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The U.S. Air Force introduced the concept of economic life of an aircraft structure in the early 1970s. They
initially de� ned the economic life of an aircraft as the time when the structure had reached the point of widespread
damage that was uneconomical to repair. The main dif� culty with this de� nition is that structural analysts cannot
determine when the economic burden is unacceptable. They can, however, make a determination of the economic
burden from inspections, replacements, and repair of the structure. This paper demonstrates this process for the
F-15E aircraft. For this assessment, the structural analysts generated probability distributions from durability
test cracking. They also derived usage severity variations from recorded data. For each airplane, they sampled the
populationof the initial � aws as well as the severity of the usage for each area of the airplane that would contribute
to the maintenance cost. They grew these cracks to the point of a repair or modi� cation action. The cost from
repairs and modi� cations was one factor that Air Force management could use to determine if the airframe was
still competitive with other alternatives.

Introduction

I N 1958, in the aftermath of catastrophic fatigue failures of the
B-47 aircraft, the U.S. Air Force (USAF) institutionalizeda for-

mal integrity program. They called this the Aircraft Structural In-
tegrityProgram (ASIP). The originalprogramhad three main goals:

1) Control structural failure in operational aircraft.
2) Devise methods of accurately predicting aircraft service life.
3) Provide design and test approachesthat would avoid structural

fatigue problems in future weapon systems.
These goals have not changed. They still constitute the basis for

the program. The USAF has accomplished goal 1 quite effectively.
The current rate of failure of USAF aircraft from structural causes
is more than 100 times less than failures from all other causes com-
bined. In addition,the USAF has successfullyattainedgoal 3. In the
early 1970s, the USAF adopted the damage-toleranceapproach for
structuraldesign.This approachhas considerablyreduced the num-
ber of occurrencesof fatigue problems in weapon systems designed
since its adoption. The achievement of goal 2 has been much more
dif� cult. Even today, it is not possible to state accurately the antici-
pated structural economic life for all of the USAF weapon systems.

One of the reasons for this is that it is rare that the USAF retires
a populationof their aircraft becauseof structural degradationfrom
fatigue cracking. There have been, however, many cases of signif-
icant structural modi� cation to preclude retirement. Examples of
these include the B-52D, C-5A, KC-135, F-16, and C-130 aircraft.
The USAF made the decision that these airplanes were still useful
compared with alternatives. A structural consideration that could
be a major factor in the decision to retire an aircraft is corrosion
damage. For example, the KC-135s are incurring signi� cant main-
tenance costs because of corrosion. The USAF procured these air-
planes, and others, with corrosion-prone materials and inadequate
processes to protect them from corrosion.There have also been pro-
jections of the time remaining on a given aircraft before fatigue
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cracking would be a signi� cant economic concern. One example
of this is the C-141. Before the USAF made the decision to stretch
this aircraft, they made a determinationof the lower boundaryof the
time when fatigue cracksconstitutedan economicconcern.Another
example is the B-52G/H. Before the USAF made a commitment to
upgrade the avionics on these airplanes, they made a projection of
the lower boundary of the time to signi� cant fatigue cracking.

During the years following the 1958 structural failures up to the
adoption of the damage-tolerance approach for ensuring structural
safety in the early 1970s, the USAF used the so-called safe-life
approach.The safe-life approachrelied upon the results of the labo-
ratory test of a full-scaleaircraft.The USAF tested the structurewith
a spectrum of loading that representedthe average (or baseline) ser-
vice operational environmentof the aircraft. The USAF established
the safe life of the airplane by dividing the number of successfully
tested � ight hours by a factor called the scatter factor. The intent of
the factor was to account for article-to-articlevariation in materials
and manufacturingquality.The USAF believedthe process to be ad-
equate to preclude structural failure in operational aircraft that was
attributable to fatigue. The minimum scatter factor allowed1 was 2.
By the middle of the 1960s, the USAF had decided to use a scatter
factor of 4 as evidencedby the requirementsspeci� ed for the testing
of the C-5A. Originally, the USAF assumed the life of the airplanes
in service was the same as the safe life. They planned to remove an
aircraft from service when it had accumulated the equivalent of the
durability test damage divided by the scatter factor. This practice is
normally unsatisfactory.In many cases, one may operate an aircraft
beyond its safe life through inspections or modi� cations that are
economical to perform.

When the USAF adopted damage tolerance, they made the deci-
sion to separate the process for assessing safety from the process
for assessing aircraft durability.For the durability process, they in-
troduced the concept of economic life. They initially de� ned the
economic life as the time when the structure reached the point of
widespread damage that was uneconomicalto repair. Further, if the
USAF did not repair this damage, it could cause functional prob-
lems affecting operational readiness.2 They believed that this sit-
uation was generally observable in tests when there was a rapid
increase in the number of damage locations or in repair costs as a
function of cyclic test time. (In this de� nition, one should not inter-
pret the term “widespread damage” as widespread fatigue damage.
Widespread fatigue damage is the loss of fail-safety because of fa-
tigue cracking.) The initial de� nition of economic life was not very
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useful because there was no satisfactory de� nition of “uneconom-
ical.” It did introduce, however, the idea of functional impairment.
Functionalimpairmentmeans that the stateof crackingwouldbe ob-
viousand detrimentalenoughto warrant a repair.An examplewould
be a crack that one would readily detect in a maintenanceoperation.
Another example would be a crack from a fastener hole in a wing
spar to the spar edge. Another example would be a crack that would
cause a fuel leak. The notion of functional impairment is of major
importance, because it removed confusion about the de� nition of
failure. The USAF used the concept of functional impairment ini-
tially in the design of the F-16. They later re� ned the concept in the
design of the C-17. For the C-17, as an example, the USAF required
an analysis to show that an initial corner � aw in a fastener hole of
0.254 mm would not grow to functional impairment in two design
lifetimes. The USAF data indicated that an initial � aw as large as
0.254 mm would occur only remotely—approximately once in ap-
proximately100,000fastenerholes.The stresses in the C-17 derived
from the damage-tolerancerequirementstypicallywere low enough
to accommodate the durability requirement.

The USAF improvedtheconceptof economic life in 1997 (Ref. 3)
to provide guidance in the design of new aircraft. It providedan up-
date on the tasks of the current ASIP initially established in 1975
(Ref. 4). Task IV of the ASIP is the developmentof the Force Struc-
tural Maintenance Plan (FSMP). This plan describes how, when,
and where to perform inspections and modi� cations on the aircraft
during its design life. The USAF modi� ed the de� nition of the eco-
nomic life to read, “The operational service period during which
there is no signi� cant departure from the cost burden associated
with the FSMP for a newly manufactured aircraft. The contractor
will determine this cost burden based on an evaluationof analytical
and test data developedduring the full-scale developmentprocess.”
The USAF believes that this is an improved de� nition. It portrays to
the contractor that the cost of structural maintenance must not be a
factor in the decision to retire an aircraft before it reaches the end of
its design life. Experience has shown the results from the full-scale
durability test are useful for the determinationof economic life. The
full-scale durability test of the F-4 successfully demonstrated this.
In this case, at a certain time in the testing, the number of cracks
found in the structure was increasing rapidly. It was readily appar-
ent that the structure was at the end of its life. It was also evident
that the structurewould need extensive modi� cation to proceed fur-
ther. The original wing on the KC-135 aircraft also demonstrated
a rapid increase in cracking at a certain time in full-scale testing.
The USAF, however, did not recognize until later that, even before
the rapid rise in visually detectable cracking incidents, there was a
suf� cient number of smaller cracks to jeopardize the fail-safety of
the wing. Therefore, the wing had reached the point of widespread
fatigue damage5 before reaching its earlier estimated economic life.
The loss of fail-safety in the KC-135 wing structure led to the re-
placement of the lower wing skin. Another example of the ease
of determination of economic life was the T-38 wing. This wing
was not repairable if the crack length was approximately 2.5 mm
or longer. Thus, the time when an inspection of the wing revealed
a crack of this size was its economic life. This type of indication
of economic life is rare. Therefore, in most cases, even when the
durability test results are available, it is not always clear how one
should determine economic life.

A further complication is the effect of the environment on crack
growth. The full-scale durability test does not duplicate the in-
service environment, and, consequently, the test results may be op-
timistic about the structural life.

It is now clear that signi� cant changes in the procedure for
economic-life determination have to take place. In all of the def-
initions discussed herein, the USAF places structural analysts in a
positionof determiningwhen the economicburden is unacceptable.
The analysts would probably not be aware of all the important fac-
tors in the assessment of the burden. For example, they may not be
aware of the importance of the weapon system to the USAF strate-
gic or tactical plans. Further, they would likely not have access to
the cost of a new weapon system. Therefore, they would not have
access to the range of alternatives to the current weapon system.

They could, however, make an estimate of the economic burden
from inspections, replacements, and repair of the structure. It is the
purpose of this paper to describe a method for accomplishing this.
The strategywill be to developa random-numberset that represents
the distribution of initial defects in the population of aircraft struc-
tures. There will be a random-number set for each aircraft location
contributing to the maintenance cost. The analysts would sample
these random-number sets according to the number of airplanes in
the population.They can use the crack growth functions for each of
these locations to determine the number of baseline usage hours of
� ying before an aircraft requires a maintenance action. The USAF,
however, uses each aircraft in the populationdifferently.Therefore,
the analysts use a random-number set that re� ects the ratio of the
actual usage severity to the baseline usage severity to determine the
actual hours to each individual maintenance action. For the total
population, they sum the cost of these maintenance actions to de-
termine the total cost of maintenance dependency on � ight hours.
Dividing this function by the number of airplanes in the population
provides a cost function that shows the average cost dependencyon
� ight hours. This paper demonstrates the process on the F-15E that
McDonnell subjected to a durability test and a teardown inspection
during its development.

F-15E Aircraft
McDonnell derived the F-15E from the F-15D—a two-place air-

craft. The F-15 aircraft line started with the single-place F-15A
powered by two Pratt & Whitney F-100 engines. The USAF de-
veloped the F-15A as an air-superiority � ghter with design work
initiated in January of 1970. Consequently, they developed it be-
fore they changed the structural requirements to include damage
tolerance. Fortunately, however, McDonnell designed the aircraft
structure with inherent conservatism.They used the Taper-Lok fas-
tener system in the aircraft for fatigue performance enhancement,
but they did not account for their bene� cial effect when they es-
tablished its stresses. Further, with guidance from the USAF Flight
Dynamics Laboratory, they used a much more damage-tolerant ti-
tanium material than originally planned. These two features have
enabled the F-15 to absorb signi� cant increases in weight and usage
severity without a major structural change. The USAF received its
� rst operational F-15A aircraft in November of 1974. McDonnell
designedthe F-15Efor a dual roleof air-to-airandair-to-groundmis-
sions. However, the emphasis was on air-to-groundmaneuvers and
terrain following. McDonnell modi� ed the F-15E structure some-
what from the F-15D. For the modi� ed structure,the USAF required
that the structure satisfy the currentlyexisting damage-tolerancere-
quirements. They required the contractor to establish the stresses to
permit two lifetimes of slow crack growth before the initial “rogue
� aw” reachedcritical size. Further, the USAF changedthe limit load
factor to 9.0 g from the original 7.33 g used for the F-15 design.
The maximum takeoff mass of the F-15E is 36,818 kg.

F-15E Durability Test

The F-15E durability test was very successful. McDonnell con-
ducted it for two simulated lifetimes. There were no major failures
or rapid rise in the number of failures found that would indicate the
aircraftwas clearly reaching the end of its economic life, as found in
the earlier testing of the F-4. They accomplished the durability test
byusinga � ight-by-� ight spectrumof loadingthat they believedwas
representative of the actual aircraft usage. Subsequently, they per-
formed a teardown inspectionthat includeda complete disassembly
of all skin and substructure areas of the test section. During disas-
sembly, McDonnell inspected the structure and fasteners for cracks
or otheranomalies.They assignedan inspectionrequirementto each
part based on part criticality. They then examined the structure for
crackingwith penetrantand eddy-currentinspections.They inserted
the eddy-current probe in the fastener holes and automatically ro-
tated it as it progressedthrough the hole. They used an eddy-current
inspectionto verifyall crack indications.McDonnellused penetrant
inspections after paint stripping and again after etching uncovered
cracks in areas other than fastener holes. In those cases they did
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not etch the fastener holes and examine them with a magnifying
glass, as described in the teardown inspectionof the C-141 (Ref. 6).
However, the process was able to reliably � nd cracks of the order of
750 ¹m. They excised all crack locations and broke them open. Fi-
nally, they examined each fracture face with an optical microscope
and a scanning electron microscope to identify the fracture origin,
the initiating failure mode, and any surface anomalies.

Interpretation of the Durability Test Results

In the caseof theF-15E, therewere insuf� cientcracks foundin the
teardown inspectionto con� dently determine a probabilitydistribu-
tion function that the USAF believedwould accuratelyrepresentthe
aircraft population. Considering past experience,7 the USAF made
the decision to use the Weibull distributionfor the equivalent initial
� aw size (EIFS) distribution.They used the following approach for
generating the Weibull numbers that de� ned the distribution. From
earlier testing, there were a considerablenumber of coupon tests us-
ing smooth specimensfor the variousmaterialsused in the structure.
They decided to use these coupontests from the designdevelopment
testing to determine the Weibull shape number for the distribution.
The design development testing used constant-amplitude fatigue
testing to determine the number of cycles to failure for particular
stresses. McDonnell used these data to determine the EIFS from a
fractureanalysis that took into considerationthe short-crackeffect.8

Figure 1 shows the short-crackcorrectionto the long-crackdata for
both aluminum and titanium that McDonnell used for this study.
The inclusion of the short-crackeffect was key to the success of the
program.The inclusionof the short-crackeffect enabledMcDonnell
to pool the coupon test EIFSs derived from constant-amplitudetests
with the random � ight-by-� ight loaded test aircraft EIFSs. This is a
signi� cant � nding in that earlier use of the long-crack threshold for
crack growth made it appear that the equivalent initial � aws in the
structure were spectrum dependent.

McDonnell initially intended to use the teardown inspection
cracks to modify the Weibull characteristic number derived from
the cracks found in the coupon test program. However, they found
in most cases that there was little if any correction needed from the
teardown data. This indicates that the defects derived from the man-
ufacturingprocess apparentlydid not exceed the intrinsic defects in
the coupons. For many of the materials tested, they needed a three-
parameter Weibull to � t the test data points adequately. Figure 2
shows the Weibull distribution from tests of Ti-6Al-4V.

McDonnell found that the Weibull shape numbers were approx-
imately one, as other analysts have found in previous teardown in-
spection work.9 The correlation coef� cients for the Weibull distri-
bution � t to the data were of the order of 0.97. The upper boundary
of the EIFSs from the coupon test program was a crack length of
the order of 200 ¹m. This is the upper boundary of intrinsic initial
� aws found in the coupons. The upper boundary of the � aws found
in the teardown inspection of the aircraft was also approximately
200 ¹m.

As indicated here, the USAF sampled the population of EIFSs
for each airplane. They considered two alternatives for doing this.

Fig. 1 Short-crack effect on crack growth rate.

The � rst is to randomly sample the x projection of the inverse of
the Weibull distribution function (i.e., the interval 0–1) and � nd
the corresponding ordinate (i.e., the EIFS). The second is to select
a random number, x, whose frequency of selection depends on the
ordinate,y, of the Weibull density functioncorrespondingto x. They
found the two methods gave comparable results, and both of them
providedan adequaterepresentationof the Weibulldensity function.
The second method is described in the paragraphs that follow.

McDonnell found that, for a small populationof aircraft, the sam-
ple points might differ considerably from the parent population.To
illustratethis point, they sampleda Weibull distributionwith a shape
number equal to 2.0 and a characteristicnumber equal to 0.05 mm
100, 1000, and 10,000 times. Figures 3, 4, and 5 show the result of
this sampling. One observes that the process has converged reason-
ably well by the end of 10,000 samples. Further, one can see that for
a small sample number, such as 100, the sample points do not repre-
sent the parent population very well. Therefore, the process should
include multiples of the number of aircraft to ensure the resultant
average cost has converged within acceptable limits.

Fig. 2 Weibull distribution for Ti-6Al-4V initial � aws.

Fig. 3 Weibull sampling check with 100 samples.

Fig. 4 Weibull sampling check with 1000 samples.
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Fig. 5 Weibull sampling check with 10,000 samples.

Fig. 6 F-15E damage per 1000 h.

Development of Usage Severity Ratios

The aircraft durability test from which McDonnell found the
cracks represented the average usage of these airplanes. The air-
planes, in service, � y with a severity that varies considerably from
the average. The coef� cient of variation of this usage severity is of
the order of 0.3. Consequently, one cannot ignore the usage sever-
ity in the assessment of the maintenance cost dependency on � ight
hours. The aircraft severity by tail number is available to the USAF
because they track the usage of each of the airplanes. McDonnell
determined the damages for approximately 200 F-15E airplanes
(Fig. 6). For this study, they used four locations in each airplane.
These were the wing main spar at BL 104.8, longeron at FS 509,
the horizontal tail spindle plate at BL 76, and the vertical tail root
attach splice plate.

The USAF simulated the severity variations by a lognormal dis-
tribution. This is an extremely useful distribution for this purpose,
because ideally it provides the ratios of usage severity for each sam-
ple randomlydrawn from the parentpopulation.As with the Weibull
distributiondiscussedearlier in the text, the analystmust adequately
sample the lognormal distribution to attain convergence (Fig. 7).

Sampling Procedure

Suppose that ® is the Weibull shape number, ¯ is the Weibull
characteristicnumber, t0 is a positivenumber, and pW is the Weibull
density function such that if x is a positive number then

pW .x/ D ®

¯

x ¡ t0
¯

® ¡ 1

exp

"
¡

x ¡ t0
¯

®
#

for .x ¡ t0/ ¸ 0

pW .x/ D 0 for .x ¡ t0/ < 0

Fig. 7 Lognormal sampling check with 10,000 samples.

Further suppose that ¹ is a number, ¾ is a number, and pLN is the
lognormal density function with mean ¹ and standard deviation ¾
such that if x is a positive number, then

pLN.x/ D 1
p

2¼¾ x
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¾
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One may use approximately the same technique for random sam-
pling of both the Weibull and the lognormal density functions.The
only difference occurs when the Weibull shape number ® is less
than or equal to one. Suppose � rst that the Weibull shape number is
greater than one and t0 is equal to zero.The � rst step is to determine
the point (xmax , ymax ), the maximum point of the density function.
An iterative procedure is convenient to accomplish this. Note that
xmax is the x projectionof themaximumpointof the densityfunction
whose ordinate is ymax. The next step is to � nd the common points
of the density function and horizontal lines, each of which have x
projection the set of all numbers. For this purpose, suppose that m
is an integer greater than one and that there are m equally spaced
horizontal lines in the interval [0, ymax] such that no horizontal line
contains the points (0, 0) or (xmax , ymax ). The method for � nding
these common points through an iterative procedure is similar to
that used to � nd the maximum ordinate of the density function.
Suppose that the labels the of x projectionof the common points on
the left side of the maximum of the density function are xL1 , xL2,
: : : , xLm , where xLi is less than xLi C 1 . Also, suppose that the labels
of the x projection of the common points on the right side of the
maximum of the density function are xR1; xR2; : : : ; xRm ; where xRi

is greater than xRi C 1 . Suppose that X is the number set such that xi

is a member of X only if i is in [1, m] and xi is the length of the
interval [xLi ; xRi ]. These intervals, arranged in juxtaposition in the
order of 1; 2; : : : ; m; de� ne an interval whose length xS is the sum
of the lengths of intervals xi ; i D 1; m. Now suppose that there is a
number set R such that R only contains the set of all numbers in the
interval [0, 1]. Further suppose that z is a number such that if r is a
random selection from R then z is (r ¢ xs/ C xL1 . It follows that z is
in the interval [xL1; xL1 C xs].

The next step is to determine which of the m intervals derived
from the horizontal lines contains the selected random number. The
orderly arrangementof the m intervalspermits this is be done easily.
It remains to determine the correct position of the sample in the
interval [xL1; xR1]. To accomplish this, suppose that n is an integer
greater than one and I is a set of intervals I1; I2; : : : ; In of equal
length such that if x is a number contained in the interval Ii then x
is in [xL1; xR1]. The � nal step is to determine in which interval the
selected random number falls. Knowing which of the m intervals
derived from the horizontal lines contains the random number and
the left side of that interval permits this to be done easily. The
only retained knowledge of the selected random number is which
of the n intervals in I contains the number. Figure 8 shows the
placement of the horizontal lines and sampling intervals for the
process. The USAF set the number m equal to 19 and the number n
equal to 50 for the Weibull and lognormal distributionsused for the
F-15E.
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Table 1 Weibull distribution numbers

Material ® ¯ .¹m/ t0 .¹m/

Ti-6Al-4V 1.434 71 3
7075-T7352 0.763 4 6
7175-T7452 1.056 33 18
2024-T851 0.659 27 8
Ti-6Al-6V-2Sn 0.730 2 1
7075-T76 1.519 48 0

Table 2 Lognormal distribution numbers

Location Logmean Logsigma

1. Inner wing lower torque box skin at the rear spar 0.0 0.3053
2. Outer wing ft spar hole #3 wire bundle hole 0.0 0.3053

at XW 169
3. Outer wing rear spar at hole #4 at XW 169 0.0 0.3053
4. Inter spar fuel drain hole IS #15 at XW 67.4 0.0 0.3053
5. Aft fus FS 791 canted frame � ange 0.0 0.1662
6. Aft fus stringer #10 at FS 672 0.0 0.1662
7. Ctr fus FS 415 blkhd 0.0 0.3808
8. Ctr fus upper inbd longeron 0.0 0.3809
9. Ctr fus FS 626.9 blkhd web at lwr cap 0.0 0.3053

intersection
10. Fwd fus stringer #1 at FS 452 0.0 0.3809

Fig. 8 Weibull density function sampling.

In the case in which the Weibull shape number ® is one and t0 is
equal to zero, xmax is equal to zero and ymax is equal to ® divided by
¯ . Therefore, for the m horizontal lines just de� ned, one needs to
iterate only for the right side of the density function.The remainder
of the process is the same. In the event that ® is less than one, the
number ymax is unbounded. To eliminate the problem one selects a
positive number D such the point (D; yD ) is a point of the density
function.One modi� es the process based on the assumption that the
density function’s x projection includes no number smaller than D.
The selectionof D requiressome judgmentin that it must providefor
an adequatedistributionof horizontallines and still not signi� cantly
change the density function.

Table 1 shows the Weibull distribution numbers for the various
materials used in the analysis. Table 2 shows the lognormal distri-
bution numbers for each of the ten locations that McDonnell found
to contribute to the maintenance cost.

Determination of the Maintenance Cost Function

The USAF analyzed each airplane in the population and each
area of the airplane that contributes to the maintenance cost. They
sampled the Weibull distributionof the initial � aws and the lognor-
mal distributionfor the usage severity.They grew the cracksderived
from the sampling to the point of a repair or modi� cation action.
McDonnell derived these crack growth functions from damage tol-
erance requirements for the F-15E. McDonnell found ten locations

Table 3 Cost per maintenance event

Location Cost, $

1. Inner wing lower torque box skin at the rear spar 91,200.00
2. Outer wing ft spar hole #3 wire bundle hole at XW 169 12,100.00
3. Outer wing rear spar at hole #4 at XW 169 12,100.00
4. Inter spar fuel drain hole IS #15 at XW 67.4 61,700.00
5. Aft fus FS 791 canted frame � ange 81,727.00
6. Aft fus stringer #10 at FS 672 73,823.00
7. Ctr fus FS 415 blkhd 320,000.00
8. Ctr fus upper inbd longeron 229,000.00
9. Ctr fus FS 626.9 blkhd web at lwr cap intersection 285,000.00

10. Fwd fus stringer #1 at FS 452 145,000.00

Fig. 9 Maintenance cost function for the F-15E.

Fig. 10 Sampling error at 15,000 � ight hours.

on the aircraft contributing to the maintenance costs. Table 3 shows
the cost per maintenance event in these ten areas. McDonnell took
into consideration the number of times these locations were in the
structure.Warner Robins Air Logistics Center provided the costs of
these maintenance actions. They then accumulated the costs such
that they could determine the cost function. Figure 9 shows the re-
sult of this computation.This was a result that USAF management
could combine with the costs from engines, mechanical systems,
and avionics to determine if the aircraft had reached its economic
life. The USAF usually cannot determine the economic life from
the maintenance cost function from the airframe alone. It may be
the deciding factor, however, in the retirement of an aircraft. This is
likely not the case for the F-15.

As already discussed, the sample size used may affect the main-
tenancecost function.The Air Force investigatedthis for the F-15E,
with a population of 202 aircraft. They increased the sample size
arbitrarily until the results converged. They found that even for the
relatively low sample size of 202 aircraft, the error was less than
5%. This magnitude of error is normally acceptable. The process
converged within 1% with approximately 2500 samples. Figure 10
shows the results of this investigation.

Conclusions
The procedure outlined here provides the USAF with the cost

function needed to determine when a populationof airplaneswould



742 LINCOLN AND MELLIERE

reach the end of their useful life. The USAF could make an initial
estimate of the economic life by using this procedure after the com-
pletion of the teardown inspection of the full-scale durability test
article. The USAF could estimate the severity distribution from
data derived from previous weapon systems. For the case described
herein, McDonnell tested the aircraft to the average usage spec-
trum. The USAF, in the future, plans to test their aircraft to a usage
spectrum more severe than the average. They plan that only 10%
of the operational aircraft population will exceed the test severity.
This does not present a problem since the contractor can determine
the initial � aw distribution by using the more severe spectrum. Ac-
counting for the short-crack effect permits one to establish the � aw
distribution independentlyof the spectrum. The USAF should plan
to repeat the process during the aircraft’s life when more data be-
come available from actual maintenanceoperations.The procedure
would also be suitable for aircraft that use the fail-safe approach
to ensure structural integrity. For fail-safe aircraft the USAF could
add to the cost function the cost associated with occurrences of
widespread fatigue damage, if any. The procedure as outlined does
not account for environmental effects except as they in� uence the
crack-propagation rates. The USAF could add the cost of corro-
sion inspections to the cost function. However, it is not easy to
incorporate the cost for corrosion repair because of the scarcity of
this type of USAF aircraft maintenance cost data. Trends derived
from this information would be helpful in projectingfuture require-
ments for maintenance funding. The life management program for
the corrosion-proneKC-135, called Coral Reach, introduced three
metrics that appear to be quite useful for judging the retirement time
for this aircraft. They are safety, cost per � ying hour, and availabil-

ity. They are effective only if the USAF develops the database to
quantify them. There is a critical need for the USAF to determine
the costs of structural maintenance so that they can better predict
the lives of their aircraft.
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