research and 
to technical success ) , and market factors ( transferring the successful 
technical solut ion i nto commercial or routine usage ) . In the follow­
ing sections each of these factors will be discussed more fully in the 
context of Air Force requirements .  

rnGANIC FACTORS 

The cateqory of orqanic  factors compri ses the many elements that 
have l i ttle to do with the technical elegance of the proposed solution 
but may decide the success of the venture . These factors are strongly 
influenced by the human element and are a control to implementing a 
well-planned and fi nanc i ally well-supported project . Table 2 l i sts 
some of  these factors .  

It i s  doubt ful that the exact combinat ion wi ll apply i n  the same 
way to more than one project , so the burden of identi fying the opera­
t ive factors i n  each case , as well as of Implementing a strategy to 
cope with them , falls  on the project leader . Thus , the key element i s  
often the project leader ' s  abi l i ty and personality because that deter­
mines the �xtent tc · . .  t:!ch the �ther factors can be :;uccessfully iden­
t i fied and acconvnodated. There i s  almost universal agreement in  the 
l iterature that the chances for success age greatly enhanced when the 
project leader is the champion of the developing technology. Ideally , 
he leads it  through all  the stages from conception to field delivery . 
Note ,  however , that the project leader is  not necessar i ly the person 
who conceived the technical solution;  in fact , the characteri stics of 
thi s person are often ouite di fferent from those of the average engi­
neer/scientist . Personnel selecti on for leadership roles in techno!-
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TABLE 2 Organic Factors That Often Influence Technology Transfer 

"Not invented here" (NIH) syndrome 

Vested interest i n  maintaining status quo 

Fear of new routine 

Negat ive experi ence with "new" technology 

Scienti fic  statesman that mold opinion 

Project leader ' s  missionary zeal 

Early user input 

Product-l iabi l ity concerns 

Technical bias 

Easier to say "no" than "yes" 

Regulatory concern 

Project management quality 

Costlbenefi t 

Pi oneering sp irit 
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oqy transfer may thus requi re thought and action outs ide conventional 
wisdom. Some of these characterist ics i nclude the abi l i ty to deal 
with antligui ty , good communicat ion skills , a sense of humor , being a 
good listener , the ability to percei ve a whole process ,  the abi l i ty to 
make decis ions wi th incomplete information ,  and the abi li ty to  under­
stand end-users bias and requi rements . Dr . John S. Toll ,  President of 
the Universi ty of  Maryland , s tates this very well : 

The transfer of technology requires a special type of talent 
not always present even i n  the best of sc ient ists . • • • A 
successful transfer program nust seek out the rare individual 
with the capaci ty for looking across discipl ines and conven­
t ional sc ienti fic categories . l8 

The following quotation ,  attri buted to Frankli n  D .  Roosevelt ,  aptly 
sunmari zes the situation : "New ideas cannot be administered success­
fully by men with old i deas , for the fi rst essenti al of doing a job 
wel l  i s  the wi sh to see the job done at all . "  

The Ai r Force NDI program orqani zation has some built-in o bstacles 
that ampl i fy concern about successful acconmodation of the organic 
factors . The R&D is  conducted within  AFWAL , the end users are usually 
the ALes , and the SPOs are respons ible for procurement . Because of 
this  divi sion of responsi bil i ty among di fferent command structures , i t  
i s  di fficult t o  develop and sustain a common pursuit  o f  specific goals 
without unusual management attent i on and dedicat i on .  There i s  evi­
dence that the ALCs are becoming involved in plaming and reviewing 
the AFWAL R&D effort s ,  but the general perception i n  the ALCs i s  that 
the AFWAL program wi ll not help nuch wi th daily  inspecti on problems , 
those wi th highest pri ori ty at the ALCs . The Panel ' s  revi ew of ALCs 
end-user requi rements ,  AFWAL program overall objectives ,  and the 
assessment of  avai lable human and financial resources i ndi cates that 
the ALCs ' percepti on is warranted . Thi s observation should not be 
used to cri t i ci ze the AFWAL program; rather , the observation ' s  proper 
role is to highli ght the di fferences in the mot ivations and objectives 
of  the organi zat ions . 

Whi le i t  i s  unreal i st ic  to expect that the R&D people wi ll have 
the same goals , motivati ons , etc . , as field appl ication people ,  i t  is  
imPortant that a stronger communicat ion channel be  establi shed, mai n­
tained , and exerci sed between the two .  This wi ll  not happen by i t­
self . Rather , an  organi zation nust be given the responsibi lity , 
authority l and resources ( specifi cally , adequate travel funds for par­
t icipants ) to make thi s communication occur on a regularly planned 
basi s .  Wi th proper di rection and adequate resources , the Ai r Force 
NDI Program Office could pl ay thi s role . Addi tional comments on how 
this can be achieved are given in the chapter on the program office . 

The above statements should not be used to denigrate the efforts 
of the people involved; they are try i ng hard to do their  job under 
di fficult conditions . Rather , the comments should call attention to 
some of the constraints imposed by the overall Ai r Force NDI organi za­
tion .  
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Another deficiency noted in the Air Force technology transfer 
p rocess i s  a lack of adequate resources i n  the proper funding catego­
r i es at the needed times .  Thi s  can best be i llustrated by discussion 
o f  the second major element in the technology transfer model , mecha­
ni stic  factors , which follows . 

MECHANISTIC FACTORS 

The model referred to earlier presented the di fferent steps that a 
proposed solution must successfully pass through to sat i sfy the tech­
nology-transfer definition stated earl i er. These steps must be passed 
throuqh in seri es and must answer such questions as : "Will  it work?" 
(exploratory research ) "How wi ll it  work?" (engineering development ) ,  
"Does i t  work here? " lengineeri ng development ) ,  "Wi ll i t  sell? " (man­
ufacturi ng technology ) ,  and "Wi ll it work here? Will  it be used?" 
(user i ntegrat i on ) . Th i s  process i s  speci fically i l lustrated for the 
Air  Force ' s  NDI technology development efforts in F igure 2. Table 3 
g ives the official federal R&D funding categories.23 

Funding for the shaded areas in Figure 2 was found to be nonexis­
t ent for the Ai r Force NDI R&D efforts. In addi tion , the Panel found 
no formal mechani sm to promote integration of the new technology into 
routine ALC use , nor d i d  it find any recognition of the need for such 
a mechanism. The consequences of these missing items are discussed 
below .  

The lack of  funds set aside for categori es 6.3 and 6.4 ("advanced 
development" and "engi neering development" ) l9 means that the crucial 
steps of systems veri ficati on needed to convert laboratory R&D results 
i nto products and methods useful in the fi eld are not recogni zed and 
addressed. This  absence of funds forces dedicated R&D project 
managers to try performing these functions us ing category 6. 2 or 7. 8 
funds.  Project managers have two options in maki ng this attei11Jt ,  
nei ther of whi ch i s  very appealing .  The conservative approach i s  to 
keep the concept in category 6 . 2  for an extended time before trying to 
move it into category 7. 8 .  Thi s  reduces the ri sk of technological 
failure , but it also delays the Introduction of the technology . The 
probabil ity of success does not necessari ly increase l inearly with 
t ime , and the project C0111Jetes for funds that could be used on other 
projects. The second , much more ri sky approach is to move the 
technology from category 6.2 to category 7.8 wi thout system verifica­
t i on .  The surpri ses usual ly experi enced in scali ng up laboratory 
results ensure a low success rate for thi s approach and can lead to 
reputation problems for the agency responsble for the efforts. The 
result may be a breakdown of the ALC ' s  abi l i ty to maintain weapon sys­
tems adequately . 

Fi nally ,  our i nvestigations di d not reveal any organi zed or funded 
action to i ntegrate new technology into routine ALC use after t he 
technology has successfully  passed through the other development 
phases. Rather , technology transfer efforts have been pursued on a 
case-by-case basi s.  Thi s  is  a serious omission. Without a formal 
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TABLE 3 Research and Development Funding Categories 

Category Defini tion 

6. 1 :  Research Includes all basic research and that 
applied research directed toward 
expandi ng knowledge in the several 
scient i fic areas. 

6.2 :  Exploratory development Includes studies ,  investigation , and 
minor development efforts varying from 
applied research to sophisticated 
breadboard hardware and is ori ented to 
speci fic military problem areas . 

6.3 : Advanced development Includes all  projects for development 
of hardware for experimental test. 

6.4: Eng ineeri ng development Includes development programs in which 
items are engineered for military use 
but that have not been approved for 
procurement or operation. 

7 .  A: Manufacturing technoloqy Program to establish and validate the 
producibility and cost effectiveness 
of new material s ,  processes , component 
des i gns ,  etc. based on new 
state-of-the-art technology. 

SOURCE: Blue Ribbon Defense Panel ( 1970) . 
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effort to i ntegrate the equipment into routine use , completion of  the 
technology-transfer task is left ent i rely up to the ALCs . If they 
have had no long-term involvement in the development of a technology 
from its earl iest stages , thei r  commitment to its  success may be low. 
As a conseauence , their patience , the time they set as ide for famil­
iarizat ion and training , and thei r  tolerance of early failures can be 
expected to be very low. The result is that the new product must be 
unusually , perhaps unreasonably , good duri ng i ts first field use ; 
i . e . , i t  either succeeds or fails  on its  own , wi thout benefit of a 
friendly mentor. 

The Panel made no attempt to assess the overall adequacy of cur­
rent fundi ng. We did note , however , that the complete absence of 
funds in the middle phases of development i s  a critical problem as i s  
the instabil ity o f  fl.l'lding requi red to obtain a goal. These condi ­
t ions may often doom an otherwise sound program or project technology 
transfer in the Air Force NDI program for otherwise sound concepts. 
Simply supplying more funds i s  not the answer. As the above d iscus­
sion indicates , funds must be provided in the right categories and at 
the ri ght times . Thi s  impl ies planning the entire technology-transfer 
process from the beginning of the appl ied research phase .  Thi s  point 
i s  emphasized by Charles Miller : 

One obvi ous characteristic common to most successful commer­
cialization* cases i s  that the transfer process i s  in i ts elf  a 
deliberative endeavor. The activity is planned , staffed , 
scheduled , and directed , and most importantly ,  funding i s  made 
avai lable.lA 

Market Factors 

The final element in  the technology-transfer model concerns the market 
factors. The movement of successful R&D into products avai lable on a 
large scale ,  ready for use , with service facilities established , war­
ranties avai lable , etc. i s  heavily dependent on market forces. The 
ma rket system for Air Force NDI i s  a limited market characterized by 
the following : 20 

• The potential number of uni ts of a particular product or 
service that may be purchased is  l imited and the number of  purchasers 
i s  small .  

*For the purposes of  this d i scussion , commercial ization occurs a t  the 
point at which routine field use is achieved. 
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• Financial success is  possible for only a limited nuntler of 
S LCJpl iers. 

• The decision to purchase a part icular product or service i s  
centralized. 

Tradi tiona! planninq models are usually developed for open-market 
situat ions ; thus , they are usually not appropriate for analysi s  of the 
Ai r Force NDI situati on .  A new pl anning model i s  needed for cases in 
whi ch the market is  l imited or the object ive is  other than maki ng a 
profit .  It i s  beyond the scope o f  thi s review ei ther to speci fy or 
develop the appropriate planni ng mechanism ; however , it is i�Jl)ortant 
that those responsible for Air  Force NDI technology-transfer activi­
ties recogni ze the type of market system and deal with it  creatively . 
Some very useful observations on these points are made in a 1981 
report to the Ai r Force Systems Command.21 Additionally , S . J. 
Farmer lists eight elements for the limi ted-market case that represent 
a good starting place for those di rectly involved : 20 

1. Establish the technical objective early. 

2 .  Develop a plan for provi ding market demand. 

3. Earmark sufficient resources to complete the research­
deve lopment-enq ineeri ng-product ion cycle. 

4 . Ensure that the right people are available . 

5 .  Select contractors with a view to their later abi lity to per­
form technoloqy transfer. 

6. Establi sh clear decision points for deciding when the product 
will  or will not be carried through the commercial cycle. 

7 .  Maintain awareness of  development of others . 

A. Allocate risks of the unpredi ctable effects of introducing 
major new technologies. 

A key theme that runs through all is to start planning technology 
transfer as early as possible .  

Those fami l i ar with qovernment procurement wi ll recognize the 
s imilarity between these elements and the steps taken by a government 
aaency in planning for the sole-source negot i ated procurement of a 
product incorporati ng new technology.  

The development of NDI technoloqy for the electric util ity indus­
try has many parallels wi th the Air Force situation , most notably the 
l imited market feature . Their  efforts to promote technology transfer 
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through a dedicated NDI center are appropriate . COnsiderable informa­
t ion on the center exi sts and is included in the references. 22-26 A 
simpli fied description of  the center ' s  operation i s  given in  Appendix  c. 

Although in operation only since 1981 , the center has generated an 
unusually large number of favorable comments from the uti l i ty industry , 
an industry with operat ing constraints at least as complicated as those 
of  the Air Force . Thus, the success of the approach strongly suggests 
review by the Ai r Force. Such a center would have to be structured to 
accommodate the requi rements of the Air Force , but there i s  no apparent 
reason why the concept would not be as successful as i n  the utility in­
dustry. 
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Olapter 7 

PR(l;RAM OFFICE 

The Panel found a variety of opinions about the effect! veness of 
the Air Force NDI Program Office wi th l ittle convergence on spec! fie 
suggestions about how to improve its operation .  The lack of conver­
gence reveals part of the Program Office ' s  weakness, 1 .  e .  , lack of a 
strong identi ty with a speci fic function or mi ssi on .  The people in­
terviewed looked to the office to provide di fferent types of informa­
tion and support and were disappointed when it  was not forthcoming . 
Budget restraints prevent it from bei ng all things to all people .  
Thus, one must either define a scope of activity achievable within the 
available budget or provide a budget adequate to provide functions 
defined. The role of the Program Office needs to be restated , needs 
clearly del ineated functions, and it must be operated solely within 
those boundari es. 

Staffing the NDI Program Office , as well as other elements of the 
NDI program , is  an acute problem. Colonel James Gri ffin ,  former NJI 
Program Manager* , has, through the Air Force NDI Steering Committee , 
increased the Air Force ' s  awareness of the NDI program ' s  special prob­
lems and needs. However , the departure of senior staff , the scarcity 
of ski lled NDI engineers, and the federal personnel system ' s  con­
straints on hiring are of  much concern to the Panel. We expect steady 
improvement in coordinating technical objectives and priorities 
through the Program Office , but the technical competence to i mplement 
new inspecti on systems must also be avai lable . It appears necessary 
for the Program Office to provide technical leadership to the ALCS . 

The Panel bel ieves that the provision of such technical leadership 
and coordination i s  impeded by the location of the Program Office at 
the San Antonio  Air Logi stics Center (SAALC) .  First and most impor­
tant among these reasons is that the ALCs are geared mainly toward 
production-item management rather than toward technical-project or 
program management . Second , the location of the Air Force NDI Program 
Office deep within the SAALC organization impedes the conduct of 1 ts 
Air-Force-wide coordinati on funct ion. Figure 3 shows the NDI Program 
Office relationship within the Air Force.  The office must compete 
within SAALC for travel funds and people and to conform to all local 
ALC pol icies and management pract ices. Since most of thi s  activity 
must take place with organizat ions based far from San Antonio (e.g . , 
AFWAL , the ALCs , the SPOs , etc . ) ,  adequate travel funds are a neces­
sity . 

*The present manager i s  Major Lonni e  Phi fer . 
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Fiqure 3 also i llustrates the di fficulty SAALC ' s  physical and 
organi zational location presents when it tries to function i n  an NOI 
leadership  role. Finally access to advice and informati on on NDI is  
very limited at  the San Antonio Center , and the competition for exper­
i enced N:>I personnel practi cally rules out strengthening the office. 
The Panel concludes that the office should be located at Wright­
Patterson Air Force Base in Dayton , Ohio ,  which is the principal 
source of NDI experti se and information in the Air Force ; and speci f­
ically at the Air Force Acquisit ion Logistics Division ( AFALD ) , which 
i s  the most appropriate organi zation for coordination between the AFLC 
and AFSC . 

I f  the NDI Program Office i s  moved ,  the Panel suggests that 
expanded responsibi l ities for i t  be considered . Possible roles that 
an expanded Program Office charter could provide are l isted below . 
They resulted from an analysis  of  views presented on what i s  expected 
or desi red from the office by various Air Force people . 

• Perform as technology-transfer agent/communication coordina-
t or between AFWAL and ALCs. 

• Maintain a pool of expensive but seldom used equipment for 
the ALCs . 

• Be responsible for evaluating and quali fying R&D products and 
provide leadership to integrate new equipment into field . 
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Olapter e 

TRAINING AND CERTIFICATION OF NDI PERSONNEL 

The Panel has been pleased to note a trend toward the appointment 
of full-time inspectors . The results of the "Have Cracks-Wi l l  Travel" 
program amd the progress of  the FlOO engine parts inspection at SAALC 
suggest that motivation of inspectors i s  as important as formal 
training or experi ence (although commercial airl i ne and nuclear 
industry experience suggests that continued training decidedly 
enhances NDI capabi lity ) . There is l i ttle question that quali fied 
personnel are very important to the reliability of any NDI program,  
for if the inspector does not know how the signal from the flaw of 
interest responds , he cannot be expected to make reliable decisions . 
An effective training and cert i fication program i s  a key component of 
personnel quali fication . 

The Air Force recogni zes the importance of training and 
certi fi cation and has undertaken an effort to analyze its program and 
redirect it as re quired . The Panel believes that an i ndependent 
evaluation of the Air Force ' s  traini ng and certi fication program would 
therefore be superfluous and has decided not to pursue the issue . The 
Panel urges , however , that the intensity of the Air Force study be 
maintained until  shortcomings have been identi fied and corrective 
measures implemented . 

As indicated in  the d i scussion on reliability in O'lapter 4 , an 
effect! ve way to veri fy the adequacy of training i s  to implement an 
i nspection performance-capabi l i ty demonstration ,  as has been done by 
the u . s .  Nuclear Regulatory Commission . l3 , 14 Furthermore , at the 
urging of the Commissi on the nuclear uti l ities have formed an ad hoc 
committee to develop an improved description of the mininun 
quali fication requi rements for the three levels of inspection 
personnel . *  Thi s  effort may be of  benefit to the Ai r Force.  

In addition ,  it  is necessary to note the overall  lack of 
opportunit ies for educat ing engineering people at u . s .  universities to  
understand NDI requirements. This  is  related to the training problem 
and one whi ch i s  being addressed only marginally on a national scale . 
The shortage of graduate engineers who would quali fy as true NDI 
engineers seriously affects the transfer of technology in general and , 
as  stated , i s  speci fically related to the ALC problem. 

*Ca rl Osman (Ca rolina Power and Light Co . )  is committee chairman ,  
while Gary J .  Dau (EPRI ) i s  commi ttee coordinato r. 
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Appendix A 

PANEL ACTIVITIES 

The Panel on Nondestructive Inspection began its study in  Apri l 
1980. Over the next year* i t  met in  several locations to deliberate 
and to i nspect Ai r Force and commercial NDI instal lations. The fol­
lowing is a list  of those meetings and their  dates : 

Study initiated 

Wright-Patterson Air Force Base 

Kelly Air Force Base 

McClellan Air Force Base 

United Airl ines Ma intenance 

Southwest Research Institute 

Kelly Ai r Force Base 

Tinker Air Force Base 

Wri ght-Patterson Air Force Base 

McClellan Air Force Base 

Mart in  Mari etta Aerospace 

Hill  Air Force Base 

Electri c Power Research Institute 

April 1980 

May 16 , 1980 

.l.me 23,  1980 

Pi.lgsut 7 ,  1980 

August 8 ,  1980 

t-bverber 19-20 ,  1980 

January 14 ,  1981 

February 10,  1981 

March 24 , 1981 

April 7-8 , 1982 

.lme 1 ,  1982 

.l.Jne 2 ,  1982 

August 6, 1982 

*An interim report was prepared in 1981 but not i ssued until March 1982. 
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Appendi x  B 

STATEMENT OF TASK 

The Panel on Nondestructive Inspect ion wi ll examine the factors 
that i nfluence the effecti veness of nondestructive inspection of a i r­
craft and eng ine structures as now pract iced in the Ai r Force . It 
wi ll attepmt to identi fy those inspection measure s ,  consistent with 
minimum ownershi p  costs , that can be taken to improve the safety and 
utilization of Air  Force weapon systems. 

The Panel will  examine i n  part icular the effecti veness of  tech­
nology and facility transfer from research and development to produc­
tion i nspecti on at the Ai r Log i st ics Centers , reviewi ng management 
responsibi lities/authori ty , funding levels and manpower capability .  
I t  will also address the communication and collaborat ion between ele­
ments of the Air Force , the proficiency and mot ivati on of inspection 
teams , and the ri sks and advantages of  automati on. The content of 
developing equipment spec! fications wil l  be examined from the stand­
point of their  relevance to the structural inteqrity of ai rcraft and 
engine components . 

In pursuit  of  thi s  task , the Panel will  visit  the ALCs and review 
case hi stories i l lustrati ng the successes and fai lures of technology 
transfer. The results of s i milar studies i n  other areas , e . g . , the 
electric power industry wi ll  be examined for their  relevance to Air 
Force I\OI pract ices. Intervi ews will be held wi th appropri ate AFSC 
and AFLC personnel .  

The Panel will  make i ts prel iminary cri tical report a t  the end of 
twelve months. Spec! fie conclusions and recommendations may require 
addi tional t ime ,  dependinq upon the fi nal scope of  the study . 

32 

Copyright © National Academy of Sciences. All rights reserved.

Final Report on the Effectiveness of the Air Force Nondestructive Inspection Program
http://www.nap.edu/catalog.php?record_id=19496

http://www.nap.edu/catalog.php?record_id=19496


Appendix C 

ELECTRIC UTI LI TY INDUSTRY ' S TECHNOLOGY TRANSFER THRUST IN  NOE 

In 1973 the U.S. electric ut i l i ty i ndustry formed the Electric 
Power Research Institute ( EPRI ) to formulate and manage major research 
and development activi ties needed by the utility industry as a whole. 
A major effort in  NDE is one element of the overall program. An advi­
sory task force is  used to provi de guidance on the R&D thrust conduct­
ed by EPRI .  

After a few years ' experi ence , i t  became obvious that more spe­
cific i nput was needed from the uti l i ty community on inspection prob­
l ems ,  so a Nondestructi ve Evaluat ion ( NDE ) Subcommittee was establ i sh­
ed as part of one of the Nuclear Power Division ' s  task forces. This  
group consi sts o f  people di rectly responsi ble for the i nspection ac­
tivities of power plants. The committee meets three times a year to 
review and advi se on proposed R&D efforts, reviews ongoing R&D 
efforts , and provi des insights on where future problems can be expect­
ed. In turn these meet ings provi de the EPRI staff a forum to communi ­
cate information on new developments , explore options possible within 
resource l i mitations , and develop an understanding of the reasons for 
the response of di fferent utilities to the same problems ( e.g . ,  eco­
nomic , regulatory , pol it ical , etc. ) . 

Frustrat ion with the vagaries of technology transfer within thi s  
group led t o  formulating and implementi ng a concept for a function 
dedicated to promot ing technology transfer. This  function is embodied 
in the EPRI Nondestructi ve Evaluation ( NDE ) Center located in  
Charlotte , North Ca rolina. It is operated for EPRI under contract by 
J. A. Jones Applied Research Company.  

The purpose of  the NDE Center i s  the application of  new tech­
nology developed by EPRI  contractors and others to utility inspection 
problems. The primary functions of the center are technology trans­
fer ,  training , and resource development . 

The product from an EPRI NDE R&D contract i s  delivered to the 
center as the fi rst step of the technology transfer process .  The 
center staff then starts evaluat ing the i tem as i f  they were the end 
users. As shortcomings are noted , the problems are either corrected 
or recycled to the ori ginal contractor for reworking. Thi s process 
conti nues unti l  the center i s  satisfi ed that the product is field­
ready. At that t i me the user-i ntegration phase i s  started by field 
people under the center ' s  supervi si on and initially its support. As 
the technology continues to show field readiness , the operation i s  
turned over to operations personnel in  speci fic  steps. When the cen­
ter · staff i s  satisfi ed ,  the technology i s  deemed field qual ified. At 
thi s  time ,  training programs are initiated for other users. When the 
center completes i ts tasks, the following has been accompl ished : 
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• The new technology has been demonstrated on reali stic test 
items and in field envi ronments .  

• A performance data base has been established . 

• Field personnel are trained in  use of the new technology . 

• The new technology is  gi ven support during i ts integrat ion 
into routine field use . 

Another i ntangible benefit from the above process i s  that the center 
has developed good rapport with both the R&D and the applications com­
mun i t i es .  This  rapport serves as a valuable comrruni cation catalyst , 
as wel l as providing fresh insight to EPRI regardi ng R&D needs. Both 
i tems are very important to successful development of needed technical 
innovation and its rapid appli cation. 
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