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ABSTRACT

Structural reliability analysis procedures were evalvated for estimating
the variability in fighter aircraft fatigue performance. The expected wagni-

. tude of this variability was determined based on an investigation of scatter

in fatigue test results for aluminum structures. This study revealed that
(a) the scatter for spectrum fatigue tests is considerably less than for con-
stant amplitude fatigue tests, (b) the Weibull probability distribution
provides & better fit of the spectrum fatigue data than the log-normal, and
(¢) the Weibull ghape parameter o 1s 5.27, The o value was determined from
1060 spectrum test results of which 243 were full-scale airplane and girplane
component tests, These included the F-3H Demon wing and horizontal tail, the
F~4 Phantom II wing box beam, the Lockheed wing test panel, the F-9F Panther
wing, the Navy Lab box beam, the P-51 Mustang wing, the C-46 transport wing,
and the British Piston Provost wing. In addition to thege studies of experi-
mental data, theoretical analyses were performed yielding the mathematical
probability distribution for a Weibull based scatter factor which is

s =(R/1-R)M/®

where S is the scatter factor and R is reliability or the probability of no
failure. VGH and load factor counting accelerometer data from the F-4
fighter airplane were utilized to correlate that airplane's laboratory and
gservice fatigue experience, Probable minimum service live- considering the
F-4 fleet size and individual airplane usage were computed based on the
Weibull based scatter factor and order statistics. The combined effect of
fatigue test scatter and usage severity scatter was derived utilizing a

Jjoint scatter factor concept. Three fatigue critical locations on the F-4
airplane were considered to be amenable to analysis using the methods of

this report, The correlation was excellent for one of these, but not for the

“other two. Fabrication variations in a radundant load path joint and outer

wing buffeting were cousidered the p-obable cause for the less than favorable
sorrelation,
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1. ABBREVIATIONS
exp = exponential function

log = comumon logarithm

)

5 BLUE= best linear unbiased estimator or estimate

5 ‘ 2. SYMBOLS
o = Weibull distribution shape or scatter-controlling parameter
B = Weibull distribution scale parameter or characteristic life
f( . = probability densit function of the parameter within the

N ; parenthesls
F( ) = cumulative probability distribution function of the parameter

. within the parenthesis '
e : u = log-normal distribution scale parameter or mean life
a n = number of failure observations in the test sample
Vé R = reliability of a randomly chosen fleet member or :he probabiiity
of no failure (probability that the ratio of life in the labora-
tory to life iun service is less than the scatter factor)

S = scatter factor

N g = log-toxmal standard deviaiion

O

: B
oe X = life of individual laboratory specimen

?q'l ) y = life of a randomly selected specimen or aircraft

l ' % w ysage severity scatter = actual counts/estimate” counts
"() = Gamma function of argument within the parenthesis

3 3. ACCENT MARKXS DENOTING ESTIMATION

S (a) Jax, as in o or &, deuotes the sample point estimate for one group
% of specimens

B ' (b) Double bax, as in o or a denotes the sample estimate for more than
5 : one group of spacimens. .
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1. INTRODUCTIGN

1.1 General .

The Metals and Ceramices Division of the Air Force Materials Laboratory,
Air Force Sys~ems Command, has sponsored research efforts on application of
reliability methods to the estimaticn of probable aircraft structural fatigue
performance. Results of these efforts are reported in References (1) amnd (2).
The reliability analysis approach has been evaluated for cargo (C-130) and
tanker (KC-135) type aircraft. The purpose of the present program has been
to extend reliability analysis methods to fighter aircraft. This objectiva
was achieved through utilization of fatigue test experience and service
repeated load data which has been generated in conjunction with the icDounell
Phantom II (F-4) airplane.
1.2 Traditional Approach to Structural Reliability

Structural fatigue integrity is currently designed into present day air-
craft utilizing a rather well organized plan, Spectrum fatigue tests are
performed in the laboratory on the full scale structure with the target goal
being some multiple of the expected service life. This is the traditional
scatter factor approach which has been used for quite a few years. There
have been aircraft accidents during this period, but there have been many
causes othe: than airframe structural deficiencies; e.g., pilot error, power -
plant failure, electrical system malfunction. The percentage of accidents
resulting from airframe fatigue failure has been small. However, fatigue
failures have led to rather large structural maintenance expenditures over
the years. In general, these have been caused by unexpectedly severe usage,
an unusual design detall, or a mater*al deficiency; but the simple scatter
factor approach may have been partly responsible. :

1.3 Additional Considerations
There are a number of questions that the traditional approach to struc-

tural reliability does not take intc account. For example: Should the same
scatter factor be used for fighters, bombers, transports, commercial airliners,
for different materials, for different structural details and arrangements,
etc.? Should not the number of laboratory tast articles affect the required
scatter factor? Should the expected flaet size affect the required scatter
factor? General sircraft attrition due to factors other than fatigue is
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agnother important consideration. The fleet size is reduced by attrition. The
congideration of damage tolerance could very well lead to different allowable
scatter factors for different components on the same airplane. The underlying
problem is the need for development of a method to compute the required scatter
factor for any preselected relisbility level and the associated time to first
failure,

In terms of structural reliability, there are so many unknowns that the
traditional approach certainly offers some advantages. For example, it is
not possible to accurately predict the usage that an airplane will experience
in some future time period. However, if certain variables of reliability
can be quantified without adding undue complexity to an airplane design, it
sliould be done. A list of pertinent considerations would include:

(a) basic fatigue scatter for material in question - defined by a
distribution function and certain scaling parameters, e.g., mean
and standard deviation.

(b) number of full scale laboratory test articles - these would define
the probability distribution sample mean.

(c) expected size of total fleet,

(d) expected service usage severity scatter from airplane to airplane
within the fleet.

(e) attrition considerations - loss of aircraft due to reasons not
associated with structural failures, or retiremant of aircraFt
due to obsolescence.

(£) damage tolerance of primary structural components.

(g) degree of simulation of the service loading including envircumental
effects by laboratory testing.

(h) level of confidence in the predicted repeated load usage severity.
(1) type of airplane, e.g., fighter, bomber, commercial transport, etc.

{ The first five considerations are stvictly concerned with the statistical

= aspects of the overall styuctural reliability problem. In other words (a)
through (e) provide an estimate of the failure probability associated with any
given scatter factor and any number of alrplames out of the total fleet.

j Considerations (f) through (k) have to do with design, maintanance, dollar,
and safety trade~offs, What magnitude of failure probahility is acceptable?
What sre the potential consequence of a fallure in,particular structural




components? How much structural weight can be tolerated to minimize the
fatlure probability? Some compromise must be reached betwsen a high per-
formance design on the one hand and one hundred percent saiety of flight
and zero maintenance expenditures on the other. 1In reaching thls compromise,
it is important to consider damage tolerance and the effectiveness of perio-
dic inspection in detecting fatigue cracks before they can reach catastrophic
proportions. The compromise is also affected by the type of aircraft. Some
difference in philosophy would normally be expected between military and
commercial aircraft. PFurther differences might be expected between fighters,
bombers, and cargo type aircraft. On each new airplane, decisions regarding
these areas must be made within the context of available funding, schedule,
contingency plarming, and national priorities.
1.4 Tailored Scatter Factor

Reliability requirements could be more effectively established if some

quantitative measure of failure probability was calculable for various design
trade-offs. If the design scatter factor is increased or decreased for a
given component, how will this affect failure rates in a fleet of aircraft?
How will maintenance expenditures be affected? A change in the design scatter
factor wiil obviously affect structural weight, The influence of structural
weight on cost and performance must then be conaidered. The basic payoff to
be derived from using mathematical probability methods in structural fatigue
desizn is to provide for the calculation of a "tailored scatter factor" that
would fit the particular set of circumstances existing during an airplane's
design stage. Aircraft program managers would be able to select a magnitude
- of scatter factor associated with whatever reliability level is deenmed
appropriate.
1.5 Utilization of Phantom II Data

The MCAIR Pnancom II (F-4) aircraft was consildered ideally suited for an
invesgtigation of structural veliability design methods for fighter aireraft.
More than 4,000 F-4's have been delivaved and are being used by the U.8. Alx
Force, Navy, and Marines. The airplane {s curtenﬁly being wanufactured in

various models for the U, S. military serviues and also foreign goveinmeuts.

A comprehensive and detaliad flight loads monitsximg program has been in effect
contlmmously on the F-4 gince its initial delivery to the Navy. This program
tiss provided data from counting acceleromaters and VGH recowvders fov training
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as well as combab operetions in Southeast Asia. The VGH instruments provide

an anelog recording of load factor, speed, and altitude, Gross weights corres-
pond :ng to the VGH data are provided from individual flight records. The
counting accelerometers record load factor oceurrences which equal or exceed
four predetermined acceleration levels. More than 2,000,000 flight hours of
load factor exceedance data have been accumulated in the counting accelerometer
program. The reduction of these deta has been completely automated. A typi-
cal computer print-out showing the load factor usage history on an individual

airplane is shown on Figure 1, The laboratory fatigue test program on the
F-b has also been extensive; it has included five complete wing-center fuse-
lage test articles, two half-wings, numerous smeller component tests, and
hundreds of element tests. A brief summary of the F-4 full-scale testing is
shown in Figure 2,
1.6 Overall Structural Reliability Program Outline

The subject program for evaluating structural reliabllity enelysis methods

for fighters wsa based largely on F-U experience and was conducted in four phases:

Phage I: Survey of Fatigue Test Scatter

Phase II1: Eveluation of Usage Severity Scatter

Phage III: Documentation of Laboratory Test Results

Phase IV: Correlation of Laboratory and Serxrvice Fallure Experience

The general approach included a llterature survey to determine basic
fatigue acatter trends for fighter type repeated load spectra. This was pexr-
formed in Phage T, A significant part of this effort was the study of in-house
test results. MCAIR has performed about 1000 aluminum fatigue tests on simple
elements and components, About two-thirds of thesge were conducted using
fighter type repeated load spectya,

Study of scatter in severity of reypeated load history from airplane to
sirplane in o given fleet was an important part of the program. This repre-
sented Phase IJ of the total effort. In recent years, numerous military
aireraft have been equipped with load factor exceedance counters. Millions of
flight hours have been logged with these instruments. The analysis of these
data provides an excellent insight into loads scatter trends. The F-b air-
plane loafls monitoring program is the most extensive of its kind ever under-

; _ taken, The F<b has logged more than 5,350,000 flight hours in numerous theaters
ﬁ - of operation. As mentioned earlier, load factor exceedance data were available
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Test Structural Failure or Test
" Article Configuration Termination

Block 1 1y~ Original Structural Configuration 500 Hours*

R/H Remnant Original Structural Configuration 900 Hours*
Wing
{./4 Remnant Steel Strap — Inner Wing 9300 Hours*NF
Wing
Bk 8 Steel Strap — Inner Wing 4200 Hours™N’
Biock 8- Lower Wing Skin Beef-Up 2700 Hours*
F48 \d . Block8 Cunfiguration + Taper-Lok 11,800 Hours*
VTR ’4 k\\v - Block 8 Configuration + Taper-Lok 6000 Hours"NF
: 2000 Drops NF

Y e tatigue teat loading in tarma of ioad cycles par hour was approximately 10 times
wkare severe than the original design spectrum,

Figure 2
- - Summary of the F-4 Full Scale Laboratory Fatigue Tests
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from counting accelercometers for more than 2,000,000 flight hours. These
were supplemented with about 9,000 hours of VGH dats which were also studied
in the second phase of the subject program. The extent of the availsble data
is summarized in Figure 3. Note that sbout 650,000 flight hours of counting
accelerometer data were from ccmbat operations.

Comparison of luboratory and service failures was the obvious next step.
Tnis was accomplished in Fhases III and IV, The study included a detailed
investigation of test results on the five full-scale F-4 test srticles and
the two half-wings in a number of key aress. The time to fellure for each key
srea on each test article was determined. A careful examinstion was made of
any possible differences in laboratory loading and in-flight loading. The
study of VGH data was used to assist in this examination. The final stage
included a comparison of the service life predictions and actual service
failures, The predictions were beased on the laboratory testing, counter and
VGH data, and s.atter considerations evaluated in Phases I and II.




VGH Data
1965 — 3000 hr Training Data
1966 — 600 hr Training Dats
1939 — 1800 hr SEA Combat Deva
1970 - 3500 hr SEA Combat Data

Counting Accelerometer Data

F-4 Fighter Aircraft: RF-4 Reconnaissance Aircraft:
2,394,000 Total hr 402,000 Total hr
517,000 Combat hr| 124,000 Combat hr
: 1,877,000 Training hr 278,000 Training hr

Total Flight Time, all F-4 Aircraft — 5,350,000 hr

: Figure 3
; Summary of Available F-4 VGH and Counting Acceleromater Data
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2, PHASE 1 - SURVEY OF FATIGUE TEST SCATTER

2.1 General

The nature of fatigue is such that there is very little that ~an be
determined in a purely analytic sense. Whatever is done on a theoretical
basis ususlly allows simple interpolation or modest extrapolation of experi-
mental information. Fatigue scatter falls in this same category. The theory
of probability is applicable but there are many mathematical functions that
might be used and each one has certain constants that need to be defined.

An extensive detailed study of fatigue test results is required to determine
which mathematical function is most appropriate and what coustants are neces-
sary to provide the best fit,

There are two mathematical functions in particular that have been widely
used to describe fatigue scatter: the log-normal and che Weibull, and pre-
dominately the two parvaweter version of each. In recent years, the Weibull
has gained favor partly due to a physical argument concerning its vrisk func-
tion cowpared to that of the log-normal. The rigk function for fatigue is
defined as the probability of failure on the (N + 1l)th cycle given that the
structure has sugtained N cycles. The Weibull has a continuoualy increasing
risk function while the log-normal risk function firsc increases and then de-
creases with incressing cycles., Since fatigue is considered to be a wearout
process, an ever increasing riak function seenms wore veasonable., A plaupible
physical argument caa alse be made in favoxr of the log-normal, It ia
generally agreed that fatigue oviginates at souwn kind of discontinuity {u the
wetal microstructure. It ig Wighly improbadle that suy given specimen would
be totally hwwmogeneous and without discontinuities in its micigstructure.

The log-noxmal risgk fuunction does not atart to decrease uatil the probability
level veaches 0.999999 which ie associated with a very long life, It is highly
{uprobable for a specimen to last that long, but if it doeas, it could be an
indication that the specimen is without discontinuities and therefove the visk
function should start to decresse. '

The discussicn i{n the preceding paragraph is not presented as an axgu-
ment to prove that the log~nowxmal distribdution ie correct. It 1s included
simply to iadicate that experimental evidence and not theoretical analyeis
must be the priumary determiniog factox.

Cnce a distribution function is established, the next atep is to




determine the constants of the distribution. Generally, two constants are
sufficient. One of these defines the magnitude of scatter and the other
some kind of average life. Average life is obviously peculiar to each type
of airplane; but fatigue scatter is generally considered similar on different
airplanes, at least if they are made of the same material and with the same
type of construction and lcaded in generally the same manner. This leads to
the conclusion that the constant defining the magnitude of scatter can be
determined by reviewing past test results. This was a basic underlying
assumption in the literature survey and subsequent study of fatigue scatter
trends reported inm this Phase I portion of the program.

2.2 Literature Survey of Fatigue Test Data

As a result of an extensive literature gurvey, wmore than 2,400 groups
of fatigue test data made up of over 12,000 specimens were collected. This
search was limited to the 2000 and 7000 series aluminum glloys, which in-
clude 2020, 2024, 2124, 7075, 7079, 7175, and 7178, It included test data
from MCAIR as well as from numerous other aerospace coumpanies and government
agencies. In particulax, the MCAIR fatigue test resulte are from F-15, P-4,
DC-10, and earlier in-house test programs. Specimens from sheet, plate, bav
extrusion, and forging are included in configurations ranging from simple
notchad elements with and without holes to swall cowponents, as well as full-
scale structures, Test loadingAconditione faclude axial loading, both ten~
sile and compreasive, and flexufél loading.. The greater portion of the test
loading data, however, was sxial. The fatigue tests consisted of both
constant amplitude and spectrum loading. References of both the literature
search and the MCAIR data are ligted in Appendix I. Only those refevences
in which the data were analyzed and summarized are ligted. The following
variables of the collected fatigue data were indexed go that éumparisons
~ could be made among different groups of specimens: type of structure, typa
of specimen, material, type of test machiue, and type of loadiug. The actual
test results analyzed in detail in this gutvey are presented along with the
appropriate index numbers in Appendix II. In sddition, the appropriate
statistical pavameters for the log-normal and Weibull distributions for each
group of specimens ayre also presemtéd in Appendix IX.
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2.2.1 Scatter Treids for Constant Awplitude and Spectrum Loading -

Reference (1) presented an extensive literature survey and analyeis of fatigue
test data. A summary of these data is listed below:

Nunter of Specimens 6000%*
Number of Groups 1250
Average Standard Deviation 0.168

The numbers above are for aluminum alloy specimens of varying configuration
subjected to either spectrum or constant amplitude loading. These test re-
sults from Reference (1) were subddivided iuto groups according to loadiug as

follows:
Constant Amplitude Spectrun
Loading loading
Numbexr of Specimeuns ' 5000% 1000%
Number of Groups 1096 B 154
Average Standavd Deviation 0.180 0.083

The difference between the constant amplitude and spectrun loadiag staudacd
deviations &8 quite sigaificsut. Xt i@ possible of couvse that part of the

 difference could be a resgult of other variatious besgides loadiag iu the two

groups such aa a compavieon of perhaps wove open hole apecimens in owe group
to more complex lap joiont epecimans in the other. $o in oxder to move care~
fully avaluste thig difference betvesu apectrum snd conatant asmplitude data,

7075~T6 aluminus open hole, #xial loaded specimens from Reference (1) were

etudied with the following vesultes -
' ' o Constant Amplitude  Spectrun -

Loading - ‘ "~ loading
KNuzher of Specizeus Sl& - 148
Number of Groups : 138 - 26

‘Average Standaxd Deviation 0.21y 0.125

The saze treud ae iu the larger data set ie evident from the above compavison.

A poseible explsnation for the lover scatter of the spectud data is that only
the higher load leveis in the epectyum produce the major part of the totsl
dapage; that is to say, the spsctrum teat resulie ave effectively low cycle

' fatigue even though the totsl number of cvcles in the spectrunm might be quite-

lavge. Low cycle fatigue gensrally showe lower scatter (smaller staudavd
deviation) than high cycle fatigue. This trend ie illustrated by the histo-
gran of Figure 4. The dats in this graphb, which inciude 970 specimens in 269

*Bgtizated
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groups, are for 7075-T6 aluminum axially loaded, edge notched or unloaded
hole specimens.

To validate and further understand the trends found from Reference (1),
MCAIR fetigue test data were assembled as a group for scatter trend studies.
The MCAIR data were obtained from 44 test reports congisting of 288 groups
of 947 specimens. The MCAIR fatigue teat results included 7000 and 2000
series sluminum alloys, various specimen configurations, with conetant ampli-
tude or spectrum loadings. Separating the data based on the type of loading
similar to the Reference (1) grouping gives the following comparison:

" Conastant Amplitude Spectrunm

Loading Leading
Number of Specimens 287 656
Number of Groupa 93 196
Average Life in Cycles 140,000 200,600
Average Standard Devistion .199 108

The spectrum data again have the lower scatter. It is further hypothesized
that, in addition to the low cycle fatigue congideratica discsssed in che
‘preeediag pavsgraph, the type of fatigue test machine aslso could influence
the mgniiude of scatter. Spactrum teste are -1:3 a great wajoyity of cases
vun with either a sexvo or golendid load cantrolling device, while the
wechanical shaker type of test machine ia more often used for constant
. amplitude testing. The cechanical ehekar type machine hsz lesw losd control
_accuracy. In ovder te verify the hypothewds of differences in scatter dus
to the type of fatigu& test machine, the MOALK cometant emplitude test data
vere snalyzed. The results aré-éa»failewst ' | o

Nechanicgl Sexve
, Shakex Contxol
 Numhber of bpecimeus -7 128
Hunber ¢f Groups 27 39
Average Life in Cycles 128,000 106,000
Average Standard Deviation 0.238 9.158

Although the amount of fstigue test data is small, the hypothesized trend _
of ivherently more scatter with the mechanical ahaker machive than the servo
‘coutrol machine is evident. "

2.2.2 YNa-Lbad Tranefer Blesmant Fatigue Test Data - Based on the ve-

sulte discuseed in Section 2.2.1, spectrum fatigue test scatter is lesc than
constant agplitude teat scatter for tw dietinct resasons:

{ay low cycle fatigue effect, and

{b) fatigua machine effect,

i3




Since fighter aircraft are subject to o spectrum of loads in service, the
primary emphasis in this study of fatigue test scatter was direscted toward
spectrum data.

A literature survey was undertaken to obtain additional spectrum fatigue
test results. These additional data were combined with MCAIR's spectrum test
data and the spectrum test data from Reference {1). Only axially loaded,
edge notched or unloaded hole specimens were included. Fatigue test data
obtained from mechanical shaker machines were not included for the reasons
discussed in Section 2,2.1., A compilation of the results of this study are

given below:

No-Load Tranafer Spectrum Fatigue Test Data

Aluminum
Number of Specimens 1176
Number of Groups 239
Effective Average Life in Cycles 17,400
Average “tandard Deviation .0855
Average weibull Shape Parameter 6.36

The effective average life denoted atove 1s defined as the number of higher
load level cycles to failure, The higher load levels are defined as the top
*two-thivds of the locad levels of the spectrum. If there are nine load lavels
in a particular spectrum, only the cycles due to the six higher load levels
would be coasidered effective. This technique was used to minimize the mis-
lesding effect of the large number of lcwer level load cycles in a spectrum

that produces only a swall percentage of the total fatigue damage. It
should be noted that ‘he average standard deviation is not simply a numerical
average but “he unbiaged estimate of the true population standard deviation.
Similarly, the Weilull number is the weighted average of the best linear
unbiased estimatcr (BLUE) of the Weibull distribution shape parameter given
in Reference (3). The Welbull shape parameter 1s a measure of fatigue test
scatter eimilar to the standard deviation except in reverse; a large value
indicates less scatter while a smaller value indicates more scatter.
Additional studies were conducted by grouping the data in different
ways. The 7075 aluminum spectrum fatigue test results, for example, were
“subdivided sccordiug to stress concentration and material form. Neither
st;esé concentrstion nor material form were shown to have a significant

effect on fatigue scatter. Another gtudy on-these 7075-data included a
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histogram of standard deviations similar to Figure 4 except it was for
spectrum data piotted versus effective average life. This histogram indi-
cated that spectrum fatigue scatter is reasonably independent of average
life.

2,2.3 Effects of Special Specimen Preparation - Specimen finish in the

fatigue critical area was one of the parameters investigated for effect on
fatigue scatter. A relatively large group of the no-load transfer element
specimen data, generated at the NASA Research Centsr Iin Langley, West
Virginia, is interesting in this respect. This group from References (47),
(48), (49), (57), (58), and (39) of Appendix I includes a total of 682 edge
notch specimens; the edge notch itself was machined with extreme care, A
comparison of these data to all others is as folluws:

Smooth Finish All Other No-Load
Edge Notch Data Transfer Date

Number of Specimens 682 494
Number of Groups 120 119
Average Standard Deviation L0747 .0995
Average Weibull Shape Parameter } 7.19 5.41

The effect of the finish appears to be significant. For the purposes of the
NASA work (determination of the effect of various fatigue spectrum parametars),
the smooth finish edge notch provided a very useful specimen configuration.
However, an extremely smooth finish would be too costly for typical aircraft
fabrication procedures. Therefore, these data are not included in the analy-
sis in the remaining sections of this report.

2,2.4 Lload Transfer Element Fatigue Test Data - Lap joint and double

shear joint specimen test results have been compilad through the literature

survey. Pertinent detsils are as follows:

Load Transfer Spectrum Fatigue Test Data
Aluminum

Number of Specimens 323

Number of Groups 59

Average Standard Deviation 0998

Average Weibull Shape Parameter 5.00
It 1s of interest to note that the scatter parameters for these load transfer
element test data are similar to those given in the preceding section for no-
load transfer testin, excluding the smooth finish edge motch data.

4,2.5 Full Scale Structure Fatigue Test Data - The scatter trends

summarized in the previous three sections are based on tests of element
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specimeng with unloaded holes and edge notches and simple joint specimens.
For this kind of element specimen and also for full scale structure fatigue
test, scatter is a result of life variations at a stress concentration. It
could be expected therefore that the scatter trends in element tests and full
scale structure tests would be similar. However, there are a number of con-
siderations that could lead to differences. There is generally more than one
single location on a full scale structure where the failure could originate.
For example, it is usually the case that there are a number of holes in a row
that are equally susceptible to fatigue. This kind of situation where there
are multiple origin possibilities tends to reduce scatter. From another
viewpoint, however, full scale structure might be expected to exhibit more
scatter than element specimens. An airplane i1s a complex built-up structure
with redundant load paths. The possibility of load differences at the criti-
cal location from one test article to another is therefore greater than with
a simple element specimen. These internal load differences would tend to
increase scatter.

As indicated in the previous paragraph, it is not a certainty that
scatter in full scale testing is the same as in element fatigue testing. A
literature survey of full scale airplane and component fatigue test data was
therefore undertaken. A total of 243 spectrum test results and 491 constant
amplitude test results were found. These test data are summarized below:

Full S$cale Spectrum Fatigue Test Data
Spectrum Constant Amplitude

Number of Specimens 243 491
Number of Groups 82 143
Average Standard Deviation .0985 «148%
Average Weibull Shape Parameter 5.44 3.70

Note that these full sgcale structure data show the same trend as the element
test results; viz., the average standard deviation for the spectrum test re-
sults is significantl~ smaller than that for the constant amplitude test
results. The full scale structure data include both 7075 and 2024 material,
A detailed listing of the full scale structure spectrum fatigue test results
18 presented in Figure 5.

2.2.6 Pooled Spectrum Fatigue Test Data - It is expected that the scatter

differences between 7075 and 2024 aluminum are probably small. This can be
determined for the various kindes of element specimens and full scale structure

discussed in the three preceding sections. The dats couparisons for spectrum

16
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fatigue test results are as follows:
Yo-Load Transfer Element Fatigue Test Data
7075 2024 Total -

Number of Specimens 407 87 494
Number of Groups 104 15 119
Average Standard Daviation .1019 .0886 .0995
Average Weibull Shape Parameter 5.29 5.97 5.41

Load Transfer Element Fatigue Test Data
7075 2024 Total

Number of Specimens 141 182 323
Number of Groups 38 21 59
Avergge Standard Devistion .1100 .0927 .0998
Average Welbull Shape Parameter 4.90 5.06 5.00

Full Scale Structure Fatigue Test Data
7075 2024 Total

Number of Specimens 170 73 243
Number of Groups 75 7 82
Average Standard Deviation 0932 .1056 .0985
Average Weibull Shape Paramete: 5.97 $.87 5.44

Note that the 7075 and 2024 values are generally about the same. There is a

slightly larger scatter indicatiown [for 7075 element fatigue specimens, but

thia is offset by the smaller :c~tter indication for 7075 full scaie struc-

ture. The totai values do not show sizeable scatter difference among no~load

transfer elament fatigue specimens, load transfer element fatigue specimens,

and full seale structure. Pooling all of these glves the following averages:
Aluainun Spectrum Fatigue Test Data

Total
Number of Specimens ' 1060
Number of Groups 260
Average Standard Deviation 0994
Average Weibull Shape Parsnmeter , 5.27

2.3 Scatter in Scatter
Figure 5 lists standaxd deviations and Weibull shape pavameters computed

from gpectruw fatigue test data for full scale styucture, It is hypothesized
that all of these data are from the same statistical population in terns of
scatter. The rvange in stendavd deviations is from .0415 to .1326; the ramge

iu Weibull shape parameters is from 10.96 to 3.38. It is furthexr hypothesized
that these data are in the same statistical population with the element spec-
trum fatigue test data discussed in previous sections. These element test data
exhibit even a wider spread iu computed standard deviations and Weibull shape

18
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parameters. The question might be asked at this point, "If all of theee data
are from the sare parent population, why don't they all show a similar scatter
number?" The answer is that the standard deviatioms and Weibdll shape para-
meters computed from the data are sample values and as such are actually random
variables. These rsndom variables have their own theoretical probability dis-
tributions and should exhibit scatter according to those distributions.

Figure 6 presents a comparison of the theoretical probability distribution to
the spectrum fatigue data standard deviations for ssmple size m = 3. Figure 7
presents a comparison of the theoretical probability distribution to the
opectrum fatigue data Weibull shape parameters also for sample eize n = 3.
Note that both graphs indicate reasonably good correlation between the data
and the theoretical curves.

2,4 Theoretical Scatter Factor, Ratio of Two Fatigue Lives
Every discussion on scatter muast include some definition of "scatter" and

relate it to a parameters such as the mean, the median, or some characteristic
value. In terms of airplane fatigue life, there is usually a full~-scale labw-
" oratory test article, The life of this test article is the obvious choice fox
a nuwber about which to center the scatter. However, the full-scale test
article life is in fact a random varlable. If one comsiders a fleet of air-
craft, the laboratory test article can be thought of as one sirplane gelected.
at random -om the total fleet, Then the scattey factor between the labora-
tory life and the mexvice life of another airplane picked at randvm from the
fleet is the "ratio of two" vandomly selected vaviates from the same popula-
tion, A scatter factor so defined being the ratic of two statistically
independent random variables is itself a vandem varisble., Ite probabilicy
digtribution can genevally be derived given the distributiou of the pavent
population. | ,

2.4.1 Ratio of Two loz-Normal Variates - The probability distribucion
for the ratio of two statistically independent log-norral variates is utilized
to evaluate fatigue scatier in Reference {4). The relationghip between re-
l1iability R (probability of no failure) and scatter factor § ila showm to be

s = 10 =

where n is the number of laboratory test articles aud t is the normal variate
obtainsble from a normal probability table such as shown in Figure 8. The
Area uoted in Figure 8 corresponds to the velisbility R. The scatter factoyr
for the above formuls is defined av the ratio of the log wean life of u

-
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laboratory test articles to the life of an individual airplaune in service.
Because of the ecomomice of full scale airplane laboratory fatigue testing,
there is usually only one test articie which means n = 1. This is the ratio
of two situation for which the scatter factor is

§ = 108072

Using this formula with o = ,0994 and t = 2,327 from Figure 8 give: a scatter
factor equal to 2,12 for 992 reliability.

2.4.2 Ratio of Two Weibull Variates -~ The detailed mathematical dexiv.-
tion for the ratio of two Weibull variateas is included in Appendix III, The
result of the derivation giving the relationghips between reliability R aund
sca"ter factor S le as follows:

nsan
Rw n..“.—-.....-—-...
(1+usu)n

~hera 0 sgain is the nunber of laboratery test asxticles. The acatter factoy
for the above foruula ie defined as the ratio of the sample characteristic
life of n laborvatory test arvticles to the life of an ajrplauve in sexvice,
Whea theare ia only oue lazbovatory teat article, u = 1 aud the formule reduces
to the ratio of two case for which the acatter factor is

, T X

-

a

| s = ()
Using thie formula with o = 5.27 gives & ecatter factor equal to 2.39 for 993

reliability. ' ‘ ' '

2.5 Comparisons of Data to Weibull and Log-Normal

As mentioned ian Sectiom 2.1, experimental evidence wust be the priwmary
factor ia evaluating what distribution function ehould be uged. The diffi-
culty has alusys been ion obtaioing emough data to allow a determination
among the various probability distributiocns. The dava studied herein include
no-losd trangfer element speciwens, load trausfeér element specimens, and full
scale aixcraft structure test resulte. A total of 1060 data points were com-
pared and sppeared to be from the sawme statisticel populaticn in terms of
. gcatter. These test results can be plotted in diffevent wavs and compared
to the Weibull and log-notmsl probability distribution functious.
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The 1060 data points are from 260 groups where the group sizes vary
from just two specimens to as many &s twenty. Figure 9 presents an example
group of six, For the purpose of comparing theoretical probability distri-
butions for the ratio of two to experimental ratios of two, three statisti-
cally independent data points can be obtsined from the example group of six.
However;.depending on the way the results are paired, a number of diffevent
sets of three can be obtained as ehown iu Figure 9. A total of fifteen diffe-
rent random sorts were used to palr the individual test results for the threec
types of specimens, i.e., no-load transfer, load transfer, and full scale
structure, An additional five random sovts were made for all the data
combined. The theovetical curves for the Weibull and log-normal vatio of two
are compared to typical random sorte of the data in Figuxes 10 through 13.

It aopears that the Welbull provides the better fit.
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Data Grouped in
Ascending Qrder First Random Sort
Fatigua Fatigue Seatter
Lifa Lifa___ Factor
#1 2500 # 2 2900
#2 2800 #6 4700 0.60
#3 35800 24 4000
#4 4000 #1 2500.} 160
#6 4200 £86 4200
46 4700 23 %00 1.08
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Fatlgue Seattar Fatiyua Scytter
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24 a0 } A # 4 ‘000}
25  a200) 088 53 3000 R
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6 4100 0.0 5 axeol A
23 3980} £ 1 2508
. 158 Ly
sy as0d 154 26 a100d 053
Fousth Random Soit Futth Random Saey
Fatise Sewcted Fatigus Sattes
Lite Tactoe JLite Egictos
#3 R0y s 86 00
#6 &30 983 #1 R 168
82  2600% &6 4700 .
2 m} w2 #3309 12
&5 4200 o # 2 o8 .
. . . ¥ii)
£4 .«m} 108 P am.} o
Figure 8

Scatisr Factois for Five Differsat Random Sorts of a Gioup of n=6
7075 Spectrum Test Results
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‘mine trende for airspeed, altitude, and gross weight usage both in combat and

- training operations. Histograms for these parameters were prepared for

. exceeding each of the three load factors levels were computed for both combat
 and training operations. In addition, the flight regimes ia which the wmajor-

3., PHASE II - EVALUATION OF USAGE SEVERITY SCATTER

3.1 General

The study of fighter airplane usage data is presented in this section.
It includes identifying scatter trends in usage severity, examining effects
of changes in operational usage, identifying scatter trends in total hour
accumulation, and evaluating probability distributions for 'goodness of fit"
wich compiled data. Counting accelerometer and total flight hour data were
studied to quantitatively identify variations in usage from airplane to air-
plane in a given fleet, In addition, VGH data were analyzed to determine
trends in speed, altitude, and gross weight usage. These data, the speed/
altitude/gross weight information, are utilized in conjunction with counting
accelerometer data to compute service fatigue damage at various fatigue criti-
cal locations on the airplane.
3.2 F-4 Training and Combat VGH Data

A total of 8200 hours of F-4 Phantom II VGH data were analyzed to deter-

maneuvers exceeding 3.0g's, 4.6g's, and 6.6g's (levels consistent with VGR

recording intervals). Average values for each parameter for maneuvers

ity of maneuvers occur in both training and combat were determined.

The histograms for maneuwvers exceeding 4.6g's for combat aud for tra’'~ing
bp&rations are presented in Figures 14 through 19. These hisiograms
iliustrate usage treands typical of those noted at each of the thres load
factor levels examined, The summary of average speedo, altitudes, and gross
waights for combat and training operaticus for maneuvers exceedqing «ach of
the three load factor levels is presented in Figure 20, The P-4 usage trends
apparent from all of thase data are as follows:

(2) The majority of maneuvers in both combat and traindeg operatdons

are pulled in a limited Mach number/altitude rvegime. In bath types‘l
of operation, the majority of maneuvers are pulled at bmthen’
350 and 550 knots aund below 10,000 feet (the vombat average

altitudes being slightly higher than those for training).
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Averaga Vaiue for Usage

Ussge Tyoe of Paramater for Mancuvcrs Exceeding
Paramatsr Gparation 3.00 60 660
Weight Combat 42,730 42,640 41,680

(1bs) Training 38,890 39,200 39,150
Altitude Combat 6,960 5,760 5010
{#) Training 6,990 4,990 3,600
Indicated Combat 408 a7 470
Airspasd '
{knats) Training 402 441 an

*Based on a total of B283 Ut houre of VGH dath
47085 Houre of VOH combat data
3548 Hours of VG uslning dats

Figure 20
Summary of F4 Weight/Altituda/Alrspead Usage fu. Combat and Treining Operations®
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" higher level mapneuvers shouid be expected to be executed at correspondingly

easensial for waking a zessonsble estimste of oo wirplene’s expacted fatigue

7 dnternal stxwotural lords,  The Vo dnformation noted above thus pravidea
- the gri&srv data decessary to define the relationships betwaen stress and
"maaeuuezxag losd ‘fastor. For exséple, Figure 21 shows lww steess in the ¥l

‘ ftrands 1( aay ‘be nbted that the majority of RINRLVEYE AxE’ polled tn a Zlight

'fa_trends in load factor counting acceleramiter data was a cocpletely autumated
'“ -opex£§&6u. A computer progran developed for this purpose calculsted scatter

(b) The gross weights in combat for maneuvers exceeding each of the
three load factor levels are higher than those for maneuvers
executed in training cperatioms.

(c) In both training and combat, the average speed at which maneuvers
are pulled increases as the load factor increases,

The above trends were not unexpected. The F~4 has been used primarily
for air-to-ground weapon drops for which low speed and low altitude provide
more accurate deliveries. 'Thus, the majority of maneuvers should be expected
to be executed in a limited speed/sititude range. The slightly higher
average altitude in combat reflects ground fire avoidance. Jiie higher gross
weights for combat veflect the higher weapon paylead required in actual com-
bat service, Finally, load factor capabiliny is dependeut upon alrsgpeed.
Highar airspeeds ave vaquired to pull high load fasctor maneuvers. Thus,

higher average aivspesds than lower level maneuvers,

In Phase IV of this study service failures ave compered to life pre-
dictions based on all the zvsileble data. Aversge life pyadictions for each
key avea ware derived from counting sccelerometer information describing each
uirplauﬁ 8 10aﬁ factar uaege, sud Erom VGY date vwhich helped define stvess
versus load £astor’ velationships., load factoy exceedunce imformation was

lifa, but an sccursts aswesswint vequired svan wore infoxeation, Speed,
a&tgﬁuﬁg.‘Ané gross weight gpe che’§ygbttaac pacameters that influence

wing. nai@ LorQue box lower ”kin varins with spoed and altitude. -Fﬁoa the;VGH_W

aagiwL tn whzgh wing beudin; mODEGE pav § $s about 85% of that at the cricicsl
desigs sondition. S ' h
3.3 B4 Gounting &ccelercneter Rata )

3.3 ‘Mothed For Evslusting Usape Seattor - The exapination of acatter

in"icad factor count accumlation verkus sffective Flight hours for all air-
planies reporting counting acceleremeter data. The scatter computed ropresents
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the ratio between the load factor counts accumnlated by a given airplane and
the load factor counts which would have heen accumulated by that airplane if
it had been operating at the fleet average accumulation rate. _

Counting accelerometer data for F-4 airplanes are stored on magnetiz
tape. The computer program used was designed to read the data directly off
the storage tapes. For each airplane reporting counting accelerometer data,
the reporting dates, comats accumulated, and sircraft flight hours were vead
directly from the atorage tapes. Fleet average daily count pexr hour rates
were ther couwpuyted using the data from all aircraft in the fleet., Following
this, scatter for a glven load factor exceedance level was computed at each
of the reporting dates listed for each asirplane. These scatter values were
determined by taking the ratio of the actiual counts accumulated through the
veporting date divided by the estimited accumulated counﬁs {estimated counts
were represented by the summation of the products of the flight hours accumu-
lated or given days by the airplace mnlnipliéé by the applicable fleat avevage
daily count per houx rates). Fimally, the ugage scatter data were scawned
and evaluated, and information necessary to construct histegrams showing the
distribution of scatter at various numbors of effective Elight houvs was
praduced. Effective hours (astimated gounts divided by the fleet overall
average counts yer hour) werxe used in this stwly so that usage scatter fyom
-eircraft operstiug ie diffevent time perieds could be compaved directly. The
significauce of effective hours is discussed in the follewing secrion.

3.3.2 Effegeive Fiiche Houys = F-4 operational usage has varied sigai~
ficantly since tihe alxplane was introduced into sexvice.. As discussed in 4
Section 3,3.3, #meathly lead £actor count ggoumsiation vates have shown sub-
stantial Fluctuations ovér the years. 4u circrakt untering service varly
o the ¥oi progran wwuld be espectad to have sccumuluted considerably fever
corwats in the sase number of tours than would an alyplece entering service
in the last few yeavs. Thereforae, if aivcraft with the sawe actusl nuzber of
hours vers divectly compavad, the csticated suxber of counts would in general
vary from one girplane to snother. The estimated nusber of counts is repre-
. sentative of the exrected aumber of counts or the average, Hewce, a compsti-
son based on actual number of hours would consist of aiyplanes with different
averages in the same group, and scatter trends based on such a coéparissn'
would not really be wveaniangful. On the other hand, cbserved scatter trends
would bave more significance Lf based on couparisons of airplanes with cthe
sape average or estisated nuaber of counts.
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Effective hours ia equal to estimated number of counts divided by the
fleet overall average counts per hour., Then comparing airplanes based on the
nunber of effective hours they have accumulated would place airplanes im the
same group that have the same estimated number of counts ox, in other words,
the same average. The main difference between actual hours and effective
hours is that aircraft which flew predominantly early in the history of the
F-4 program have fewer effective hours than sctual hours since they flew at
a time when count accumulation rates were velatively low; whereas, aircraft
entering service in the more recent history have more effective hours than
actual hours because they were flying in a period in which usage was more
severe than the overall aversge. ‘

3.3,3 Ussge Scatter Trends Versua Hours - Computer rung were made to

avaluate 4g and 62 usage scatter exhibited by Air Fovce and by Navy/Marine
éitplanes. Tha deaca showing the distribution of scatter at selected flight
hour iatarvals was genevated durving those computer runs, This information

is pregented in Figures 22 through 25. The outputs show the nuubey of atr~
planes with scatter values in glven vanges versus effective houwrs. It should
be noted that in esch 200 hour interval, only one scatter value is countad
for each aivplame. The scatter value included is the cne at the number of
hours closest to the widpoint of the intevvsl. Thus, the column labeled “&0L

scatter values st 500 houvs,
Figurds 22 through 25 indicate that the disporsivn of ugage scetser
V'gaints decreases significantly with increaning hours. This Erend may e

zova likely thet 3t will hove baun subjectad to a vastety of usages oud its
zepuated loading will have “averaged out.” The tvend is also ia gusiitétiéa
agreemat with probability theory which states that the vatie of tha standarcd
deviation to the mean for nusber of cccurrences fa & given tire tnterval ds .
{nversely proporticnal to the wguate toot of the tive inferval lamgth. Al~
though the trend towayd dicreasiny ecatser ésraas qualitatively wits this
theory, au éxamiuation:oirthu data has fadiceced that the data and the theory

| are tol in omast quantitative sgressant.

Usar ¢ saverity scatter maens and variances versus ctfective houts for
Aiy Yovce and WavyMarine 4g and 3 maneuver accemlstions ave prossutsd ie
Piguves 26 through 29. These dats show how usag® severity scatter variances

4l

to 600 hours' yields the aisﬁr:buziog of the ausber of airplanas with vatinﬁa_r

explained intuitively on the basis that the longer an alrplame {s §lylag, the

‘
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Figure 22
49 Usage Sevarity Scatter Distribution for 1209 Air Force Airplanes
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&g Usage Sevarity Scattar Distribution for 1106 Navy/Marine Airplanes
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Figure 24
6g Usago Severity Scatter Distribution for 1209 Air Force Airplanes
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EFPECTIVE TOTAL NUMBER OF AIRCRAPT WITH
HOURS INDICATED EPFECTIVE HOURS
300 1209
300 1067
500 1.0053 2169 886
%00 1.0031 <1836 651
900 1.0166 1726 haz
1100 1.0257 L7778 A5
1300 1.055 «1630 120
1500 1.0592 1930 5]
1700 1.0333 «16%, 39
1900 1l.0238 1847 21
2100 9000 260 8
2300 .60 QL 3
NOYES

(1) Usage Severity Scatter w Actual 4g Counto/Estimated 4g Counts

(2) 826,171 Total Hours of Data Exmnined

{3) ERafevsaoe Figuwre 22 for Usage Severity Soatier Data

Figure 26

4g Usage Ssverity Scattar Maan and Variancs vs Effective Hours for Air Forca Aiicraft




NOTES
(1) Usegc Severity Scatter w Astual 4g Counts/Estizated 4g Counts
(2) 1,015,955 Total Hours of Date Exawined
(3) Reference Figurs 23 for Usage Saverity Scatter Iata

Flgure 27
4g Usigo Severity Scatter Mean and Variance vs Effective Hours for Navy/Marine Aircraft
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Flgure 28

Gg Usage Saverity Scatter Maan and Variance vs Effective Hours for Air Force Aircraft
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" scatter is ghoun te decrease significantly with increasing E£light hours,

change with increasing time. As may be noted, the varisaces decvease with
increasing time but not in proportion to the inverse of time as is augpssted
by probability theory. In Reference (), iz is indiceted that for such a
relation to hold, the accumulation of flight mansuvers by alrplsnes in a
fleet would have to be a stationary random process. One of the raquirements
for such a process is that the mean frequency of cccurrence of meneuvers must
be constant with respect to time. As has been ghown, this has not been the
case with F-4 gervice usage; operational usage has changed and fleet average
maneuver frequencies of occurrence have fluctuated greatly. Usage severity
gcatter variances could not, therefore, be expected to decresse exactly in
proportion to the inverse of time. However, the fact that scatter varisnces
are shoum to decrease aand not facreage with time csn be used. The variance
at 1500 hours is calculable from the available data. The question is =hat
will be tha varisnce at a design life of say 4000 houxs. Since varisnces ave
shosm not to lucyxease but decrease, although not iuversgaly proporticnal to
the square root of tiwe, it would certainly be resgoasble to assume that the
variance at 4000 hours is not larger than the valve at 1500 hours.

3,5.3,1 Graphical Pregentation of WUsage Severity Scatter - Plote of &g

and 6g usage severity scatter versus £light houvs wexe genevated foyr both Alx
Yorce airplanes aud Navy/Mavice sirvplanes. The plots, presented in Figutes
30 chrough 33, iilustrate grsphically the decvedse la scatter with incrzesing
houxs. Ay nay be noted, ia sll cases, the disée:eim of usage geverity |

4s has been indicated praeviously, this treénd nay be explaiued jutuitively

ca the basis that the longer -n eivplane is flyiug, the wore likely that it
will have been subjected to a veriety of usages and its vepsated losding will
have averaged out. ' '

In actordance with thiz thaory of repeated load svevaging over lomg
periode, lerge scatter factors can be axpected only early in an uirplane's
1ife when the uubbers of actual snd eatimated counts ave relatively low.
There are =h.cptions wo this rule however. The plot of O3 usage scatter for
Nevy/Hatrine aivplanes showu in Figure 33 coutains 85 data pointe for F-4B
Bureau No. 150492 plotted st betueen 62 and 2482 flight hours. The last of
these, & scatter factor of 9.31 ar 2482 f£light hours {see Figuve 33), is
vausually high for thet nany €light hours and is obvivusly iacousistent with
the data frow the other aivcraft in the fleet. Prior to Novesber 1966, this
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airplane had accunulated approximately 1200 flight hours and had been engaged
in opexations typical of an average airplane in the fleet, Since that time,
however, the airplane has been engaged in developmeni of weapon delivery tech-
nigues. Since transferring into such operatioms, the aircraft's 5g exceedance
accupulation rate has cont.inually increased. Recently, the alrplane's average
usage has been 12 times more severe than that of a typical airplane in the
fleet. This represents an activity which is not at all comparable te typical
operations inm the overall fleet of Navy/Marine aircraft. The flight hours
accunulated by Buresu No. 130492 are thus considered te be from unusual opera-
tisas, and as such, the data from thils uweage are not includeé ia any scatter
evaluations herain,

It 19 frequently found that unusual usage such as that experienced by
Buzaayw No. 150492 leads to fatigue problems. Failure of au aivplate such as
this fn unkaodn ov unrecoghized speclal cperatioms would cast g shadow of
doubt on the structural lntegrity of the total fleet of aivevaft. By having

Cqouncing acecelevomaters installed in each afircraft, hovever, thege oporations
can be yecogaized and special periodic inapections of the alvcraft {avolved
can be conducted. This should praclude any majov problems. In addition,
scatfar can be contvolled, if deeswed advisable, by transferring sivplanes in
@d out of unususl activicies, '

.

3.3.4 Evelvation of Probability Piseribution - The statisticel repre-

sentation of aivcraft flﬁght gancuvet accumnlation is discussed in detstl -
Beference (5). It is shown that the distribution of the nuzbors of maneuvers
»agﬁuzﬁliﬁeé by iodividual aireraft in a “lect oy be described using the
negative bivomial distribution. Ussge gevexity gcatter, a8 usod horein, is
defined as the vatto of the actual nunber of lead Factor counts accutmalated
by #n aivplase divided by the numbeyr of couants which would have boen accumu-
lated by that aivplane had it bein opavating at the €leet average msnenwver
accusuiction rate. Since this ratio is & measure of au individual aixplane’s
sccuzuslacion of maneuvers, the distribution of ugsge severity scatter sheuld
also follow the negative bilnomial distribution.

The negative binomizl distributicn, defined by the probability deunsity

fuaction,
bw 2 .
cee) o 1.2 1 R I'{ztbm)
= {tm ! {:ﬂ(w ] [b'-&-l } riz+l)




where:

usage severity scatter = actual counts/estimated counts

mean value 2z

o B N
f

m/(o2 - m), and

i

o = standard devistion of z

hag been evaluated for "goodness of fit" with the usage severity acatter data
generated for both Alr Force and Navy/Marine airplanes. The evaluation has
shown definite correlation between the theoretical distribution and the data.
As an example, Figures 34 through 36 show comparisons betweem the negative
binomial distribution and the 4g scatter exnibited by Air Force ailrplanes
having accumulated 100; 500, and 1500 effective hours. These comparisons
show that the scatter in usage severity at any given number of effective
hours can be represented using the negative binomial distribution.,

3.3.5 Effects of Changes in Operational Usage - The definition of a

particular airplane's usage may change completely from the design mission due
to the character of the actual theatre of operations. This has been clearly

illustrated Dy the usage of the F-4 airplane in service. As is well known,

the P-4 has been developed into a highly diversified weapons system. It has
been utilized as an interceptor, a fighter-bomber, and in numerous ground
support operations. The differences between the usages in these roles has
been drastic. The SEA conflict has likewise had a significant effect on
operational usageAconsiderations. In addition to increased maneuver frequency
resulting fiom deployment in comventional bombing operations, the utilization
rates and the actual flight gross weights went beyond initial expectations.
Instead of bzing flown 20 tc 30 hours per month, the rate for combat squadron
activitiaes inareasedbto-eo to 70 hours per wonth. Also, as illustrated by
the VGH data presented in Section 3,2, the average gross weight in cowbat
operations increased to a level significantly above the design gross weight
of 37,500 pounds. None of these changes could have been predicted statisti-
cally during the design phase of the airplane.

Alr Force and Navy/Marine 4g and 6g fleet average exceedance accumula-
tion rates versus time are shown in Flgure 37. These yplots show how F-4
usage has varied. As noted previously, the usage scatter ractors computed
herein represent tlia scatter between the exceedances accumulated by a given
alrplune and the exceedances which would have been accumulated by that air-

plane if it had been operating at the fleet average exceedance accumulation
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rate, Scatter factors were computed at each reporting date. This factor is
the ratio of the actual counts accumuslated through that date divided by the
estimated accumulated counts. Both the sctual counts accumulated and the

s

estimated counts reflect changes in operational usage. The actual counts,

bt

having been recorded in service operations, necessarily include changes in

operational usage. The estimated counts, being computed from fleet average

TR

daily count per hour rates, reflect changes in operational usage occurring
during the period in which the aircraft was in service., Thus, if an aircraftc
had been operating in a period in which load factor frequencies continually
increased, both the actual counts and the estimated counts would exhibit
corresponding increases, By taking the ratio of these counts, the effects of
changes in operational usage have been removed, and the scatter is simply that
between a given airplane and an average airplane in the fleet.

Although it can have a significant effect on service fatigue life, a
change in operational usage is not a statistical variable and cannot, there-
fore, be approached on a statistical basis. In arriving at a total scatter
factor, the scatter in fatigue test results and in usage can be handled
statistically, but it is necessary to make a "best guess' as to how the
airplane will be used in service. Changes in operational usage, although
quite important, cannot be anticipated or accurately estimated duriung the
aircraft's design phase.

3.4 Scatter in Total Hour Accumulation on Individual Aircraft

In addition to developing data and procedures for computing a design

gcatter factor for a preselected reliability level, it is also important to
determine what should be the der "gn life of an airplane in terms of hours or
years of service operations. Data reflecting scatter in the total hour acc-
umulation on individual F-4 aircraft have thus been investigated to obtain
information which can be used to aid in establishing an aircraft's design
life. The study performed and the information obtained are described in the
following paragraphs.

3.4.1 Method for Evaluating Hour Accumulation Scatter - In this study,

the scatter numbers computed represented the scatter between the flight hours

accumulated by a given airplane and the flight hours which would have been f
accumulated by that airplane if it had been operating at the fleet average _ ¢
hour accumulation rate. Total flight hour data for F-4 airplanes are gtored

on the magnetic tapes which contain the F-4 counting accelerometer data.
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Aircraft reporting dates and hours accumulated were read directly from the
storage tapes. A dally fleet average hour accumulation rate was first esta-
blished by determining the total flight hours accumulated on any given day
and dividing by the total number of aircraft in the service inventory on that
day. Alrcraft known toc not have flown were included in the inventory count
in order to account for expected aircraft down-time. Scatter was then com-
puted at each reporting date listed for every airplane. Estimated hours for
individual aircraft were computed by accumulating the fleet daily average hour
accumulation rates applicable for pericds between reporting dates. The
scatter at each reporting date was then computed by taking the ratic of the
actual hours accumulated through that date divided by the estimated accumu-
lated hours, Finally, the scatter data were scanned and evaluated and infor-
mation necegsary to construct histograms showing the distribution of scatter
at selected intervals of years was produced.

3.4.2 Hour Accumulation Scatter Versus Years - Computer runs were made

to evaluate the hour accumulation scatter exhibited by Air Force airplanes

and by Navy/Marine airplanes., In the Air Force rum, 1,701,964 flight hours

of data accumulated by 1232 Air Force airplanes wers examined. In the Navy/
Marine run, 1,372,702 flight hours of data accumulted by 1114 Navy/Marine
airplanes were examined. As was the case in the usage severity scatter study,
the scatter in flight hours accumulated was also noted to decrease signifi-
cantly with increasing time., The trend, exhibited in both the Air Force and
Navy/Marine runs, indicates that flight hour usage also averages out and that
aircraft placed in the fleet at the sfme time will tend to accumulate similar

numbers of hours over a period of years.

3.4,3 Histograms of Hour Accumulation Scatter at Selected Intervals -
The information necessary to construct histograms showing the distribution of
hour accumulation scatter at selected vear intervals was Jenerated during the
computer runs, This information for Air Force airplanes and for Navy/Marine
airplanes is presented in Figures 38 and 39, Xt should be noted that in eaca
2 year interval, only one scatter value is counted for each airplane, The
scatter value included is the one at the number of years closest to the mid-
point of the interval, The columns thus yileld the distribution of the number
of airplanes with various gcatter values at the number of years at the inter-
val midpoints. The histograms plotted from the data are shown in Figures
40 and 41, Histograms for the data from the Alr Force run show the
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1,701,964 Total Hours of Data

Flight * Total Years in Service
Hour 0 2.01 4,01 6.01 8.01
Scatter to to to to to
2.00 4.00 6.00 8.00 10,00
0.0 - 0.2 3 1 1
0.2 - 0.4 12 6 6 1
0.4 - 0.6 48 26 9 5
0.6 - 0.8 244 181 129 38
0.8 1.0 284 297 292 143
1.0 - 1.2 243 203 136 54
1,2 - 1.4 172 117 69 16
1.4 - 1.6 119 59 34 2
1.6 - 1.8 54 31 15
1.8 - 2.0 35 9 6
2,0 ~ 2.2 10
2,2 = 2.4 2
2.4 = 2,6 3
Total Number
of Aircraft 1229 929 697 260 0

% Flight Hour Scatter = Actual Flight Hours/Estiwmated Flight Hours

Flight Hour Scattar Distribution for 1232 Air Force Airplanss

Figure 38
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1,372,702 Total Hours of Data

Flight ® Total Years in Service

Rouy 0 2,01 4,01 6.01 8.01 10.01 12.01

Scatter to to to to to to to
2.00 4.00 6.00 8.00 10.00 12,00 14,00

0.0 = 0.2 1 2

0.2 - 0.4 39 8 3 2 1

0.4 - 0.6 68 40 3l 19 9

¢.6 - 0.8 80 100 76 54 41 2

0.8 - 1.0 131 208 166 G4 57 7.

1.0 - 1.2 21} 204 202 99 38 3

1.2 - 1.4 224 129 86 37 7

1.4 - 1.6 157 59 25 10

1.6 - 1.8 95 26 5

1.8 - 2.0 50 4 2

2.0 - 2,2 24 1

2.2 - 2.4 12

2.4 - 2,6 6

2.6 - 2.8 4

2.8 - 3.0 5

3.0 -« 3.2 0

3.2 - 34 1

Total Numbey o

of Aireraft 1114 781 396 315 153 12 Q

* Flight Hour Scatter = Actual Fliy | Jours/Estimated Flight Hours

_ Figure 33
* Flight Hour Scattar Distribution for 1114 Navy/Marine Alrplanes
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Percentage of Aircraft with Given Flight Hour Scatter
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distribution of scatter at 1, 3, 5, and 7 yesrs. Histograms for the daca
from the Navy/Marine run show the distribution of scatter at 1, 3, 5, and 9
years.

3.4.4 Eff:cts of Operations Changes on Hour Accumulation Scatter - Air

Force and Navy/Marine fleet average hour accumulation rates versus time arve
shown in Figure 42. These curves show how P-4 hour accumulation rates have
varied. As previously indicated, the hour accumulation scatter values computed
herein represent the scatter between the hours accumulated by a given airplane
and the hours which would have been accumulated by that airplane if it had
been operating at the fleet average hour accumulation rate, Both the actual
hours and the estimated hours used in computing the scatter values include
operational usage change eifects. The actual hours necessarily veflect
changes in operational usage. Estimated houxs, being ceuputed from daily

hour accumlation vates, veflect changes in operational usage occurring dur-
ing the period im vhich the aiveraft was in service. By taking the ratio, the
effects of operxational usage changes have beea rewoved, and the scatter {s
simply that betueen a given aivplane and an average airxplane epexating in the
fleet during the ssme pewiod. As has been noted previocusly, this scatter
decreases with incyeasing time. Since ussge changes have been venovaed, this
trend of decreasing geatter iudicates that afccvaft placed in the flaet at

the same time will sccumulate similav numbers of hours during their service
tours. In addition te this, however, siace F-& flight hour accumulattion

vates indicate that wonthly hour usage iz relatively ilavaciant, the dats vould
alzo imdicate that all afrcraft in & €leet may be expected o accusulate a -
similay nuzber of hours after a like uuzber of years in service.
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4, PHASE III - DOCUMENTATION OF LABORATORY TEST RESULTS

4.1 General

F-4 full scale lsboratory fatigue testing has been conducted in a series
of test programs involving five complete wing-center fuselage fatigue test
articles and twe half-wings. The fatigue characteristics of five fatigue
critical key areas base. on this laboratory testing were documented in Phase
III of this program, Efforts in this area included the compilavion of spec-
trum huurs to failure and the determination of the crack growth characteris-
ticg for each key srea. The key aveas studied were:

(1) the wing wain torque box lower skiu,

(2) vuhe outer wing lower skiu,

(3) <«he ¥.S. 303 bulkhead,

(&) the wing main tovrgque box upper skin, and

(8) the lower longeroe dog bouve fitting.
9.2 P-4 Fatigue Test Program History

P-4 full scale faeigue testing has been conducted in & saries of test
programs that have included seven full scale test articles, The test axticles
that have been utilized are depinted iu Figuve 2. The test prograss, which
were parformed to substantiate the aivivawme fatigue life and to define fatique
evitical aress, sye degeribed briefly in sdbsequenc pasagraphs. This Cest
history provides the informacion necessary to idencify tha“laboracqry'faiiures‘

-yeferred fto in this atude.
~ Black ) Test Feogram - The test articie cossisted of s center fuselage

and completa wiug assesdly ropregentative of the Ship I through 95 configura-
tion. Test loads vepresented the orifical loading conditicn for a Flighe
gross weight of 34,500 pounds and weve applied in asccovdance with spectyun A
of MIL-A~8868. This resulted in the spplication of a test loadfng spectrum
vhich was congiderably sore severe thaen the oviginal dewign spectrum, ¥atlure
oceurred at the end of the €ifth load program vhen both R/H and L/H wings
failed siwultaneously at the wing root.. The failures were precipitated by
repeated buckling of the wing carry through auxiliary besn shoar vebs at high
load levels. Nodificationn to the_auxiliary'béxn ware developed and refiwed
in subsequent jig téstias. A votrofis fix was fucorporated in Ships 1 through
40 and redesigned auxiliavy boaxs were iustalled effective Ship 41 and up.
Revigion »f Test leads w ) Repeated Load Spectruy - A flight load

wessurecent progran indfcated that the analytically deteraiued loads used in
the Block ) test weore conservative. The test loading distribution vas revised
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to reflect the resulte of flight test measurements, but concurrently, the mag-
nitude of test loads was increased te reflect an increase in gross weilght from
34,500 pounds to 40,000 pounds. The combinetion of these changes increased
test loads by a factor of 1,039 above the Block 1 fatigue test lcading and
rest ited in loads representative of f£light lecads at criticel design'speed and
altitude (Mach 1.1 at 25,000 ft.). In addition to the test loads revision,
the load spectrum was changed . .1 Spectrum A of MIL-A-8866 to what has cowe
Zo be known as the F-4 test spe.trum (the list of cycles applied in the F-4
test spectrum, which was utilized in all subsequent fatigue testing, is pre-
sented in Figure 43). This combi. ation of changes resulted in a test spectrum
which was also considerably more sevexs than the original design spectrun..

Block 1 R/H Remnant Wing Test - The R/H remnant wing from the Block 1

fatigue test article was jig supported (critical loads simulated outboard of
B.L. 80) and spectrum testing was continuved using the F-4 test spectrum and
loads (40,000 pounds gross weight, Mack 1.1 at 25,000 ft.). Failure occurred
in the wing main torque box lower skin at¢ B.L. 100 (fatigue critical area
shown in Tigure 44) after 400 additional spectrum hours.

Block 1 L/H Remnant Wing Test ~ A lower wing skin reinforcing strap
(retrofitiﬁix for Ships 1 through 95) was installed on the L/H remnant wing

from the Block 1 fatigue test article and testing was continued as in the
R/H remnant wing test, Testing was discontinued after 9300 spectrum hours

without a catastrophic fatigue failure,
Block 6 Test Program - The test article consisted of the Block 1 teat

‘fuselage and a new 1 through 95 wing with redesigned auxiliary beams. Test

loads were applied in accovrdance with the F-4 test spectrum and loads
(40,000 pounds gross weight, Mach 1.1 at 25,000 ft.). Four hundred spectrum
hours were applied prior to installation of the lower wing skin reinforcing

- strap to simulate possible service history experienced by airplanes prior to

the reinforcement, Testing was discontinued after the completion of 4200

spectrum hours without a catastrophic fatigue failure,
Block 8 Test Progrem - The test article consisted of 4 new center fuse-

"lage and a wing vepresentative of Ship No., 96 and up (primary modifications

consisting of i1acreased atrength in lower skin). Test loads were applied in
accordance with the F-4 test spectrum and loads (40,000 poundr gross weight,
Mach 1.1 at 25,000 ft.). Fallure of both wings occurred simultancously in
the fatigue critical area at B.L. 100 (same location as R/H remnant wing
failure as shown in Figure 44) after 2700 spectrum hours.
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35
L5
55
65
75
85
95
103
11
ne .2

% Minimm load equals 15.4% test limit load except
mirieum load equals C.C% test limit icad on every

15th cycle

Figure 43
List of Cycles Applied in the F-4 Test Spectrum
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ECP-613 Test Program ~ This test program was initiated to demonstrate.
that the ¥F~4 test life could be extended from 2700 to 6000 spectrum hours by

ingcalling Taper-Lok fasteners in the lower wing skin fatigue critical area.
The test articles consisted of two full scale aircraft:

(1) PF-4B Test Article - Representative of early aircraft with 7079-T6
spars, ribs, and 7075-~T6&51 bulkheads, and with conventional
fasteners installed In the fatigue critical area in production.

(2) TF-4J Test Article - Representative of higher effectivity alrcraft
with 7075-T73 spars, ribs and bulkheads. R/H wing representative
of aircraft with conventlonal fasteners installed in the fatigue
critical area in production and the L/H wing representative of
ajrcraft with Taper-Lok fasteners installed in the critical area
in production.

Test loads were applied in accordance with the F-4 test spectrum and loads
(40,000 pounds gross weight, Mach 1.1 at 25,000 ft.). After approximately
1700 spectrum hours, Taper-Lok fasteners wevre installed in the fatigue criti-
cal area of the F~4B test article wings and in the criti_:. area ¢f the R/H
wing of the F-4J test article (1700 spectrum hours applied to simulate
possible service history experienced by airplanes prior to incorporation of
Taper-Lok retrofit fix). Testing of both test articles was discontinued
following the completion of 6000 spectrum hours without catastrophic failure.

FSCP 46 Extension ~ This testing was conducted to determine whether the

Taper-Lok installation could extend the test life of the F-4B test article

used in the ECP-613 test program to 8000 spectrum hours. Cycling of the test
article was continued in the same manner as in the ECP-613 test program ex-
cept cycles in tiie 35%, 45Z, and 55% load levels of the F-4 test spectrum
were not applied. Cycling of the test article was discontinued following the
completion of 8000 spectrum hours without catastrophic failure.

FSCP 60R1 Exvension - This testing was conducted to determine whether
the test life of the F-4B test article utilized in ECP-613 and FSCP-46" test-
ing could be extended to 12000 spectrum hours. Cycling was continued in the
same manner as in the FSCP 46 extension. Testing of the article was discon-
tinued after 11800 spectrum hours when the L/H wing faiied catastrophically.
This failure was found to have originated at the pylon fitting hole in ghe
wing main torque box lower skin at B.L. 132.50.
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4.3 Compilation of Test Results

Locations of the five fatigue critical key areas and photographs of
typical damage detected in the laboratory are shown in Figures 45 thrcugh 53.
Detailed lists of fatigue damage detected in each of the five areas are pre-
sented in Figures 54 through 59.

4.4 Electron Microscopic Examinations of Fatigue Fracture Surfaces

The markings on a fatigue fracture surface represent successive positions
of the crack front. Electron microscopy provides the means for correlating
this crack growth to the loading history. Crack growth curves generated
during microscopic examinations thus define the fatigue characteristics of
components in terms of times te crack initiation, crack detection, and com-
plete rupture,

Fracture aurfaces from each of the five key areas were examined using the

. electron microscope. Crack growth curves generated for the critical areas in

the wing main torque box lower skin, in the F,S. 303 bulkhead, and in the
outer wing lower skin, are presented in Figures 60 through 62. Attempts to
obtain crack gro&th data from fracture surfaces from the wing main torque box
upper skin and from two lower longeron dog bone fittings did not prove to

be successful. These areas are loaded in compression, and although cracks
developed due to residual temsile stresses, subsequent compressive cycles
damaged the fracture surfaces to such an extent that crack growth could not

be determined.
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Honeycomb Structure
Trailing Edge

32-15062 Skin

Figure 45
32-15062 and 32-15531 Outer Wing Lower Skins




‘FORWARD

4

A

Typical Quter Wing Lower Skin Failure




!
)
H
§
¢
1
!
;
\
H
|
§
§
{

2 e IR ATENS v WA Ay ves s o

R PRI

| !
:

: ‘
{ :
,} ;
i |
'\? :

\— Critical Area

F-44 Test ! - 4
Article Failure

RN N

i
View Looking Aft

: Figure 47 : ;
; fusalage Station 303 Bulkhead GPIICAIY

LA

R

| :

! X

!
l
! s
i .
i
!
3 :
g

|

1

7




PR TR T e ¥

ajoRsY 3591 [y-d 2anfied pesuying £6E uoums sbejung
gy &« 613

'

OHYME0 DNINOOT MIIA




Figure 49
Wing Main Torque Box Uppor Skin at Wing Koot
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Bog Bone Fitting (Lower Longiron Splice Fitting}
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32-11C11 Main Spar

Porward

-

lok festeners installed,

32-11422 Skdn
@
CRACK DETECTED CRACX DETECTED
TEST ARTICLE APTER BIOCK NO. IN XOLE ¥0. RI3) REMARKS
. R/H Remnant 9 32 R Wing failed catastro;hicanyﬁ
: Origin of fellure wes
' fatigus erack in Hole’
' No. 32,
i Block 8 Test 27 31 LK L/H and R/H wings failed
i Article 27 11 RA simuitanecusly., Cracks
’ precipitating failures
originated in holes 31 L/H
_ and 31 R/H.
F=4B Test 16 3IRH WO
Article 17 1w @O ® Cracks dotected by Eddy
Currant Inspsction,
F=4J Test 15 31 R O® .
Article Reamed oversige after
17 33 REG® Block No. 17 and taper-

100 Spectrum Hours Per Block
All Cracks Dstected in 32-11422 Skin
Hole Numbers Correspond to Taper-Lok Retrofit Hole Identification Numbers

List of Failures Detacted in the Wing Main Torque Box Lower Skin at BL 100 in Laborstory Testing

Figure 54
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_DATA SQURCE (0 | FAILURE DETECTED BLOCKS 10
_mm_mmmwmm 4 1LY T 0 ¢ - —
L/M Reanant Wing 9 8 32-15531-5 46,6 46,6 Cracked Doubler
Installed
9 1c 32-15062-3 52 52 Cracked Doubler
Installed
9 1 32-15531~5 69.8 69.8 Cracked Doubler
Installed
9 P 32-15531~5 80,3 80.3 Numerous No
Cracks Action
Detected
Block 6 10 60 32-15531-7 [ %3 42 Cracks Found | No Action -
Test Article Eminsting Testing
Froam Two Terminated
Pastener
Holes
Block 8 1 89 32-15531-12 20 20 Cracked Doubler
Tost Article Installed
F-41 Test 12 12 32-15052-6 16 16 Cracked Crack 3top
Article (Block Drilled and
26 & 1p Doubler
Con¥icuration) Installed
12 25 32-15062-5 23 23 Cracked Crack Stop
Drilled and
Doubler
Inatalled
F-4R Test 13 ' 16 32-15062<5 20 20 Cracked Doubler
Article (Block Installed
26 & Up
Configuration) 13 20 32-15062-6 23 23 Cracked No Action
Unreported 32-15531-13 60 60 Gracked | Bomer
F-4R Test L b4 32=-15062-6 s - Crack Crack Stop
Article {Rlock Detected in Dirilled and
26 & Up Teat Article | Doubler
Confivurat ion) Following Installed
Block 23

(© odd dash numbars installed on L/H side of airplane,
Even dash nuswers installed on R/H side of airplane.

(OXS

100 Spectrum hours per block

Seo Pigure 56 for descriptions of failures

Figure b5
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List of Failures Detected in the 32-15062 and the 32-15531 Outer Wing
Lower Skins in Laboratory Testing




Cracked on F-4B Test Article @ 60 Blocks
Wwing Fold

(L/H)
Cracked on F-4B Test Article; 70,68% / }lm Lands Typical
R/H @ 23 Blocks, L/H @ 20 Blocks —

Cracked on F-4J Test Article;

RMA & 16 Blocks, LM @ 23 Blocks
59.9%

i/ P [ [,
al.68Ly [‘?O_J ) 9\ 32-15531 Skin
par Z’\f—‘i'\'l’\/‘—\’

32~15062 Skin
EOF 32-15062

(Main S

v 1
QWC5 17 OWCS  QWCs 32.8
23 . 7

CONFIGURATION TYPICAL OF BLOCK
26 AND UP AIRCRAFT

Cracked on L/H

Numercus Cracks Detected
emnant Wing @52 Bloc

on L/H Remmant Wing in

70.68% 32-15531 Skin
- @ 80.3 Blocks
Cracked on Block 6 Test Article 0601 oot
# 42 Blocks (L/H) 59,94 : ey 3 32-15062 Skin
...} - -
060 R 32-15531 Skin
) : 056 ] Cracked on LM
41.68% / ( ] L Remnant Wing
100 1

9 69.8 Blocks

' |
Cracked on Block 8 Test Article OW(JS OWCS

racked on L/H Remnant Wing
@ 20 Blocks (RAH) 2.7 3a.s8 9 46.6 Blocks
CONPIGURATION TYPICAL OF AXRCRAFY
BALOW BLOCK 26
Figure 56

Summary-Outer Wing Lower Skin Fatigue Cracks

86




Msa) Asojeloge ul peaudiing £OE Sd AU Ul PaIIBRAG SN SO 351

4G 24niS14 :

i

BUOTIBOCT ATOY, I0F Ly SIZTJ 998

PeqoU S80TGNR UoTRssdsTT quasano Appe £q pS%onaop SHOBID
soo1a aud saney wnajzoeds O0T

*up padTTds UOT3I0E Tee3s
‘peaowna uoT3o08 podeweqg
83007d 2§ 38 POTTed
E3007% 9T 9%

PejeTITUl — oBI) 03xey (D)

*peTTRISUT
JPUDIERT OZTEJIGAD
FUB poWBSI 9TOH @

91F33Y
3sal 94

aJInTYed
Dotars1a

@NNN

*poTTeIsUT
SISUBIEBT OZTRJIIAD
pus powsax soToH (9

¢4 fooTq a93je
pamxozaed uorzoedsut
queaano Appa 38314 ()

X
X

™

X

]

X

®Gx (©Ox

21°T133¥
3591 9y-4

surysey jo
uojeTduos FurMoTIOJF
pemroJIed uotjoadsur

NHN('\-‘)U\:‘HNMJ

TSIV 359%
9 3o01g

24‘}@888883(8&33

z T

syIewsy

) ¢

b 4

H/ W1 | *oN 9T0H Ul JeEDY N4 I837Y 9TSTIIY 389
(©)ToT3eoTPuL oeD | (P)pe3oeled santred (@ reic93ag sanTrRl

B A B AN

8?7




FA

(GRS |

N R T
SRR RO DO

ST
ot aes:

QR

Ak

e g

AR

ER B
R T

Section A=A

32-11021 OQutbosard Forward

32-11021 Skin

32-311.C11
Main Spar

. View Looking
Down L/H Side

Runout

@
g4 CRACKS DETECTED H_WANG M
. TEST ARTICLE AFTER BLOCK NO, HOLE SKIN . SEAR 1 SKIN SEAR
Block o Tert 8 In Runout In Runout
Article
Block & Tast . S In Runout In Runout
Article : ) 1430 X X X X
1,31 X
F-4B Test Article 60 1430 X
F-4B Test Article 80 1429 X X
. - 132 b ¢
. 1433 X X
F-4B wost Article | U8 1229 X X
1230 X
430 X
U3l X
L3k X
¢}
F=45 Tagt Artlicle 60 1i24 X
’ 1429 b 4 X
W3tk X X X
1431 X

Hole Nurbers Correspond to Hols Identification Numbara lUsed During
Ingpections for Fatigue Cracks During Teeting

Detected After 80 Blocks and 2000 Simulated Landinwe {n Airplane Drop
Test Progrex.

-

8 100 Spestrus Hours Per Block
+)]

Figure 58
List of Failures Detected in Wing Main Torqua Box Upoar Surface
~ at Wing Root in Laboratory Testing
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- 1 ElA_j_AO\M g ; ! PAILURE DEIEL‘I‘E@ B{?IA)CKS T@ |
Exl'toiglg Teat w0 12 32-32086-5 6 6 Cracked Replaced
10 13 32-32086-6 i 7 Cracked Replaced
10 26 32-32086-% 15 9 Cracked Replaced
10 27 32-32086~6 15 8 Cracked Roplaced
10 40 32-32086=6 21 [ Cracked Replaced
10 X3 32-32086~6 26 5 Cracked Repiaced
0 L7 32-32086-5 28 13 Cracked Replaced
10 57 32-12086~6 35 9 Cracked Replaced
Eiﬁ’c‘lg Teat 1t 85 32-32086-5 19 19 Cracked Replaced
11 a5 32-32086~6 19 19 Cracked Replazed
n bU;] 32-32086=6 26 7 Cracked Replaced
F-4) Test Article 12 57 32-32086-2 37 37 Cracked No Action
12 69 32-32086-2 42 - Broken Roplaced
12 9 32~32086-2 56 1, Cracked No Action
F-4B Test Article 13 29 32-32086~2 ) 55} Cracked Replaced
13 35 32-32086~1 34 3 Cracked Replaced
13 50 32-32086-1 12 8 Gracked | Rerltosd During
13 5 32-32086=2 48 15 Cracked No Action
13 59 32-32086-1, 50 5 Crac!. 4 No Acticn
F=4B Test Article
1 P 32=32086~1 n - Broken Raplaced
th 2 32=32086=2 n - Broken Replaced
¥-41 Test Article 1% N 32-32084=), a3 12 Cracked Mo Aotion
15 [ 32-32086-2 as 12 Cracked No Aotion

@ 0dd dash numbers installsd on L/ side of airplane,
Even dash nusbers installed on R/ eide of airplens,

(® 100 Spactrun hours per block

Figure 59
List of Failures Detected in the 32.32086 Lower Longsron Dog Bone
Fitting in Laboratory Testing
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15
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A3

12

A1

10
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02
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Failure Hole in R/H wing

of the Block 8 Test Article

- e == Hole in R/H Wing of Block 8
Test Article One Hole Inboard

of Failure Hole

s w— w——3ilure Hole in L/H Wing

of the Block 8 Test Article

~

1000 2000
Spectrum Hours Completed

Figure 60
Crack Growth Curves for Key Area in Wing Main Torque Box Lower Skin
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Crack Growth Curve

40

.35

]
7

25

/

10

Crack Depth {inches)

.05

A //

0 1500 2000 2500 3000 3500 4000 4500 5000 5500
Spectrum Hours Completed

View of Failed Section

End of 52
{4th LOAD) &8

Failure Detected after 52 Blocks in R/M Side of
F-4J Tost Article

Figure 61
Crack Growth Curve for Key Area in the FS 303 Bulkhead
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) 5, PHASE IV - LAB AND SERVICE FAILURE CORRELATION
5.1 Géneral

The correlation of laboratory and service experience for the fatigue

"critical key areas was performed in Phase IV of thig program. This work

included compiling data on fatigue cracks detected in service aircraft for
comparison with laboratory test results compiled in Phase III, evaluating the
degree of simulation of the service loading environment in laboratory testing,
and comparing the service experience to life predictions based on all the
data gathered in the first three phases. The combination of fatigue test
results scatter and loads ugage severity scatter into a joint scatter factor
was a major part of this effort.

5.2 Compilation of Service Failures

Lists showing the service experience for each of the five key areas dis-
cussed in Phase III are presented in Appendix IV. These lists wexre compilled
bagsed on studies of MCAIR in-house aircraft inspection recovds and supple-
mental information obtained from the Air Force and the Navy. As may be noted,
the lists include information on demonstration team aivcraft (Blue Angels and
Thunderbirds) as well as fleet airplanes, and information on aireraft in
which fatigue cracks were and were not detected, The lists of ajveraft with
cracks were devaloped mainly from the MCAIR recoxds of incidents of vepoxted
i itigue cracks, The lists of aircraft dogpected in which no cracks were
detected were develuped mainly from the information obtained from the sep-
vices, This information, i.e., that used in prepariug the lists of aiverafe
in which no cracks waere detected, is discussed in the following pavagraphs.

For the critical arca in the wing main Corque box lower skin, the list
raflectiog crack free performance in service operations was Jeveloped bayed
on hole inspection records compiled by the Ay Foice during performance of
F-4 Taper-Lok retvofit operations, Tapeyr-Loks ave being installed in this
area of the wing main toryue box lower skin a3 a result of the full
sc¢ale laboratory tost program digcussed in Section 4.2. Crack inspection
information sheets were obtained from the Adr Force for <74 afrplanes in
which Taper-Lok fasteners were installed in the wing main torque box lower
surface at B.L. 100 on a vetvofit basis. An examination of the data sheets
from these aircraft revealed 462 sirplanes in which all fastenor holes were
free of crack indications. These are the 462 aircraft listed in Figura IV-l
of Appendix IV. There were data shaets on twelve aitcraft in which
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indications of some sort of discrepancy were noted for one or more fastener
holes. The sheets were not clear, however, as to whether there were fatigue
cracks in the fastener holes or not. In genera", it would appear that what
was described was probably a scratch or an indication of a stress corrosion
crack since the location of the discrepancy in the hole did not coxrespond to
where fatigue cracking would be expected. Eftorts were expended in an attempt
to substantiate whether or not the twelve aircraft in question contalued
fatigue cracks at retrofit. Although no positive information could be obtailned
on the particular twelve aircraft, conversations with cognizant personnel at
the repailr facility indicated that fatigue cracks were not detected on any
aircraft during the re.rofit operation. Since the results of the twelve
inspections could mot be verified, the aircraft were not included in this
study and data from the aircraft are not presented herein.

In the case of the critical area in the lower surface of the outer wing,
the lists reflecting crack free performance were developed based on an outex
wing inspection of Air Force airplanes in March 1970. The vesults reported
to MCAIR were by bases and included the wumber of aivcraft checked and the
Bureau Numbers of airplanes in which cracks wore detected (the aivcraft with
cracks ave included in the list of fallures). NMCAIR vecords of airevafe
stationed at the various bases at that time were examined to determine the
agirvplanes that were inspected and found to be qrack free. These alrcrafes are
the ones listed in Figure IV-4 of Appendix IV.

For the critical area in the F.S. 30™ bulkhead, the list of fleet alv-
craft indicating crack free performance in service opevations is cowmposed
primariiy of afrcraft {uspected by the Navy (a swall portion of this list
and the lists of failures and of demonstration team alvcratt with no crachs
were developed frow data from a limited wuaber of bulkhesd inspections con-
ducted by MCAIR). As a vesult of testiag, MCAIR proposed certain modifica-
tions for the F-4 fncluding a wmodificstion of the F.$. 303 bulkhead
incoyporating an eddy curvent exanination prior to rework. This mdification
of the bulkhead was approved by the Navy for the vework of a selected nusber
of F-4B's and F-4J's. A limited numbeyr of airplanes bave heen inducted for

repair and are currently being reworked. UNone of these airévaft have been

found to contain cracks. These airplanes are the ones comprising the dulk

of the list in Figure IV-7 of Appendix IV.




5.3 Correlation of Laboratory and Service Loadings

The development of reliability procedures for estimating time to early
failure on fighter aircraft was the basic objective of this program, The
material presented in the following section provides a quantitative evaluation
of methods developed toward this end. In this final phase, service life pre-
dictions are compared to the actual service failures. The life predictions
are based on data gathered in the first thre» phases, i.e., laboratory test
results, counter and VGH data, and usage and fatigue test regults scatter
information. The comparison itself is on the basis of equivalent laboratory
test hours and not in terms of actual flight hours at failure. This type of
comparison attempts to account for the difierences between the laboratory and
service loading environments.

In laboratory testing, all efforts are directed toward attaining the
best possible simulation of the loading experienced by the alrcraft in service,
The problem of cost, however, as it always does, necegsitates that simplified
test approachesg acnually be utilized. For the ¥-4 laboratoxy test condicion
chogen, major gtructural components (e.g., the lower wing skia) were loaded
in nmuch the same way that they ave loaded in service. The loading was an
approximation, hovever, and as @ vesult, othar areas may wot have been leaded
in exactly the seme manner as in service operations. JThe ¥F=4 outer wing (s
subijocted ro buffarting ond small amplitude vibrations in service. This was
not sinmuiated in the labovatory testing. ‘1he lewer lougevon dog bone fitting
and the wing main torque box upper surface ave primarily subjected to dem-
prissive loads; falluves in these areds vosale frowm the inducement of residual
tensile stresser. The dog bone f£itting aund upper suvface falluxes, thervefere,
depend very much on when high loads are applied.

For tho veasons noted above, and aiso because of changes in operational
usagy, laboratory test hours and service flight heuvs could not be correlated
on a one to ouwe basts for any of the key arcas considerad herefa, Such a
£light hour covrelation would not be exactly correct for either the wing maiw
torque box lower skin or the F.S. 303 bulkhead, and would be particularly
fnaceurate for the vuter wing lower skins, the lower longeron dog bone
fittinge, and the wing main torqud box upper surface at the root. Fatigue
analysis, elemen: test results, flight loads measuremonts, and full scale
test results information have thus beon used to corvelate the laboratory and

service fatlure experience. Fatigue analysis procedures were formulated to
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calculate fatigue damage such that In/N = 1 at the time of failure, The same
procedures were then employed to predict the In/N damage custained at in-
apection or fallure in service operations. These procedures utilized element
fatigue test data, full scale airplane strain surveys, and flight 1dads
measurements, The damare numbers were then converted to equivalent laboratory
hours by multiplying the In/N value times the iboratory life.

It should be noted that comparisons were actually made only for the
critical areas in the wing main torque box lower skin, the outer wing lower
surface, and the F.S. 303 bulkhead. The remaining two critical areas were
not amenable to analysis by the methods of the subject program. A4s noted
previously, both the upper wing skin and the lower longeron dog bone fitting
develop fatigue cracks by the mechanism of an overload in compression produc-
ing residual tension stresses. The service fatigue 1life is therefore very
nuch influenced by when 1 overload occurs. An overload could be the result
of a high positive maneuver or a hard carrier landing., The resulting life
scatter 1s expected to be extreme. The compilation of service failures bears
this out. For example, the upper wing skin was found cracked on one F-4
after only 195 flight hours; and on another F~4, no cracks were detected
after 700 flight hours.

5.4 Comparison of Laboratory and Service Failures

The actual comparison of laboratory and service faliures included efforts
in the following areas: equivalent laboratory hours for all service faillures
were deterndned; scacter in fatigue and in usage severi. , were combined and
the joint probability of scatter in fatigue and usage severity was evasluated;
service fallures were coupared to predicted fallures on the basis of the ex-
pected number of failures versus the actual number of fallures for each key
area; and finally, actual times to first fallure, second failure, etc., were
compared tn the times at which fallures were predicted., Details of these
efforts are delineated in the éollowing paragraphs,

$.4,1 Eguivalent Laboratory Hours - The equivalent laboratory hours

sustaiued at cach of the service failures (or each service inspection in
which no cracks were detected) are listed in Figures IV-1 through IV-10 of
Appendix IV, A9 indicated previously, these hours were determined by com-
puting the In/N damage nuwber for a particular component and then multiplying
that number by the life demonstrated by the component in laboratory testiung.
fhe detailed methods are described in the following paragraphs.
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5.3 Correlation of Laboratory and Service Loadings

The decvelopment of reliability procedures for estimating time to early
failure on fighter aircraft was the basic objective of this program. The
material presented in the following section provides a quantitati;e evaluation
of methods developed toward this end., In this final phase, service life pre-
dictions are compared to the actual service failures. The life predictions
are based on data gathered in the first three phases, i.e., laboratory test
results, counter and VGH data, and usage and fatigue test results scatter
information, The comparison 1itself is on the basis of equivalent laboratory
test hours and not in terms of actual flight hours at failure. This type of
comparison attempts to account for the differences between the laboratory and
service loading environments.

In laboratory testing, all efforts are directed toward attaining the
best possible simulation of the loading experilenced by the alrcraft in service.
The problem of cost, however, as it always does, necessitates that simplified
test approaches actually be utilized, For the F-4 laboratory test condition
chosen, major structural components (e.g., the lower wing skin) were loaded
in much the same way that they are loaded in service. The loading was an
approximation, however, and as a result, other areas may not have been loaded
in exactly the same manner as in service operations, The F~4 outer wing is
subjected to buffeting and small amplitude vibrations in service. This was
not simulated in the laboratory testing. The lower longeron dog bome fitting
and the wing maln torque box upper surface are primarily subjected to com—
pressive loads; failures in these aréas result from the inducement of residual
tensile stresses. The dog bone fitting and upper surface failures, therefore,
depend very much on when high loads are applied.

For the reasons noted above, and also because of changes in operational
usage, laboratory test hou.s and service flight hours could not be correlated
on a one to one basils for any of the key areas considered herein. Such a
flight hour correlation would not be exactly correct for either the wing main
torque box lower skin or the F.S, 303 bulkhead, and would be particularly
inaccurate for the outer wing lower skins, the lower longeron dog bone
fittings, aud the wing main torque box upper surface at the root. Fatigue
analysis, eloment test results, flight loads measurements, and full scale
test results information have thus been used to correlate the laboratory and

service fallure experience. Fatigue analysis procedures were formulated to
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The laboratory fatigue lives for the key critical areas in the wing main
torque box lower skin, the F.S. 303 bulkhead, and the outer wing lower surface
as determined from the data presented in Section 4,3 are shown in Figure 63.
Fatigue analysis procedures were formulated which would predict these labor-
atory lives. The same procedures were then employed to predict the damages
sustained in service operations. The actual computations of the Zn/N damage
numbers sustained by the serv! 2 aircraft were made using an existing F-4
fatigue damag= computation program. In making the predictions, the program
utilized each airplame's ccunting accelerometer data, the overall fleet
aversage count frequency for estimating counts for those periods when an air-
plane's counter was inoperative, and the VGH data discussed in Section 3.2 for
correcting counter load factor data to wing bending moment or to F.S. 303
bulkhead load. Periods in which the aircraft were engaged in combat or in
training were tracked and the appropriate VGH correction was utilized. The
resulting Zn/N damage numbers were then multiplied by the component labora-
tory lives to establish the equivalent laboratory hours.

In addition to the full scale test results information of Figure 63,
flight loads measurements and element test results information were used to
ald in determining the equivalent hours., Flight loads measurements provided
the factors to be applied to the counting accelerometer data to reflect the
differences between the flight regim.s represented in the laboratory and in
actual operations. In Section 3,2 It was noted that the majority of manecuvers
are pulled in a flight regime in which wing bending moment per g is about 85%
of that used in laboratory testing. Flight loads measurements indicated that
F.S. 303 bulkhead loads follow the same relationship (bulkhead loads were
found to be approximately proportional to the wing root bending moment). On
the other hand, flight loads measurements indicated that the outer wing is
loaded more severely in service iun relation to the laboratory loading than
are either the bulkhead or the wing main torque box lower skin, This is
borne out by the Figure 64 summary of average flight hours to crack detection
tor the three key areas. The summary shows outer wing lower skin fatigue
cracks at considerably fewer hours in relation to the bulkhead and the wing
main torque box lower skin than the laboratory test results would suggest,
The factors from flight loads measurements thus had to be included to account
for the differences between the 'points in the sky" represented in the lab-

oratory and in actual flight operations. As indicated earlier, element test
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Eddy Dye
Current Penatrant
Location Crack Crack sgmr‘ation

Dataction Datection
lnner Wing .
Lower Skin BL 100 1600 2400 2700
FS 303 Bulkhead 2700* 5200
Outer Wing
Aft Lower Skin {32-15062 ' 2050
Block 26 and Up Configuration)
Outer Wing
Fwd Lower Skin (32-156531 6000
Black 26 and Up Configuration)

*Estimated Based on Crack Growth Curves GP73.0439-18
of Figures 60 and 61
Figure 63

Componant Fatigus Lives in Terms of Laboratory Test Hours
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Number of Average
Location Cracked Flight
Aircraft Hours

Inner Wing
Lower Skin BL 100 02} - {213)
S 303 Bulkhead 2(8) 1486 (603)
Outer Wing
Aft Lower Skin (32-15062
Block 26 and Up Configuration) 34 (1) 745 (307)
Outer Wing
Fwd Lower Skin (32-17631
Block 26 and Up Configuration) 6 (1) 1445 (307)

Numbers in Parentheses Indicate Blue Angel and Thunderbird Experience

Figure 64 :
Summary of Actual Flight Hours to Crack Detection in Service Operations
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results were also utilized. Demonstration team aircraft pull wonsiderably
more negative g maneuvers than do fleet airplanes; and, within demonstration
team groups, the so0lo airplanes are subjected te a more severe negaﬁive load
gpectrum than are the diamond airplanes. Factors for the effects of negative
loads on the damages sustained by the demonstration team airplanes were ob-
tained from MCAIR element tests utilizing spectra derived from Blue Angel
counting accelerometer data. Different factors were developed for solo usage
and for diamond usage. Different factors were glso developed for different
time periods to reflect variations in the negative load factor usage which
have occurred over the period in which F-4 aircraft have been engaged in
demonstration team operatioms. These factors were then epplied to the cal-
culated In/N damage numbers to determine the equivalent laboratory hours
exhibited at the failure or inspection of demonstration team airplanes,

As indicated above, the equivalent laboratory hours listed in Figures
IV-1 through IV-10 are the equivalent hours computed as having been accumu-
lated at the time of crack detection or at the time of inspection. These
hours are the best estimates of the equivalent hours accumulated through that
time. Where counting accelerometer data was missing and damage had to be
estimated for more than 50% of the flight hours, that fact is indicated.
Also, in the case of the outer wing lower skins, equivalent hours were com-
puted only 1f there was no indication of switching of outer wings on the air-
plane in question. Wherever possible, outer wing serial numbers for the
aircraft in the lists of Figures IV~4 through IV-6 were checked against the
serial numbers of the outer wings installed on the aircraft when they left
MCAIR, Where outer wings had been switched, equivalent hours were not
computed since the counting accelerometer data for the airplane might not
bear any relation to the usage experienced by the outer wings. The inspection
information of such aircraft have been listed for referenre, but thege data
were not used in any further atudies.

5.4.2 Joint Probability of Scatter in Faitipue and Usape Severity - The
combination of fatigue tegt results scatter and loads usage severity gcatterx

into a joint scatter.factor was a major part of the effort involved in the
comparison of laboratory and service failures. As noted in Section 2.5,
scatter in fatigue data is rveasonably approximated using the Weibull distri-
bution, and 4s noted in Section 3.3.4, scatter in usage severity can be
described by the negative binomial distribution. Since they are statidstically
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independent, the joint probability density fuaction representative of com-
bined scatter from fatigue and usage severity is given by the product of the
two distributions, To determine probability levels, this complex function
had to be integrated which was not feasible analytically. A computer program
was thus developed to do the integration numerically. The program was de-
signed to evaluate th» function for a preselected joint scatter factor and
then determine the area under the cuvve, This area represented the probabi-
lity of the joint scatter factor for combined fatigue and usage severity
being less than or equal to the preselected value. A number of computer runs
were thus required to completely establish the relationship between the
probability of a fatigue fallure and the joint scatter factor for combined
scatter in fatigue and usage. R

Curves showing the probability of fallure versus the joint scatter factor
for fatigue and usage severity ave presented in Figure 65. These curves were
derived using the wmeans and astandard deviations listed for the 4g usage
seveyity scatter in Flgure 26 and the Weibull Shape Parameter o of 5.27
determined in Section 2.2.6. The 4g usage severity scatter means and
variances wers uged because a major portion of fatigue damage is caused by
maneuvering at this load factorrlévgin -

It should be noted that a commonly used approach for obtaining a joint
scatter factor for fatigue and usage severity is to multiply the two scatter
factors to obtain a total wcatter Factor. This approach results in an overly
congervative estimate of what the true joint scatter factor should be. This
is illustrated by the compa: ‘son showm in Figire 66,

5.4.3 Comparigson of Seyvice Puperience and Minimum Sexvice Life

Predictions ~ The actuzl compsrisow of service and laboratory experience has
baen made on the basig of the expected number of cracked alrcraft versus the
aity 1l number and also on the basis of the predicted times to crack detection
‘vi:xsas the actual times. The detalled calculation procedures to obtain these
couparisons are presented in the following paragraphs.

The comparisons of the numher of cracked aivcraft versus the expected
nusber for each of the key fatigue critical areas are presented in Figures
67 through 71. 1In arriviang at these cowparisons, the expected number of
cracked alrcraft was found by takiug the summation of the probability of
crack detection on sach airplane inspected. As an example, 1f one hundred
airplanes would be ingpectad at the point in time when the probsbility of
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Fatigue Scatter
Factor = 2,39 at 99%
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Figure 66
Comparison of Joint Probability Scatter Factor to Product of Fatigue and Usage Scatter
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¢ Two Solo Biue Angel Equivalent Laboratory

Aircraft Inspected Test Hours
BuNo 1530P0............ e 2100}_ ........Cracks
BuNo 183081 ... . iitiiivi e iiieiinnraenn 1830 Detected

¢ Four Diamond Blue Angel

Aircraft inspected
BUNO 153075 .. i s it it i te it inneetnennas 340
BuNo 1583076 . ......civvivninnnnnnn ceens 4100 ‘No Cracks
BuNo 153079 ....... e tieeteeeeneaaans 250 Detected
BuNo 153082 ............. Creetieetiiaas 250

® Laboratory Eddy Current Crack Detection at 1600 Hours

Number of Cracked Aireraft = 2
Expected Number = 1.4

Figura 67
Sarvice Experience
Wing Main Torque Box Lower Skin Inspection Summary - Demonstration Team Airplanes
Inspection by Eddy Current
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Figure 69
Sepvice Expatience
S 303 Bulkhead tnspaction Summary
inspection by Eddy Current
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Figure 70
Service Exparience
Cuter Wing Aft Lower Skin {32-15062 Block 26 and Up Contiguration} inspection Summary
Visual Inspection
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Service Exparionce

Cuter Wing Forward Lower Skin {32-15531 Block 20 and Up Cmngufaum) inspaction Summary
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crack detection is ,0l, the expected number of cracked aircraft would be

100 x .01 = 1, The curves of Figure 65 were used for °=atermining the prob-
ability of crack detection for each alrplane inspected. The scatter factor
to be used for each airplane was found by dividing the lahoratory life (i.e.,
the number of laboratory test hours to crack detection) by the equivalent
laboratory test hours accumulated by the particular airplane. Figure 65 was
then entered using this scatter factor and the probability of a crack being
detected was read. When counting accelerometer data was avallable for more
than 507 of the flight hours accumulated by a gilven airplane, the curve
denoted as "known usage" in Figure 65 was utilized. Where counter data had
to be estimated for more than 9% of the flight hours accumulated by a given
airplane, the probability of fallure was determined usiny the curves denoted
as "usage unknown.' As would be expected, this resulted in a greater prob-
ability of failuvre for a given sgcatier factor when the usage of an alrplane
was unknown,

The predicted times to crack detection for a fleet of aircraft depends,
o course, on the number of wivcraft in the fleet. For purposes of correla-
tion in ti.s veport, since all aivplanes in the fleet were not flying at
the game rate of damage accumulaion, the calculatior of expected times to
crack detection rsquived special consileration., For example, say the labora-
tory test life is 3000 hours ond that there is a 1000 airplane fleet. Further
assume that all 1000 airplanes have ieached or exceeded 500 equivalent labora-
toyry test nours, then the expectec number of cracked alrcraft is 1000 times
the probability of failure deteymined from Figure 65 at a scatter factor
aqual to 3000/500 = 6. The calculation at 500 hours is fairly straightforward
since all 1600 airplen=s in the fleet hava reached or exceeded 500 hours.
However, to calculate the expected number of cracked alrcraft in less than
or equal to 1000 hours is somewhat different if it is asgumed that all the
sircrafe have not reached 1000 hours. Assume, for example, that 750 of the
1000 aiveraft have reached or excesded 1000 hours, Then in terms of those
150 aircrvaft, the exmaected number that would be found cracked ig 750 times
the probability of fallure determined fyom Flgure 65 at a scaiter factor
equal to 3000/1000 = 3. fhis is wnot, however, the total expected number
out of 1000, The rauson is that the 250 alrcraft that have not veached 1000
hours also contribute toward the probability of fallure ia less than or squal

to 1000 hours, Thelr contribuition would be calculated basad on the
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probabilities of failure determined from Figure 65 at the appropriate scatter
factor for each airplane; and then each of these probabilities would be summed
and finally added to the expected number for the 750 aircraft that have
reached or exceeded 1000 hours. This process can be continued to provide a
graph of expected number of cracked aircraft versus hours. The graph can
then be entered at expected number equals one to determine the predicted life
for the first cracked aircraft, it can be entered at expected number equals
two to determine the predicted life for the second cracked alrcraft, ete.
The predicted lives, thusly determined, are 50% probable type numbers.

Using the technique discussed in the preceeding paragraph, graphs of ex-
pected number of cracked alrcraft versus equivalent laboratory test hours
were constructed for each of the key fatigue critical areas., These graphs
are presented in Figures 72 through 74. Then entering these graphs at expected
number equals one and two, the predicted lives for the first and second
cracked aircraft, respectively, were determined and are shown in Figures 75
through 78, Also presented for comparison are the actual service lives from
the lists of Figures IV-1l through IV-10 in Appendix IV.

S5.4.4 Discussion of Lab and Service Experience Correlation - A review

of the lab and service experience comparisons in Figures 67 through 78 indi-
cate favorable correlation for the wing main torque box lower skin but some-
what less than favorable for the F.S., 303 bulkhead and the outer wing lower
skins. Pertinent considerations are discussed in the following paragraphs.

Figure 67 indicates that six Navy Blue Angel airplanes were inapected
using the eddy current technique in the wing main torque box lower skin
fatigue critical area. Two of these were the alrcraft deployed in the severe
solo operation, One had accumulated 1830 equivalent laboratory test hours
and the other had accumulated 2100 hours. Fatigue cracks were detected in
both aircraft as expected since cracks were ;etééted in the laboratory at
1600 hours. The remaining four airplanes were flown in the much less severe
diamond formation and had accumulated on the order of 400 hours., None of the
four were found to be cracked. Figure 75 ghows that the predicted life for
the first cracked ailicraft is 1570 hours as compared to the actual value of
1830 hours.

Fir-r: 68 indicates that 462 F-4 aircraft were inspected using the dye
penetrant technique in the wing main torque box lower skin fatigue critical

area, None of these were found to be cracked. This 1s not unreasonable
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Figure 72
Expected Time to First Cracked Aircraft and Second Cracked Aircraft
for the Key Area in the Wing Main Torque Box Lowaer Skin
(Demonstration Team Airplanes)
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Expected Number of Cracked Aircraft
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Figure 73
Expected Time to First Cracked Aircraft, Second Cracked Aircraft, Etc.,

for the Key Area in the FS 303 Bulkhead
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Expected Number of Cracked Aircraft
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Figure 74

Expected Time to First Cracked Aircraft, Second Cracked Aircraft, Etc., for the Key Area
in the Outer Wing Aft Lower Skin (32-15062 Block 26 and Up Configuration)
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inner Wing Lower Skin Time to Crack Detection
{Equivalent Lsboratory Test Hours)

Cracked Aircraft Expectad Actuel
First 1670 hrs 1830 hrs
Second > 2100 hrs 2100 hrs

Figure 75

Comparison of Expected and Actual Times to First Cracked Aircraft and Second
Cracked Aircraft for the Key Area in the Wing Main Torque Box Louwar Skin

{Demonstration Team Airplanes)
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FS 303 Buikhead
Time to Crack Detection
{Equivalent Laboratory Test Hours)

Cracked Aircraft Expected Actual
First 1530 hrs 407 hrs
Second 2140 hrs 410 hrs
Third > 3800 hrs 672 hrs

Nota: Untavorable correlation betwasn pradicted und 3

actual fives due to fabrication variations, Ses
Section §.4.4 and Figure 69.

Figure 76
Comparison of Expected and Actual Times to First Cracked Aircraft,
Second Cracked Aircrait, Etc., for the'\Key Area in the FS 303 Bulkhead
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Outer Wing Aft Lowar Skin
Time to Crack Detection
{(Equivalent Laboratory Test Hours)

Cracked Alrcraft Expected Actual
First 500 hrs 114 hrs
Second 935 hrs 138 hrs
Third 13395 hrs 141 hrs
Fourth 2450 hrs 151 hrs

Nata: Unfavorsble carrelation hetween predicted and
actual lives due %0 outer wing butfeting. See
Section 5.4.4 and Figure 70,

Figure 77
Comparison of Expscted and Actual Times to First Cracked Aircraft,
Second Cracked Aircraft, Etc., for the Key Area in the Quter Wing
Aft Lower Skin (32-15062 Block 26 and Up Configuration)
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Quter Wing Forward Lower Skin
Time to Crack Dataction
{Equivalent Laboratory Test Hours)

Cracked Aircraft Expacted Actual

First 4100 hrs 666 hrs

Note: Untavorable corralation batwean predicted and
actual lives due to outer wing buttating. See
Section 5.4.4 and Figure 21,

Figure 78
Comparison of Expected and Actual Timss to First Cracked Aircraft
for the Kay Area in the Outer Wing Forward Lowar Skin
(32-15531 Block 26 and Up Configuration)
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since cracks could not be reliably detected with dys penetrant in the labora-
tory until 2400 hours, and the majority of the 462 airplanes inspected in
service had accumulated less than 1000 equivalent laboratory test hours. The
highest number of hours on any of the 462 airplanes was 1500.

The F.S. 303 bulkhead fatigue cracking originates in fastener holes in
the bulkhead flange as shown in Figure 47. A more detailed view of the
attachment of the bulkhead to the wing main spar is shown in Figure 79. Note
that the tension stresses in the critical flange result from wing spar curva-
ture tending to pull the sparcap away from the "foot" of the bulkhead through
the two inboard fasteners. The magnitude of tension stress dependa signifi-
cantly on each fasteners torque-up, the exact location of the fasteners, and
the stiffness of the bolt and nut combination. These types of parameters can
vary from one airplane to another, It is considered probable that these
fabrication variations are the cause of the relatively poor correlaticn
between predicted and actual lives for the F.S. 303 bulkhead showm in
Figure 76.

Within the speed-altitude envelope where the F~4 airplane executes the
majority of its msneuvers, buffetiug is falxly cowmon at high angles of
attack. For example, at the airpisne’s design gross welght ef 37,500 lbe.
and at Mach 0.7 and 10,000 ft. altitude, buffet ouset is shout 4 g's. How-
ever, the buffeting originates snd primarilf remaing in the outexr wing panel.
The vesulting vibratory loads superimpose on the basic maneuver wing aizloads
to increase the stresses in the outer wimg., These vibratoxry loads algo dn-
crease the inner wing stresses, but by a such smaller pexcentage because of
the rvelatively small contribution to iumer wing stresges from outer wing
loads. The unfavorable compavison between prédicted and actusl lives for
the outer wing lower skins in Figures 77 and 78 is consideved to be caused

'by outer wing buffeting which was not simulated in the laboratory teating.
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6. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The conclusions which may be formulated from this four phase program on

the evaluation of atructural reliability analysis procedures as applied to a

fighter aircrait are as follows:

(1)

()

(3)

(4)

Scatter in gpectrum fatigue tests is considerably less than that im
constant amplitude fatigue tests. This was found to be true for
both element and full gscale fatigue test specimems. For the full
scale test article results, the comparison is as follows:

Spectrum Constant Amplitude

Number of Specimens 243 491
Number of Groups : 82 143
Average Standard Peviation . 0985 .1486
Avevage Weibull Shape Pavameter 5.44 3.70

The scatter in spectvum testing exhibited by 7075 and 2024 alumiunum
in both element and full scale speciwens {s genexally about the
same, Pooling all of the data gives the following averages:

Average Sunectrum Fatigue Test Data

Numbaey of Specimens ‘ 1060
Numher of Groups 280
Avevage Standard Deviation (o) 0994
Average Weibull Shape Psrameter (a) 5.2

Comparisons of the Weibull and the log-worwmal probability distribu-
tions te the actual stactrun fatigue test data indicate that the
Weibull distribution {shape parameter a = 5,27) provides a better
£4t of the Jdata than the log-uormal distribution (standatd deviation
¢ = .G354) | '

in gdidition to studies of experimental data, theovetical analyses
vere performed ySeldiny the mathematical probability dietvibution

for a Wetbullbased scatter factor. & laboratory test article cam be
thought of as one airplane seclected at random from the total

flest, The scatter between the labovetory life and the service

life of saother airplane picked at random fron the fleet is

then the ratio of twe randouly selected veriates from the saze
population, A scatter facto¥ so defined as the ratic of two
statistically iudependent random vari bHles iz itself a random
variable and its probsbility distribution can thus be derived frod
the distribution of the parent population. The relationship between
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the reliability R (probability of no failure) and the scatter factor
S tor a parent population described by the Weibull distribution is

Using this formula with o = 5.27 gives a fatigue scatter factor of
2.39 for 99% reliability.
{5) A rvotal of 8200 hours of F-4 VGH data were analyzed. The trends
from this data are as follows:
(a) The majority of maneuvers in both combat and training operations
are executed in a limited Mach number/altitude regime. In
both types of operatious, the majority of maneuvers are pulled
at between 350 and 550 knots and at below 10,000 fect (the
conbat average altitudes being slightly higher than these for
training due to ground fire aveidancel.
) The gross waights for mancuwvers pulled in combat are highev
than these for manguvers pulled in training operations (due
to the highey weapon payload requived in actual combat service).
(<) In both vraining and combat, the averape spoed at vhich
mancuvers ave pulled {ncrvases as the load factor iocreases
(higher airspeeds required ia ovder to pull high load facter

Haneuvers).

{6) ¥ove than 2,600,000 flight hours of F~4 counting acceleremeter data
wore studied to determine usage suverity scatter trends. The dats
indicate matked reduction in scatter with ineveasing {light hours.
This treud reflects the fact xhat the longer aircraft are in service,
the more likely they will be subjected to a variety of usages
and theiv rvepeated loading histories will "averape out".

(7) The usage severity scatter exhibited in the counting accelerometer
data was evalvated For “poodness of fie" with the negative Dinonial
distribution. Cenparisons for airplanes having accumulated 103,
$00, and 1500 hours show definite correlation between the theoreti-

cal distribution and the daia.




(8)

%

(10)

A study was also conducted on the total hour accumulatiom on
individual F-4 aircraft to obtain information which can be used

to aid in establishing an aircraft's design life. This study

showed a trend similar to that detected for usage severity scatter,
i.e., flight hour usage also averages out and aircraft placed in

the fleet at the same time will tend to accumulate .. ilar numbers
of hours over a period of years. In addition to this, however,
since F-4 flight hour monthly accumulation rates were shown to be
relatively invarient, the study also indicated that all aircraft

in a fleet can be expected to accumulate a similar number of hours
after a like number of years in service. The overall average for
the F-4 is 25 flight hours per month,

The combined effect of fatigue test scatter and usage severity
gscatter was derived utilizing a joint scatter factor concept. The
total scatter factox derived in this manner is significantly smaller
than that determined by auw overly conscrvative simple multiplication
appreacix.

Probable minimem lives vere computed for three kKey fatigue ericieal
aress oun the F-6 aivplane based on the raliability procedures
presented in this veport and on F-4 laboratory fatigue aud usage
data. The correlation with actual service oxporience wa¥ axsullent
for one of the ateas, but not for the other two. Navy Hiue Angeal
adrplanes were inspected in the wing nmain torque box lower skin
critical avea using the eddy curront techinique. Two aircraft worve
found to be cracked as eoxpected. For these alreraft, the predicted
tine to detection of the fivst crack was 1570 hours as conpaved

to the actual value of 1830 hours. Among 462 fleet ziveraft
inspected iv the save avea using the dye penetrant technigue, there
ware no aiveraft found te contain crasks, This was not uareasonable
gince cracks could not be reliabiy dotected in the laboratery by
this mothod until 2300 hours, and the wajority of the fleet aircraft
had accumulated less than 10600 hours. The covrelations for he

critical areas in the F.S. 303 bulkhead and in the outer win, lower

-skins vere not as favorable., <This is attibuted to fabrication

variations and to outer wing buffeting.
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The theoretical reliability procedures vatlined in Refer=uce (1) «od
expanded in this report for use on fighter aircraft provide satisfactory
results. The formulation of systematic techniquesAfor the incorporation of
these methods in designing for structural reliability im fighter aircraft is
now needed. Two basie appreaches could be dafined: (1) method for fail safe
components, and (2) method for non fail safe components. Method (1) would
determine scatter factoer magnitudes for fail safe components based on main-
tenance versus scatter factor trade off studies to give minimuw total system
cost at a given performance level, The trade off studies would be made dur—
ing each airplane's design stage. Method (2) would datermine scatter factor
magnitudes for non fail safe components such that the failure prchability
within the design lifetime is extremely small., The exact magnitude of this
failure probabilit - would be determined during each airplane's design stage.
It should be noted that these methods will yield different scatter factor

nagnitudes for different components on the same airplane.

The method for fail safe components would utilize the concept of time

to first failure, second failure, ete., to determine how many'aircraft would
require maintenance action in a given time period. This type of analysis
would be uged in the maintenance versus scatter factor trade off astudies.

In addition, this same type of analysis would be used to define ingpection
intervals., The method for r-u fall safe components wousld be based on re-

quiring an extremely small pyobability of faillure for individual airﬁlanes.
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10.

11.

12,

13.

1k,

15.

16.

. © APFERDIX I
"LIST OF FATIGUE TBST DATA REFERENCES
F-15 Fatlgne Design Anaiysiz Revort, MCAIR MOC A0928, 1 Jan. 19T2.

- Eveluation of F-k Blue Angel Fatigue Life, MCAIR TM 253.224, 25 June 1970
- (Also TRJ32-253.32,300-107).

Effert of interspersing negative load level sequence spectrum fatigue

teshs, MCAIR neport 50k-110 kﬂlso TR 60&-110 10, -116, -135, -180),
18 August 1965. ' '

reba&ted cyciic load testing for ECP 613 elements, MCAIR Report F623,
36 Dee. 1068 (Also TR 32A-616.12.10, 52A-602)

A comparison of the fatlgue capabilities of 7075~T6 a. i1 Titanium 6-Y4,

| MCATR Final Report 60b-12k, 31 August 1966 (also 604-124.10, -152, -159,

-162, ~176). . _

A comparigon of the frtigue capabilities of 2020-T6, 2O2th814,701§:$§_
aluninum and GAL-GVA-2SN, BAL-1VA-1MO. 6AL-LVA Titanium, MCAIR Final
Report 60k-125, -125, -157, 16 Jan. 1967.

Corparison of fatigue iife for spectra of various slopes, MCAIR Repcrt
60b-179, 8 August 1956 (Alsc TR 6CL-1T79.10, -194). ’

Effect on the fatigue life of inserting mendrel p *jor to insteiletion
of "eper-Loka, MCAIR Report boh—212, 10 Jan. 1967. (Also TR 32-253.32,
300~197). ' '

Effect of negative loads on F-4 Blue Angel Fatigue Life, MCAIR Report
™™ 253.226, 25 June 1970 (Also TR J32-339.13).

Evaluation of Taper-Lok fasteners ingtalled in titanium and aluminum
bombinq&igggﬂ MCAIR Report 701-117, 8 Jan. 1970 (DC-10).

Effect of fatigue cracks on tae residual static strength of T0T5-T651

alumirum, MCAIR Report 604-287 (EMA), 1 May 1969.

Fatigue snd exfoliatior corrosion properties of T1T78 and 7075 aluminum
alloys, MCAIR Report 513-547, 25 Aug. 1966.

Fatigue evaluation of coining fix for the F-4 303 bulkhead, MCAIR Report
TR J32-339.12, 10 March 1971.
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UNBIASED POINT ESTIMATES OF
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TME UNHBTASED PSINT ESTIMATES BF (BGaNBRMAL ARy
WEIBULL PEPULATION PARAMETERB FBR DATA GRBUPS. o o
LAUWNORMAL  LBUNONMAL  WEIBWLL  WEIBULL
ITEM REF ODESCRIPTIAN SAMPLE: SCALE SHAPE SCALE SHAPE
S1ZE {MY] (S1QMAJ {BETS) (aLPWA
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THE UNBTASED PYINT ESTIMATES B8F LOULNBRMAL ANV
4E]SULL PEPULATION PARAMETERS FOR UATA GRUUPS.
— LHReNBMMAL  LBUGNBNMAL ~ WETBULL  AEIMULW
1Tt REF DESCRIPTIAN Sa%Rlb SCakb SKAFE SCALE SHARE
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443 H3 CRNHL10C 2 93465 0164 94701 259387
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1
TAE UNSTASED F9INT ESTIMATES HF LOUNORMAL AND
SEIAVLL POPULATION PARAMETERS FOR VATS GRUUMS.
LAueNYKMAL  LBULNBKMAL  WEIBULL  WEIHBULW
1TeM  KREF DESCRIMTIAN  SAMPLL SCALE SHAFE SCAGE SHAVE
_ SIZE (MUl (SIGMA) (BETA) (ALFHA)
455 93 08213¢ ? 14968 s Q%10 15465 103818
481 53 280100 2 39999 2887 50381 1e4748
452 53 CR12100 2 57271 « 2204 58306 129312
453 b3 SR0109 2 127383 « 0521 133748 707242
454 53 08510C 2. L LT s 0473 20191  8+3931
3. 455 83 GRJL0C 2 39949 00307 40943 1348514
456 b3 C8210C 2 447317 1721 513231 204738
447 53 083100 2 25396 ¢ 3234 32888 102143
458 b3 080100 2 34409 0 0446 35657 915457
: 459 53 CRO1GC 2 90464 +1937 105611 2¢1983
46y b3 08¢100 2 ~1897¢ 0302 17468 117701
461 B3 80100 2 47738 00642 50252 606300
; 462 53 0&8310C 2 164561 Q4h7 170554 9¢5138
o 463 64 C&O100 3 3943¢ ¢+ 0520 41588 816847
4hy b2 084510C 4 3286 ' Q507 3425 110435}
465 62 080107 4 4377 0446 4555 1200098
486 52  GROL0O I -1 L < N ¥ L 1T 6365 95666
467 w2 080100 4 11690 « 0689 12452 723092
468 42 085100 & 29830 0741 31997  6eZ628
469 b2 08910C 4 821 ' 0967 6323 703799
470 bE 08010C 4 10393 + 0502 10998 796495
477y 92 DR(10G 4 13339 0 0673 14250 701003
472 82 080100 & 28187 <0540 29697 _ 1040999
473 52 080100 5 68800 « 0506 78074 9e7482
474 52 020100 & 10504 « 0720 11278 _ 5a7658
475 B2 ORCIUC 4 15619 1308 17843 300444
476 5@ CRQ10C 4 30874 1 Q489 32382 5411562
477 &2 80100 g 71418 0727 76841 518101
478 52 ©Q0ROIOC. & 36313  _+0755 38909  $+3548
473 52 C8G100 4 71684 11588 82462 307243
¥ 485 52 C8QIOC 4 ___206C7s 01935 _24B4A8 341839
48y o2 0R010C 4 139103 1095y 153010 52236
482 4R 08010C 4 377948 12075 457997 298959
483 53 080100 2 335434 « 1428 353573 2¢9813
484 B3 __osplo0 2 12049 + 0085 12100  VERY MJuW
: 485 53 080100 ? 27964 13057 35704 103927
i 486 53 CQRQI0OD . 2 .. .. 45166 12513 . 58Rl4 10694}
487 53 GR0100 2 215434 +1675 246308 215440
488 53 020100 ? 205790 2 0985 222833 412767
489 63 0R&n100 2 12488 « Q246 12737 1703194
i 45¢ 54 QRQIVO .. .. .. .2 . .. 48799 01346 55485 301632
' 491 53 080100 3 206462 16149 379335 ebhil
492 53 . 080100 ] . .376481 01871 44B0R% 203363
493 b3 capico 2 14482 + 0638 15176 606764
494 53 QrQi0C 2 26049 10048 26100  VERY HIUN
495 B3 08010C 2 689972 + Q089 69485 4748178
'g 49¢ 93 ...080iQC. . 3. ... 456198 197614 +148087 b}k
497 53 080100 2 235154 033018 311334 142703
438 b3 . 0&glouc . 2 . R 1.1 ¥ 4 10533 37376 802988
499 53 08010C 2 1806458 + 0982 195434 $03371
?’ 1
;.
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THE UNBIASED PRINT ESTIMATES 0F LBU.NBRMAL ARND
! WEIBULL PBPULATIUN PARAMETERS FUR UATA GRBUPSe.
UeNBRM LBWaNEBRMAL,  WE]BWL WE ]9y
ITEM KEF DESCRIMTIAN SAMPLE SCALE SHAPE SCALE SHAFE
—...SHE. MU .. ASIGMA} {BETA} _ (ALPWAI
Spp Ls . QBOIOQ .2 .. PeeS53 40377 . 25201 _ _iis3073
501 S3 080100 2 89860 0342 92347 1204641
802 43 Q8Q100 2 124474 W 4381 176663 #9718
503 53 080300 ] 11489 « 0267 11737 3548324
_5Q4 B3 QBQICQ . 2 32786 . _4R785 . __ 40689 145424
b0 63 080100 2 208560 + 0837 222986 SsQBB2
506 53 . RBRQI0G . —B . _.__RB33bf . .oQ686 24624 624909
%07 53 080100 2 8616¢ +2399 68032 147745
508 83 0BO3IQ0 2 22360 + D685 23649 6v2128
809 93 080100 2 79374 0772 84423 545163
_.540 %3 080100 L2 . 279%9 . _s1l09 . 303102_ _ 38400
11 53 080100 2 115842 4324 162821 9846
42 53 _ ___0RQIQC. ... _2..._ ._._.AQ&BR . 20893 10736 14545}
913 83 080100 2 38884 ¢2017 45684 21107
S5{4 53 0803106 2 1215888 2274 145796 148748
915 &b c80100 5 1414 13835 2100 100648
916 45 . _GROI0Q . B .. ____.__ 1436 . . _ 11873 __ .. 47%Q. . Reji268%
817 4% 080100 5 1703 12113 2074 247234
018 &b . 080100 5 . ... ....Se8 (887 1004 . 698508
919 #5 080100 5 183¢ 1491 2187 3:0814
wan 49 Q80400 ) 208 ¢ 1084 727 548917
581 48 080100 8 403 V0865 YY) 496507
bR &% . __QRol00 ... B ... _B5&. el44Q . e J+8962
D23 &b 080100 5 204 11108 232 33890
P24 85 080100 & . _____ 439 __  _ «AllL .55 | RebRQ7
525 4> 0R0100 5 113 12886 145 2184
bRe 4S5 Q80100 5 232 11493 268 340407
527 4% 080100 8 8oz ¢ 0787 919 GeTubh
WRB . 4h . 0ROIQO . ___ .5 R -Y 4~ 211282 o7 303864
H2Y 4% OR010C 5 784 84726 924 28477
J930_ 4% . .__CARDQ0 B . _______9%_._.._ .. .a22% 21192 . 1+9880Q
831 4% 08710¢C 8 248 00768 268 67526
932 _ab 80300 B b5p 21468 640  PeBHASB
%33 45 080100 5 683 10884 738 740780
934 45 . 080100 ) 1850 1178 /069 42850
035 45 08010¢ 5 193 ¢2233 240 2e1684
836 45 £8%100 - 162 11543 186 6734
837 4% CRO10C g 306 2066 370 252142
938 4bH $3010¢ -5 692 12563 9256 104700
933 45 080100 [ 178 0398 182 1006181
D4Q. 49 . ..080100 .5 RLTS v §06% 204 500414
941 48 0RO10C g 508 032283 8578 317244
042 4% _QBOWOOQ ... _B -} V-2 e 1768 632 . 221541
43 &8 08010¢ b 745 « 3819 1170 +989%
ey 45 Q80100 5 1500 125891 1956 106638
945 4Y 080100 S 740 «1149 825 442573
She 4% . _Q8Ci0C ... NN 11! 21073 720 405395
547 4n 080100 5 1214 ° 2595 15414 212329
SR8 45 080100 8 1330 4377 1496 445099
549 4% Cc8010¢ 13 514 0148 8§21  23+5434




THE UNBIASED HOTVT gSTIMATES BF LOuUanBRMAL AW
LWEIBULL MOPULATION PARAMETERS FGR PATA GROUMS.

LYo eNBRMAL LEusNORMAL AETIBVLL WE [BULL

ITEM REF DESGRIPTIAN SAMPLE SCALE SHAPE SCALE SHAPE
e L SIZE o A™Mub (SIGMA)  (BETA)  (ARPRA)
SR .. .%5g A4S 08010Q. . _ @ . __A3%3 L0095 . _ Q_ _77.6248
851 45 C8010C 5 4722893 12267 5812954 243128
552 52 C8910¢ 4 1279314 40381 1321623  §245096
553 82 089100 “ 3769098 » 2678 4516528 198736
8B4 45 Q8010C_ 8 200298 2403 253753 49132
585 4% ¢8010¢ 5 179198 07644 448034 5021
' 556 4% ..N8Qlogc . B ..958b3y . L3312 1352169 .1s2539
i 857 45 CROL00 5 20634 43303 29178 103490
] B8 49 08210¢ 5 66082 16358 104358 Je4008
! 959  #5 08010C 5 381419 + 2523 492335 19816
p6C 4% 08QIOC .. 5. . 343a . ¢ 2855 - 4b2e 104165
JE vey 45 08010C 5 535487 v 4794 63719 3¢6098
R 562 45 _0BOL0O. .. ) 42715 01868 53012 240370
, 063 45 0RG100 g 722476 14884 1177914 18771
i obh 4% 080300 5 195577 0 £129 375102 +7832
| 965 52 080100 4 »172086 +0953 454976 50708
966 45 _  _ORDIOQ 8 . 7B2496 . <6123 . 1844067  BQ4B
567 58 080120 5 282 + 0399 293 1343692
{ L 968 %8 . Q8p12G ... & B 1-10) Q479 472 9s 1528
4 b69 63 0RC12G 5 667 + 0508 702 102380
1 570 b8 GROLBD 7 935 « Q966 _jo23 518447
| 971 b8 082120 5 1634 « 0618 16285 94851
u72 .54 08212C . ... & 2973 + 0519 3156 Zo4B67
R 273 58 060120 5 4393 « 1080 4837 500629
ey o974 S8 oepdeg . L5 9413 10364 89753 1643070
' P 975 58 08012C 5 20048 20352 20821 1141036
©76 58 Q80120 5 31889 1 0949 34563 60243}
577 b8 0RC120 3 71673 + 2179 JILeh 107542
978 58 . QRQIBO.. . 5. _._____ 1898B7 . «4979 . 3iRed3 19116
579  5& 082120 4 36742¢4 07485 7265520 06543
. .9BQ 5% OROMRG. & _4gB384bh . #2970 . 51584375 1+5986
5 b81 957 080110 2 37 + 0324 38 §13+1576
582 57 08031120 2 1392 + 01499 Q___3Qe7gSa .
%83 57 080115 3 8ug 20783 898 740339
D84 57 QBOMQ. B .. ... &LLO + 0000 6000  VERY W}uw
585 57 089110 3 26637 04512 30302 3eap80
... 986 B7  Q8QIMGC __ .3 . . ... 12pd4 « 4002 133572 409131
087 57 080110 5 579564 v 2299 735292 107460
©Bg8 57 Q801G 3 2084808 24172 39311687 402138
o989 97 089110 3 95 10680 104 604079
. w9y 87 . 08QilQ . .. B 405 + 0699 “22 845301
; v91 57 080110 & 33408 173 39987 gezne?
i 592 97 080119 B 11194y 16050 220879 16264
%93 57 CBOLLC 3 1726790 14726 2004414 345037
99 57 080110 3 15063958 02338 12368698 je8aas
895 &7 0BOLLO ? 334 « 0895 K1Y Be6074
b9g B? 080li0 3 10844 ' Q799 11621 53992
097 57 080140 8§ 194634 v3722 288433 1¢0833
998 57 cROMG . L. 4 .. 43318 »1273 70895 LT3
¥ 495  §7 DROLLC 3 215270¢ 19479 863032 s616d
v
o i
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THE UNHTASED PBINT ESTIMATES 8F LUOANORMAL ANV
SETBULL PBPULATIUN PARAMETERS FBR UATA GRUUMS

LOUeNURMAL  LBUGNBRMAL  SEJBULL  WE]BJLA
1TE¥  REF  QESCRIPTIAN SAMPLL SCaLb SWAPE SCALE SHAPE
SIlE tvyl (S1GMA) (OETAY (ALPNAL
6Cy 97 0RoL11C 3 19u58375% +3639 26562038 1¢1701
6Cy 6D cB8L12¢C 2 16 10560 7 746036
e02 b Q&Cl2C 2 143 + 0891 132 Lo 7800
603 60 GRO1IC 5 25588 2 1367 29288 32508
604 6Y 0R511C “ 65229 01698 76786 2eblie
605 63 083110 N 97650 07101 182138 V77548
60s 60 C8oL1cC ] 3524u8 11990 431683 20197
607  6C cRQizc 2 6 +0473 6 819938
Q86U CROIRG 3 8 W 0783 8 52428
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APPENDIX III
DERIVATION OF PROBABILITY DISTRIBUTION FOR THE
RATIO OF TWO WEIBULL VARIATES
This appendix discusses the derivation of the probability distribution
and density function for the ratio of the sample characteristic life of n
laboratory test articles t¢ the life of a randomly selected aircraft in

service. The scatter factor is written as

s = By (1)
where B is the point estimator of the Weibull characteristic life (scale
parameter) for a ssmple of n failure times given by

n 1

- _ {1 da
B‘ n xi \_- (2)

The xi's in Equation (2) are the lives of the individual laboratory speci-
mens and a is the known Weibull shape parameter. In Equation (1), y is the

life of & randomly selected aircraft in service that is a Weibull variate.

To find the probability distribution of the scatter factor defined in
Equation (1), the probability density functions of both the sample charac-
teristic life B as well as the Weibull variate y nmust be known., The prob-
ability density function of the Weibull variate is given by

=1 o
fly) = %(%) exp [—(%)] (3)

for y > O where o and 8 aye the Weibull shape and scale parameters, respec-
tively. The probebility density function of B can be determined from the
fact proven in Reference (1) that the statistic

O
enW = 2n (g) (4)

has & chi-squared distribution with 2n degrees of frecdom where n is the
nunber of failure observations in the test sample., This gives that the
provability density function for the statistic 8 is given by

] - -l -
£(B) = ';%-‘-( %)(%)om exp [—n(%-)a] for 8 > 0. (5)

The probability density function of the ratio S = 8/y is
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[

£(s) = f §-2 £(B, y = g-) a8 for S > 0 (6)
o]

7]

where £(B, y) = f(E)f(y) gince B and y are statistically independent, and
£(y) and £(B) are given by Equations (3) and (5). Putting £(B, y) into
Equation (6) and collecting temms gives

nn a2 1 at+l
£(s) = E) (E') (g) I (1)
where -
3 a(n+l)-1 7\ -
Is= f (E) exp [—A(;-;-) ] dag (8)
0

[+3
A=n+(—§—) (9)

(0
If u is substituted for A(%) then the integral reduces to

and

I= _LT»«—:L fune‘u du. (10)

The remaining integral is in the form of the Gammas function which gives

j% e %qu = nl'(n) (11)
o

This leads to the final expression for the probability density function of

the secatter factor
n+l_on-~1
on S

T (12)

(as%+1
Integretion of Equation (12) with respect to S from 0 to S gives the cumu-
lative probability distribution of 8§ which is

oBgen

F(8) & == (13)

(1+n8”)R
If reliability R is defined as in Reference (1) as the probability of no
failure (probsbility that the ratio of life in the laboratory to life in
service is leas than 8), the relationship between R and the scatter factor

S5 is ri_on
R= S (14)

(14ns™)®
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APPENDIX IV

LISTS OF SERVICE INSPECTION RESULTS
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Flight Hours at Iquivaient
Typs Bu, No, NAC Cum Mo, Time of Retrofit Lab_Hours
F-4C 63710 328 3085.7 KXl
P-40 63712 332 2079.0 1340
F-4C 63713 335 2126.3 1569
P-4C 63701k 339 58,3 Ta2
P40 63715 32 2256.9 759
P=4C 637417 349 2253.6 1326
P-4 637618 352 2965.9 108
P-4C 63719 355 2%7.3 634
P-4C 637420 357 2202.6 850
F-4C 637422 36 1572.6 a1
F-4C BN 36, 1668.3 a8
P-4C 637426 ITL IWTh 783
F=4C 637428 376 1650.0 132
P-4C 63739 aa 2959.7 728
F-4C 63731 38 1635.5 690
F=4C £3732 385 2008.3 972
P-4 63733 387 1809.7 985
P-4C 63734 389 2039.3 14,86
F=4C 637436 39 176.1 %2
P-4C 637037 195 2008,0 N3
P-4C 63739 199 2609.3 755
P-40 637440 400 207.9 8%
F-4C 63Thh2 108 2Q,5.9 120
P-4G 637046 413 1639.6 190
F-4C 63Thh? IS 139.8 9
r-40 678 a7 2309, 5 1952
P40 637449 49 18,9 16,
P-40 637450 420 1868,.7 905
re4C 83752 424 ar.y %0
r-40 637459 426 a285.2 na
P40 65 427 2105.2 1%
P4C | 637ASS 429 "2034.3 Y
P-40 62787 A% 2059.8 53
¥-40 Y59 7 1853 70
r-u0 e3meo 439 39,9 ™
a0 | G w2 16023 nxn
Pi 51/ b3 an.e *

* Inspection bty Uye Feosirent

Figure N1

Fleet Aircraft With no Cracks Indicated in the Key Avea in
the Wing Main Torgue Box Lowar Skin at Time of Inspaction
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Type Bu, No. ~AC Cum No, T’i:iesg: g.gf::' ﬁg{;:lugt
PG 63765 47 1951.1 9L
P=4C 63,68 b55 1872.9 137
P-4C SYN G 459 "476.0 1.6;‘_1
F-4C amn 158 1966.1 123
bk “Amm 463 20473 1065

S mr—
P40 £33 5465 180.7 857
P-iC IWT5 466 2092.8 1376
P-4 63776 468 1760,2 1278
P-1,0 M7 469 1753.9 564
P=4C 678 LI 2063.2 761
P-4C 637479 NG 1673.7 925
e | Gue W6 2016.9 8%
-4C 63748 479 1784 1860
P-L0. ner 485 16,3 1054
P-4 637,90 489 2291.5 w40
P-4 6391 491 2201.6 18
P-4C 92 492 16771 509
F-4C 63795 - 450 1873.6 NG

= A e——

r-u0 7,97 501 202.4 ay
| 2N 637850 505 209.7 166

i i-‘--m: 617500 500 2174 1159
Peul 637505 513 20119 166
Pz | eee 514 a1.C ™S
P40 MT510 522 A6 8
P40 | tymsna 525 12,0 e
R 59 2087 o

s _I (SIS 510 ] 1M tay

e | bm0 sv7 1535.6 o
R L4 541 A2 1938
P4t 67930 553 1811, ®?

EXIE: ssb a0 T
w0 | Gy 559 1957 50
Pelfs AY7936 562 1639.4 428
P Ry sba A 1616.5 $59

(o | o san 16320 a7
iy 63752 N0 1%50.7 , Y]
P-4 6y13.2 572 A 140

* agpectica by Dye Fesstreat

Figura I-1 {Continuad)
Flaat Aircraft With no Cracks Indicated in the Kay Avea in
the Wing Main Torque Box Lower Skin at Time of Inspaction
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Fiight Hours at Equivalant

Tepe Bu, No, HAC Cum Na., Tize of Retrofit Lab Hours
P=4C 537503 hys) 1612.3 792
P-\C 755 576 UL 63
r-ic 637550 5, 1539.6 302
) ZVXH 637552 589 2553.8 1512
P40 6317553 589 14,854 403
rc | 637555 592 1769 w7
e | 6755 59 a35.2 1515
r-4C £37562 & 1814.9 %8
PG 637565 éor 278.0 TN
| LAY 637566 609 19L0.2 8.
P-iuC 637568 612 1699.¢ 59
T=40 637569 (3§ ] 1261.% 617
e | e 615 w34 556
P40 G15m 618 W78.0 s
F-40 63757h &1 1642.3 839
40 37875 622 14896 és3,
o | e 67 19%.5 0%
2-4C 637541 & / jat - K+ N
r-40 3758 616 N 63
P40 637588 68 1770.9 156
B & 17037 v
P40 1159 @y 118).4 say
4G | ew sy | s n
r~e | emss | e WL %
el oema | ey | s "
4o | e &5 me 50
vat | omer | em ) arsy us
P40 | byMw 6% 20 =)
e | dmn 9 W m
e | eme | ew ) e
e | emw ey 2028.9 106
e~ dymaz ™ 14%.4 e

e | o 09 W 5%
o | G o 19594 s
vae | omn n 16623 wr
rac | o ™ ey &7
740 EINGE n I04.) _

® Tospectlice By e Restoem

Figure 1V-1 {Continuad)

Flaet Airaraft With no Cracks Indicatad in the Key Area in
the Wing Main Torque Box Lowar Skin at Time of hispection
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Tye Bu, 1o, MAC Cum No, rnm"gtf }l{n?r:fﬁ' ﬁuhi;'{;lu'?
74 637629 78 1967.6 1
PG 63763° 720 19C3.3 m
F-4C 637631 2 2290.0 1840
_;—LC 637632 ) 1684.0 1298
PG 61763 725 1579.6 85
P-4l 63763 729 1823.8 g2
G 17637 m 19968 T2
40 637638 T 1530.) 9680
F=4C 637680 s 1734.0 g2
PG 637646 78 1763 o
LS 637647 750 1865.0 ™
puc 7850 785 1650.5 7%
F-47 61765 762 m.s 1%
ruc | 6vmess %) 141 &%
pac | 637687 %t 18512 195
| P ) ™ w2 e
a0 §Y7662 T U80.6 (53]
Pl e e 18885, 9
P | wmm ™ 1R »N
2 fans2 ™ 20484 19
vei2 sy ) Ly ey
r<g | awn o T e 11
ey uy 2091 1340
rar | e X2 g 2t
I L ) ue2 .
s fyriny Qe 0B 1Y
ra3 | sywe Y 15,3 o
rac | o e wyee e
<t ] e | ws WAL N
rac | o Cwe w5 5
Pt | 0TS " 19959 Qe
-: | e 852 2539,9 "
| s T 1309 %
bm: | wpine m wnr ae
LRV A C ) ™ R »s
o st m N i
P A40hs = 318 %

®  lescacticn by Cpe Fersteesd

Figure V-1 {Continued)
Flaet Awcraft With oo Cracks Indicatad in the Key Ares in
the Wing Main Yorque Box Lower Skin at Time of taspeciicn
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Type Bu. No. YAC Cum No, rﬁjf.z_}'_'fﬁ"t‘i&ii' Tan Houre.
P-4C 840865 885 2.5 U7
FesC a0sm 896 00s.5 1572
F-4C X o 893 2291.1 227
P-aC 80675 0 1376 60
PuC 840671 57 2.8 125
P4l €40679 m 2579.9 o9 1
| R &,0682 916 2i35.) RO P
ZesC 8406 a7 1659.3 s
F-4C &,06% NT VW4 b3
Febu A 0495 A A26.1 1331
F-uC 0699 %5 171 08
Foc | aoor %59 4.6 msé
reid sany RN A0 a7
ee | s Cge B2 ms
-G aomy n 2086.4 ue
Pt | O ey 84 168
Fuig 0Ty WA 9.1 ke
 rat o 98 on.s 260
ree | ke s nn.e uas
i wons 1ete b an
el | GeRa 1o R Tuw
vai | GERs W e a
e R L LT 2 ol
ekl et 15 1) 1 A& el
s | ons W 1928 B
Fat | kaome 3t 23 e |
e | mew ane & T
e | owemn | we D aeag Yo
s wr ] s T |
£5 Rotsa 1Y S o
i | w0 e W a
[ vai m‘:&sﬂ“ s .y Yo
e | woms 13 EXY ™)
| 2% i N2 WAV 20969 sy
Pl &cr: =y fuss 3%
s | woms wn . % um
F N
¥ i e e uwn
el N RO 1949 o

% laspatiie ¥y Ore Fesslirast

Figure IU-1 {Continued)

tlear Aircratt With no Cracks tndicated w the Key Area in
the Wing Main Torgue Box Lower Skin at Time of laspaction




Flight Hours at

Equivalent

| Some Bu, No. KAC Cua No, _Tima of Retrofit Lab Hours
P40 .08 1092 1627.5 78
P-4C 6079 1105 69,7 1540
r-4C 64,079) 107 2052.3 pFXe)
P=4C 6,079% 112 10483 363
4C 64,0802 n22 7.2 LT
P-3C 64,0806 128 1995.C 183
P-4C &,0811 1137 1663.1 8,
P40 84,081 13 1897.9 1288
=40 &0t 17 700.% 55
P-4C 44,0822 1255 2050.4 178
P40 $4,0825 1162 2150.7 1693
46 64,0028 167 883.2 b5
F-4C 84,0629 1169 2014.6 ws2
P-uC £,0031 un 2083.7 1707
P40 640836 18 1952.1 996
P40 &0me 1187 470.0 1861
P-4 64,081 1% 2165.6 1984
P40 6,080 1 990k 433
P=4C 6L.06,7 1204 ,75.2 1361
P=aC 6,085, 116 1169.4 691
P-4C 64,0855 1220 1110.4 810
240 64,0856 1221 1300.0 786
P-4, 64,0857 122, 1217.4 705
P40 60858 1225 1355.3 89
?-40 64,0859 1229 1345 1086
P=4C 84,0861 123 1279.5 610
2 64,0852 1235 1209.7 489
F-iC 64,0863 1238 1070 805
PoliC 0864 1240 97.1 695
P40 68,0069 1250 623.3 132
PG &508m2 1257 1162.8 589
P-40 40875 1265 772.8 85
P4, 64,087 ¢ 1270 1132.8 808
=40 &,0078 1272 1297.6 501
P40 64,0879 1276 1158.1 668
¥l 64,0880 1277 1166.1 966
PoliC 6,088 1281 1168.1 83

#  Inspection by Dye Penctrant

Figure IX-1 (Continued)
Flaet Aircraft With no Cracks Indicated in the Key Area in
the Wing Main Torque Box Lower Skin at Time of Inspsction
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flight hours &t ,

Equivalsnt

Type Bu. No. MAC Cum No, m«: of Retrofit lab Hours
P-uC 440883 1284 1155.3 681
F-4C 6088, 1289 1438.8 971
P-4 64,0387 1296 2.2 1086
P-iC 408% 130, ue.8 7
F-1C 64,0851 1307 1554.7 75¢
F-uC 640392 1308 1266.8 888
|_F-uC 640893 1301 1045.5 643
P-4C 60836 1320 1282.0 725
F-4C 84,0899 1328 1209,2 682
P-4C 61,0500 1331 1574.7 59C
F-4C 65,002 1337 13261 665
P-4C 640903 1339 1554.9 912
P-4 64055 1346 1429.7 529
F-4C 640905 1349 1607.0 00
P-4C 640907 1353 1213.0 583
F-4C &0 1365 1328,¢ 192
F=4C 640912 1368 1529.6 138,
F-iC 640913 137 1001.0 76
F-iC 650914 137 mas,g 662
F-4C 64,0915 1378 18540 9e
P-iC 64,0917 1345 1799.0 T8
F-u0 64,0918 1387 1,59.2 b1e/
PhC 640919 139¢ 1303.3 901
F-4C 640922 1501 W93 1066
F-4C 85,0923 Ay ] 1296.1 T
P-4C 64,0926 144 1103.4 279
F-4D 80942 1312 130.8 761
F-4D 64,0954 137% 1260.1 w7
F~4D 64,0956 1383 939.8 620
P-4 64,0959 1398 U031 T
P-4D 64,0965 1423 1174.0 616
=40 ALOTS5 45, um.a (VA
F-LD 64,0976 1456 1022.8 380
F-4D 650977 1459 1278.7 485
F-4D 640978 14,62 Uh8.3 415
P4D 64,0979 1464 1229.0 340
F-4D 64,0980 67 1031.5 477

# Inspaction by Dye Penetrar

Figure IN-1 (Continued)

Flaat Aircrait With no Cracks Indicated in the Key Area in
the Wing Main Torque Box Lowar Skin at Time of Inspection




Plight Hours et , Tquivalent

Type Bu, No. MAC Cum No, Time of Retrofit Lab Hours
P-4D 850582 1475 1261.4 388
F-4D 65058, 1480 1368.,0 68,
F-4D 650585 83 1220,0 451
P-4D 650586 1485 . 1363.0 532
P-4D 650588 92 ﬁ 7.0 538
F-4D 650590 197 [ 1:74 437
F-4D 650600 1523 [ 1m0 559
P4D | 65001 1526 /[ um. 26
P-4D 650503 1531 / 17,2 327
P=4D £50608 155 ‘ / 1534.8 423
P=4D 6506LL 1560 1185.6 606
P-4 650617 1566 1641,1 98
P-4 650620 1575 1352.8 b
r-40 850621 1576 1717.6 628
F=4D 650629 1597 1732.2 1123
Py 650635 1613 982.1 278
~iD 650637 1618 2165.9 &2
=40 85064, 1635 1739.8 1003
P=iD 650647 16 9974 369
P~i,D 6504,8 164 1620.6 631
P-4D 650652 1655 966.3 287
P-4 65065, 1659 1067,8 130
P40 650635 1661 1085,4 1
P-4D 650661 1676 1505,1 664
V] 680666 1688 1126.3 682
F=4D 65067, 1702 1826,5 1% B
P-4D 650680 L1 1649.8 au
F-4D 650885 Loy 52,0 5”1
P40 650690 1725 1487.0 %7
P-4D 650691 1728 1800, 4 59
P-4D 650692 1729 13771 516
P-4 6506% 1732 1176,6 504
P-4D 650697 1n7 1545.8 658
P-4D 650698 118 4T7.0 u
F-4D 650699 170 1393.0 692
P-4D 650701 172 1399.6 933
F-iD 650707 175 1538.1 8n

# Inapection by Dye Panetrant

Figure IM-1 (Continued)
Fleat Aircraft With no Cracks Indicated in the Key Area in
the Wing Main Torque Box Lower Skin at Time of Inspaction
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Flight, Hours at Equivalent
TYp Bu, No. MAC Cum Mo, Time of Retrofit 1ab Hours
F=iD 650708 1753 1562.8 10
F~4D 85071y 176. 1027.8 255
PeiD é50m8 1768 1853.1 8%
B-4D 650729 1785 1243.6 809
F-uD 650m38 1799 1232.1 512
F-4D 65073 1805 1092.3 436
F-4D 650755 1820 19847 1633
F-4D 450756 182} 1303.4 582
P-4D | 650757 182 1590.1 (£Y
P-4D 650763 1831 1311.0 L76
P=4D 650764 1832 1231.7 550
F-4D 6507t 1834 1035.0 342
F-4D 650768 1837 1109.5 598
F-4D 650772 1842 13545 452
P=4D 650173 184, 1256.0 1%
P-4D 650773 1847 1125.4 E3]
F-iD 650777 1849 1276.0 650
P-iD | . 50779 1851 119344 780
Fol:D £50/80 1853 1015.2 M
Pohl 650781 168, 1029.5 531
F-bD 650750 1846 1176.6 1083
P-4D 650794 1887 136,64 16
Foib 65019 1869 889.1 543
PeisD 630798 18% 1087.9 32
p4p | 659 1877 1237.0 W
Fold 66027 168 U370 1458
F-4D 660228 jeg, 1025.6 G
P-LT 660234 1891 811.9 1020
L] 660235 189 U229 1534
P-4 65024,0 1899 1164.6 679
P4 65022, 1900 1307.¢ 9]
P-4 6602 150, 1384.,0 1408
P4 660251 1913 10546 yly
F-4D 660253 1916 98l bha
P-4D 640256 1920 38,0 412
Pl 64057 1921 952.2 369
Foid 660261 1926 12864 1381

@ Inspsstion by Dye Panetrant

Figure -1 {Continued)
Flest Aircraft With no Cracks Indicated in the Key Arsa in
the Wing Main Torque Box Lower Skin at Time of Inspaction
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" Flight Hours at EQuivalent

Type Bu. No, MAC Cum Mo, Time of Retrofit® Lab Hours
F-4D 660262 1927 1058.0 Tl
P=4D 660263 1929 2024,.3 Tels
P40 650266 1932 u7.0 865
r-4D 660268 1935 11856,9 635
4D 660269 1936 911.0 701
P-4 660271 1939 1183.0 19
P<isD 660273 1941 175.0 100
P40 660275 194 1500,0 1510
F=4D 660277 197 1023.7 382
P-4D 660278 1948 1149.0 54
P-4 660262 195 992.0 669
P-4D 667455 1957 897.0 89
P40 667156 1958 12,0 pleet]
P=4,D 667159 1962 1.9 668
P-4 667061 1565 98,3 409
P=4D 667463 1967 798.6 253
F-4D 6676, 1968 1723 are
P-4D 867165 197 1460.8 1614
P-4D 667469 1975 U96.C 881
F-4D 66,70 1976 1013.2 47
F=4D S6TTL 1977 1016.9 522
P-4 6674 1980 1335.9 1549
P-4 667475 1962 15354 161,
P40 667 1985 1027.7 498
FeiD 667,78 1986 16900 1070
P-4D 66748, 19% %47 631
4D | 66785 1995 1286.7 e |
P=4D 667486 1997 1317.8 481
P-4D 667,88 1999 935.0 535
P-4 667489 2000 W70 1005
12 667490 2000 12hh. 7 1087
P=hD 657491 2002 1261.,0 1228
P-4 8698 20011 164.0 705
P 667500 2005 1574.0 1456
P-ul 467500 2017 1287.9 597
P=4D 667503 2018 1681.0 1129
P-4 667507 2025 41,2 a8

+  Inspsotion by Dye Penetirent

Figure J$:1 (Continued)

Fleat Aircraft With no Cracks Indicated in the IKey Area in
the Wing Main Torque Box Lower Skin at Time of Inspection




B L B

Type Bu, No. WAC Cum No, Tiza'of 322‘;3:22* j}‘ﬁiﬁt
F-4D 667509 228 1038,C 660
F-4D 66751 205 949.8 863
F-4D 667519 20 1622.0 h52
F-4D 667522 2046 899.8 655
P40 667529 2056 96,2 616
F~4D 667534 2065 1010,7 160
P~4D 667537 2067 860.6 9
F-4D 667539 2070 761.6 [AS)
P~4D 667542 207} 890.5 361
F-4D 66755 2079 756.5 635
P~4,D 66757 2081 1086,8 709
F~4D 667551 2086 96k 506
F~4D 667552 2089 882,3 703
P~4D 667553 2090 11Q.4 a8
F-4D 667556 29 798.5 3%
F-4D 667558 2098 1356.6 1145
F4D 667559 2100 988,2 753,
P<4D 667570 216 n7.0 all
F-4D 667575 222 959.5 78
P-4D 667577 2126 10%.7 70
P-4D 667578 027 823.9 606
P-4D 667580 229 u30.0 709
PeiD 667582 233 un.o 70
) 667588 201 10%2,1 lhdy
P-4D 667589 ) 1054.8 106
FuD 667595 e 785.6 290
F-hD 667596 25 1202,6 900
P-4,D 667607 268 96,6 3 H
F-4D 667608 249 1450.1 610
F-4D 667609 a7 1388.0 112
P=4D 667611 A 2069, 0 80
P40 66761 ae UL%.0 649
4D 667615 a7 1367,0 1005
P40 667616 280 1392.2 894
P40 667619 285 8664 3
IR 647620 0nay na,.1 ana
P-4D 657621 2188 1081,3 L@
# Inupsction by Dye Penstrant
Figure IN-1 (Continued)
Flget Aircraft With no Cracks Indicated in the Key Area in
the Wing Main Tarque Box Lower Skin at Time of Inspection
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- Flight Hours at | “Equivelent
| _Type Bu, No. MAC Cum No. Time of Retrofit* 1ab Hours
 P-4D 667622 2189 788.,6 626

P=4D 66762 290 10R9.9 647
7-4D 667525 A% 1056,0 917
P-4D 869627 ay 10%%.2 299
P40 667629 299 879.9 523
P-4 687634 2206 26,3 543
F-hD 867635 2208 1076.0 614
Pk 667636 2209 1288.9 523
P40 81638 223 13340 792
P-UD 667640 225 L12.0 1066
PiD 567642 2218 12¢8.6 577
P40 667645 222 B b Lhls
34D 667648 2228 2085.6 5%
F=iD 867649 2229 1450.0 681
7-4D 667652 2235 1267.5 48
7<,D 667660 a6 1420,0 608
P40 667662 228 1030.6 781
FeiD 467663 2252 860, ns
P=D 66764, 25 875.6 .
P-4D 667665 2255 w39.0 552
- Ye4D 667667 2258 1083.0 s
(v | eoreen 2259 231 140
| SN 687669 2260 %71 680
P-4 66767, 2268 13271 a9
=40 s66m 2n 0809,8 8
P40 667680 an 10542 452
9D | 6amem 2278 87,1 612
=40 667689 3] 855.4 3%
JebD 6676%2 2298 4.1 520
=40 667693 300 20,0 358
E Yy 6676% na 680,2 409
=40 667698 30 128,.0 1050
10 | tem L 8%.9 e
D 667705 4318 8.0 657
P-4D 647706 a1y 78.0 485
FaD [ 667708 nai %23.0 6
Nn' 667709 nxr 11865 as

* Inspaction by Dye Penetrant

Figure IX-1 {Continuad)
Fleat Aii craft With no Cracks Indicated in the Key Area in
the Wing Main Torque Box Lowar Skin at Time of {npsection
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Typs Bu. No. MAC Qum No, 'rﬁnw'o: ’éﬁt‘i?:?ﬁ* i‘}?‘;ﬁi:‘l‘
L IAb Hours |
P-4D 6670 2325 14,59.0 585
P-4D 6673 2330 929.4 357
P-4D 66TTLS 2332 una 1066
P-4D 867722 2346 1376.0 751
P=4D 667123 2347 993.9 448
P=4D 66T, 2349 756.5 26
P-4D 662 2360 1053.8 908
P40 66773 262 1258.8 122
-4 6617 2368 7 Ay 527
P=4D 6671 2376 4134 195
P40 66TINT 286 B3 166
P-4D 687151 2392 1022.9 95
P-4D 867752 239 1032.8 506
P40 667755 2398 1020.4 pTAY
P-4 667759 2,02 1433.0 675
P-hD 66TI67 24,16 2063.4 1311
P40 66TTD 2528 1080.7 55
2] 660686 231 12,8 805

® Ingpaction by Dye Panstrant

Figure IM-1 (Continued)
Flest Aircraft With no Cracks Indicated in the Key Area in
the Wing Main Torque Box Lower Skin at Tima of Inspection
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Figure IW-4

Fleet Aircraft with No Cracks indicatad in the Key
Area in the Outer Wing Lower Surface at Time of lipection
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Indization That Original
Dter Wirg wes Remeved Flight i curs at ™| quivalent
Type | P Nc, MA D wun Ne, Flock_Wo. trior to Detecticn of Jrack | Time cf ‘napecticn At Beues
Fell} A3701Y 38 1t 31 0 .
Pt | 52 332 is aidu 1,32
Fonil | 2370 3¢ 15 2425 73 @
Pai” A3 %2 13 212 oy «
LRt A £37,17 L9 15 2334 LA
P-4C ] 537 b1 15 2597 s
Fepl 3719 355 lﬁ. 39,3 ™Y
L JR— .
P-4C § 530 "7 13 22,1 931 @
P | A2 kIR 1% 1472 ESS
F-LC | »ITLIC S8 1t 2835 £}
LIRS Y28 ) N 16 182 A,
LS B Y R TA 30‘{ H 2128 913
FelC [ 837034 bk 16 175 ¥33 e
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Indteaticr That (riginel )
Tuter Wirg as erovet Flight bours at *® '.:}::v_ale:.t
A Jum Yol Yico-i e, }rine tc Detestt-n =P Jraxt Tire of .nscs2cicr Lat Hcurs

523 13 318 53 .

i £,
nT5 27 1 77 B
3714 i3 1o ri3)

AL A § 3

HI752

3 32

7534

L7

53741

53782
~YISSG

27353
33385

647555

DAY

[S 4N

63734

s

ISRt}

i e 2 %

T oiat

Rk 2

LS L Ta

13y ™

L300 “ut

* falece Dasage Eatlmadad for meee Ve 8K o PiIgM Nanee
- Npal Trapiliom

Figure IV-4 {Continuad)}
Flaet Aircraft with no Cracks tndicated in the Key
Area in the Outer Wing Lower Surfsce at Time of Inspaction
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Irdicaticn Thet Criginel

Quter Wins was Rezcved Flight Huwrs 2t *%| Iquivalent
TYpS 2u, Vo, MAZ Quz Mo, Block Yo, Irior t¢c Datosticn of Crack Tizg of Inspxction lab Yours
F-uC | 637649 754 & 2013 1387
P-4C 537655 783 20 1552 76
F-4C | 437667 785 2 e 593 *
F-4C | 537676 759 2 v 1329
F-4C | 637673 211 2 285 22
FuC | £37685 815 2 229 1569
F=4,3 637633 320 2 148C 32
F-4c | 437693 828 2 1312 5,8 *
F-LC £4,0665 835 2a 2245 70
F-LC | 540666 336 21 an 1493
F=4C | 640682 96 22 2112 132 *
F=4C | 640586 923 2 1638 1%
F-4C | 540895 939 2 2082 329 *
F-40 | 640699 %5 22 1767 61
P-4C | 64C7C5 957 22 1675 1061
F-4C | 640712 969 2» 2305 1332
F=iC | 640724 991 22 2225 1368 *
F=4C | 640725 993 2 258 2346
F-4C | 640737 L8 22 1188 nz ®
P-4C | SLOTLT7 1631 b} 1532 929 *
FoUC | 640759 1051 2 ) 1358 ey
F-hC | 640763 1059 3 e %99 +
P-4C | 640777 168¢ E3) T & 159 *
F-uC 630781 1087 23 pYIA 581 *
F=4C | €.7783 1051 3 15 13%6
P-4C | 640802 na2 b3 136C 1831,
F-4C | 64080k 1125 Z 2,13 202
F-LC | 640806 1128 P 208 1586
P=4C 64,0313 1141 23 9 131, *
P-4C | 640915 3 23 1C72 287
P-h B840 0% 2, 1598 11
F=4C | 640K uy? 2, 13 287
F-4C | 64,0847 120% 24 N 1307
P=4D | 640952 13C 25 1163 8wy
F-4C | 640892 1308 25 1250 866
F-4C | 640913 1372 25 1083 825
F-4C | 640914 1376 25 117 662

# Fatigue Damsge Ectimated for more than 50% of Flight Hours
* Vigual Inspection

Figure -4 (Continued)

Fleat Aircraft with no Cracks Indicated in the Key
Area in the Quter Wing Lower Surface at Time of Inspection
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Elcer Ne.

Iniicaticn That Criginal
Ater Wing was Rencvei
Fricr to Devesticn cf rack

Flight Heurs st **
Tire of Inspesticn

Zquivalent
Lsb lours

538

1032

550799

559739

660227

560228

66024

650254,

660261

660262

66256

660269

56027C

660271

66c272

66C276

65078

660283

667,56

667451

667,67

667469

657,72

é6mel

667487

667437

66749

66751

667,94

66796

667500

2015

# Fatigue Damage Estimated for more than 59% of Fiight Hours
** Visual Inapection

Figure IN/-4 (Continued)
Fleet Aircraft with no Cracks indicated in the Key
Area in the Outer Wing Lowor Surface at Time of Inspection




Indicaticn Thet Originel

Quter Wing was Reooved Flight Hours at #= Equivalent
Type Be. No. VAC Curm No. ] Dlock Moo Prior 12 Detecticn of Jrack !Time of Ina—wction 1ab Fours
F-4b | 6750, 219 29 1237 73 *
F-4D | 567519 302 3L 11 L6
P-yD | 667525 205¢ 3¢ 1o (218
P-4D | 607529 2056 3c 905 37
P40 | 63758 283 3¢ 1137 546
P30 [ 657550 2085 ac 1234 590
F~4D | 867556 2093 3C 202 10
P42 | 6575T 19 3¢ 1041 323
P-4D | 657580 2129 3c 120, 603 *
P-LD | 6675%2 231 3¢ 633 331
P-4D | 667589 21,3 3¢ 35 929
P-4 | 567608 2169 ac 1281 525 .|
PoLD | 65761 278 3G 1311 552
P-4 | 667618 218, 3¢ 12 436
F~4D | 667621 2188 3¢ 135 2R
F-4D | 667627 2197 3C 128 295
P-4D | 667636 2209 3¢ 195 468
P4 | 667642 2218 3C 1226 52
P-4D | 667648 2228 3¢ 198 317
P-4D | 667649 2229 30 1225 539
P-4D | 667650 223C 3C 129¢ m
F-4D | 667660 22,6 31 7 517
P-4D | 667665 2255 k) 1328 149
F-4D | 667575 227(;‘ 31 N/ 108C
4D | 667678 227 31 118, A
F-4D 667637 22%¢ 3N ane 523
FabD | 66769C 1329 31 60 29
P40 { BTG 2322 3l <V 1435
P-LD | 66TTIC 2325 31 ' 1263 L7
Fell | 867725 2350 31 1109 59 #
F-4D | 667731 2360 3l - %0 623
F-4R | 857733 362 31 1163 312
F-4D | 667737 2363 31 105k 476
Peib 86779 AN E2Y 887 283
P | 66T an ] an 1052 535 *
Fo4D | 667745 28 31 1019 59} @
w40 | 86TIHG 382 3 939 322

O s

* Fatigue Dumage Estimated for wors than 50% of [1ight ‘Hours R
#* Visual Inapsction

Figure -4 {Continued)

Fleet Aircraft with no Cracks Indicatad in the Key
Area in the Qutar Wing Lower Surface at Time of Inspection
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Indization That Origina.
Outer Wing was Removed

Flight Hours at *%

Equivalent l

Type | Bu, Mo. } ™AC Zum Ne. | Plock Mo, trior to Detoction of Crack | Time of inapection ] 18D Hours |
F-4D| 467749 2392 3N 9 527 »
P-uD| 667755 2398 3 515 a
F-LD| &67T59 2102 3 631 58
P40 867768 238 31 755 584
F-4D 56TIT3 214,28 31 3032 527
Fe4D|  65870C 24,55 32 66 3 *
F-4D|  6637C1 2458 32 173 2%
F~4E| 86033 24,79 32 891, 353 #
P-4E| 650304 UL, 32 900 158 *
P-4k | 650306 2494, 32 311 330 #
F-LE| 660318 2553 32 &8 340 ®
P~4E| 660327 258 32 02 459 *
P4k | 660338 2653 32 619 315 #
F~LE| 660342 267 33 962 490 *
P-4 |  66s8c, 2757 3 M 530

P-4 ] 6698c8 2778 73 57 85
PoiE | S60377 279 33 597 oh %
F-iE ) 702 2825 3 553 21 *
F-4D | 6ha92 2857 33 220 Sl #
P-tk | 670220 2866 3L 71 367
P-4k | &70222 287 34 522 266 #
PoLE| 670227 2825 3 662 337 #
P~4E | 670229 2891 3% 541 25+
4L | 670232 2899 3 626 420 *
F-4E | 57¢233 2902 34 W1 377 #
F-ik [ 670236 2609 3 792 403 *
P-4t | 670238 251, 3% 533 %
Pk | 670239 2917 3 ™3 378 *
F-ih | 670240 2920 34 80 428 *
Pepls 1 S70242 2925 34 652 332 %
F-bk | 670243 2927 3 79 366 *
Peik | 67025, 2957 3h 729 7L ¢
Fepk | 670255 2959 34 767 390 4
P-4E | 670257 2963 3 W6 380 *
F-E | 670256 2556 3 862 439 ¥
[N T 2972 3 T il
Feil | 670264 2982 i 76k 389 ¢
P=iD | 86775 2996 34 999 530 @

# Fatigue Damage Estimated for more than 50% of Flight Hours
i Visual Inspection

Figure INZ-4 {Continued)

Fleet Aircraft with no Cracks Indicated in the Key

195

Araa in the Outer Wing Lowur Surface at Time of Inspection




Indication Thet COriginal .
Cuter Wing wes Removed Plipght Hours at *#] Tquivalent

Tyes | Bu, No. § VAC Sum No, 1 Block Mo,i Trior Yo Detection of Cragk ! D
P-4E | 670205 337 35 I 302 256 #
P4k | 670299 348 35 498 253 #
Mok | 67031C 315 35 L7 253 #
P-ly | 670318 3127 35 L6 227
P-4L | 47(320 3133 35 508 259 %
P4k | 670322 3139 35 576 293 *
P-4k | 47C327 3151 15 189 249 #
F-ib | 67033} 2163 35 399 203 *
P | 670337 3N 35 423 25 #
P4 | 670843 319, 36 495 252
F-tL | 670845 3200 26 ! 495 252 %
P=iE | 570347 3207 36 549 279 #
PohE | 670345 3210 36 495 252 #
P-4E | 670350 3212 36 536 273 &
Pl | 670351 315 36 496 252 %
P-LL | 670353 3219 36 496 252 #
P-4k | 67035 3221 36 605 308 *
F-4E | 670355 3223 36 495 252 #
P-4 | 670356 3225 36 510 260 *
P-4k | 670360 3B 36 525 267 %
Pk | 670361 3236 3% L97 253 %
P-LE | 67C362 3238 36 [+ 216 #
F-4E | 670363 324C 36 493 251 #
P-E | 670364 322 36 582 296 ¢
Feib | 670365 324 36 Sk 2.
F-4E | 670366 3248 36 W E:E
P-ib | 670367 3248 36 401 200 *
B4R | 670368 3250 36 v 506

F=LE | 670369 3252 36 535 272 #
P-4E | 670370 3254 36 495 252
P-4k | 6703m 3256 36 570 250 *
P4k | 670372 3252 36 500 255 #
Pl | 67037 3262 36 A58 233 #
Fell | 670375 3264, 36 495 252 %
F-bE | 670376 3267 35 587 359
Feib | 670377 3269 36 503 256 #
Ptk | 670378 32m 36 599 305 #

* Fatigue Dimage Estimated for more then 50% of Flight Hours
4 vigual Inapection

Figure IM-4 (Continuad)
Ft-at Ajrcraft with no Cracks Indicstad in the Key
Avrea ii. «ie Outor Wing Lowar Surface at Time of Inspection
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Indicetion That Original
OQuter ¥ing was Removed Plight Hours at ™ | Zquivalent

__‘_@ Bu. Mo, PAC Xyn Xo. Bleook No, Frior ¢ Detecticn of Jrack Tiry of MM_
P=4E § 87379 20 36 422 215 +
P-4L | 670381 277 36 477 243 %
EoAL ) 470382 279 36 517 263 »
P-4k | 470383 s28 36 508 259 »
Pib | 67038 3263 36 506 258 %
P | 670385 3385 36 483 a6 »
P-4E | 670186 3287 36 478 243 *
ik | 6TBET 3289 36 435 21 #
F-hl |} 670388 3292 36 166 237 *
P-4k | 670389 3% 36 390 i99 #
PuL | 670390 3257 36 by 236 »
r-3k | 6T 3297 36 541 5 #
ik | 61 P 36 308 104
=45 | 67030 3305 36 461 235 +
P-il | 670396 3310 36 379 193 #
r-ik | 870397 1312 36 162 235 #
P-4t | 680305 3320 37 499 54 *
FobE | 68c3CR 3326 " 52 %45 ®
T4% | o807 | 3328 37 526 a5 «
P=ih | 68311 1932 37 XY 2y *
4% | 680310 333 37 353 180 *
P-iL | 680314 23 37 459 A
F-4b | 680318 3345 37 439 e
PhE | 600019 37 37 180 Uy *
P-uk | 680320 349 37 470 239 #
P-4k | Gemsal 335 17 428 218 *
y-uh | G2, 1356 37 462 25
Fub | G025 3358 37 1589 233 ¥
P-4L | 660326 336¢ N 458 233
Paih ] 680327 2362 37 438 23«
P-4h [ 680338 3364 k] 459 FEE]
FeE [ 6K1330 3368 37 A58 233
Tb | %337 | 337 5 158 D2 -
Peyl | 650336 N n L57 B
Tk | 68036 | D8 57 ) s ]
LA VY] 1385 by 389 190

¢ Patigue Divage Bstiaated fur mose than 0K of Flight Houm
= visul Inspsotion

Figure IV-4 (Continued)
Fleat Aircraft with No Cracks Indicated in the Key
Avrea in the Outser Wing Lower Surfaca at Time of Inspaction
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I&ﬁi?‘&“ﬁ m Flight Hours &t ¥ | Eguivalent
Type | Bu. No. | VWAC No Block fo. f P |_Tima of Josmotion |
F-LE | 680343 31393 37 432 220w
F-4h | 680345 397 37 LT3 20 *
P4k | 680347 0C 17 419 213 *
LI BS: o TR 402 37 388 197 »
D 3408 37 02 205 #
Po4L | 660353 §INE) 37 420 21 *
P-4k | 69035 EINT 37 E w2 215 #
P-Lk | 6e3ss 3836 37 ' 389 198 #
P-4k | 686357 M9 37 140 23, »
P-4E | 680358 WA 37 332 169 #
P-4k | 680359 342 Y4 400 20, *
- IR AT %25 37 352 179 #
‘ P-4k | 680361 3427 37 432 20 *
P-uk | 680362 3429 37 329 167 #
LR Y)Y 331 3 385 196 #
P-4k | 68036, 433 37 399 203 *
FL | 6%0365 135 37 397 202 *
P-iL | 630367 338 38 398 203 »
FE | 680369 k) 38 398 203 *
P-4l | 620383 67 38 338 BEVE
P-LE | 680385 N 38 275 U0 *
rE | Samer 1% ] 38 361 185 #
FLL | 680390 W79 38 299 152 »
P-4 | 660395 388 38 260 192+
=4k &80u,00 3492 38 308 157 «
Pobh | 68018 3530 39 255 130 ¢
F-4h | 6son23 3540 39 276 10
TL | 6808 3550 39 m 138 #
Pouk | 680329 3551 9 250 B2
Pk | 6832 3558 39 29 150 ¥
Peph | 680439 ISR 39 21 124
P-uh | 680049 3591 39 1% e
Fib | 68045C 359 39 a8 o
Yub | 6305 | 3595 39 %1 )
r-uh | 680453 2600 46 v 243
il | 68C461 6L, T3 38 e
Fouh | ta0u62 3617 10 1% 91 @

* Fatigve Desege Katimated for move than 508 of Fiiaht Rours
#* Yigual Inspaction

Figure IV-4 (Continued)
Fleat Aircraft with no Cracks Indicated in the Key
Area in the Outar Wing Lower Surface at Time of Inspection
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Igﬁ:a;télzg&'\‘::g g:;ﬁiz:l Flight Hours at* | Lquivalent
T7re Bu, No. ¥AC Cum No, Block No. Irior to Detection of Crack Time of Inspection Lab Hours |
P-LE | 630463 3613 4G 190 97 *
P-ik | 680466 3623 40 91 97 *
P-4k | 680,68 3627 4C 179 91 *
-4k | 630479 3647 4e 196 100 *
P-4k | 683 3654 We 158 80 #
F=4% | 680,88 365, 40 136 69
P-4L | 680492 3672 40 Uy 3 *
P-ib | 680493 3673 40 u3 3
P-Lb | b8C5Qh 369G 41 89 45 *
=4k | 480505 3691 s 48 2 #
P-ibh | 680510 3699 AN 94 L8
F-4b | 680511 3701 b 113 58 *
F-hh | 680518 am 41 102 52 *

# Patigue Damage Estimated for more than 50% of Flight Hours
#* Visual Inspection

Figure IV-4 (Continued)
Fleet Aircraft with no Cracks Indicated in the Key
Area in the Outer Wing Lowaer Surface at Time of fnspection
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Bulkhead Flighy Hours at Zquivalent
Trfe Lu, N FAC Oum No. Narerisl Timo ol Insvection Lad Mcurs
F-ib 15LALT 9 1075-To51 2791 365
Farl | 1512 198 73-T651 a8 W *
P=tl 150422 208 T -TH3) 206 333
F4B 150625 21 7(75-T451 2688 27C
TaGE 123 A6 NT5-T551 47N I
Faur 1500 27 2751651 2321 saC
F-4B P IENNA 3¢ N T5-TH51 PZINY 33a”
-4t 15uhid 21 1(75-T451 2515 450
-4F 150458 234 75-T5%1 2251 27C
SubR 150,52 ne HT3-T651 2552 63&
ol 18,50 EAR 7075-To51 2532 Los *
] 15072 g WIR-Ton b 163} W3
XN BB TR 253 RTI-15%1 3186 w6 ¢
Carfy (R P! TP5-T331 2502
ol 0628 M T P=Tus un 182 °
vv ‘.vfw’e:; ¥ | RTt| <533 W3
ot thfy, a9 TN ' « 3 822
Yool A% i‘,as ' z-ﬂ' 9gTIaTed) 7 Vit 348
T | tees | = T o 156
;‘-;.37 LiagT a1 MOVeati Ay .!...2 ) k)L
LR 5 eiaraiy EL N vy
Fat R ST M ) *
[ 348 bR a4y - 1S 4
PR B I ety IS o
fos | oUndele e e AL 9
'-»:;5 134008 e “'\"‘h‘:é " AN Wi
I T WP e o e
Fad PEL S LI sy AL ] N
Fo |1 s Ty T4 «
:Q.t 143503 adt TITS bt 1A
T rar | Smate o YT Toety ™
SO R TIPS o PETRYn G T
o T s o) raen ik ast
tod 143 N Wiy :ﬁ% a
Tl (A ! '3-7 rerLgeRy ! PR n *
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1
A T [ £ NI T e
* TN Aene Dambpe Tati mted Tor meew AN Yok ef PLIGN Meiory
= fenrmition B fAly Mureesy
Figure W.7
Fleat Atrcraft With No Cracks indicated in the Key Area
in the F.S. 303 Bulkhead at Time of Inspaction
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Tulxher! | Flight liours at @ '..q;‘.falent.—l
Tyye e, Ne, Mas lun KMoy Varterial Time of inapection 'L Howr,
[ 16228, 13? WT5-T651 137 W37
F=.C L0725 9N TLT5-TH5L 253 150
F-i8 153008 166 TLT5-ThSL 1320 1057
Puyd 15307, 1506 75-Tes) a7 7
LA 15307; 157 NT5-TH5L No Information Availadble
e 1537 M3 WT5-THSY 1313 ".)'r
sl 197" 1759 NTS=TH5L 121 W
Feul | 23 10 775551 9 151
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Figure IV-7 {Continued)
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3 i Fallure inforeation Flight Information
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5 I, Mo, Fellurs Datected et Report Hours at Report 12 g 2 | g
3 é' 14,8298 #13 a1 676 25 | s Lu | oa
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14,8260
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1,8378
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Us387 819.8 633 553 a8 |7 18 5
156388 325.3 » 78 ns | 12 [ 0
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UL 508 508 16, 81 9 1 0 .
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pTRATH ! arl ay 48 & la 4 1
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815 8.3 48
pTE AT [TAR ] b2 283 o] o 0 0
L&20 su2.7 569 423 57 [ 0 0
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1823 786 784 366 s |52 | 1 1 |
Figure IN-11
Cracks Detected in the Wing Main Torque Box Upper Skin in Service Operations




Failura Information Might  Inforsmtion

Liceedences for listed
“Ban Rox T peiture Dotectud | et Repors | Hoors ah pepert [ ae e e
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VA Y]

Cracks Detected in the Wing Main Torque Box Uppar Skin in Service Operations

Figure WW-11 (Continued)
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Failure Information

Fight  Information

Exceodances for Listed
NN “rattors bowtet | mmesone | o v peone iyl eper howre
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Flgure IV-11 (Continued)
Cracks Detected in the Wing Main Torque Box Uppar Skin in Sarvice Operations
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Flight Information

rxcesdances for Listed
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Fr 5\ 600 X ay | sof 6 9
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Woter ALl elrovuft imeluded im this lict are P-iB's

Cracks Detectad in the Wing Main Torque Box Uppar Skin in Service Operations

Figura JM-11 (Continued)
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Failure Information Might Information
Exgeedances for Listed Side of Aireraft
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Figure IV-12

Cracks Detactad in the Lower Longeron Bog Bona Fitting in Service Oparations
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