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Failure Analysis Associaves (FaAA) was suppiied with 49 randomly selected
retired TF-33 third stage turbine disks for ihis project. Each disk had 10 bolt
holes which were susceptible to fatigue darmage. Each bolt hole was inspected by
up to five separate inspectors using both cenventional and high-resolution eddy
current nondestructive inspection (NDI) equipment.

Following the NDI insrections, each bol% hole was mechanically and
electricaliy polished before replication. £ach replica was then examined under
a microscope, In total, over 1000 replicas were made and examined in order to
locate and measure the surface crack lengtis in each of the 490 bolt holes
inspected. The replicas revealed R47 su-fece-connected cracks in 280 bolt
holes. In the remaining 210 bolt holes, nu surface-connected cracks were found;
only four of the 49 disks inspected were nut cracked. After replication, 28
bolt holes were metalographically sectionesd to measure the depth of 56 surface
crack indications. The sectioning resvits of the 56 surface cracks provided the
crack shape information necessary to convert surface crack lengths measured on
each replica into crack depth. Inspectina reliability for both radially inward
(RI) and outward (RJ) bolt hole surfaces #are then calculated separately for
each of the three independent inspectiarc that could distinguish the difference
between RI and RO indications.

In a parallel effort, various RFC &n:lytical procedures were developed and
tested using Monte Carlo simulation. RFZ Procedure No. 1 was deterministic and
totally uncalibrated against field expaience. RFC Procedure No. 2 calibrated
each disk by selecting a stress trat we.id have been required to cause the
measured crack size at the reported number of cycles. However, RFC No. 2 was
also without memery and therefore couvld not react to the overail fTieet
experience. RFC Précedure No. 3 was rot calibrated for each individual disk
according to its measured crack size, but it did use all past field performance
knowledge to adjust the allowable cyclic 1ife extension. Thus, the inspection
and analysis team had both the memory and the ability to react and improve the
RFC procedure on an ongoing basis. RFC Procedure No. 4 combined the
improvements of RFC Procedure Nos. 2 and 3. Each disk was calibrated to account
for (1) the stress that would have been required from the measured crack size,
and (2) the overall performance of the fleet. This calibration allowed for
continuous updating and improvement to the RFC procedure. Through computer
simulation each RFC procedure was evaluated against changes in allowablie
cycle-based safety factor (inspection interval), inspection reliability, maximum
allowable inspection interval, maximum allowable crack size, and cycle counting
errors,

The final task in this project was an RFC specimen verification task in
wnich 32 bolt hole specimens were fatigue-cycied to failure. Periodically
during the life of each specimen they were inspected using the high-resolution
eddy current probe system, whose reliability had been evaluated. Three cyclic
stress levels and reasonable cycle counting errors were incorporated. The
analyst was only given the measured crack size and the indicated cycles from
which to determine the next inspection interval. The exact cyclic stress and
real number of cycles were known only to the test engineer. Various RFC
procedures were evaluated using this laboratory data. The results indicated
that (1) RFC Procedure Nc. 4 docs result in 2 significant cost savings by
extending the useful life of the specimen and (2? a fieet of only 32 specimens
fs not sufficient to detevmine the optimal KRFC procedure.
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1.0 SUMMARY

As ine replacement cost for jet engine components increases and the
average age of the fleet starts tu approach the “traditional" design life,
major life cycle cost savings can potentially oe accrued from a “Retirement
for Cause" (RFC) approach to component retirement. This approach takes advan-
tage of the ability of wost members of a population (or "fleet") of engine
components to perform safely for several lifetimes longer than the traditional
design life. The traditional design life limit is intended to ensure adequate
fatigue performance of an entire fleet of new components without the benefit
of in-service inspections. The RFC approach is to retire componeats only when
unacceptabie cracking is detected by inspection and to allow the remaining
components to stay in service until periodic inspection identifies an unal-
ceptable crack size., The RFC approach in general is applicable to any failure

imcde that can be forestalled effectively with periodic inspections.

The retired TF-33 third stage turbine disks presented to both the Air
Force and the Defense Advanced Researca Project Agency (DARPA) a unique oppor-
tunity to develop an RFC approacth using disks that had developed in-service
fatigue cracks. Failure Analysis Associates (FaAA) was supplied with 49 ran-
domly selected retired turbine disks for this project. Each disk had 10 bolt
holes which were susceptible to fatique damage, As will be discussed later,
eacii bolt hole had two locations where high cyclic stresses caused fatigue
crack inftiatfon: radially inward (Rl) toward the bore of the disk and
radially outward (RO) toward the rim of the disk. Each bolt hole was in-

spected by up to five separate fnspectors using both conventional and high-

resolution eddy current nondestructive inspuction (NDI) equipment.




Following tne NDI inspections, cach bolt hole was mechanically aud
electrically polished before replication, Each replica was then examined
under a microscope. In total, over 1000 replicas were made and examined in
order to locate and measure the surface crack lengths in each of the 430 boult
holes inspected. The replicas revealed 847 surface-connacted cracks in 230
boit holes. In the remaining 210 bolt holes, no surface-connected cracks were
found; only four of tne 49 disks inspected were not cracked., After replica-
tion, 28 bolt holes were metalographically sectioned to measure the depth of
66 surface crack indications. The sectioning results of the 56 surface cracks
provided the crack shape information necessary to convert surface crack
lengths measured on each replica into crack depth. Inspection reliability for
both radially inward and outward bolt hole surfaces were then calcuiated
separately for each of tne three independent insnections that ceuld distia-

guish the difference between Rl and RO indications.

In a parallel effort, various RFC analytical prozedures were developed
and tested using Monte Carlo simuiation. RFC Procedure No. 1 was d2terminis-
tic and tofally uncalibrated against field experience. KFL Procedure No. 2
calibrated each disk by selecting a3 stress that would have been required to
cause the measured crack size at the reported number of cycles. Howcver, RFC
No. 2 was also without memory and therefore could not react to the overail
fleet experience. RFC Procedure Ro. 3 was not calibrated for each individual
disk according to its measured crack size, but 1t did use all past field per~
formance knowledge to adjust the allowable cyclic 1ife extension. Thus, the
inspection and analysis team had both the memory and the ability to react &nd

improve the RFC crocedure on an ongoing basis., RFC Proceaure No. 4 combined
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the improvements of RFC Procedure Nos. 2 and 3. Each disk was calibrated to
account fur {1} the stress that wouid have been required from the nieasured
crack size, and (2) the overall performance of the flezt. This calibration
2llowed for continuyous updating and improvement to the RFC procedure, Through
computer simulation each RFC procedure was evaluated against changes in allow-
able cycle-based safety factor (inspectvion interval), inspection reliability,
maximuri allowable inspection interval, maximum allowable crack size, and cycis

counting errors.

The final tesk in this project was an KFC specimen verification tasx

in which 32 bolt ho}e'specimans were fatigue-cycled to failure, Periodically

during the life of each srecimen they were inspected using the high-ress.lution

€ddy cuirént probe sysiem, whose reiiadbility had been evaluated. Three cyclic
stress levels and reasonahle cycle counling errors were incorporated. The
analyst was only given the measuted crack size and the indicated cycles from
which to determine the next inspaction interval. The exact cyclic stress and
real number of cycizs were known oniy to the test engineer. Various RFC pro-
cedures were evaluyated using this laboratory data., The results indicated that
(1) RFC Procedure No. 4 does result 1n a significant cost savings by extending

the useful 1ife of the specimen and (2) a fieet of only 32 specimens 1s not

sufficient to detemine the optimal RFC procedure,

Tuis project has shown that RFC of inspectable components is very cost

eifective. Even under actual service conditions and considering actual uncer-

tainttes in design, manufacture, usage auwd maintenance if the optimal RFC par-
Jdieters have noi been selected initially, an experienced-based RFC procedure

(RFC  Nu.

4) will tolerate initial estimate uncertainties and improve with

tfﬂo&’.



2.6 JRTROCUCTION AND OBJECTIVES

Major life cycle cost savings can accrue from optimum application of
nondestructive inspaction {NDI). However, the cost effectiveness of NDI is
strongly dependent upon many diverse factors beyond the specific inspection
process and its uncertainty, sensitivity, and costs. Specifically, these fac-
tors include the loads and enviconment experienced by the component; the con-
sequences and ¢osts associated with component failure; the quality of the
materiasi; the response of the material to imperfections; the consequences and
costs asscciated with rejection of a component; the manufacturing, mainte-
nance, logistics, and failure sequence; and the presence of other failure con-
trol procedures and constraints., The impurtance of many of these factors has
been recognized for sume time; however, only recently have these diverse fac-
tors been quantified and inteyrated into a methodology for predicting the
overall cost effectivenass of thg inspection process. This methodology can be
used to optimize failure control programs like RFC and to establish meaningfuil
goals for nondestructive inspection and fracture mechanics development pro-

grams.

FaAA has developed a general methodology for probabiiistic assessment
of inspection performance, fracture mechanics, and RFC, Major goais of this
project were to convincingly demonstrate the technical feasibility and cost
effectiveness of olternative RFC approaches and to evaluate the impact of
uncertainty in inpun data likely to be encountered with actual engine disk
life extension. Iv was telt by the Air Force and ARPA that it was important

te refine and apply this new methodology under ARPA funding te deveiop and

verify effective RFC stretegies. Furthermore, the retired third stage turbine




disk from the TF-33 represents a unique opportunity to utilize parts cracked

in engine service to verify the basic technologies necessary for RFC,

’

R S

The specific objectives of this program were:

1. To estimate the state-of-the-art capability to nondestructively detect
and evaluate fatigue damage in turbine disks

2. To verify technigues for estimating preinspection material quality from
nondestructive observations

3. To establish effective RFC strategies for gas turbine disk life exten-
sion

4, To establish the sensitivity of these RFC strategies to uncertainty in
inspection performance, materials performance, disk stresses and usage

5, To demonstrate in a laboratory simulation with bolt hole specimens the
effectiveness of the RFC strateqgy




3.0  FATIGUE DAMAGE DETECTION CAPABILITY

FaAA had five independent eddy current inspections performed on the
bolv holes of 49 retired TF-33 third stage turbine disks, Figure 3-1. Once
the eddy current inspections had been completed, the actual surface length of
each crack was determined in the laboratory along with the crack depth for a
variety of different surface lengths, The inspection reljability was then

obtained for each inspection using tne actual laboratory crack sizes.

3.1 Eddy Current Inspection

Five independent eddy current inspections of 490 bulit holes have been
performed. Two inspections used the conventional field probe and instrumenta-
tion, Two of the inspections utilized conventional state-of-the-art (SOA)
eddy current probes and instrumentation, and the last inspection utilized a

high-resolution probe and better instrumentation.

A1l of the eddy current inspections used the same basic procedure,
Tre sensing element is located at a point on the outside diameter of the
probe, The probe is then rotated as it screws down through the belt hoie.
The speed at which the probe rotates and the axial advancement of the probe
per rotation may vary from one inspecticn to the next., The amount of probe
advancement per probe rotation 1is related to the sensing area. As the
magnetic field becomes more concentrated, and reduces the sensing area, the
probe advancement 1s reduced to ensure 100% inspection of the hole. For all
of the laboratory inspections, the directions of the probe's sensing element
was also known as the probe advanced. This additional feature allowed a

distinctton between cracks propagating RI and RO.
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Counter Balance Hole

~ Bolt Hole

. Figure 3-1 - Front View of a Typical TF-33 Third Stage Turbine Disk Showing

the Ten (10) Bolt Holes, Each of Which is Separated by a Counter
Balance Hcle. i




The two conventional field inspections were performed at Tinker Air
Force Base using Gulton FD-100 iuspection units. The first inspection was
done using depot personnel on all 50 disks. The second inspection was con-
ducted by Tinker AFB laboratory personriel using only one set of the same
equipment. During this second field inspection, 36 disks were inspected and
the results were recorded on magnetic tape. Data reduction for the first
field inspection was conducted by the depot perscnnel and data reduction for

the second field inspection was performed by FaAA.

The outside laboratory inspections utilizing conventional SOA eddy
current equipment actually inspected each bolt hole at each of four frequen-
c¢ies (50, 100, 500, and 1000 KHz) using the NDT-15 instrumentation. These
inspections will be identified as outside laboratory results elsewhere in this
report. However, only the results of the 500 and 1000 KHz frequencies were
selected for complete analysis. ~ FaAA personnel performed the data reduction

and analysis of these inspections.

The last inspection using a high-resoiution (HR) Reluxtrol 700-29
CREGY™ addy current inspection §ystem.‘ This probe was constructed specifi-
cally for this project and operated at 5000 KHz frequency., The crack posi-
tion, crack length, and crack signal amplitude data reduction was performed by

Reluxtrol.

In performing these eddy current inspections, a standard is required
for comparison and equipment setup. Bplt hole A of Disk 5T7431 was selected
and used as the standard throughout this study. The only exception to use of
this standard is the Tinker AFY data. .A1]1 other 1i1nspection data were scaled

around the crack within this hole.
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As a crude comparison of inspection results before the real crack
sizes were available, the percentage of bolt holes cracked was used. The
depot inspection performed at and called by tne Tinker AFB personnel indicated
fhat 40,8% (20u/490) of the bolt holes have indications. The second depot
inspection performed by laboratory personnel at Tinker AFB and called by FaAA
indicated that 44,4% (151/340) of the bolt holes have indications. The out-
side laboratory inspection performed at 100C KHz for 41 disks ard 2000 KHz for
the remaining eight disks and called by FaAA indicates that 38.2% (187/489) of
the bolt holes have indicatigns. The high-resolution system laboratory
inspection performed at 5000 KHz fregquency indicated that 55.5% (201/362) of
the inspected bolt holes have indications, The high-resolution system results
showed the highest percentage of bolt holes which had indications. Both depot
laboratury fdnspeciion at 1000 KHz resuited 1In

about ithe same percentage of crack bolt hgles.

3.2 Replication and Destructive Sectioning Results
The fatigue cracks that were detected within the bolt holes from the
various eddy current inspections were tightly closed and extremely difficult

etect using piastic repiicas. For this reason, a procedure was developed

08

io
to enhance the detectability of these cracks. The details of this procedure

are described below,

Following all of the eddy current inspections, the bdolt holes were
first optically inspected and measured, The holes were then mechanically

polished with 240 grit paper. The 240 grit paper was attached to a rotating

arbor tha* translated up end down while turnine at 1775 RPM, Typicaily the
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hole diameter increased by 0.0005 inch during the mechanical polishing. The
bolt holes were then electropolished in a 90% methanol and 10% sulfuric acid
electrolytic solution. The temperature of the electrolyte was maintained at
5°C and each hole was electropolisned for five minutes. This electropolishing
procedure removed between 0.0005 and 0.001 inch of the diameter, bringing the
total material removed from the surface preparation to less than 0.001 inch,

or less than (0,002 inch increase in diameter.

Once the bolt holes' surfaces had been electropolished, a series of
scribe lines were added to aid in determining the crack locations. Because
each hole has a chamfer on both the front and rear faces of the disk, it was
difficult on the replica to exactly locate either the front or rear edge of
the bolt hole. For this reason, two circular scribes were placed inside each
hole, 0.1 inch from the front and rear faces of the hole, as shown in Fig-
ure 3-2, These scribe lines would then be visible on the replica and would
act as depth indicators along the axis of the boit holes. In addit.on to the
¢ircular scribe line, scribe lines paraliel to the bolt hole center line were
added. At the 0° angular position (radially inward) a single scribe line was
added, ac shown in view AA of Figure 3-2, and at the 180° angular position
(radially outward) two parallel scribe lines were added, as shown in view BB
of Figure 3-2, These paraliel scribe lines are intended to accurately locate

the 0° and 180° positions on each replica.

The next step was to mzke two plastic replicas of esch bolt hole, one
at the 0° position and one for the 180° position. The replica was then

mounted on a glass slide for handling and viewing under the microscope. Aill

replicas were scanned for cracks at a magnification of 100X, and higher magni-

fications were used to examine suspect areas and to separate artifacts from

surface cracks on the replicas.
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The large cracks were easy to identify after this surface prepara-
tion. Figure 3-3 shows an example of a 0,025-inch-long RO surface crack at a
100X magnification, Figure 3-4 shows a large indication. Prior to the intro-
duction of electropolishing, even these large indicavions were difficult to
find on the replicas. The number of crack indications found on the replicas
as a function of crack surface length is shown graphically in Figure 3-5, As
can be seen from this bar graph, over 87% (738/847) of the cracks found were
between 0.0 and 0.100 inch. A distribution of crack length within the 0,0- to
0.100-inch range is shown in Figure 3-6. Figure 3-6 shows the 738 cracks less

than 0.1 irch long, of which 585 wesce less than 0.020 inch long.

The dotted line in Figures 3-5 and 3-6 represents a revised population
of crack lengths that was determined arter reviewing the destructive section-
ing results which will be discussed next. Through destructive sectioning, we
found that most surface cracks separated by less than 0,040 inch axially on
the bolt hole surface were connected on some subsurface plane. One example of
this is nole G of Disk 4, in which the replica identified two cracks of 0.007
and 0,018 inch in length, separated by 0,040 inch. The destructive sectioning
revealed that these two cracks were connected. It was also observed that when
the separation distance was greater than 0.040 inch, cracks were usually not
connected below the surface. Hence, the revised crack distribution considered
cracks within 0.040 inch of each other on the surface as one crack, This mod-
ification reduced the number of cracks to 620. The dotted lines in Figures 3-
5 and 3-6 show the revised distributions, and indicate that a large number of

small cracks less than 0.020 inch in length were combined to form longer

cracks during this data processing.
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Examwle of o 0.025 Inch Long Surface Crack Length
Which was Fasily Detected After Electrupolishing.
Magnivication = 100X.
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Figure 3-4 - Large Crack Indication in a Bolt Hole Which Was
} ) Very Easy to Find on the Replica, and Extends
Beyond the Photograph in Both Directions.
Magnification = 100X.
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Following the replication of all the bolt holes to obtain surface
crack lengths, a number of boit holes were sectioned to obtain the specific
crack depth. Some 56 surface indications found in 28 bolt holes vere sec-
tioned to obtain the crack aspect ratio for all sizes of surface crack
Tengths. Sections were taken through the bolt hoie paraliel to the front face
of the disk and at right angles to the center line of the bolt hole. The
axial position along the bolt hole center was determined 7rom the replica. If
the surface crack was located some distance from either free surface of the
disk, the first step was to cut with an abrasive cut-off wheel about 0.030
inch from where the crack first appears on the surface. After the cut, the
section was rough polished to the location of interest before final polish-
ing. The final polishing step was with 0.05 micron aluminum oxide powder sus-
pended in water. The section was then inspected under the microscope and any
and all crack information was recorded. To locate the crack in the circumfer-
ential position, the position of the two longitudinal scribe marks were aiso

recorded.

Once the section plane had been fully documented, the mount was repol-
ished to remove between .002 and 020 inch, da
of the crack as defined by the replica. The crack information at each pla:e
was recorded, and ihis procedure was continued until sufficient information

was determined for establishing the crack shape (aspect ratic).

For example, the RI locaticn of hole G in Disk 25 has & 0.028-inch-
fong surface crack as revealed by the replica, Figure 3-7 shows the corrula-
tion between the surface crack and the crack depth 2as revealed through sec-

tioning at varfous levels. The first crack was found 0.564 inch from the

312
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front face of the disk and was 0.002 inch deap. The next section examined was
0.569 inch from the front face of the disk where the crack depth was (0.005
inch from the first level) 0.014 inch. Three additional planes were examined,
as indicated in Figure 3-7. The maximum crack depth was 0.018 inch at 0.580
inch from the front face of the disk. Pictures of the cracks found on the
four planes are shown in Figures 3-8 and 3-9. Ficure 3-8a shows the crack at
3.564 inch; Figure 3-8b shows the crack at 0.569 inch; Figure 3-9a shows the
crack at 0.580 inch; and Figure 3-9b shows the subsurface crack at 0.590 inch

from the front face of the disk.

The repiica of hole E on Disk 4 revealed a surface connected crack
0.030 inch long. Sectioning of this hole indicated a crack longer than 0.960
inch, as shown in Figure 3-10, and shows the extent of subsurface cracking and
hew the depth eof these cracks changes significantly. For example, at the
0.622-inch plane, the crack starts at 0.016 inch and stops 0.024 inch from the
boit hole surface. The next plane was examiﬁed at 0,628 inch from the front
face of the disk where the crack starts at 0.040 inch and stops 0.057 inch

from tie bolt nole surface.

Some 28 bolt holes were sec
indications. Destructive sections were chusen to investigate the entire range
of surface crack lengths found with the replicas. In addition, a limited
number of bolt hcles were selected where the replica showed no surface cracks,
but which were fdentified to be cracked by eddy current inspection, In these
bolt holes where destructive sections were fidentified using the eddy current

results, about 50% of the signals were confirmed as cracks and 50% were uncon-

firmed,
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Figure 3-8 - Disk.25? Hole G -~ Radially Inward Location, Destructive
Sgct10n1ng Results. (Front Disk Face is the Irlet Side of
Disk.) Magnification - 200X
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b.

0.590 Inches From
- Front Disk Face

Figure 3-9 - Disk 25, Hole G - Radially Inward Location, Destructive Sectioning
Results. (Front Disk Face is the Inlet Side of Disk.) p
Magnification - 100X '
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Sectioning Results. Sectioning Shows an Extensive Amount of Sub-surface
Cracks. Magnification - 100X




The results of the 725 destructive sectioning planes taken for the 56
surface c¢rack indications are summarized in Figures 3-11 and 3-12. Fig-
ure 3-11 shows the real crack length versus the maximum crack depth, where the
real crack length includes both surface and subsurface length along the bolt
hole axis, In Figure 3-12, the real crack length has been replaced with the
surface crack length, where this surface crack length incorporates the separa-
tion distance criterion of 0.040 inch for combining cracks. The results of
Figure 3-12 were used to estimate crack depth given surface crack length, The
straight line shown in both Figures 3-11 and 3-12 represents a constant crack
aspect ratio {a/c=0.35), which was used by R. J. Hiil [2] for his analysis of

spin pit crack growth.

)
ad

Conventional Inspection Reliability

In order to make crack lepgth comparisons between the replica results
and the eddy current resulcs, a conversion was needed. Ry knowing the approx-
imate sensing area {i.e., spot size) for both the high-resolution probe and
the outside laboratory probe, a conversion was made from the number of consec-
utive probe turns of eddy current information to crack length for the various
gddy current inc

Tahle 3-1 shows this conversion for the first eight

consecutive turns of the probe and the conversion continues in the same format

beyond this point. The table shows only the three inspection results used in

the investigation. As was mentioned earlier, the other 1:spection data could

not distinguish between RI and RO cracks within the bolt hole, By distin-
guishing between these two locations, the number of !/z bolt nhole volumes was

effectively doubled.
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The conventional detection/nondatection counting analysis was con-

gucted using various agreement criteria which are Tisted below:

Indication agreement: Eddy current (EC) inspeitor called an indication
withir the balt hole.

Location agreement: tC inspector called the correct radially inward
(RI) or outward (RO) location within the bolt
hole.

Length agreement: EC inspection satisfied the crack 1locavion

agreement and sized the correct crack length
within two tires the replica crack length and
one-half the replica crazk length.

Position agreement: EC inspector's call satisfied the crack length
agreement and called the correct axial crack
position within 3173 ($0.106) inch of the bolt

hole height (disk thickness).

As previously discussed, a *0.040-inch combining criterion" was used to
obtain the total crack lengths, confirmed by destructive sectioning from
muitiple nearby crack lengths measured by surface replication. This combining
criterion was used prior to constructing the population of maximum crack
lengths in 1/, bolt hole volumes that had been used to generate the inspection
reliability values shown in Figures 3-13, 3-14, and 3-15 for each of the three
inspection teams. These figures represent the inspection reliability as a
function of the precision of the agreement critaria (indication, indicaticn +
location, indication + location + length, indication + location + length +
position) for selected surface crack length intervals. The general trends of
increasing reliability for increasing crack sizes and decreasing reliability
for more stringent agreement criteria are present for all three inspections.
The high-resolution inspection appears to have a higher relisbility than the

cutside lab: atory inspecticns for all crack length ranges.

3-2¢
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The inspection reliability values shown in Figures 3-13 through 3-15
are a result of using the conventional detection/nondetection cournting analy-
sis with the further requirements of crack length and position agreement. In
this type of analysis, the eddy current signal is counted as a crack indica-
tion if it exceeds a predetermined signal value and is not counted if it is
less than the predetermined value. This counting analysis was used to gener-
ate the reliability nunbers labeled indication in Figures 3-13, 3-14, and
3-15. Mote that no consideration is given to probabilistic aspect of the dis-
tribution of probe signals for a given crack size irn the conventional amaly-
sis. This distribution of maximum eddy currert signals for a given maximum
real crack size within a 1/2 bolt hole volume is, however, included in the

> o~ 3 3
yeic P{a\a} which ic discuss

Eddy current inspection reliability decreases if the inspector speci-
fies the location, length, and position of the crack within the hoit hole
volume. This decrease can be attributed to the inspector's inability to cor-
rectly size the crack. As was discussed earlier, most cracked bolt holes have
numerous cracks; therefore it is impossible to know which crack (if any) the
EC inspector is identifying without more specific acreement criteria, For
example, it 1s not very restrictive to ask the £C inspecticer to identify
whether the crack is RI or RO, However, this restrictlion reduces the high-
resolution inspection reliability from 58% to 25% for cracks less than 0,010
inch Tong and from 82% to 71% for cracks between 0,050 and 0.100 1nck torg,
The same trend is true for the outside laboratory inspection (1000 KHz). The
1000 KHz inspection reliability is reduced from 35% to 10% fer cracks less
than 0,010 inch long and from 65% to 46% for cracks lwtween 0.050 and 0,100
inch long.

' 3.26




The length agreement criteria is more stringent and for this analysis
was based upon Table 3-1, Using Table 3-1 and the acceptance factor of 2 (1/2
to 2) for crack length, the inspecticn reliability decreases from 25% to 20%
for cracks less than 0,010 inch for the high-resolution inspection, and de-

crease from 10% to 5% for the outside laboratory (1000 KHz) inspection.

The position agreement criterion is even more stringent and depends
upon the 1inspecter's ability to know when the eddy current probe initially
enters the bolt hole. However, a positioning error of +!/8 ($0.106) inch of
the bolt hole means & itolerance of +6 probe turns for the high-resolution
inspection and 14 probe turns for both of the outside laboratory tinspections

to accurately locate the center of the crack.

in the next section of this report, an atternative approach will be
discussed to establish the inspection reliability when multiple cracks are
present within each 1/z bolt hole, This approach uses only the maximum
replice crack and maximum eddy current signal for each }/; bolt hole (1 vol-

ure) for comparison, rather than the multiple cracks and multiple eddy current

sfgnal that was used in the above analysis.




4.0 INSPECTION UNCERTAINTY ANALYSIS

Inspection uncertainty analysis 1s a statistical procedure used to
express the reliability of an 1inspection system in a useful manner. The
! method of analysis accounts for the uncertainty in the inspection signal by
establishing the distribution of maximum eddy current crack length, & , for

the maximum real crack length, a, in a /2 bolt hole volume, which in turn is

’ ) used in the following equation for the inspection reliability:
P(R\a) = P(D\a) P(in,.ej\(a,o))* (4-1)
where
|
; P{R\ &) ’ = probabiiity of rejccting a /2 boit

hole volume given that a crack of
length a exists in the volume.

P(D\ a) = probability that inspection system
detects a crack of length a,
P(3>arej‘\(a.0)) = probability that the apparent crack

length determined from eddy current
signals 1s greater than or egual to
the rejection crack size given that a
crack of length a exists and has been
detected.

As can be seen from equation (4-1), P($>arej\(a.0)) describes the distribution
of eddy current signals for a given crack size after detection has occurred.

The probability of rejection given a maximum crack of iength a is composed of

* See Appendix D for a discussion of probability nctatien.

4-1
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detection and sizing events. Through our data manipulation, the detection and
sizing events havg been combined and presented as c¢ne event which can be
represented by P(§¢X\a) and can be restated as P(5>arej\a). Although apej
is not specified, the inspection uncertainty function P(i\a) had been deter-
mined for all three inspections, and it can be used to develop P(i;arej\a) for
any specified inspection-rejection level, e

4.1 Conversion of Eddy Curreat Signals to Crack Leagth (inch)

Prior to establishing P(d\a), the eddy current crack length in inch, a,
has to be defined in terms of the inspection signal outputs of numoer of probe
turns and voltage ampiitude (percent calibration scale). To this end, a non-
linear regression analysis was used to correlate the maximum real crack length
found by rep]icatibn within a 1/2 bolt hole velume to both the number of probe
turns and voltage amplitude for the maximum eddy current signal recorded with-
in the corresponding boit hole, For the high-resolution inspection results
and real surface crack lengths below 0.100 inch, there appeared to be a
stronger correiaticn between crack length and voltage amplitude than between
crack length and number of probe turns, This stronger correlation was analyt-
ically confirmed by the nonlinear regression aralysis. For both outside lab-
oratory inspcction results, the nonlinear regression analysis resulted in
neither turns nor voltage amplitude as being preferred for small crack
sizes. The number of turns was therefore chosen in the nonlinear regression

analysis to compute &,

The following best fit equations represent the strongest correlation

to convert the inspection results to surface crack length:




OQutside Laboratory (500 KHz) Inspection
i =4.68 x 103 (Turns) 1+*®® &+ 7,89 x 10-%, for Turns >3 (4-2)

Qutside Laboratory (1000 KHz) Inspection
3= 6.64 x 10-* (Turns)1.342 + 8,07 x 10-3, for Turns >3  (4-3)

High-Resolution Inspection

-Turns] [ ) )
a -[;-e .85 2.38 x 10 (Turns?’asl +3.5 x 10 ] +

-Turns
—5.85 -l =3
[e * ][%.48 x 1) (AMP)I‘187 + 6.59 x 10 ], Turns »1  (4-4)

Kote that fo. the high-resolution inspection, the bracketed expression
involving amplitude wiil dominate for eddy current signals with a low number
of turns (<5.85 turns) whereas the bracketed expression finvolving turns wiil

dominate for eddy current signals with a larger number of turns (»5.85
-Turns

turns). Vthe e;_T;}ﬂ; terms provide for a smooth curve fit in the vicinity of
5.85 turns., Examiration of equatforn (4-4) at the peint where no eddy current
signal was observed (Turns=0, Amp=0) results in a crack length of 0.0066 inch
instead of zerc. This value is a result of the extrapolation performed by the
regression analysis and it does not imply that 0.0066-inch cracks were assumed
present with ro 1inspection indication. In fact, when Turn < 1 the appareat
crack size was assumed zero. The same is true for both outside laboratory

results. Equation (4-2) for the outside laboratory (500 KHz) results indicate

3 = 0.007% inch when turns = O and for the outside laboratory (1000 Kiz)

results, equation (4-3), indicates a = .GCS1 inch when Turns = 0. In both

cases when the nunber of Turns was less than 3, the apparent crack size was

assumed zero.




In the next step of the analysis, equations (4-2}, (4-3), and (4-4)
were used to generate the apparent crack size d&. This apparent crack size was
obtained by substituting the measured signal responses of probe turns and/or
voltace amplitude into the appropriate equation, Figures 4-1, 4-2, and 4-3
show the results of this substitution and indicate apparent crack size, a,
versus real crack length, a, for the high-resolution, outside laboratory (500
KHz) and outside laboratory (1000 KHz) inspections, respectively, In each of

these figures a line labeled exact correlation is shown which represents a

one-to-one correspondence to observed eddy current crack lengths and repli-
cated crack lengths. A generally expected trend, which can be seen in Figures
4-1, 4-2, and 4-3, is that less scatter (in terms of percent error in esti-
mating a) is observed in & as a approaches larger crack sizes. This trend is
a result of the nonlinear analysis because the regression was miniwized on
crack length differences. It could also have been minimized on percent error
instead, however, for the TF33 RFC analysis, sizing of large cracks is more

important than sizing small cracks.

After establishing a versus a for the 3 different inspectors, the
frequency function P(S\a) was estabiisned by taking selacted real crack length

intervals and establishing the distribution of a within the intervals.

4.2  Establishing P(a\a)
The distribution of maximum apparent crack size, A, given a maximum
real crack of length, a, in a l/2 boit hole volume was established from the

results shown in Figures 4-1, 4-2, and 4-3., Vertical slices which represented

4-4
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real crack length intervals were selected, and the cumuiative frequency dis-
tribution of the ratic of a to a was tabulated and plotted on Weibull proba-
bility paper. Figures 4-4, 4-5, and 4-6 are representative plots of the cumu-
lative distribution, P(a\a), for the real crack intervals of 0.001 to 0,010,
0.04C to 0,060, and 0.100 to 9.200 inch, respectively, for the high-resolution
inspection., A few items must be mentioned to help interpret these figures.
Taking Figure 4-5 as an example, an abscissa value of a/a=2 implies that given
a real crack of length 0,050 inch (i.e., which lies in the interval
0.040<2<0.060 inch), the apparent crack length observed by the eddy current
inspection would be less than twice that (or 0,100 inch) 82% of the time. The
circled data points on these figures indicate cracks within the 1/, bolt hole
volumes which went undetected (a=0) by the high-resolution eddy current
inspection. Although nondetection points are plotted according te equations
(4-2), (4-3), and (4-4) with a=0.0066, the nondetection points will be input
as a=0 in the RFC procedure. In Figusre 4-4, the detected and nondetected
crack sizes overlap while in Figures 4-5 and 4-6 there is a sharp delineation
between detection and nondetection. For example in Figure 4-5, the probabil-
ity of not detecting a crack in this interval is about 50%, and in the 0,100-
to 0.2u0-inch crack length interval summarized by Figure 4-6, the nondetection
probability is about 10%. Given an actual crack length of between 0,040 and
0,060 inch, 90% of the time the apparent crack size will be less than 2.5
times the real crack size, i.e., a/a<2.5. Similar results have been generated

for both of the outside laboratory inspections.

Several trends can be seen for the high-resclution inspection uncer-

tainty by comparing Figures 4-4, 4-5, and 4-6, which is similar for the other

4-8
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Cumulative Frequency Distribution
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Figure 4-5 - Cumulative Frequency Distribution of Apparent Crack Length to Real Crack
Length for High Resolution Inspection. Real Crack Length Range:
0.040 - 0.060 Inch.
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two inspections. First, the probability of detection increases as the real
crack size increases. Second, the distribution of apparent to actual crack
sizes, a/a, 1s tighter as the cracks become larger. Furthermore, for small
crack lengths (0.001 te 0.010 inch), the eddy current signal tends to oversize
the real crack length more so than fer larger real crack lengths on a percen-

tzge basis. This may in part be due to the regression analysis used to estab-

lish the eddy current crack length, a.
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5.0 PRE-INSPECTION MATERIAL QUALITY

The pre-inspection material quality hac been determined from the dis-
tribution of eddy current signals for each inspected 1l/2 bolt hole volume.
This probable number distribution of apparent crack leﬁgths is denoted as
pn(a) and is used directly to obtain the real crack length (probable aumber)
distribution, pn(a), by deconvelution (solving for the {integrand) of the fol-

lowing integral equation:

SO
PN(S)-f pn{a) P{D\a)pd(a\D,a) da (5-1)
(]
Pd(a\d)=Pd(a\a) | FM(a (5-1A)
PN(a)
where
pn(a) = distributiqn of apparent crack lengths
pn(a) = distribution of real crack lengths
P(D\a) = probability of detection given a crack of length a
pd(a\D,a) = probability of the apparent crack size, a4, being a cer-

tain size given that a crack of length a exists and has

been detected.

P{D\a)* and pd(a\(D,a))}* have been determined for the three laboratory inspec-
tion by the method discussed in Section 4.2. These two distributions, along
with the apparent crack distribution, pn(a)* will be used to predict the pre-
inspection flaw frequency for the TF33 disk bolt holes. This methodology for

* These formulations are actually expressed in terms of cusulative frequancy
functions. The yarious distripution functions can be related through
pd(x) = pN(x)/ N(x)dx = 4(PD(x))/dx.
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estimating the defect distributicns will be verified by comparing the pre-
dicted defect distribution with the actual defect distributions measured from

replication and destruciive sectioning,

5.1 Pre-inspection Material Quality From Boit Hole Replication

The actual pre-inspection material quatity defect distribution has been
determined from the results of the destructive sectioning and surface replica-
tion. The defect distribution for the 1/2 bolt hole volumes inspected by the
high-resolution system (744 total 1/ bolt hole volumes) is shown by histoyram
in Figure 5-1. RI and RG cracks are represented by solid and dashed lines,
respectively. Note that there were significantly fewer uncracked Rl bolt
holes (126) than uncracked RO bolt hcoles (219). Figure 5-2 is a cumuiative
frequency plot of'pD(a), the data in Figure 5-1, This cumulative plot shows
that 90% of the RO cracks are less than 0.020 inch in length, 90% of all RI

cracks are less than 0.400 inch, and 50% of all RI cracks are less than 0.010

inch.,

A simitar cumulative frequency plot of pD{a), obtained from destruc-
tive sectioning and replication results of the 1/2 bolt hole volumes inspected
by the outside laboratories (978 total 1!/; bolt hole volumes) 1s shown in
Figure 5-3. In comparing Figures 5-2 and 5-3, the only significant difference

in defect population occurs at the smaller crack sizes.
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5.2  Apparent Crack Distribution, PD{a)

The cumulative distribution of apparent crack size, PD(a), has also
been determined for the high-resolution and the two outside laboratory inspec-
tions. As mentioned previously, & values were generated by a regression anal-
ysis on eddy current signals. The results of cumulative frequency distribu-
tion for Pd(8) for tne high-resolution and outside laboratory (500 KHz) in-
spections are shown in Figures 5-4 and 5-5. By comparing these twc figures,
it 1s seen that the high-resolution inspection identified a smaller percentage
of the bolt holes uncracked than did the outside laboratory inspections. For
the RI location, the nigh-resolution inspection identified 48% as being
uncracked, whereas the outside laboratory (500 KHz) inspection identified 63%
as being uncracked. For the RO location, the high-resolution inspection iden-
tified 863 as being uncracked, whereas the outside laboratory (506 KHz) in-

spection identified 95% as being uncracked.

The cumulative frequency distribution for PD(a) and PD{a) for the
various inspections can be compared using Figures 5-Z and 5-4 for the high-

resolution inspection, and Figures 5-3 and Figure 5-5 for the outside labora-

tory (500 KHz) inspection,
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6.0 ECONCHIC EQUATION DEVELOPMEMT

The costs associated with various decisions is an importamt aspect in
evatuating which RFC procedure is best., It is the relative cost that is most
important, not the absolute cost. For this investigation, FaAA collected cost
information on disk inspection, disk replacement, and disk failure in ser-
vice. The cost to inspect this third stage TF-33 disk was established at
$200, and disk replacement cost was established at $7,500. The design life of
this disk was established at 750 cycles, therefore for every exira cycle
obtained from a disk, a cost benefit of $10 was assigned (i.e., %7500 per
additional design life). There was no defined cost information on TF-33 disk
failures available from the Air Force. FaAA has used $2,000,000 as an average

failure cost. This cost assumes that most disk failures destroy one complete
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cost is $750,000).

As was mentioned above, it is the relative costs which are the most
important, A disk failure costs 267 times more than a disk replacement; a
disk inspection cost is only 3% of a disk replacement. Based on these costs,
inspections can be analytically performed relatively inexpensively and disk
failures should be avoided. These cost estimates were used in all RFC proce-
dures to evaluate the economic impact of the different procedures. During the
RFC verification task of this program, these costs were reduced to encourage a
higher failure rate., Reducing the cost of failure permits worst-case tails of
the probabtlity distributions to be evaluated with a small number of speci-
mens. The actual costs used are discussed in the verification section of this

report.
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1.0 TASK V - RETIREMENT-FOR-CAUSE SYRATESY OPTIMIZATION
Analytical development and evaluation of alternative RFC strategies
was accomplished using inspection reliability data generated within this pro-

ject. The following accomplishments were completed:

1, The fatigue crack initiation and growth behavior observed in the 49

disks inspected in this program was analyzed.

2, The observed variability in fatigue cracking of the 49 disk popula-
tion, or “fleet," was represented and simulated on the computer using

Monte Carlo simulation software {see Appendixes A and B).

3) The reliability of the three actual inspection procedures, discussed
previously, and a fourth hypothetical procedure far superior to the
three real ones, were also represented and simulated on the computer

in a form that allows great generality in simulating inspection

uncertainty.

E 4) The RFC procedure was greatly improved and recoded into simulation

i software.

5) A comprehensive RFC program was developed to quantitatively evaluate

alternative RFC procedures when applied with the actual variations

and uncertainties demonstrated by the data generated in this pro-

gram. The computer code has been namad PERFCT, Probabilistic

I
ii Engineering Retirement For Cause Tester. PERFCT 1is documanted in
i Appendix B8 and meets all major objectives of the cowmputer program

REFRECH.
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6) PERFCT was run extensively to produce a broad parametric study of the
alternative RFC procedures. It identifies the strengths, benefits,

and weaknesses when applied to actual service conditions.

This study addressed the RI bolt hole cracks that control the 1ife of

the TF-33 disk, Kore complex RFC procedures might consider simultaneously

more than one type of failure location within the disk. However, the RFC
methods ontimized here, which consider only one failure mude at a time, is

applicable to many of the engine components that are candidates for RFC.

7.1 Analysis of the Forty-Nine Disk Fleet Inspected

e Tatigue Tife prediction model for these TF-33 third stage disks
was first developed deterministically and is presented in Section 7,1.1. The
spin pit results reported by Hilf (2) were compared with our fatigue crack
growth model. This model is then extended to include crack initiation; the
final deterministic life model is then compared with the Tield disk data in
Figure 7-3. Qur extension of the deterministic mode! to a probabilistic
modei, which 1s again compared to the field data in Figure 7-4 is given in
Section 7,.1.2. The fatique parameters which were used to simulate probabilis-
ticaily the field data are discussed in Section 7.1.3, and the probability
distributions for cycle counting errr-s are presented in Section 7.1.4.
Methods for simulating the impact of the cycle counting errors on fatigue
crack growth predictiocns are given in Section 7.1.5; the eddy current inspec-

tion performance simulation in terms of inspection uncertainty is discussed in

Section 7.1.6.




<

7.1.1 Deterministic Analysis

In order to analyze the disks, formulation of a fatigue model that
would describe the key aspects of crack propagation and crack inftiation was
necessary, Figures 7-1 and 7-2 represent the results of our crack propagation
analysis ard demonstrate the agreement between this analysis and a spin pit
experiment(2). To minimize computing costs, these analytical results (Figures
7-1 and 7-2) were subjected to a regression analysis to produce closed-form
equations that can be utilized in the RFC computer program. One regression

eguation which provides an accurate fit to the data is

c
.585
Np = dj—.%z' (1.50 + log ac) (7-1)

where )
Np = life in cycles to propagate a crack from size (length) aj=0,031 inch*
cp = 12,000 cycles, a constant
o = dimensicnless ratio of the “"actual" bolt hole nominal stress to the
nominal stress experienced by a bolt hole in the spin pit expecriment
(Figure 7-1) reported by Hill (Z)

a. = critical crack length (inches)**

*  Because of roundoff, the size is actually 107152 ,0316" =2,

** Assumed to equal the crack depth d times 2.857 (i.e., 1/aspect ratio).
This “"aspect ratio," 0.35, was assumed to be constant during all stages of
crack growth - an assumption whose medification to account for variations
in aspect ratio in accordance with our sectioning results did not
substantially change the analysis.
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The critical crack length (a.) relationships derived from our using
BIGIF (3) fatigue crack growth analysis were also subjected to regression
analysis to obtain

\ 2.64 ’
2. ° 1.4 (KC/Kcu/o) inches (7-2)

for the range 0.125 < 8. < 3 inches

wheie
KC = the critical stress intensity factor fracture toughness for the
bolt hole in ksivin,
K =

cu 11¢ ksi /in. the value of K used in the BIGIF analysis.

The exponent 2.64 “in equation (7-2) differs from the exponent 2, which corre-
sponds to uniform stress because of the radial stress gradient in hoop stress
caused by both the boii hole stress concentration and the increasing nominal

stress as the bore is approached,

We have less definitive basis for selecting the equation to refiect

fatigie <rack initiation o

P PR
¥

a crack 0.031 inch long. However, as 2 basic
reflection of the 4000-to-6500 cycle range for the manufacturer's original
design 1ife, and from our own experience of the dependence of fatigue initia-
tion life N; upon stress at operational temperatures less than 700°F, for

wrought nickel alloys, we have used

(5
N1 = '-6 (?"3)
[¢]
whersa

C; = 4000 cy<les

At e ik s e i e, b B o
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Clearly, analysis of additiona! fatigue f{nitistion data would
improve this initiation predictioun; however, the results that follow show that
the precise form of the equation used to simulate the initial occurrence of

cracks is not critical to evaluation of the RFC precedure,

The crack initiation and propagaiion equations (7-1) to (7-3) can be

combined inte a single equation for total fatigue 1ife,

585
4000 . 12000 2.64 1'

where Ne = total number of cycles to failure.

Furthermore, the nurber of cycies, N, required to cause a crack of

any size, @&, greaier than 0,031 1nch is

4000 . 12000 ) .585
N(a) = N = —;6—- + ';5:'0? [1.50 + log a] (7-58)

Finally, Equation {7-5) solved for a as a function of the number of
cycles (N> Ci/as)

az 10092

where

3.04 61 )17.585
log a = i’-t—— N-C,/o -1.50 (7.6)
p




Equatior (7-6) is plotted in Figure 7-3, Clearly, this equation predicts
tives that are tar longer than the majority of the 49 disks. The fleet is
subject to high scatter and extreme lack of correlation between reported life
cycles and crack sizes, as previously described. Because many of the 49 disks
were characterized previously as rejections and have large cracks at relative-
iy tow numbers of cycles, they are undoubtedly not representative of the
entire TF-33 fleet, which is supposed tc produce few (if any) cracks of 0.031
inch or iarger within the design life of 4000 to 6500 cycles. Therefore, we
reduced the numerical coefficients in equation (7-6) to C; = 2500 cycles and
Cp = 9590 cycles to provide a slightly better mean-l1ife fit to the data
(Figure 7-3), Since the lite of a disk is governed by the shortest-lived of
the 10 bolt heles, the dashed curve in Figure 7-3 is included to represent the
expected performance ¢f a typical disk. The scatter about this (dashed) mean-
life regression line is still, of course, encrmous and can't be used to
support any mean trendline, This demonstrates the importance, while simulat-
ing a highly variable fieet of disks, of selecting appropriate probability
distributions of key input parameters. The selection of these probability

distributions is discussed in detail below.

7.1.2 Probabilistic Analysis

In order to express the data in Figure 7-3 in a form suitable for
simulation by the Monte Carlo methed, it was useful to calculate an “inferred"
number of <yries to failure for each disk. The inferred life-to-failure cal-
culation is complex but is equivaient to adjusting the coefficlients Cp and C
so that ar equation of the form of equation (7-4) goes through the data point

(&, &) on Figure 7-3, Table 7-1 shows the raw data for the RI cracks
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and the resulting inferred l1ife calculation for the 49 fleet disks, Figure
7-4 is a plot of the cumulative probability distribution of this inferred-life
data (the curve in Figure 7-4 will be explained further in Section 7.1.3
below). As can be seen in Table 7-1, the inferred lives-to~failure have enor-
mous scatter ranging from 2174 cycles for Disk 26 to cycles in excess of
30,006 for disks in which no cracks were found or cracks less than 0.031 inch

were found (e.g., Disk 47).

There are many sources which can contribute te oreducing these

observed statistical variations. Major possible sources are:
1. Stress variations from disk to disk. This was rejec*ed as the majer
source of variation although a significant amount o) s.ress varia-

bility is simulated as discussed beiow.

2. Error in measuring the real crack size a due to difficulties of
replication and the necessity of sectioning bolt holes that showea
significant amount of subsurface cracking., Thus, errors ir the
effective crack size listed in Table 7-1 could easily be contributing
to the variation in the resulting inferred-time-to-failure distribu-

tion of Figure 7-4,

3. The observed variation in our fleet of 49 rejected disks could be
agreater than expected or than represented by the total fleet of TF-33
disks because of both inadvertent and intentional methods of disk
selection for this program. It seems ¢lear from the majority of the
disks examined that some of the parts belong to the4yorst_of the

TF~33 reject population, especially Disk 26 with its 0,6-1nch crack

7-10
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Table 7-1

SALIENT DETAILS OF SIMULATED FLEET OF DISKS

Max imum
Radially Inward
Crack Length in
Disk Pe. cclvzgl Ten Bolt Holes,

Inferred Number
of Percaived
Cycles-t

Fatlure (3;)_

10 ¢ Serial # Lycles 2 (inches)
1 0N0382 2135 .139
2 ONO4A71 6471 044
3 GNOA79 3995 114
4 0MO487 5814 .566
5 0v0036 4366 542
6 06041 4111 .709
7 QY0336 4758 325
8 0V0401 4461 0.000
9 QV0403 6205 135
10 V1078 5600 .
11 Qvilol 4451 270
12 1R2846 A724 .085
13 1R2874 5215 326
14 1R2900 8034 175
15 1528% 5789 113
16 172951 6524 775
17 2418 k'3 110
18 2837 383 071
12 25372 4218
20 30757 5065 017
21 465001 1303 0.000
2 4P8343 5094 .012
23 454933 3551 .
24 455220 5690 118
25 4Y6881 6404 .039
26 517421 2049 605
27 577457 6116 742
8 5Y9177 3095 .007
29 SP5450 $785 0.000
330+ $P6124 2807
31 6F§127 5083 -05%
k ¥4 .505
33 657835 2375 017
k| 658257 8273 .018
35 658291 6039 .626
36 658342 4339 378
7 §58355 5875 .574
k'] 8K150% 2037 22
39 8K151% 2972 015
40 on7647 4374 002
41 87848 2875 036
42 8P5147 939 0.000
3 8P5548 4817 .016
mzig &
45 8X3910 4 8%
a8 235092 8720 003
47 14 €48 0.000
48 9R2857 o .
49 930788 4517 437
L] 951148 1800 .

Disk #30 was not inspected amd has been excluded from the simuiated

"Fleet".
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3361
19545
6936
6695
4948
4448
6097
>26338
10229
10983
5942
9308
€700
12281
10147
7146
6339
2302

> 28088
>29410
>9233
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length at only 2049 reported cycles, Although we suspect that most
of the disks were rejects, clearly some disks could be from the typi-
cal or even the superior part of the TF-33 population, such as Disk
47 which shows no evidence of cracking at 6478 reported cycles. This
heterogeneous mixture of disk cracks is very useful for evaluating
the inspection reliability for many crack sizes. However, disk
selection to provide enormous variety for the inspection evaluation
will obviously overstate the fatigue scatter expected in the entire

TF-33 fleet of over 1000 engines.

The last significant source of uncertainty could he systematic or
random errors associated with estimating (with N) the number of

fati
1w

oo vrlac N aw
Tgud cres X

s N, arienced by dicks in tha flest In informal
discussions with Air Force personnel, we learned that very rough
rules of thumb have beeﬁ applied to estimating cycles such as (1) the
multiplication of the number of training hours by 3 to estimate
training mission cycles and (2) the multiplication of the number of
operaticnal hours by 1/3 to obtain an appropriate estimate of disk
¢ycles during normay operation Ho
estimated cycles per mission and the lack of more specific criteria
for counting cycles suggest that relatively large errors can be made
in counting cycles. In describing this type of error, we define N as
the actual number of cycles and ﬁ as the estimated number of cycles
and consider the ratios of ﬁ/N. We believe that this cycle-counting
error may be the largest source of variable, and we use it below as a
curve-fitting parameter to simiiate the actuai fatique performance

variability shown in Figure 7-4.
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7.1.3 Simulation of Fatigue Performance of the Forty-Nine Disk Fleet

A1l numerical probabilistic work in this report was accomplished
using the Monte Carlo method (Appendix A). The Monte Carlo methad is used to
seiect values of input random variables from their respective probability dis-
tributions and to insert those values into an equation for computation of
time-to-failure, crack size, or any other value of a needed dependent random
variable. Each computed value is called a trial. In general, each trial is
different because the Monte Carlo procedure selects different input values
from the probability distribution. With enough trials, the probability dis-

tribution of the dependent variable can be computed accurately.

The input random variables used are: (1) C;, C;, K., and ;/a each

p’
cf which vary randomly for each of the 10 bolt holes in the disk and

(2) o and ﬁ/N, which vary randomly:from disk to disk,

The curve in Figure 7-4 shows the result of a successful Monte Carlo
probabilistic regression of the disk time-to-failure, The predicted distribu-
tion of time to failure is in excellent agreement with the actual disk service
experience, especially up to the 70th percentiie of the reported time-to-
failure distribution. Although a better fit could have been obtained above
the 70th percentile (30% cumulative survival probability) by using input dis-
tributions with discontinuous frequency functions, this was not considered to
be necessary to produce simulated populations which behave like the 49
disks. None of the RFC-simulation fleet failures come from above the 70th
percentile, and the simulated values of 1ife, which are ail greater than
20,000 cycles, are large enough to represent disks that could be used Tor the

entire useful 1ife of the engine,

7-14
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The life equation has been given before but is repeated below for

convenience:

C. C .585
= L 4 P -
Nf &t 1763 [1.5 + log ac] (7-7)
g g
The variability in the fatigue initiation “constant" C; is represented by

C; = LGAU (4000, 0.35) (7-8)
or

where both equations are our shorthand notation for the statement “log C; is a
random variable from the Gaussian or normal distribution with median 3.602
(Tog 4000) and standard deviation 0.35 inch. Appendix A explains how the C,
or any other, probability distr{bution is simulated within the Monte Carlo
method by selecting, at random, a value of the variable from its probability
distribution, The 0.35 scatter parameter represents a 7.9-fold average dif-
ference in the time to initiate a 0,031-inch crack between the earliest and
latest crack in a 10-hole disk, As learned from the detailed simulation
results, this degree of scatter translates into 2 similar order~of-magnitude
difference in crack sizes between the bd1t hole with the smallest RI crack

length and that with the largest RI crack in the disk. Such crack length var-

iation has been observed for typical disks 1in which all holes are cracked.




Thus, the 0.35 value in equations (7-8) and (7-9) abcve* can be said to repre-
sent Lhe observed hole-to-hole variation of crack size actually experienced in
1 must of the 49 disks. Furihermore, the 0.35 value is not inconsistent with
that whicn the authors and others {e.g., (4)) have encountered in previous

probab:Tistic investigations of crack initiation scatter in nickel-based and

steel alioys.

The variatior of two fracture-mechanics-related parameters has been

: 1
I
simulated. First, the crack propagaiion constant, Cp, is modeled with the log ?
nurmal distributing given below: ;
E
| log Cp = GAU (lug 9560, 0.12) (7-10) j
i
' E
' 1
L This .12 value s entirely consistent with extensive unpublished Pratt and i
| ;
Wiitney Aircraft (P&WA) sctudies, done %y an author on Incoloy 201 ard similar
! materials, of crack growth variations in bolt hole specimens. Figure 7-5 con- i
? trasts the assumed variabiiity for time to crack initiation with that of <frack
1 propagation,
i
v Disk-to-disk stress variation is simulated with thz normal distribu- q
' tion:
| 1
¢ = GAU (1.0, 0,1), » (7-11) ;
]
e e m e 4
*  The orgpagation rate scetter of ‘also 1influences the hole-to-hole h
3

variation in crack size but, because g crack has to initiate before it can
grow to any size, not as nuch as dJoes the larger C, scatter,
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which translates to a 10% "coefficient of variation," a degree of stress vari-

# abivity that is reasonably Targe.
!
! The critical stress intensity factor or fracture toughness, K., is
[
i simulated with the probability distribution
| i K. = BAU (110 ksi /Tii, 16.5 ksi vifi) (7-12}

The implied 15% coefficient of wvariaslion is considered to be realistic-to-
Targe based on our previous experience for data far from the trapsition tem-
| perature.  This value can be improved and updated if toughness and critical
| crack size information becomes available. The 110 ksi vin value is probably
Tow @s & mean Loughness but has been chosen to reflect the rapid increase of
stress intensity factoir during transition from & partial- to a through-
thickness craci, This incirease was not explicitly modeled in the BIGIF

runs. The most important overall effect of the combination ¢f two conserva-

tive values in equation (7-12) and the coefficient of variation used in equa-

to 250 wmils, whick may be compared with a thickness of 650 mils, This range
cerresponds to coritical crack depths of only 57 to 71 mils., It is not sur-
prising that many of the failures encounterea in the simulation had critical
crack sizes in these ranges. While these ranges are believed to be unrealis-
tically low, they were not aitered in order to test the RFC procedure more
stringently. Thus, in the studies described below, it 15 balieved that two
worrisome effects have been at least partly accounted for implicitly: (1) a

rare high-stress maneuver and (2) an occasiunaliy brittle material heat such
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as might be characteristic of thez higher-strength alloys used in the F-100

engine.

7.1.4 Simulation of Usage Estimation Errors

After a series of trial-and-error Morte Carlo runs devoted to curve-

fitting the data in Figure 7-4, the probability distribution chosen to simu-
late errors in cycle counting was calculated to be
log (N/N) = GAU (9., 6.3C) (7-13)

By coincidence, this distribution, necessary to match the fatiguc performance

of the 4% disks, 15 tdentical to that used in (1) to simulate large cycle

Although the datx iaput to the simulaticn represents our best cur-
rent knowledge, the sources of data and degrea of confidence in each specific
probability distribution vary markedly. However, the important point is that
all the probability Jistributions, when combined into a disk iife simulator,

reproduce accuritely the observed performance of the fleet, as shown in Figure
7"‘4.

While 1t 1s possible that equally good fits cculd have been obtained

with other combinations of specific probability distributions, it can be

demonstrated that RFC effectiveness and the ocvaluation o the RFC procedures
is primarily a function of the time-fo-rejectahle crack size snd time-to-
failure probability distributions used to simuiate the fieet and not the exact

statistical character of any onc individual paramzter (such as the scatter of

fracture toughness or stress).
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Althovgh the 49 diske analyzed show far more scatter than does the
fuil TF-33 {leet, we have simulated the highly variable behavior of the 49
disk fleet in order to test the RFC procedure under the most difficult condi-

tions justified by data acquired in this program.

7.1.% Specific Simulation of Crack Growth

So far, we have presented all information needed and used to compute
the times to failure for the simulated disk population, However, one addi-
tional item should be discussed to complete the description of the fleet fa-
tigue performance simulacion. That item is the capability to simulate the
real crack size, a, at any given N, where N is the perceived amount of
cyclic exposure at the time of inspaction. Simulation of "a" is accomplished

by the following:

1. For a given inspection time at 1 perceived number of cycles ﬁ, select
a value of ﬁ/N from the appropriate probability distribution (Equa-
tion (7-13)) in erder to simulate the actual number of cycles N.
The &/N "cycle-counting uncertainty" has been characterized in three
ways:

a) Select a different ﬁ/N for each inspeciion which would simulate
the case of a disk taken from ore engine and placed in another at
random (type 1 error).

D) Select a single f = ﬁ/N for the first inspection and multiply it
by 2 new N/N for eaci subsequent inspection (type 2 error).

c) Use the same ﬁ/N ratio for all inspections-simulating a constant
error factor during the entire RFC process (type 3 errcr).

¢. Knowing N and the other relevant random varfables

(Ci' Cp, and o), compute, a, from equation (7-6).
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2. Repeatl step “2" for each of the 10 holt holes in the disk.
These three sieps simulate real crack sizes in each bolt hole. The
next step is to simulate the inspection uncertainty in detecting and sizing

each of these cracks,

7.1.6 Simulation of Uncertainty of Four Inspection Procedures

The performance of three inspection procedures (high resolution
probe, outside lab (500 KHz) and outside iab (1000 XHz)! have been character-
ized by means of general, empirical* prodability distributions of the

-
ratio a/a for various ranges of, a.

H LY s

In addition to tha three real cetg ¢f in-
spection uncertainly data, a fourth artificial set, representing a hypotheti-

cal dramatic improvement in inspection reliability. was alsc examined.

1.2 RFC Procedure Developmont and Iapleasntztion
The general RFC philosophy which directed the development of the four

REC nrnecadurac ie n
LI PR TS oS IS P

-

the four RFC procedures are presented in Section 7.2.2. Most of the ana-
lytical details are common to all RFC procedures as discussed below in
Section 7.2.1.1. Following this, the differences among RFC procedures are
summarized (Section 7.2.1.2) and detailed (Section 7,2,2), Finally, four

recomaended improvements are identified at the end of Section 7,2.2.

* A plecewise-Weibull characterization of the inspection uncertainty it usad
to obtain full generality. For details, see Figures 4-4 through £-6,
Section 4.2, an¢ subrgutine DAHAT in Appendix B herein.
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7.2.1 Developed RFC Procedures

7.2.1.1 Details Gommon to A1l Investigated RFC Procedures

The RFC procedures considered and developed in this project have
several commonalities. First, they assume that the fleet's engines are pro-
duced and released to service as a seirivs of “subfleets." Ali components
(engines) in a subfleet are introduced at essentially the same (calendar)
time. Although only ose ¢ritical component, in this casg & disk, is simulated
per engine, that component can have several nrominally identical structural
details which are sites for cracking, inspection, and failure. For most of
the study, it is assumed that the engine life is seven times the “"design life"
of the critical cumponent being considered and that dnspection can occur oaly
at integer multipTes of the design life. In other words, each engine will
have a disk inspected, and possibly repiaced, between une and six times. This
means that, by definifion, without RFC six replacement parts will be required
over the life of each engina, The goal of RFC is to decrease the large number

of replacements with a minimum of cost ang of failures.

7.2.1.2 Differences Among Investigated RFC Procedures

Four general types of HFC procecdures developed and evaluated in this
study a#re given In Table 7-2. 7The key differences among the procedures are
the use or lazk of use . two sources of "Feedback" or “updates" from in-

service inspections and historical date. As seen in Table 7.2, the two

scurces of feedback corsidered are (1) use of nwasured crack si-er *» revise
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the estimates of stress for each individual disk in a deterministic manner and
(2) periodic statistical analyses of the "actual/predicted” time-to-failure
probabiiity distribution demonstrated by the global fleet of engines. Major

features of the four procedures are summarized in Table 7-2 and the steps

2 LW -

followed in each procedure are detailed below,

7.2.2 Simutlation of Four Alternative RFC Procedures

- —

P 1. Simulate each inspection process for each of 10 holes in each simu~
f lated disk by computing the inspection’s uncertainty (represented by
the ratio (Q/a) from the appropriate piecewise Weibull distribution

’ for the actual crack size, a, present in each hole, This hole-by-

LTI e -
—— .

hole sixmulation allows great generality in reflecting such real
scenarios-as the lack of detection of a crack in one hole that wouid
; have failed the disk in a few cycles but rejection of the disk due to
} a much smaller crack that was oversized in another hole. A less for-
; tunate scenario would be to undersize the two leading cracks in the
E disk and size any other cracks in the disk in such a manner that the
s disk is marginally acceptable. The simulated RFC procedure and fleet

performance cculd then allow the disk to be put back into service

where a fTailure could take place. The use of the multiplicity of
petential failure sites (in this case of the 10 RI crack origins) is

a mjor improvement made upon the work in (1).

Upon iaspecting each hole in the disk, the inspector and the anaiyst

base their decision on the disposition of the disk on the laryest a

measured. To simulate other realistic constraints, we make two
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further requirements. If a is undetected (or found to be less than
0.031 inch, where this value corresponds to the inspection size sep-
arating "may-accept" from "accept"), the new disk life prediction is
unchanged and the disk is placed back into service. Furthermore,

if a is larger than some maximum value, 2, (values between 125"

PP - v T e 2
P TR P

and = are used in this report with most of the study focused on the
‘ . value ;max = ,250"), the disk is retired without analysis or consid-

eration for further usage. Thus Smax corresponds to the inspection
size separating "may-reject" from "reject." Repair is not simulated

within the context of the RFC procedures.

3 is less than 3, , the value is substituted into the equation !

L
bt
-
-

=2
&

s F(;, ;, etc) (7-14) i

where F represents the best estimate of the (a versus N) behavior by !

the simulated analyst of the RFC procedure, In this study, we used

“ ~

| i i Ci Cn - n: . R
: N=—=+-(1.50 + iog a)" (7-15)

“n ~m :

g g i

where the * symbcl refers to the analyst's estimate of the parameter.

- Stress estimation is the first point of difference among the four RFC

et Al o

procedures in Table 7-2. The “prior-analysis-based" stress method
simply uses the s e initial ; estimate (e.g. design calcuiation) for
all disks, Howeve:. 1in the "inspection-based" stress method (see
Ref. (1)), we "infer" ; for each disk from N and ; by solving equa-

tion (7-15) implicitly for o.
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Substitute* ¢ into the time-to-failure prediction equation

~

Ne = F (a_, o, etc) (7-16)

To obtain the allowable cyclic life extension, N allow® two methods
are used depending on the RFC procedure. For the nonprobabilistic,
constant-safety-factor technique, we apply a safety factor SF to com-
pute

-~

Nyyqow = N+ (N = N)/SF (7-17a)

For the probabilistic/statistical update, conditional-failure-proba-
bility technique, we perform a periodic statistical analysis of the
in-service fleet failures and successes. Figure 7-6 is a schematic
representation of thelprocedure in which a maximum allowable condi-
tional failure probability is defined, chax' Using this safety/eco-
nomic criteria constraint, along with the two parameters
(a, B) representing the time-to-failure Weibull probability dis-
tribution, the allowablie cyclic life extension is

N

21 10w . a, B8) (7-17b)

=F (N, chax

i * In the 1inspection-based method, ¢ is merely a curve fitting parameter
which “makes up" or “calibrates" for errors of all sorts, including the
dominant cycle-counting errors discussed before., We could have used other
methods of calibration; for example, use the original stress estimate and
"adjust" the c¢ycle count, In general, the perameters subject to the
highest-impact errors could be r {uced to "calibrators."”
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The lengthy derivation of tne precise form used for equation (7-17b)
is given in Appendix C., The most important points are that equation
(7-17b) represents the utilization of all knowledge regarding the
fleet and the fatigue phenomenon to arrive at a near-optimum allow-
able life extension. Even the pre-flaet statistical and hictorical
knowledge of the phenomenon (such as the estimation of pn(a)*, the
changing probability distribution of real crack sizes), can be used
to estimate initial values of a and g (Fortran variables AL and
BET). Thus, the statistical update capability allows us to take
advantage of actual past fleet performence to improve the RFC proce-
dure for subsequently introduced and exposed parts. As will be seen
in the probabilistic RFC evaluation discussions to follow, the update
cacability is quite important to optimizing the RFC procedure, In
fact, the study indicates that our decision to statistically analyze
the fleet at every minimum inspection interval {tc be defined below)
is not optimum. The Monte Carlo simulations indicate that the update
frequency should be increased to, at the very least, update the fieet

statistical analyses directly after any failure.

The next inspection point Ne is computed to account for the realistic

constraints on minimum and maximum inspection interval: “nin

and ANmax' through

In our original plans, we regarded the prior estimation of pn(a) as an
important part of an optimum RFC procedure, When faced with the need to
fully define, deveiop, and evaluate specific procedures, this prior goal
led to significant preblems. These problems, details of our progress, and
our specific approach to evaluation of pn(a) are described in Appendix D.
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N, = FIX (ﬁel/A&mm) (7-19)

where the FIX function* rounds its argument down to.the nearest low
integer, and the AMINl function* chooses the least of the two quanti-
ties in the bracket., The disk is then reinspected at ﬁe cycles,
new ;, ;, and ﬁe values are calculated and another 1ife extension is
computed. If the calculation predicts that the disk life cannot be
extended "to at least the next scheduled inspection, the disk is
retired at the pre.znt jnspection. Thus, if a large enough minimum
inspection interval were chosen or forced by logistics, all disks
would be retired after the first inspection and no RFC would be pos~

sible.

Throughout most of this study we use Aﬁmin = 750 cycles and

cither o ™ 750 cycies oi =, where 780 cycles is taken as the

“design life" of our simulated sub TF-33 disk fleet. No disk or

engine is allowed to remain in service for more than seven disk

To avoid ambiguities in comparing similar quantities, such as three
different types of estimates of a statistical parameter, use is made of
both Fortran functions and variable names which are occasionally
intermixed with algebraic symbols, Fortran variables are 21l defined in
Appendix B,
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design lives (5250* cycles); a value which mignt represent the life
of the engine or the obsoletion of the aircraft, Because the perfor-
mance of the simulated fleet is worse than that expected for the
TF-33 third stage turbine disk's total fleet; these specific cyclic
values are about one-fourth as large as might be expected. Since
everything is "scaled-down” by this one-fourth factor, the per-cycle
numerical economic results of RFC would have been proportionately

better for- the actual TF-33, third turbine disk.

As can be seen from Table 7-2, the RFC Procedure No. 1 is determinis-
tic and totally uncalibrated against field experience. It is a primitive
unrealistic procedure in the sense that it assumes that the inspection and
analysis teams are automotons without memories., Specificaiiy, the inspecior
and the analyst are assumed not to learn from their previous experience not to
use the results of a previous inspection to compare with that of the current
inspection, Furthermore, they are powerless to change any aspect of the RFC

procedure, safety factors, or analytical tools in response to actual events,

such as a number of unexpected field failures,

RFC Procedurc No. 2 analyzes and calibrates each individuai disk by
asking the question: “What stress level (;) must have beern present to cause
the crack to grow to the measured size ; in ﬂ cycles?" It is expected that,

with a minimum inspection reliability, such an adjustment of ¢ should rc¢ e

* The actual input engine 1ife was rounded down to 5200 cycles to make sure
PERFCT did not schedule a 7th 1inspection a few cycies before engine
retirement,
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the impact of a variety of errors. However, RFC Procedure No., 2 also assumes
the use of inspectors without memories; there is no reaction to the overall

experience ¢f the fleet,

RFC Procedure No. 3 doesn't calibrate each individual disk according
to its measured c¢rack sizes but does use all past field performance knowledge
to adjust the allowable cyclic 1life extension and subsequent 1inspection
points ﬁe of all disks. Thus, the inspection and analysis teams have both
memories and the ability to react and improve the RFC procedure on an ongoing

basis.

RFC Procedure No, 4 combines the two improvements described above
for RFC Procedure Nos. 2 and 3. Fach disk is calibrated (with ;) to the fa-
tigue crack initiation/propagation modei according to its largesi measured
crack size and the overall performance of the fleet is accounted for with up-
dates of the statistical analysis of the fleet. Procedure No. 4 is at present
our best fully developed procedure, The major capabilities and Timitations of
the procedure and accompanying software are described in the comment cards of
the ccmputer program PERFCT (Appendix B). Although RFC Procedure Ho. 4 could
be improved, it is c¢onsidered to be an opt...um tradeoff between capabilities
and enougn simplicity to allow full analytical development, scftware develop-
ment, and analytical evaluation within the limits of this project. The only
major improvement we would strongly recommend is that tne statistical update
analysis be performed more often than every A&hin cycles. Other possible

improvements are:
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1. The software should be expanded to handle more than one part type per i

K engine and crack-site type per part,

e

2. tatistical updates would be provided for each failure mode and, in

PR

fact, could be expanded to differentiate between old and young sub-

sets of a given component populiatici, where advisable,

i 3. Statistical wupdates could also be expanded to account for data

obtained from destructive examination of retired disks.

4, Account for the possible reduction of new-part "infant morta]ity-
type" failures through the reduced use, by RFC, of replacement
parts. More discussion of this infant-mortality aspect is given

| later in this section.

It is noted that a conservative appraisal of RFC benefits is made for

! all four procedures based upon the very large scatter observed from the 49

disks inspected.

7.3 Cost Details of RFC Evaluation

The costs assocfated with inspection, replacement, and failure used

il B st nmmste e

in this investigation are given in Section 7.3.1. Safety criteria which are
not associated with cost are discussed in Section 7.3.2, The method for com-

puting RFC savings is described in Soction 7,3.3, and Section 7.3.4 discusses

the impact of pre-design life failures ghserved in the simulations.
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7.3.1 RFC Gains and Costs Simuiated by PERFCT i;}
The RFC procedures described znove were programmed 1into the Monte ’
Carlo simulation program, PERFCT, The program simulates any number of random-
ly selected “grand fleets," each containing (1) up to 50 subfleets, (2) up to
1500 single-component “engines" and (3) up to 10,600 new and replacement com-
ponents. The program does the follewiny for each engine: (1) generates "fn-
service" fatigue data for the component (disk) at the appropriate cailendar
time, TE, at which the subfleet is introduced; (2) performs a chosen RFC pro-
cedure on each engine.at the approp-iate time and makes (random) errors based "55
upon the input error-simulaticn probability distributions described abovg;
(3) makes RFC decisions of inspectic: intervals and disk replacements (each
replacement disk Tequires generattoi. of new 1in-service fatigue performence
data); and (&8) checks for faiiuﬁe of any disk which is replaced. Costs are

assigned to the various outcom=s of the RFC procedure for the jth engine.

Each time the engine disk 1s dinspected, a negative dollar gain

{cost) of

G.J.1 « 2200 dollars (7-20)

is incurred. Each time the 1ife of the disk 1s extended, a gain of

Gje = ION'e dollars (7-21)
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(i.e. $7500 per forestalled replacement of a disk with design 1ife, DL = 750
cycles) is assigned, and ﬁ'e is the perceived amount of cyclic life extension
beyond OL until either the next inspection, retirement, or failure, whichever
applies. Should a failure occur before the rotor is retired, a2 negative gain

(cost) of
GJ.f = -2,000,000 dollars (7-22)

is assigned.

7.3.2 Safety Aspects of Part Failure

Clearly, the estimation of the expected cost of failure Gp is finite
because the failure probability is never zero (even without RFC). To insist
othervwise is urrealistic and impractical for RFC as well as for the initial
life limits., Our specification‘of a $2 million average cost of failure is
equivalent to assuming that most vailures damage one engine while some fail-
ures could lead to atrcraft loss (since complete engine replacement cost is

3750,000).

In dealing with high {mpact safety and economic considerations
regarding structural failure modes, we have developed a simple way of perform-
ing rational economic analysis without limiting the flexibility to maintain
safety criteria. The procedure is to define Gy clearly as the eccnomic impact
of failure only. It should be noted that G; ts a dollar cost only and has no

connection with safety criteria or constraints,
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Having decided that Gg is not & safety criterion, the choice of cri-

terion is totally flexible and either traditional or new methods can be

used. Once the independent safety criterion is specified, the selection of

RFC parameters is based upon whichever one limits, and it becomes an exercise

in mathematics rather than politics. Specifically, the goal is to maximize

the RFC cost savings without violating the safcty criterion, This is a

straightforward optimization problem in which the safety criterion serves as a

constraint, Another recemmended goal might be to minimize the probability

that total RFC gain is less than some desired minimum, again subject to safety
and other constraints,

We studied two types of safety criteria. In the first, a maximum

allowable failure probability, chax’ is specified and built into the statis-

tical-update RFC procedure constraints. This failure probability could be

specified and justified by using several comparative criteria. For example,
the failure probability may be acceptable if it is less than the in-service
failure probabilities demonstrated during the initial design iife of similar
equipment. A second safety criterion with a long history of use is the safety

factor. In this report, a life-based safety factor, SF, representing the
ratio of estimated-~to-allowable Tife extension after an RFC inspection, is
used in conjunction with deterministic RFC precedures. Further, safety fac-

tors and failure probabilities are reiated and can be computed from each

other.

Alternative or additional safety constraints might also be im-

posed, Two such additional safety constraints evaluated in this report are a

maximum crack size bevond wnich a part will never be placed back into
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case). G is computed for alternative Fema

formance for

service (amax) and & maximum inspection interval (ANmax)' For this

study, Aﬁmax has been set equal to its extremes; namely, either to (1) the
mintmum inspection interval, to produce a single, constant inspection interval
(see equations 7-18 and 7-19) or {2) infini y, representing no maximum inspec-
tion interval., The ;max value has been set at 0.250-inch for the majority of

this study and varies from 0.125-inch to « for a sensitivity study.

7.3.3 Total RFC Savings Estimation and Sampling Error

The total RFC cost savings for each engine is given by summing all

the costs times the number of times each 1s incurred,

- (Repeated indices do not _
GJ fiGji * feGje * ffGJf denote summation) (7-23)

where fi' fe' ff represent the number of incidents for each type of cost or
gain for the jth engine.

The expected average dollar gain per engine of the RFC procedure is
then estimated from

IDN

G = Z GJ/IDN (7-24)

=1

where IDN is the number of engines simulated (between 800 and 1500 in this

x or SF to evaluate the RFC per-

specific RFC procedures and parameters. The nmmns error of

the G estimate (i.e,, the sampling tolerance or standard deviation of &) due
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to the use of a finite number of engine simulations (which represent 1100 -
10,000 Jdisk simulations) is estimated to be less than $4000 near the optimum
safaty factor, where the simulated failure probability is of the order of ,001
to .005.

7.3.4 Pre-Design Life Failures

Due to the atypically large scatter of the simulated fleet, it was
not possible to eliminate pre-design life failures (which are not chargeable
to RFC) without reducing the design life (DL) to an even more unrealistic
value than 750 cycles, In fact, assuming a design life of 1000 cycles pro-
duced 8 to 10 failures during the initial 1000 hours of each of the 1500
engine fleets simulated. The 750-cycle casign life produced 1-3 failures in
the initial 750 cycles. On averaoge. 10.000 new dicke will suffeor tud
pre-design-iife number of failures than will 5000 new disks. Since, as will
be shown below, the better RFC procedures resul<ed in G, 1, or 2 post-design

life failures, while authorizing a reasonably smali number of replacements, it

is clear that the RFC procedure has the potential *o reduce the total number

of failures of a high-scatter fleet,

The best way to understand this concept 1s through reference to the
schematic in Figure 7-7. [Illustrated is the classic "bathtub curve" showing
the component failure rate variation with time. Normally we think of fatigue
as a wear-out process and of disks as components in which the wear-in portion
of the curve is negligible. However, given a significant amount of wear-in,

RFC can actually reduce ths number of failures below that which would be

experienced 1in the non-RFC sttuation, While mechanical engineers often
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associate wear-in failure modes with electronic components, structural
failures also show wear-in. These might be due tc a source ¢f unusually large
scatter such as for the 49-disk population examined at FaAA. More likely
causes of wear-in failures are such identifiable physical phenomena as a rare-
but-possible, initial, large, crack-like defect located at the point of
highest stress concentration in the fatigue-critical notch. This Jatter
problem would be compounded for a structure with a lower ratio of propagation-
to-total part life than that exhibited by this TF-33 component. Several RFC-
candidate components of the F-100 engine exhibit potentially a lower ralio
than this TF-33 component. Thus this potential "extra credit" of RFC should

be carefully studied in the F-100 application.

No extra credit was given RFC in this 2valuation for the reduction
of pre-design life failures. In fact, for the case of the statistical update
RFC procedures, no provision was made to use the pre-design life failure
information in the statistical algorithm so, again, the cost effectiveness of

RFC could be further improved.

1.4 Simulated Aralyst/Inspection Teams

Five analysts and four inspectors are considered to obtain various
analyst/inspector {A/I) teams, Five of these teams are used in Section 8 tc

investigate the effect of analysis and inspecticen errors on RFC performance,

7.2.1 Five Analysts

Analyst 1 uses a deterministic equation to model the fatigue process

that, on average, will overpredict the median failure life by a factor of
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three. Such an error could be due, for example, to the use of inappropriate

temperatures for laboratory fatigue tests. (An Analyst “1a" is also consid-
ered who uses the correct model with an underestimate of stress to produce a

factor-of-three overprediction of life.)

Analyst 2 uses an equation to model the fatigue process which under-

predicts median life by a factor of three. (An Analyst "2a" is also consid-

ered who uses the correct model but overestimates the stress to produce a fac-

tor-of-three underprediction of life),

The third analyst develops a perfect deterministic model of the

fatigue process that corresponds to the median 1ife calculated from equation

(7-4)*,

It has been assumed that the analysts have inciuded all relevant
failure modes in their assessments. For example, the efiect of a larger-than-
anticipated vibratory stress in the rim could cause the disk life to be lim-
ited by a combination of low and high cycle fatigue near the rim rather than

low cycle fatigue and brittle fracture for the bolt hole cracks.

7.4.2 Four Inspectors

The sensitivity of the RFC program dollar gains to inspection proce-
dure is simulated by using three different "real" inspectors, the performance
of which has been measured, and one “hypothetical® {inspector to incpect each

engine disk. Inspector A uses the high resclution probe, Inspection B uses

*  With constants of C; = 2500 and C, = 9560 cycles.

P

7-40




o s At .

T L R

the outside lab techniaue with a 500 KHz frequency and Inspector C uses the
outside lab technique with a 1000 KHz frequency. Inspector D uses a hypothet-
ically improved version of the high-resoiution probe wnich reduces the crack

sizing error substantially,

1.5 Combination of Software Into the Computer Code

The individual software items mentioned above for simulation of (1)
fleet, (2) fatigue, (3) analysis. (4) inspection, (5) constraints, (6) RFC
procedure implementation, and (7) economic resuits were combined into the com-
puter program PERFCT. The program is internally documented with comment cards
listed in Appendix B and has been thoroughly checked out by comparing its out-

put with detailed hand computations based on both deterministic and probabil-

istic calculations.
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8.0 RFC PROCEDURE EVALUATION BY MEANS OF SENSITIVITY STUDIES
8.1 Graphical and Tabular Presentation of Results

Major RFC evaluation results of the most informative cases that have
been examined in this project are presented in Figures 8-1 through 8-14a, The
primary result of each case is a curve showing the relationship between the
average dollar gain per disk, G, which is a measure of the effectiveness of
the RFC procedure, and either (a) safety factor SF or (b) maximum allowable
failure probability Femaxe In most of the figures, the perfect deterministic
anaiysis was used as a baseline or "standard curve" in conjunction with (1)
the high-resolution probe inspection-uncertainty data and (2) the factor-of-
two, “"type 3" cycle counting error (see Section 7.1.5). Other details of the
baseline curve are summarized in Figure 8-1, Thus, the baseline curve appears
with other curves which represent important parametric variations used in the
RFC evaluation sensitivity study. The same solid circular symbol "e" is used

for both the G(SF) and G(F ) baseline curves.

cmax

Note from the baseline ({(Figure 8-1) and most other curves a general
"hump" shape correspording to a tradeoff between excessive premature failures

and excessive prematurs retiramante, The optimum sa

best balance between these two competing effects and corresponds to simulated
failure rates of the order of 0.25 to 3 failures per 1500 engines, depending
on the circumstances. The sometimes sharp drop in the G curves on the low SF
(high F.nax) end corresgonds to too many failures. The usuaily gradual drop
it the § curves on the high SF (low F.,..) end represents the cost of an in-

creasing number of premature disk retirements.
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Figure 8-1 - Effect of Safety Factor on RFC Benefits for the Baseline or
Standard Case. ({Bracketed Information Lists Table Numbers in
. Appendix E lthich Correspond to the Displayed Data Points.}
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Occasionally, one or more of the RFC procedural constraints, such as
the use of a very short maximum inspection interval such as Aﬁmax = 750
cycles, nearly or totally governs the RFC decision procedure, so as to reduce
the effect of changing the safety factor or maximum failure probability., In
these cases, the curves become nearly horizontal 1lines rather than humps., In
discussing the RFC evaluation results, those constraints that cause unusual

behavior of the curve will be pointed out.

Each plotted point in Figures 8-1 threough 8-14a is supported by a
table in Appendix E that summarizes, for each subfleet, the frequency of all
operation, inspection, replacement, and failure events that when combined
resulted in the data point for RFC economic gain, While each table in the
voluminous Appendix E is referenced in a figure and/or table in this section,

only the baseline and the most interesting results are discussed in any

detail,
8.2 Discussion of Baseline Curve

Table 8-1, swmarizes rasults from Tables FE-1 through E-1C Tor the
hacaldman NCS naann Asrnn Cam >2ha mnammn Al srafab.: Fanbrnan srsnmncsdacad dha Aann
VAT THT I v PLUYULTUUNI G [IAY1] “HT 1T anyc e 291 CW) 1GLLUID LUIIDTUCI TU,y LT TLWWU~™

nomic gain of the baseline RFC procedure ranges from $13.610 to $27,784 per
engine., The poorest RFC performance corresponds to a safety factor of 1, for
which 1770 disk replacements out of a possible 9000 (6 x 1500) prevented all
but 16 disk failures, The safety factor value, 2, produced the optimum
economic result by requiring 2668 replacements and preventing all but two

failures, witich resulted in a $27,784 gain per engine, While the tabulated

dollar gains are based on accurate cycle-by-cycle prorations computed by
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PERFCT, the equations below demonstrate that the economic gains can be essen-

tially reproduced with simple hand calculations.
G = 45,000 - [200 Fi + 7500 Fr + 2,000,000 Ff] /’1500 (8-1)

where Fi' Fr' and Ff are the total numbers of inspections, replacements, anu

failures in the 1500-éngine fleet as output in the tables of Appendix E.

The reason that the safety factor value of 1.0 does not result in
more than 16 failures is the presence of two synergistic, conservative factors
listed as items 6 and 10 in Figure 8-1. These factors are the frecvent
(750-cycle) 1inspections combined with the multiplicity of inspection sites
that allow every disk inspection ten opportunities to reject the disk. In
effect, these powerful factors are optimaliy balanced by the choice of a gen-

erally low safety factor of 2,

The "no RFC" condition serves as a reference of zero dollar gain per
engine, and corresponds to 9000 fleet replacements with no failures (as ex-
plained in Section 7, no cradit ic being given to RFC for praventing nra.
design-1ife failures) and no inspections. The maximum cost savings is $45,000
per engine (6 replacements per engine times $7500 per replacement). However,
since the undisturbed simulated fleet will produce many failures (in fact,
Table 8-1 notes 308 failures) in the 5200 cycle engine 1life, $45,000 per
engine is not an achievable upper bound Tor the analyzed situation. Rather,
as noted in Table 8-1 no less than 311 perfectly timed and accurate inspec-
tions and replacements are necessary to avoid all failures. The reason that

311 rather than 308 replacements are required is that the PERFCT program

8-5
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assumes that any engine suffering a failure is down until the next scheduled
‘nspectior, Theretore, the “unaitainably perfect" RFC procedure involves
slightly more disk time than the “negligent” RFC procedure. Thus, the upper
bound of RFC gain is shown in Table 8-1 as $43,163, racher than $45,000 per

engine, wihen the 321 necessary replacements are included.

The "negligent™ case involves a test program-like situation in which
reither rpreplacempnts nor inspections are permitted through the 5200-cycle
engine life, Since the resulting 308 failures correspond to a 17% cumulative
fatlure probabiiity (308/1,808), it is clear from this "do-nothing" analysis
that any RFC procedure would be severely tested using the high-scatter, high-

failure rate fleet represented by the 49 inspected disks.

The baseline RFC simulation is considered to be very encouraging in
comparison to the extreme cases of perfection, absurd negligence, and no RFC.
The potentia! for example, with SF = 3.3) for avoiding well over half the
9,000 replacements with no failures and a gain of over $25,000 per engine is
impressive, The $25,000 value is also impressive considering the absolute
extreme results of approximately $43,000 for an unattainably perfect situa-
tion. However, the baseline case involved perfect deterministic fracture
mechanics and stress analyses and fairly conservative constraints and fnspec-
tion practices. Most of the remainder of Section 8 is devoted to exploring

the impact of different assumptions, inspection procedures, constraints, and

introduction of several types of possible errors.
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8.3 Effect on RFC Berefits of Inspection Equipment and Procedures

8,3.1 Effects of Inspection lUncertainty and Intervals Between Inspections

Figure 8-2 shows the efrect of changing the inspection procedure from
the baseline high-resoiution-prob2 inspection on RFC benefits. ke have also
characterized the uncertainties of two other inspection procedures; namely,
the "putiside" tab procedure for frequencies of 500 K' - and 1000 KHz. As seen
from Figure 8.2, there is little to choose among the economic benefits gained
from the three inspection procedures for safety factors between two and four,
However, for safety factors greater than 4, the outside lab inspection using a
500 KHz frequency leads to the highest bhenefit of the three inspections.
Table 8-2 gives some idea as to why the 500 KHz inspection is superior for
adequate-to-high safety factors in this application. Basically, the 500 KHz
inspection revealed less propensity to oversize cracks, especialiy by large

amounts such as the factor "4* addressed in Table 8-2,

The high resolution probe 1is clearly superior for detecting smail
cracks (belsi- 3.03"), but, in the context of the simulated TF-33 RFC program,
this extra daivction capability has almost no effect upon the RFC gain. The

dian
LAY

ecl, as learned from examining the
details of the premature failures and retirements that occurred in the simu-
lated results, are {1} it is the intermediate-to-large crack sizes that are
important (e.g., 0.05 inch to 0.2 inch) for mest RFC decisions and (2) given
a&n adequately large safety factor and many chances to detect cracks (e.g.,

frequent inspections and multiple crack sites), the superior RFC procedure

will be the one with least propensity to greatly oversize the crack. Aguin,

as seen in Table 8-2, the 500 KKz inspaction has demonstrated the 1least
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Table 8-2

Comparison Of The Probability Of Qverestimating

Crack Sizes Using Three Inspection Procedures

Actual Crack Probebility of Ovarestimating Probabiiity of Overastimating
Size a (inches) Crack Sfze by any Amount "a" by more than § times

X High Outside Outside High Qutside Outside

' Resclution Lab Lab Resalution Lab Lab
Probe (500 KHZ) (1 MM2) Prote (500 KHZ) (1 MHZ)

P .003 .28 .10 .19 .18 .08 .09

. .018 .53 .25 .30 12 12 15

.025 .60 .30 .30 .20 Jd2 0 .14

.03% .50 .32 .45 .10 .09 .12

.05 .50 .39 43 .06 .035 .08




tendency of the three inspection procedures to oversize the crack. A key
reason why crack detection probability, per se, does not dramatically
influence the optimum RFC benefits is that the multiplicity of inspection and
failure sites (in this case, ten bolt holes which can produce RI cracks)
introduces ample opportunity to detect at least one crack if multiple bolt
holes are cracked, For example, if the probability of detection for a given
crack size present in each bolt hole is independent of the other nine holes
and is only 0.5, the probability of detecting at least one of these 10 cracks
would be greater than 0.999.

Figure 8-3 is included to show possible upside benefits for a hypo-
thetical dramatic improvement in the high-resolution probe inspection. While
detection probabilities for given cracks were not changed, the sizing was
dramatically improved by inserting a square root function “operator" into the
inspection simulation subroutine (DAHAT; Appendix B). The square root opera-
tor was used to reduce inspection uncertainty and to produce ;/a ratios closer
to unity, the perfect value, For example, if a random selection from the
probability distributions of uncertainty for the high resolution probe pro-
duced an ;/a of 4, the square root function transformed this ratio to 2. and
for an ;/a of 1/9, the square root operator artificially changed this value to
1/3, etc. As might be expected, this dramatic reduction in crack sizing
uncertainty produces an across-the-board increase in RFC gain for realistic
values of safety factor.* However, the increases are not dramatic and the

optimum benefits of the actual high-resolution probe inspection ($28,000 per

* If the effective safety factor is too low, a better inspection can increase
the number of failures. B8y comparing Tables E-1 and E-23, note that at SF

= 1, the superior inspection increased failures from 16 to 19 but produced
economic benefit by reducing renlacements from 1770 to 645.

8-10
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engine; short of perfection by $15,000) are increased approximately $5000 per
ergine to $33,000 per engine (short of perfection by $10,000). The presence
of the many other variables and constraints limits the impact of improved

tnspection.

Figure 8-4 demonstrates the effect of removing the maximum-inspection-
interval constraint. Removing this constraint produces a slightly higher
optimum benefit of over $29,000 per engine along with a dramatic shift in
optimum safety factor from 2 to 4. Again, the optimum SF is associated with
two failures (see Table E-36). Thus Figure 8-4 shows clearly the underlying
conservatism inherent fn the use of very frequent inspections. Because of the
multiplicity of inspection sites, there is a much higher probability of over-
predicting the magnitude of the largest crack in the disk than underpredicting
it.  Therefore, the multiplicity of inspection sites and high inspection
frequency lead te optimum results at a low safety factor, When the constraint
on maximum inspection interval is removed, the optimum safety factor takes on
a value (SF = 4), which is much more intuitively pleasing considering the
scatter in the fleet under study. Note the unexpected modest increase in the
number of failures from 2 to 17 (Tables E-25 through E-31) and decrease in
cost (Figure 8-4) for the large reduction of the safety factor from 4 to 2 for
the unconstrained-maximum inspection interval case., This "safety net" is due
primarily to the multiplicity of inspection sites and the 0.25-inch limit on

maximum measured crack size for return to service,

In Figure 8-4a, the effect of a limit on the maximum time between

inspection is examined in conjunction with the probabilistic-update RFC bene-

fit (Procedure No, 4), For the baseline case, the maximum economic benefit is

gained by specifying a maximum allowabie failure probability at the very high

8-12
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value, 0.05. Again, the conservatism embodied in the multiplicity of inspec-
tion sites and frequent inspections must be offset by an unreasonably large
failure probability specification to produce an optimum economic return. The
curve for the baseline case also demonstrates that the economic penalty asso-
ciated with using much lower values of maximum allowable failure probability
(Femax) s not exorbitant. In fact, because of the liberal constraint that
all disks with maximum measured crack sizes less than 0.031 inch be returned
to servicé urconditionally, the curve reaches an asymptote of approximately

$20,000 per engine for specified failure probability values less than 9.001.

The dashed cufve in Figure 8-4a corresponds to the removal of con-
straints upon maximum inspection intervals. As with Figure 8-4, the disk is
inspected at integer multiples of the minimum inspection interval. The inte-
gers are determined by the fracture mechanics, stress, and safe'y analyses.
Upon removiﬁg the constraint on Aﬁmax' the economic benefits peak at a much
more reasonable value of specified failure probability of 0.005. Note that if
the conservative and liberal aspects of the RFC procedure were to exactly bal-
ance each other, the optimum failure probability specification could be com-
puted directly from the costs, This optimum value would, at least to a first
order, simply be the ratio of replacement and failure costs which would result
in Femax = 0.00275 ($7500/$2,000,000). Thus, the removal of the constraint on
maximum inspection interval acts to balance and modestly improve the RFC pro-
cedure if the fracture mechanics, stress, and other errors are not over-
whelming., Results discussed later in this section will show how important the

use of frequent inspections is when analysis and cycle counting errors become

more extreme,

aacbndhli.
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In comparing Figures 8-4 and 8-4&, it should be noted that the optimum
return for the probabilistic update procedure 1s somewhat less than that of
the constant safety factor procedure but that the downside risk of the
probabilistic-update RFC procedure appears to be somewhat less, This trend
will continue for most of the resuits to be described below. The major
reasons why the employed probabilistic-update procedure results in slightly
lower optimum economic benefits are: (1) the use of non-optimum initial
values of the input statistical parameters a = 4 and 8 = 1 (see Appendix C)
and (2) the faiiure to apply the statistical update more often than once every
750 cycles (a major improvement in the optimum would result just by adding the
condition that the fleet be reanalyzed immediately upon any failure). While
the reduction of downside risk through statistical updates is not dramatic in
comparing Figures 8-4 and B-4a much yreater reductions will be illustrated
below for cases in which significant analytical and other errors are simu-
Tated. Thus, the major benefit of field feedback in specifying allowable life
extension is to avoid major costs or risk associated with improper choice of
SF, More frequent updates are required than used herein to raise or maintain
the optimum levels associated with the fortunate choice of an optimum constant

safety factor.

8.3.2 Effect of Maximum Allowable Measured Crack $ize

Figure 8-5 indicates the minor influence of the value specified for
maximum allowable crack size (;max) for the present study. The economic

resuits of the RFC procedure are suv constrained by other spectficatiens,

mainiy the use of very frequent inspections, that this “"must reject" crack

size value has relatively little impact. If the constraint on maximum inspec-
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tion interval had been removed, the downside risks of remaving éﬁax would be
enormous, which was pointed out for a more primitive analysis earlier in this

project.,

8.3.3 Effact of Number of Crack/Inspection/Failure Sites

Figures 8-6 and 8-7 demonstrate the dramatic effects of changing the
number of inspection sites from 10 to 1, A first order approach to the
problem might conclude that reduction of failure sites by a factor of 10
should reduce the number of failures by this same factor and result in a more
successfu? RFC proaram, However, this first-order approach ignores the
"muitiple-crack safety net“ on crack detection when inspection variations are

marily

primarily si g-cite (rather than inspector-to-inspector, time-to-time,

etc.). Many failures are prevented in the simulated results when the most
dangercus and largest cracks in the aisks are undetected or undersized while a
smaller crack (or even a false call with no crack present at all) produces a
rejectable value of 5 . For the case of one 1inspection site per disk, this

satety net is completely removed.

An initial comparison of Figures 8-6 and 8-7 seems to reveal an incon-
sistency in that the disks with 2 or 5 crack sites appear to produce at Teast
as much economic benefit as the disks with 10 crack sites while 2730 producing
more failures. However, the study of Tables E.1 through £-8 and E-61 through
£E-68 1in Appendix E resolves this apparent anomaly. The number of disk

replacements 15 dramatically reduced when the number of crack sites f{s

reduced, for any given constant safety factor,
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Two effects could reduce the safety net associated with mcre crack
sites. The first is if the physics of the inspection process and cracking are
such that factors causing the lack of detection of the crack in one disk fail-
ure site are also very likely to be present at other failure sites of that
disk. Then the inspection reliability of the failure sites would nct be inde-
pendent in a given disk, and missing one large crack could imply an unaccepta-
"ly high probability of missing an equally 1large crack at some other disk
Yocation, The second effect would be a combination of higher mean and scatter
of times to crack initiation than simulated here, Such a situation, espe-
ctally if compounded by a non-negligible probability of significant fabrica-
tion cracks at the critical location, could cause the pocr performing disks to

have only one large crack just prior to failure,

The dowﬁside risk-reduction power of the probabilistic update proce-
dure is amply demonstrated in Figure 8-8 which shows that for reasonable
specificed allowable failure probabilities, say less than 0.01, the effective
feedbark of field data provides an immediate and effective substitute for the
removal of the multiple-inspection-site safety net. Shecifica!ly, vhen com-
pared to the constant safety factor procedure, the number of failures (see
Tables E-76 through E-81) are markedly reduced for the disks with one or two
cracking sites without a cost-compensating increase in the number of replace-
ments required. Basically, the probabilistic update procedure reacts to the
initial “surprise" failures, decides something is wrong and quickly adjusts
the allowable life extensions te maintain a failure probability less than

0.01.
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8.4 Effect of Fracture Mechanics and Stress Analysis Errors on RFC
Economi¢s

8.4.1 Fracture Mechanics Analysis Errors

In Figure 8-9 are shown some effects of fracture mechanics analysis
errors on RFC benefits. For this Figure, the high rasolution probe inspection
uncertainty data was used in combination with three deterministic analysis
procedures described in detail in Section 7. The perfect deterministic curve
is the baseline discussed previousiy., The other two <urves on Figure 8-9
represent algorithms which underestimate and overestimate failure cycles Ly a
factor of 3 for a given stress. Stress analysis errors are not simulated
directly in Figure 8-9, The results demonstrate that ther: are enough con-
straints ir the procedure to easily absorb such life prediction errors. Two
key reasons that érrors have so little effect on the baseiine (RFC Procedure
No. 2) case are 1) the high frequency of inspections and 2) the ability to use
stress as an adjustable parameter to fit the observed crack sizes and compen-

sate for other errors.

The ability of the baseline RFC procedure to handle large life predic-
tion errors 1s somewhat surprising corsidering the devastating results of a
factor-of-three overestimate of failure cycles on the similar, if more primi-
tive, RFC procedure evaluated earlier in this project. In order to expiore
this dramatic difference in sensitivity to analysis errors, some of thec
aspects of the earlier RFC evaluation are reproduced in Figure 8-10, The
major differences in the past and present RFC procedures evaluated are the use
of a 15,000 cycle engine life and no 1imit on the maximum permissible inspec-

tion interval. It should be noted that the combination of a 75G.cycle disk

design life and 15,000 engine cycles implies the need for up to 19 (rather
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than 6) disk replacements and potential RFC savings of more than $100,000 per
engine. The middle curve in Figure 8-10 is a reproduction of the solid tri-
angle data points in Figure 8-9 which represent a factor-of-three overestimate
of life. This curve provides a reference for comparison with the baseline
5,200-cycle-engine 1ife case. The lower curve demonstrates the devastating
impact of the factor-of-three overestimate of life for the 15,000-cycle engine
with no constraint on maximum inspection interval, Aﬁmax' The upper curve in
Figure 8-10 shows the dramatic effect of restricting all inspection intervals
to the 750-cycle design 1ife value. Obviously, the requirement for reasonably

frequent inspections can eliminate an enormous amount of downside risk of RFC.

In Figure 8-10a, the simulations of Figure 8-10 are repeated exactly
with the single exception that the probabilistic-update procedure (No, 4) is
used rather than the constant-safety-factor procedure (Ne. 2). Again, the
downside risk associated with uniimited maximum inspection intervals and a
large anti-conservative life prediction error is easily absorbed with the
introduction of effective feedback from the field, Especially encouraging is
the near-zero impact of maximum permissible 1nsbect10n interval at reasonable

failure probability specifications less than 0.005,

Figure 8-10b shows the same three cases as Figure 8-10 but includes no
fracture mechanics anaiysis errors. Comparison of Figures 8-10 and 8-10b
demonstrates the synergism of the detrimental effects of (1) factor-of-three
life prediction error and (2) the failure to specify a maximum inspeciicn
interval. Elimination of either effect eiiminates the tremendous number of

fleld failures resulting from both effects occurring together,
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8.4.2 The Effect of Stress Analysis Errors and Estimation Technique

In Figure 8-11 is shown the effect of severe initial stress anzlysis
errors, in an otherwise perfect fracture mechanics model, on the probabilistic
update procedure'c economic return, The stress analysis errors simulated
correspend approximately to factor-of-th-ee overestimates or underestimates of
1ife, so as to be comparable to the fracture mechanics analysis errors simula-
ted previously. As seen, the errors have virtually no impact upon the RFC
eccnomics for the investigated RFC Procedure No. 4 in Figure 8-11. While not
shown, similar results were obtained for the constant-safety-factor RFC Proce-
dure No. 2. The key factors that reduce the impact of stress analysis errors
are the use of frequent inspections and the estimation of stress from measured
crack size rather than prior design analysis. Apparently, the inspection pro-
cedures investigated have sufficient accuracy tc permit economic gains through

calibration of a key parameter such as stress.

In Figure 8-12 the impact is expiored of using prior stress estimates

not subject to modification, Initially, the results are surprising until

detailed investigation 1s accomplished, The twoc upper curves are (1) the
baseline case, representing stress estimates based on inspection resuiis and
(2) the use of an unmodified prior estimate of average fleet stress 33% larger

The reason the stress overestimate produces far better

than the true valve,
grins than the perfect but unmodified estimate of stress (middle curve with
open triangles) is that the conservative overestimate of stress balances the
other errors occurring in the RFC procedure; most notably, the large cycle-

counting errors. The use of a perfect stress estimate which 1s uwmodified to

compensate the cycle counting errors results in a very poor performance

unless safety factors much larger than normal happen to have been chosen, OF

8-29




J1WOU0O] 74y SIePdN-O13SL[1GRJ0Ud UO SJ04uI SLSALRUY SS34IS |RLILUL DUBAES JO 393143

fze1-3 ybnouyy £z1-3)
$SaJIS NSLg 9brusAy
30 93ewL3S349puUn (%G7-) S43AdSvw

{921-3 ubnouus 121-3}
SSaJ1S %S|G 3beudAy
30 9JRWLISOUIAD (ZEC+) B4dASE

{t¥-3 usnosyy [g-3}
559435 ASLG IL|DA) (9beusay)
30 SLSAjPuy Ui J04JdJ [BLItU] ONe

*S3}1j0Udg
-8 34nbi4

0
[ o]
—l

XBU3, +f3111qeqodd a4n| 03 3{GeMO| |y whi)xey

1 £0° 10° £C69° 100" £000° 1000°
] T "1 7 | S | T or o
m™m
L “4ST 3
™ 9
a5
- E -1 02 Wrw
- 3
. A 452 23
I* N
—g
» -1 0t S
<
L1 2 S 1 L1 i L ¢

8-30

i I R T R




, ELS (N I N D B I A B
!
| T ‘\‘\a\xn '
¢ ’
/ \ ! e Standard Case - Perfect Initial
- 20 \ N ;) ~ Estimate of Average Fleet
v i ' Stress Subject to Modification
' -~ / ! [ISTRES = 1] for Cach Disk
‘ @ 45 b & Based Upon Inspection Results
= H J {E-1 through E-8}
& v
‘:’ 10 j / aPerfect Initial Estimate of
Q B M N Average Fleet Stress Not Subject
c ! [ISTRES = 2] to Individual-Disk,
- ) Inspection-Based Modifications
& 5S¢t ! . {£-133 through E-137}
; E ,4 aSevere (25%) Underestimate of
£ 0 H -1 Average Fieet Stress Nut Subject
£ h [ISTRES = 2] to Tnspection-Based
w H Modifications
E <5 b '; - {E-138 through E-140}
: by f wSevere (33%) Overestimate of
| o -10 ! - Average Fleet Stress Not Subject
! g ' [ISTRES = 21 to Inspection-Based
W . Modifications 143
E-141 through E~
o =15 F :' ~ { 1 throug }
'
'
-20 - &‘m‘_..‘ -
Y- S T U T T T

12345678 910
Cycle-Based Safety Factor, SF

Figure 8-12 - Effect of Stress Estimation Method on RFC Eenefits.
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course, the underestimation of stress compounds the problem. The reason the
underestimation curve 1s horizontal (solid triangles, lowest curve) in Figure
9.11, 1s the fact that it leads to no restraint on RFC for safety factors
between 2 and 6. The only reason the losses are heid to approximately $21,000
per engine are the frequent inspections and requirement that all disks with

cracks measured greater than 0.25 inch be immediately replaced,

In Figure 8-12a, the simulations of Figure 8-12 are repeated exactly
for the probabilistic-update procedure. The results are again encouraging
although the failure to adjust stress estimates to reflect inservice inspec-

tion rosults still reduces the benefits of RFC,

Ancther interesting effect is summarized in Figure 8-124 and 15 de-
tailed in the results of Tables £-148 through E-1R70 and E-153 through E-155.
This 1s a “lead-the-fleet" effect 1n which the introducticn times of new
engines intc service are altered tu gauge the effect upon the updating scheme,
The upper ("lead-the-fleet" Tables L-i4G and £E-154) points renresent completw
usage of a subfleet before the next subfleet is introduced and allow the
orobabilictic update more time to produce ontimum results. The lower puints
in the brackets correspond to ail four subtleets being introduced simultan-
eously; hence the “no-fleet-lecader™ designation in Tables E-150 and E-155.
Some updating is performed as all engines age toyether, but there is no lead
the fleet benefit in which data from old engines are fed back %o preduce
greater RFC returns for younger engyines, The results also indicate that the
lead-the-fleet effect is most pronounced when it is most needed. That fs,
when the RFC returns are alveady nea optimum, <y addition of more tnformi-

tign canaot help or hurt very much, Yowever, for the case of severe under-
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estimation of stress, where the RFC returns are lower, the lead-the-fleet

effect is more important,

8.5 Effect of Usage Estimation Errors

In Figure 8-13, we investigate the effect of the magnitude and type of
cycle-counting errors (ﬁ versus N) on RFC benefits are investigated, As shown
in Figure 2-13, all {nvestigated serious errors in cycle ccunting can be
tolerated in conjunction with the baseline RFC procedure. The most serious
type of error is the “Type 1" error that allows random changes in cycle-
counting errors from ipspection-to-inspection. The most obvious and sSerious
sequence ¢f such errors would be (1) an overestimate of past usage of an in-
spected disk, lead falce confidence regarding the lack of measured
cracks in a "seasoned" disk, followed by (2) an underestimate of future usage
leading to additional false confidence regarding the future rate of crack

growth. As seen in Figure 8-13, even Type 1 errors cannot aliminate most of

the RFC aconomic benefits.

As mentioned praeviously, the baseline situation involves Type 3 errors
in which the usage estimation error is constant over the entire 1ife of ihe
part., Tthe simuiated Type 2 errors in Figure B8-13 are the most realistic in
that they include an inftial systematic constant usage estimation error that
applies fTor the 1ife of the disk and a smaller inspection-to-inspection usage
estimcttior error. Surprisingly, the smaller Type 2 error simulated led to
slightty lower economic returns than the larger Type 2 error. This apparent

anomaly (which, detailed checking has shiown, is not due to any analysis error

or pregram "bugs“) 1s believed to be due to the complex finteraction of the

Y T )
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Figure 8-13 - Effect of Magnitude and Type of Cycle-Counting Ervor (ﬂ vs. N)
on RFC Benefits. Error Factors are pefined in Terms of Log
Aver%ges. specifically, a Factor of Two Error would Mean that
‘ Log(N/N) = GAM(0, Log 2).
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agygregately anticonservative usage estimation errors with the highly conser-

vative constraints of the RFC procedure,

In Figure 8-14, the very severe Type 1 usage estimation error 1s
examined in the context of the 15,000-cycle, rather than 5,200-cycle, engine,
This study was conducted to verify that the high frequency of inspections was
the prime reason that the baseline RFC system could tolerate these extremely
severe cycle-counting errors. The more primitive simulation conducted earlier
in this project, which involved no constraint upon the maximum inspection
interval, produced a dramati: loss of RFC benefit due to the Type 1, factor-
of -two, cycle-counting errors, In Figure 8-14 this devastating effect upon
RFC benefits is again demonstrated where even the upper curve is significantly
lower than the baseline curve of Figure 8-1(C which uses the Type 3 cycle-
counting error. Thus, with no statistical updating, the Type 1 cycle-countirg
error produces an out-of-contral failure rate if isspection intervals are too

infrequent and if engine life is much greater than disk design life.

The probabilistic-update procedure was also simulated for this huge
cycle-counting error in Figure 8-1da. Aiiiougit the probabilistic-updata pro-
cedure certainly and dramatically reduces the dosxnside risk of such severe
errors, it is not immune to large, random inconsistencies in usage estimation,
By updating more frequently, the tolerance to such errors could be further
increased, but the results suggest that large usage-estimation errors should
be eliminated. At the usually optimum spectfication of 0.005 maximum allow-
able failure probability, the combined poor estimation of usage and lack of
constraint on maximum tnspection intarval eliminate most of the benefits of
RFC. However, it is ercouraging (o note that for the more probable and con-

servative use of a 5,081 (or lower) maximum allowable failure preobability, the
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probabilistic-update procedure is able to cope with the lack of specific
external constraint on maximum inspection interval, The reason for this is
quite simple, the low failure probability specification acts as an implicit
constraint to reduce the inspection intervals to either 750 or 1500 cycles,
and it avoids the high failure rates associated with specifications of Femax =

0.005 or greater,




9.0 DEVELOPMENT OF A TEST PLAN FOR EXPERIMENTAL RFC VERIFICATIOW

The objective of this task was twofold: the first was to set general
goals and requirements that any KkFC specimen verification program {SVP) with
unlimited funds should meet, and the second was to identify through simulation
the number of specimens that would be required. Using the results of this
task, the specific SVP for the project was designed and carried out. The
details of the specific SVP for this project are described.

NS s aitonmhppioctny ph it S SR A I S -

9.1 General Goals and Requirements of RFC Specimen VYerification Program

An SVP should test RFC for a particular component; specifically, in
this program the bolt hole of the TF-33 third turbine disk, It should, to the
extent practical, realisticaily model the important factors affecting RFC for
that component. Where this is impractical, the factors should be bounded such
that the SVP will tend to underestimate the dollar gain from RFC (praferably
only a small underestimation). Given below is a list of factours that affect
the viability of RFC and that are important to duplicate in a specimen verifi-
cation program of the subject bolt hole location. '

(a) The ratio of mean number of cycles for an initiated crack to propagate
to failure, to the number of cycles for the minimum 1nspection

interval (Nprop/Ninsp);

(b) Scatter in number of cycles for an initiated crack to propagate to
failure S(Nprop);

{c) The probability of finding a crack of given size by inspec-
tion [P0 (a\a)] ;

(d) The ratio of number of cycies for propagation to number of cycles for
initiation (Nopyp/Mypie)s

(e) The scatter in number of cycles for initiation S(Ninit);

9-1




(f)
(9)

below:

1.

3.

"prop mean value;

Ninit Mean value.

Major testing parameters which affect the above factors are listed

Specimen geometry and stress gradient. These are of primary impor-

tance. The geometry of the initiating sites and the stress gradient
around them should be accurately modeled. However, the specimen
thickness need not necessarily be the same as for the actual compo-

nent, although this would probably be most desirable,

Numhar of <pecimens. As a minimum., the anpalyst needs sufficient

specimens to distinguish between RFC and non-RFC by testing statis-
tically the hypothesis that RFC benefits are positive. Furthermore,
there should be sufficient specimens such that the verification pro-
gram will apply to field conditions, given reasonable assumptions on
the shape of the probability distributions of key input variables,
Monte Carle computer calcylations are needed to determine the number
of specimens required and some preliminary results are described in

Section 9,2,

Load history/distribution, It should be practicai to include load

history and distribution variables in the SVP, provided adequate

information relevant to service conditions can be obtained, Cycle.

counting errors could be simulated here,




6.

Inspection reliability/multiple initiation sites. The SVP can be used

to obtain data on inspection reliability. The program should be
designed to represent field crack characteristics and inspection para-
meters and conditions as tar as is practical. The effect of muitiple
potential infitiation sites 1in reducing the importance of random
inspection errors could be modeled through the gang rigging of several
single-hole specimens, the use of multiple holes in some specimens,

and the computer.

Initial flaws and inhomogeneities. The presence of these may have an

impact on the scatter in cycles to {initiation. They should be
included in the SVP as far as is practical; e.q., through worst-case

notches or surface preparation.

Dwell times. For the third stage disk bolt holes, it was not neces-

sary to include dwell times in the tests. Short dwell times could be
incinded for certain components; a Jjudgement must be made on the
trade-off between dwell time and numbers of specimens tested for a
given component, It may be advisable to apply a factor to stress
levels and/or massage the experimental data in order to allow for
realistic dwell time effects.

Temperature/environment effects, It may be important te 1inciude

service temparatures and temperature variations in the SVP, Aside

from a more faithful reproduction of fatigue performance, use of




e ————

e — S ——————————————.

service temperatures might be needed to adequately simulate the

cracks' inspectability.

8. Gross blunders, Aside from the worst-case notches being considered

for Item 5 above, blunders should not be included directiy in the
SVP.  The probability of failure arising from gross blunders might
simply be estimated, simulated on the computer, and added into the
results of the SYP at the end,

9.2 Required fkmber of Specimens for SV?P

The need to simulate adequately a fleet of engines and the worst-case
tails of the probability distributions of key variables dictates that per-
specimen costs for the SVP be minimized., This requirement c¢learly rules out
engine testing, spin pit testing, and ferris-wheel testing for the majority of

an SvP,

For the component under study, specimens with one or more nales
meeting the requirements of Section 9.1 are assumed, The number of specimens
required depends on how far down the tails of the input probadility distribu-
tions the SVP intends to evaluate and on the results of the computer simula-
tion runs, As a minimum, the program should have encugh specimens to distin-
guish between RFC and non-RFC economic consequ: re3. This is equivalent to
testing the statistical hypothesis that the economic gains of RFC be greater

than zero, or some defined minimum level to make RFC “worth the trouble,*

I¥ RFC is to work, then the poartion of failures occurring in real ife

will be very smali, less than one in a thousand. With only 2 few score, or at

9.4




most, a few hundred “disks" in the SVP, it is unlikely to see any “"failures"
if field failure rates are specified., Artificially low failure consequences
can be set, so as to get some "failure" in the SVP., However, this may be a
source of unrealisw because the test resuits will not be contrclled by the far
ends of the tails of the distributions, and it is these far ends which will
centrol failure rates in actual service. GOne way around this problem would be
to test more specimens, Specimens representing 50,000 disks would be a good
number, but impracticably expensive. A second way around this problem is to
attempt, through extensive analysis and simulation, to construct scenarios
where RFC might "pass" a limited-specimen SVP but “fail" a fieid application,
Steps cen then be taken to eliminate or rule out these negative scenarios with
a better SVP., A key contribution to the SV? would then be to evaluate, by
Monte Caric simulation, how many specimens are required so that the verifica-
tion program applies to field corditions, given reasonable assumptions on the

shapes of the input probability distributions,.

In Figures 9-1 through 9-3 (and Tables E-179 through E-182) the first
step is taken to perform this analytical simulation support tTor the test pro-

- »u .
[}

Gram,

.i___ Py T B L f.l....__-_ Py

simuiations suimiarized by these
following modifications relative to the baseline cases discussed in detail in

Section 8:

i, The cost of failure has been specified as oply $150,C00. This low
leve! would produce a near-optimum economic return at specified anc
actual failure probabilities of 5%. Thus, tnis new test program
ground rule could produce a very successful economic result with, for

example, one fiilure in 20 spectmens o 5 failures in 100 specimens.

9-5
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2. No constraint has been placed upon maximum inspection interval; the
applied inspection interval is to be computed purely from the speci-
fied safety factor or allowable failure probabilfty and with no upper
limit,

3. No constraint has been placed upon the value of gmax' the crack size

at which a specimen must be retired.

4, In all cases, 1500 singlie boit hole specimen test units are simulated,
A test unit consists of the {random) number of replacement specimens
required to complete the 5200 cycle “engine® 1ife, Since it {s
assumed that both sides of the hole are rominally identical, the

variable NHOLE is set equal to 2 in the program PERFCT.

Two of the RFC procedures described in Table 7-2 were each applied
with two different specifications of cptimum safety factor or maximum allow-
able failure probability to produce the study summarized 1in Figures 9¢-1
through 9-3, The RFC gains, G, detailed in Tables E-179 througn E-iBZ, are

summarizea in Table 9-1,

Ore of the ocutput parameters of PERFCT is Ejggp, an estimate of the
sampling error associated with the 1500-test unit simulation., The use of the
+f- symbol in Table 9-1 denctes that Eygg 1s'the +/- one-standard deviation
range of G, Clearly, the error bands associeted with a 1500 unit test pro-
gram which duplicates the simulations vpuld be adequately small for showing

el
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that all four RFC procedures produce a positive test-program* gain, even for
+/- three standard deviations, However, for a smaller number of specimens (n)
in the test program, one can estimate the sampling standard deviation (En)

fron che above table with the equation

En = Elson YT5007w (9-1)
The upper and lower bounds assoctated with Equation 9-1 are plotted in Figures
9-1 through 9-3. They indicate that as few as 20 units (i.e., 20 or 30 single
hole specimens) would probably be aduquate for correctly demonstrating a

positive gain on any of the considered RFC procedures.

To a first order, one might also estimate the number of specimen test
units required to distinguish the optimum among RFC procedures as the abscissa
point where the lower bound of the more economical procedure intersects with
the upper bound of the less ecoromical procedure. Such an estimate would
require 170, 400, and 150 test units to distinguish between the RFC procedure
pairs in Flagures 9-1, 9-2, and 9-3, respectively. This is a very crude sta-
tistical estimation of the required sample size since it neither estimates the
probabilities of an incorrect conclusion regarding the comparative RFC results
nor accounts for the fact that all RFC procedures are applied to the same

group of specimens.,
A more appropriate technique would be to simulate for a test program,

for example, a group of 50 specimens subjected to each of two RFC procedures

* A recommended more thorough study wouid compare the simulation results of
the test program with corresponding results for fuservice simulation.
: o
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l




(e.g., Procedures A and B)., The same sizulation would then be appiied to a
second group of 50 simulated specimens., T.¢ applications would be repeated
for each of, say, 100 or more groups of £U specimens and the result (1.e.,
Procedure A is better, B is better, or A un? 8 are essentfally identical)
could be counted, In this manner, the nroubatiitity of reaching an incorrect

conclusion due to an insufficient number of test specimens could be calculated

as a function of the number of specimens,
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16.0 VERIFICAK!OI TESTING PROGRAM FOR RETIREMENT FOR CAUSE

e e

An experimental RFC verification testing program has been conducted to
determine whether or not RFC will "work" in a practical situation. The over-
all effort was divided into two categories which are (1) design and execution
of the fatigue testing and (2) analysis of test data for various RFC proce-

dures.

10.1 Fatigue Experiments

Gur fatique testing for RFC evaluation and verification coensisted of

six tasks:

‘ 1. sSpecimen design,
2., Selection of parameters fqr each test specimen,

3. Inspection procedure design and repeated execution during the testing
of each specimen,

4, Execution of the tests,

, . Reduction of the inspection results so as to estimate crack sizes (5)
u ' for analysis, and

6. Reduction of fatigue performance and inspection data for RF( anaiysis
and verification.

Specimen Design

While it would have been desirable to duplicate all of the TF33 third-
stage disk bolt hole geometry, this could not be accomplished, given the

limitations of the disk geometry from which the specimens were cut and the

load capacity of FaAA's testing equipment., Frcm the point of view of both

10-1
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fatigue and inspection performance, the most important difference between the
specimen and third stage disk boit hole configurations is the ratio of thick-
ness to hole diameter which is 1.37 for the disk and 0.32 for the laboratory
specimen, Aside from specific effects on the fatigue performance, as measured
by the (a versus N) curv2, the major qualitative effect of this thickness
change is to initiate fatigue cracks from the corners of the specimern bolt
hole more often than from the midthickness location., This change in crack
origin is primarily due to the reduction in the plane strain conditions and
triaxial constraint et the midthickness of the disk. Figure 10-1 provides all
specimen dimensions and details. Because of the thin web in these disks, FaAA
could not maintain a piane strain field arcund the bolt hole of the laboratory
specimens and with the same bolt hole diameter., The decizion was therefore
made to maintain the same bolt hole diameter in.an attempt to keep the same
inspection reliability for the laboratory tests as previously established for
the high-resclution inspection on the disks., As a result of this decision,
most of the laboratory cracks, initiated at the corners of the bolt holes,
This crack initiation location did not dramatically effect the inspection
results because, for this verification program, the detection of large cracks

was more important than the detection of small cracks.

19,1.2 Testing Parameters

Three different cyclic stress levels were employed to simulate the
verification in the mission cycle that might be encountered in the field. The

nominal gross section alternating stress levels used were 97.8 ksi, 105.9 ksi,

and 119.4 ksi. The frequency was 20 Hz and the R-ratfo (R = quip/gyax) Was

0.06 for the entire test program. These bolt holes typicalily operate at 450°F

10-2
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in the engine which is well below the creep region for this material. In
fact, the observed fatigue cracks found in the disk bolt holes were all trans-
granylar, FaAA duplicated the transgranular cracking mode in the laboratory
at room temperature and therefore chose to perform the entire verification

program at room tempetrature.

Three specimens were ganged in series for each mechanical test group.
When one specimen failed, the loading train was shortered and testing con-
tinued. A1l specimens were pericdically removed from the fatigue machine and
tnspected using the eddy current inspection system, In addition to the eddy
current system for inspection, surface replicas were taken on some specimens
as a means of confirming that the inspection reliability of the eddy current
system used for this verification program was the same as that praviously

measured,

10.1.3 Inspection

Inspections were performed on each fatigue test specimen. Calibration

of the

system was routinely performed using several specimens that were par-
tially cracked during the preliminary stages of this task. The inspection
system contained a Reluxtrol CREG 201 eddy curreni sensing element, a Nortec
NDT-15 Eddyscope, and a Hewlett-Packard dual pen strip chart recorder for ob-

taining permanent inspection records. A probe frequency of 5 MHz was used

A high gain of 40 and high sensitivity out-

during the inspection procedures.
put levels were used to obtain maximum overall sensitivity. Indications that
were greater than 5% of the standard calibration signal were reported as

fatigue crack indications,




The probe was fixed in the test stand, and the specimen was simul-
taneously rotated and advanced past the sensing element, This is opposite to
the field and laboratory testing that was performed earlier in this program on
actual disks. The current system is simpler for laboratory fatigue specimens
and aiso results in less electrical noise on the inspection signal. The rate
of specimen advancement was 0,025 inch per revolution. In addition to the
crack indication signal, the specific side and location of the flaw were also
recorded. A photograph of the test fixture and accompanying electrical equip-

ment is shown in Figure 10-2.

Replication of the test hole surface was made in conjunction with the

eddy current inspection for a small number of initial specimens, This per-

1 4

mitted an accurate calibration beiween inspection signal and czrack lenath
along the hole surface, A least-squares regression analysis was performed
upon these data, as illustrated "in Figure 10-3, to obtain the relaticnship
between signal amplitude and real crack size, This curve has the identical
functional form as that previously reported for high-resolution inspections of
actual disk bolt holes. Note, Figure 10-3 (i.e., specimens 191, 261, or 28G),
the tendency for a given specimen to give signais that are either consistently
below, above, or on the mean trend signai-versus-crack-size curve, over its
entire 1ife duration, This data could be aralyzed in greater detzil at a
later date to separate the effects of (1) crack growth and (2) specimen-to-
specimen variation on signal size, Having established through data regression
the best-fit relationship between signal, s, and inspection size, 5. this a(s)

equation was utilized to report the inspection resylts for each specimen,




Y

Figure 10-2 - Bolt Hole Eddy Current Inspection
Equipment.
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it would have been possible to work without the explicit inspection
crack size concept and simply to base all RFC procedures upon zllowable signal
size, Sa» However, since the developed RFC procedures use crack size esti-
mates, a, the regression relationship was used. Use of implicit s, rather
than explicit a, would have produced few differences in the results to be
reported in Section 10.2. Replication data points, a, (presumably more accu-
rate than the inspection amplitude a(s) in characterizing crack size) were not
used as input to the RFC procedures, or for any other purpose besides the

inspection-characterization regression in Figure 10-3.

10.1.4 Execution of the Fatigue Experiments

A1l specimens were cycied on the MTS machine at one of the three

A e Voroa¥m -
ICYEC 1D v

ectigne wera parformed on all
specimens at intervals based on both the stress level employed and the results
of previous inspections, While 5 to 11 inspections were typically accomp-
lished on a specimen, some specimens experienced fairly rapid failures and as
a result were inspected only two or three times. The interval of these actual
inspections has no connection with the method for simulating RFC inspection

intervais 10 be desciibed in Section 10.2.

10.1.5 Fatigue Specimen Test Results

The results from the 32 fatigue specimens is given in Table 10-1, The

table lists the actual time of each inspection, N, and the crack length, &,

for both tne left and right side of the specimen calculated ftrom the
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THE MURBER OF REC SPECIMENS I8 32. {
H

FOR SPEC & t, HITH 12 TINE FTS, THE NHAT/N RATIO IS 1.74764, ANG THE IKSPICTION & FAILURE HISTORY 18:
INSPECTION OR FAILURE CYCLES MEASURED LEFT CHACK MZASURED RIGHT CRACK

4000. 0.0080 0.0
5000. v.oe2s 0.0

5509. 6.0390 0.0

6000. 6.0550 2.0156

6500, 0.0680 0.0228

700", 0.0675 0.0360

750: . 0.0706 0.0400

80090, 0.1285 0.0500

2500. 0.1228 0.0550

9000. 0.1278 0.0725

- 9500, 0.2728 0.2075 )

$550.  FAILURE POINT:  N/A N/A NS= 16690

FOR SPEC @ 2, WITH 9 TIME PTS, THE NHAT/N RATIO IS 1.13798, AND THE INSPECTION & FAILURE HISTORY 18:
INSPECTION OR FAILURE CYCLES  MEASURED LEFT CRACK PMEASURED RIGHT CRACK

14000. 8.0 0.0055

15000. 0.0 0.0078

16500. 0.9088 0.0200

18000, 0.0200 0.0225

20000, 0.0313 0.0300

22900, 0.0625 0.1080

24000. 0.0525 0.1840

20, £.185¢ .22

26310. FAILURE POINT: N/A N/A M3 20940,

FOR SPEC ® 3, WITH & TIME PTS, THE RHAT/H RATID 13 G.99331, AND THE INSPECTION C FAILURE HISTORY ISt
INSPECTLv .« OR FATLURE CYCLES MEASURED LEFT CRAGK  MEASUREDR RIGHT CRACK

4000, 0.0 §.00688
4800, 8.6073 0.0147
Booe. 0.023% 0.02%4
5500. 0.0646 0.0580
6000. G.2104 0.1967
6030. FAILURE POINT: NA N/A XNSx 5990,

FOR SPEC & &, WITH & TIME PTS, THE NHAT/N RAYIO IS 0.$3238, AND THE INIPECTION & FAILURE HISTORY IS:

INSPECTION Ok FAILURE CYCLE3  MEASURED LEFT CRACK  MTA! RED RXIGHT CRACK

25600, 0.917¢ §.0238 ¢
. 30000. 0.0588 0.087¢

35000. 0.1099 . 0.1636

38290. FAILURE POINT: N/7A N/A #Ng= 38617,

Table 10-1 - Complete Results of Fatigue Experiments Specimen Inspections.

4 w‘%‘?'ﬁi”wm"mmwvmmwm-.-. .
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FOR SPEC & 5, NITH & TIME PTS, THE NHAT/N RATIO IS 0.99299,  AND THE INSPECTION & FAILURE HISTORY I3:
INSPECTION OR FAYLURE CYCLES  MEASURED LEFT CRACK  NEASURED RIGHT CRACK

10000. 0,0029 0.0028
15900. 0.6088 0.c6088
15660. 0.0102 0.0088
16510. 0.UtYT 0.0088
17500. 0.035¢2 0.0132
20000. 0.1706 0.0823
22500. 0.2184 0.1967
22750. FATLURE POINT: NZA NZA XNS=z 22594,

FOR SPEC 3 o, HITH 7 TINE PTS, DT WHAT/N RATIO IS 1.18961, AND THE INSPECTION & FAILURE NISTORY ISt
INSPECTION OR FAILURE CYCLES  NEASURED LEFT CTATK  MEASURED RIGMT CRACK

25000. 0.0 0.0088
27500. 0.0 0.0764
30090, 0.0 0.1316
32500. 0.0 0.1793
35009. 0.0132 0.2314
37500. 0.0611 0.2531
396900, FATLURE POINT: A NA Ase 485921,

FOR SPEC 8 7, WITH S TIME PTS, THE NHAT/N RATIO IS 1.34178, AND THE INSPECTION & FAILURE HISTORY IS
INSPECTION OR FAILURE CYCLES  MEASURED LEFT CRACK  MEASURED RIGHT CRACK

. 20000, 0.0411 0.0073
. 21030, X 9.0§47
2i566. 0.08¢e2 0.0294
£5000. 0.2140 0.064%
25360.  PAILURE POINT:  N/A N/A XN3: 34028,

FOR SFEC & ©: WITH 6 TIHE PT5, THE HHAT/N RATIO IS 1.1799%, AMD THE INSPECTION & FAILARE HISTORY ISt
INSPECYION OR FAILURE CYCLES MEASURED LEFT CRACK HMEASIRIED RIGHY CRACK

$500. 0.0 0.0117
6000. 0.0 0.02%
6500. 0.0073 0.0617
7000. 0.0176 0.1099
7500. 6.029% 0.1489
7790, FAILRE POINT! N/A T2 B 9igd, !

FOR SPEC ® 9, WITH 10 TIME P73, THE MNHAT/N RATIO IS 9.43243, AND THE INJPECTION £ PAILURE HISTGRV ISt
INSPECTION OR FAILURE CYCLES  MEASURED LEFT CRACK  MEASURED RIG T CRACK

17500. 6.0029 ¢.0029

20090. 0.0044 0.0044 .
' 22505, 0.004% 0.0564
! 25000, 0.0044 0.0004

27509, 0.0161 0.0088

30000, 0.0338 ¢.0558

32500, 0.0858 0.1229

35000, 0.1085 0.2053

37560, ¢.1880 3.2791

37520, FAILURE POINT: NA N/A XNSE 16005,

Table 10-1 - (continued)




FGR SPEC © 10, WITH S TIME PTS, THE MHAT/H RATIO IS 1.33714, AND THE YNOPECTION & FAILURE HISTORY Il
INSPECTION OR PAILURE CYCLES NMEASURED LEFT CRACK  MEASURED RIGHT CRACK

i 7500. 0.044¢ 0.6
j 19000. 0.0798 0.0
: 12500, 0.1188 2.0
! 15600. 0.1706 0.0564
170690,  FAILURE POINT:  N/A N/A ¥N3=  22852.

FOR JOEC @ 11, WIVH 4 TIME PTS, THE MHAT/N RATIO IS 0.764003, AND THE IMSPECTION & FAILUKE HI3TORY 13:
INSAICYION OR FAILUNE CYCLES  MEASURED LEFT CRACK NMEASURED RISHT CRACK

PP L i

4000. 0.0 0.0235
: 4§00, 8.0 8.0413
X009, 0.0073 0.079}
‘ ° 5330, FAIURE POINT: N/R N/A XH3= 4073,

- FOR SPEC & 2: WITH « TIME PTS, THE MRAT/N RATIO 1S 0.70552, AND THE INSPECTION & FAILURE MISTCRY ISt
INSPECTION DR FAILURE CYCLES  MEASURED LEFT LRATE  HEASURED RIGHT CRACK

9%N0. 6.50%0 0.0208
15300, 0.0117 0.064%
131000 0.0705% 2.1055
11700, FALLURE PQVMT! NFA N/A XN 5285,

i ] POR ZPIC O 3, NITH & TIME PT3, THE HHAT/N RATIZ 18 1.47725. AND THE IMSSECTION & FAILURE HISTORY IS

INSDECTION ©f TAIIEME CVILI®  MuAMRED 'EFP CRALK MEAMURED RIGHT CRACK

A000. : 0.0 0.0411
8060, Q.08 0.0%0
1 240 B 0.0441 0.1666
f9x0. FATLURE POXNT: NZA H/A XNSs 9929,

FOR SPEC @ 14, HIVH 4 TINT PTS, YHE HHAY/ZN RATIO IS 1.04789, AND THE INSPECTION C FAILURE HISTORY IS:
INSFECTION OR PAXLURE CYCLES  MEASURED LEFT CRACK  MCASURED RIGHT CRACK

e wev, h SN ¢ waINE T e .
!

. 10988, 0.6073 0.0382

|| 18500, 0.013¢ ©.0838

N 18600, 0.02% 0.1316

Pt emama FAYIILIE mOTLT. [YyTY s WuRw  casmL

i .
!

,. BOR SPEL 8 15, WIMN B TINE PTH, YHE MMAY/N RATID I8 0.3269¢, AND THZ INSPECTION & FAILURE MISTORY ISt
INGPECTECK OW FAILURE CYCLES MEANRED LEFT CRAUK  MEASURED RIGHT CRACK

- 17500. o.0028 0.0
( . - 29600, 6.1533 0.0323
12800, 0.2053 0.0852
£5099. 6.2083 0.1619
BLEAL.  FATLGHE POINTT KR N/A XS 9490,

Yable 10-1 - (continued)
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FOR SPCC & 16, WITH 13 TIME PTYS, YHE NHAT/N RATIO IS 0.61076, AND THE INSPFECTION L FAILURE HISTORY I9:

INSPECTION OR FAILURE CYCLES  NMEASURED LEFT CRACK

9000. 0.0 0.0117
950¢. 0.0 0.0205
10000. 9.0 0.0342
10500. 0.0 0.0529
11000. 0.0 0.0617
11500. 0.0 0,0705
12000. 0.0117 0.0925
12500. 0.0191 0.1185
13000. 0.0205 6.1402
13509. 0.6235 0.17%0
14000. 0.0323 G.1987
14500. 0.0588 0.2314
14799, FAILURE POINT: N/A NZA

MEASURED RIGHT CRALK

XN3= 11991,

FOR SPEC 8 17, WITH & TINE PTS, THE NHAT/N RATIO IS 1.6927¢, AND THE INSPECTION C FAILURE HISTORY 18:

INSPECTION OR FAILURE CYCLES  MEASURED LEFT CRACK  MEASURED RIGHT CRACK

17500. 0.0 0.0793
20600, 0.0 0.0966
22500. 0.029 6.2601
26110. FAILURE POINT: N/A N/A

XN3x 40811,

FOR OPEC & 18, WITH 7 TIME PVY3, THE NHHAY/N RATIO I8 1.61053, AND THE INSPECTION L FAILURE KHISTORY I%:

INSPECTICN OR FAILURE CYCLES MEASURED LEFT CRACK

8000. 0.0 0.0176
asus, a.n e. 0670
9000 6.0 G.0793
$500. 0.0 0.1012
10000 V.0073 0.1750
10500. 0.0352 9.2097
10990. FAILURE POINT: N/A N/A

NEASURED RIGHT CRACK

XN3: 17700,

FOR SPEC & 19, WITH © TIME PTS, THE NHAT/N RATIO IS 3.02453, AND THE INSPECTION & PAILURE HISTORY I8!

INSPECTION OR FAILURE CYCLES MEASUREC LEFT CRACK  HEASURED PIGHT CRACK

5000, 0.9 0.0058
5500. 0.n G.0938
6000. 0.0 0.0083
6500. 6.0 0.6176
7000. 0.0117 0.0323
7500. 0.0264 0.558%
8000. 0.0676 0.0882
2500. 0.1923 0.2083
a7na. FATLURE POINT: N/A RA

NS L6IAA.

FCR SPEC ® 20, KITH 4 TIME PTS, THE NHAT/M RATIO I8 2.23401, AND THE INSPECTION t FATLURE HISTORY I3:

IMNSPECTION OR FAILURE CYCLES

15000.
17500.
Zocne.
22070.

MEASURED LEFT CRACK  NEASURED RIGHT CRALK

0.0470 0.0176

0.1012 0.0705

0.1229 6. 197
PAILURE POINT: NA NA

Table 10-1 - (continued)
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FOR SPEC & 21, WITH & TIME PTS, THE NHAT/N RATIO IS 1.37682, AND THE INSPECTION & FAILURE HISTORY 1S:
INSPECTION O FAILURE CYCLES  MEASURED LEFT CRACK  MEASURED RISHT CRACK

5000, 0.0058 0.0

$500. 0.0147 u.b

6000. 0.0235 6.017¢

4500. 0.04%9 0.0176

7000. 0.0793 0.026¢

7500. 0.1185 0.0470

8000. 0.1876 0.0617

83%0. FAILURE POINT: N/A N/A ¥NS: 11552,

FOR SPEC & 22, WITH 5 TIME PTS, THE NHAT/N RATIO IS 1.39592: AND THE INSPECTION L FAILURE HISTORY IS:
INSPECTION OH FAILURE CYCLES  MEASURED LEFT CRACK  MEASURED RIGHT CRACK

20009. - 0.0176 0.0073
22500. 0.0646 0.0147
25000. 0.1359 0.0588
27500. 2.2006 0.2006
27870. FAILURE PQINT: N/A N/A KNSz 46478,

FOR SPEC & 23, MITH 2 TIME PTS, THE NHAT/N RATIO IS 2.16755, ANG THE INSPECTION & FAXLLRE HISTORY I18:
INSPECTION OR FAILURE CYCLES MEASURED LEFT CRACK  MEASURED RIGIT CRACK

7500. 9.0058 o.082%
9060. FAILURE POINT: N/A N/A XNSz 21372,

FOR SPEC 8 24, NITH & TINE PTS, THE NHAT/N RATIO IS 2.643308: AND THE INSPECTION L FAJLURE HISTORY I3«
INSPECTION OR FAILURE CYCLES  NEASURED LEFT CRACK  MEASURED RIGHT CRALK

15000, 0.013¢2 0.0117
17500. 0.0382 0.0176
20009. 0.1099 0.0793
22000. FAILURE POINT: N/A N/A MNS: 53546,

POR SPEC & 2B, WITH & TIME PVS, THE MMHAT/N RATIO 18 0.70285, AND THE INSPECTION L FPASLURE KISTORY IS:
INSPECTION OR FAILURE CYCLES HMEASURED LEFT CRACK  MIASUREC RIGHT CRACK

anne, a0 o= 2,8
8500, 2.6332 0.9
9000. 0.0529 0.0
9500. 0.0558 0.9
10000. 0.0676 0.0
10800. 0.1012 0.0
11000. 0.2010 9.0
11350.  FAILURE POINT:  N/A NA wiss 7977,

FOR SPEC & 26, WITH § TINE PTS, THE NHAT/N RATIO I3 1.61056, AND THE INSPECYION £ FASLURE MIBTCRY IS
INRPECTION OR FAILURE CYTLES  MEASURED LEFT CRACK  MEASURED RISHT CRACX

12500. 0.0 0.002Y
15000. 0.0 0.0238
17500. 6.0 0.0550
20000. 0.9 0.1063
21930. FAILURE POINT: N/A NA XNz 33869.

Table 10-1 - (continued)




FOR SPEC & 27. WITH 3 TIME PTS, THE NHAT/N RATIO IS 0.69602, AND THE INSPECTION & FAILURE HISTOR¢ ISt
INSPECTION OF FAILURE CYCLES  HMEASURED LEFT CRACX  MEASURLD RIGHT CRACK

10000, 0.03% 0.0
15000. 0.21084 0.0382
15660, FAILURE POINT: H/A N/A XNSE 10760,

FOR SPEC & 28, NITH 6 TIME PTS, THE MHAT/N RATIO IS 0.95790, AMD THE INSPECTIOR & FAILURE HISTORY 1S
INSPECTION OR FAILURE TYCLES  MEASURED LEFT CRACK  MEASURED RIGHT CRACK

5000. 0.0 0.0235
5500. 0.0 0.0411
6000. 0.9 0.0588
6500. 0.0 0.1316
7009. 0.0264 0.16489
7270. FAILURE POINT: N/A R/A XNS= 6964,

FOR SPEC & 29, WI™ 5 TIKE PTS, THE NHAT/N RATIO IS 1,04550, AND THE INSPECTION C FAILURE HISTORY IS
INSPECTION OR FAILURE CYCLES  MEASURED LEFT CRACK  MEASURED RIGHY CRACK

15000. 0.0 0.0044
17500. 0.0205 0.0044
20000. 0.1099 0.0147
22500. 0.1921 0.052¢9

24600, FAYLURE POINT: NA N/7A W32 £57%9,

FUR 3SPEC & 30, WITH 3 TIMD PTS, THE MMAT/N DATID IS 0.94184, AND THE IMSFECTION & FAXLUR: HISTORY IS@
INSPECTION OR FAILURE CYCLES HEASURED LEFT CRACK  MEASURED RIGHT CRACK

7500. 0.0050 0.07%3
10000. 0.131¢ 0.16%9
10500. FAILURE POINT: N/7A N/A AN3= 98O,

FOR SPEC € 31, WITH & TIME PTS, THE MHAT/N RATIO IS 0.71117, AND TRE INSPECTION & FATLUBE HISTORV Ids
- INSPECTION OR FAXLURE CYCLES  MEASURED LEFT CRACK HMEASURED RIGHT CRACLK

10000. 0.00858 0.0385¢
15000. 0.1444 0.1706
15460, 0.1876 0.1830
16510. FAILURE POINT: N/A WA e 1I7AL.

FOR SPEC ® 32, WNITH & TIME PYS, THE NHAT/N RATIO IS 0.92242, AND THE INSPECTION & PAILURE HISTORY IS:
INSPECTION OR FAILURE CYCLES MEASURED LEFT CRACK  MEASURED RIGHT JRACK

10860, 0.0 0.1053
12500. 0.0 p.1750
15000. 0.0 €.2357
16150, FATLURE POINT: N/A N/A XK= 14697,

Figure 10-1 - (continued)
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inspection signal and the regression curve in Figure 10-3. In addition, the

actual number of cycles to specimen separation is given.

Since the inspection focused on the crack length projected on the
inner diameter of the bolt hole, failure for the analytical phase of this ver-
ification program has been defined as a crack across the entire 0,2-inch
specimen thickness; i.e.,, a = 0.2 inch denotes a failure. The N¢ values given
in Table 10-1 represent complete rupture of the specimen. However, this incon-
sistency in the failure point definition is negligible since, on average, the
time to rupture was equal to 1.06 of the time for the crack to reach 0,2 inch
and, at most, the time to rupture was 1,16 of the time to produce a = 0.2

inch,

In order to simulate cycle-counting errers simiiar to those investi-
gated in the TF-33 fleet analysis, the actual number of specimen fatigue
cyclies as multiplied by a number which could vary between 0,32602 and 3,02453.
The specific number for each of the 32 specimens is given in Table 10-1 as the
NHAT/N ratio, The precedure was to choose values randomly between these two
limits &nd to maintain this ﬁ/N ratio for the l1ife of the specimn. The
perceived time to rupture for each specimen, ﬁf = XNS, is also given within
Table 10-1, It was verifiad that the probability distributien of the ﬂf
values, which ranged from a low of 4032 cycles for specimen number 7 to a high
of 53,274 cycies for specimen 16, reproduced the probability distribution
previously determined for the TF-33 disk population we inspected. It should
be noted that reasonadle agreement between investigated PD(ﬁ) distributions is
somewhat fortuitous due to the small sample of specimens subjected to this

cycle-counting simulation procedure. Thus, the program PERFCT was used to

10-15




simulate a much larger fleet of specimens, namely 1000, to insure that the
overall scatter ¢f PD(ﬂ) is in fact in agreement with the TF-33 probability
distribution, The N values are used for the specimens throughout the simuia-
tion study which follows in Section 10,2, with the exception of one series of
computer runs in which actual N data was input into the RFC procedure to
determine the effect of cycle-counting errors for the small 32-specimen popu-

lation.

10.2 Analysis Of Fatigue Experiments For RFC Verification

Two major tasks were performed to test and analytically evaluate
several RFC procedures for the specimen data generated in Section 1C.1. The
first task was the creation of software to execute the various RFC procedures
using real fatique data, ing

PERFCT program, The second part of the effort was to actually execute the

analysis using the various RFC procedures with the new software.

10.2.1 Scoftware Development

In order to take advantage of the many improvements to computer
program PERFCT developed on a related FaAA project [4], the computer program
PERFCT.VER2 was used as & starting point. All software changes to produce
PERFCT.VER2 from PERFCT.VER1 are documented in Reference 4. The major reason
for using PERFCT.VER2 is the improved ability to characterize any crack propa-
gation behavior or prediction through tabular input of the (2 versus N) curve

or data,

10-16
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The procedure actually used to input a life prediction to all RFC
procedures is shown in Figure 10-4. Curve A was based upon the first specimen
tested which was used to simuiate a laboratory test program that might be con-
ducted before hardware was introduced to service. Plotted 2s a dashed line on
the same figure, curve B, is the average of several specimens that were tested
at the median alternating stress level, Ac = 105.9 ksi. As one can see, the
curve employed for mest of the RFC evaluation was, by chance, too optimistic,
such that it adds an anti-conservative element to the RFC procedure. Curve C,
to the left, rerresents the poorest fatigue performance of the specimens
tested at Ao = 105.9 cr 119,4 ksi., It was employed in a limited sensitivity
study to determine the impact of using a different 1ife prediction on the RFC
procedura results. The two solid curves in Figure 10-4 were accurately input
in tabular form to PERFCT.VER2 by discretizing them into many piecewise linear
segments, This RFC verification software program is called PERVERT (probabil-

istic engineering retirement f - cause verification tester).

In addition to the four procedures outli:ied in Table 7-2 and repeated
in this section for convenience, as shown in Table 10-2, a more primitive RFC
procedure reflecting an unalterable maximum ailowable flaw size criterion is
ais are set at a constant vaiue, in
this case XNMIN equals 1000 cycles and if a perceived flaw size a greater than
the allowable of Sa the specimen is rejected by the RFC procedure, Otherwise,
the specimen is accepted, There 1s no limit on the maximum allowable crack
size used for procedures RFC 1 through RFC 4 (the primitive procedure fis
numbered RFC G). There is no provision for replacing specimens as there is
for replacing disks within an engine. Each specimen is run until it is

rejected or fails. As will be seen below, the RFC procedure is given credit

10-17
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for using as much of the tife of the specimen as is possible withoui causing a
failure; failure is defined as a crack all the way across the thickness at the

inner diameter of the hole, & = 0,2 inches.

The complex cost algorithms used to evaluate TF-33 and I'-100 proce-
dures wiave heen ~eplaced with a much simpler algerithm, This simple algorithm
reflects the fact that there is no specimen replacement or repair simulated so
that the orly two costs are inspection and average failure cost. The cost to
inspect a specimen «as set at $10n0 and the average specimen feiiure cost was
set at 4100,000. As discussed in Section @, the failure cost has beern set
artificially Tow in oider *0o encourage RFC procedures which can result in

failure rates on the order of 1 or 2 in the 32-specimen population,

The Tast item was to st the maximum useful life of the specimens and
the design 1ife of the specimens. For this RFC verificativn testing, the
specimen design life (PL) was set at 2000 cycles and the maximm useful life
(Q) was set at 55,000 cycies. This latter value is effectively infinite in
that it exceed; the maximum actual Vife of cvery specimen. Therefore, no RFC
procedure was abie to retire a specimen on the basis that its life had been

ucad an
usaf dp.

As was done prewiously for the fleet simulation, these 32 specimens
were divided into 4 groups of 8. The starting time for each specimen group
@as then stagaered to permit tne program PERVERT to learn from the past
fleet's perrurnance, The first group was started at time 0, the second group
Wes startec at 4000 cycles, the third group was started at 8000 cycles, and

the fourth group was started at 12,000 cycles.
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10.2,2 RFC Procedure Results and Verifications

The raw experimental data or Table 10-1 were irput to the progeam
PERVERY to test the five RFC Procedures, 0 through 4. Major results of these

simuiations are tabulated in the remainder of this section.

Primitive RFC Procedure (No, t). Table 10-3 shows the effect of

changing the allowiable fiaw size as part of the primitive RFC Procedure 0.
The takle shows that more than haif of the total available RFC cycles are
obtained from the specimen population, before the first failure is encoun-
tered. Note that since this primitive RFC procedure involves only a maximum
allowable flaw size criterion, the over-estimation of the crack growth life
associated with the curves in Ffigure 19-4 plays no direct part, Thus, tne
table simply reflects that specification of an allowable flaw size somewhere
between 20 and 50 mils would result in optimum performance for the small RFC

verification specimen pepulation.

RFC Procedure No, 1: Censtant Safety Factor and Crack Growth Rate

Prediction. Results of applying RFC Procedure No. 1 with an overly optimistic

and unadjustable crack growth rate prediction are summarized in Table 10-4.
Failures are encocuntared aven with id. An unrea-
listically high 1life-base safety factor o 7 is required tv optimize RFC
costs-per-cycle, under the assumed ratio of inspection and fatluve costs, For
sgfety fautoers of § and &, which are usually quite reasonable, 6 and 5 fail.
urcy, were suffercd, respectively, of the 32-specimen populztion: this clearly

skows the «ffect of the unaltercble anti-conservative life predictions used in

RFC Procedure No. 1.
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RFC Procedure No. 2: Constant Safety Factor withi Adjustable Life

Prediction, Dramatic improvement occurred using RFC Procedure Ho, 2 tov alter
the life prediction, on a specimen-by-specimen basis, according to the per-
ceived inspection site, a is shown in Table 1G-5, While unreasonably high
safety factors of 7 to 10 are required to eliminate failures and optimize the
RFC procedure costs, the safety factors of 4 and 5 result in much better per-
formance than with RFC Procedure No, 1. Under the assumed cosi constraints,
the 0.79 cent par cycle resulit foir this RFC procedure has turned out to be the
best result obtained for any RFC procedure and parametric snpecification
employed 1n this study. The attainment of 77% of the maximum possible life of
the specimen population, while encountering only a single failure, appears to
be a very impressive performance. Equally impressive is the raosult undzr a
safety factor of 10 in which 71% of the total available Tife of the specimen

population was obtained without failure,

RFC Procedure No. 3: Constant Life Prediction with Probabilistic

Update on Return-to-Service Intervals, Improvement of incorpcrating probta-

bilistic update procedures intc the RFC Procedure No, ! is indicated in Table
10-6, Specified maximum allowable failure probabilities of 0,03 to 0,02
represent optimum performance although the overall levels achieved appear to
be inferiovr to those due to the deterministic adjustment to the life predic-
tion algorithm shown in Table 10-5. While no definitive conclusions can be
made because of the small RFC verification specimen population, a proba-
bilistic update procedure could be improved well beyond the current level
achieved by reducing the overprediction of residual life that results under
low failure costs and high failure r.tes on the order of 0,01 for a return to

service interval are tolerable,

1G-24
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RFC Procedure No. 4: Adjustable Life Prediction and Probabilistic

Update Both Included. Results of employing what is nominally the most

advanced RFC procedure are documented in Table 10-7. There are essentially no
significant differences between the results of Tables 10-6 ana 10-7 which
indicates that the two positive updating benefits of alterino ine life predic-
tion on & specimen-by-specimen and probabilistic updates of fleet performance
as & whole are not synergistic in the current application. Recall from the
TF-33 study that much more synergism was apparent in that RFC Procedure No. 4
was capable of resisting very large life predictions and cycle counting
errors., Again, the lack of synergism in the verificaticn populaticn 1is
believed due to the current probabilistic update procedure anda the presence of

small fleets with high failure rates.

Effect of Eliminating Cycle Counting Errors with RFC Prgcedure No. 4.

in comparing Tables 10-7 and 10-8, we note little or no improvement associated
with removing the cycle counting errors. Based upon the extensive investioca-
tion showing large effects of cycle counting errors on the TF-33 large fleets
with low failure rates, it is clear that the RFC verification population was

too small to bring cut the worst features of large c¢ycle counting errors,

Limiting the Maximum Allewable Return to Service Interval, In

Tables 10-9 and 10-10, RFC Procedure No., 4 is investigated for finite values
of XNMAX, the maximum allowable return to service interval. In comparing
Tables 10-9 with 10-7, the imposition of XNMAX = 1000 cycles is restrictive

enough to produce siightly higher optimum costs. However, the lack of fail.

ures for all values of F, less than or equal to 0.05, indicates that this

e et 3 S S g R TR A T e et A e g -
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imposition results in a more forgiving RFC procedure and a “flatter curve" of

RFC costs versus Fa‘

Table 10-10, with its maximum inspection interval of 2000 cycles,
appears to improve the RFC Procedure Ho. 4. This can be seen by comparing the
RFC costs per cycle in Tables 10-10 and 10-7. Since an optimum probabilistic
update procedure should utilize maximum flexibility, the fact that restric-
tions of the inspection interval improved performance indicates that the

probabilistic update RFC procedures used herein can be improved.

10.2.3 Discussion of Results

The comparisens made in Section 10.2.2 indicate that, especially under
such unfavorable conditions as an overly optimistic 1ﬁ1t1af life prediction,
deterministic or probabilistic update, combined with enough flexibility in the
RFC procedure to respond to field problems, can have a marked improvement on
the performance of the RFC system. The fact that tne probabilistic procedure
did not out perform the deterministic update procedure is not considered sig-
nificant, but rather i3 an artifact of employing a procedure designed for
large, low failure rate fleets to a small high failure rate specimen popula-
tion., Some further studies have verified this belief by indicating that the
population size of 32 was not enough to permit substantial improvement of the
probabilistic update results with either more (1) lead-the-fleet cycles, :.

(2) accuracy in the initial 1ife prediction (a versus K) curve.

It is verified by the RFC wverification tests that RFC, with some
reasonable feedback and updating flexibility, can be successfui for making

return-to-service decisions for components similar to the TF-33 third stage

10-32




E turbine disk, This RFC verification test evaluation indicates tnat the proba-

bilistic update procedures developed herein can be further improved; it is
also clear that such improvements cannct be accurateiy verified using small
specimen populations, but will require simulation of large fleets and actual

field experience to truly evaluate optimized RFC systems designed for large,

Tow-failure rate fleets.




————

11.0

CONCLUSIONS

The inspection reliabilty of three eddy current 1inspections has been
determined and found to be adequate for an RFC procedure whose critical
crack size is similar to the bolt holes in the TF-33 third stage disk.

The preinspection material quality can be determined through analysis of
non destructive inspection results.

Large potential cost savings have been demonstrated through RFC simula-
tion and verified by laboratory testing.

Four RFC procedures have bzen developed, tested using Monte Carlo simu-
lation, and shown to result in cost savings.

Sensitivity analyses with Monte Carlo simulations show that the optimum
RFC procedure should include both a specific component feedback and
rejection decision update capability.

The laboratory verification test program has demonstrated that a variety
of RFC procedures are very cost effective,
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APPENDIX A
A BRIEF IXIRODUCTION 10

MONTE CARLO SIMULATION

Monte Carlo simulation i3 2 method for solviny complicated technical
probability probiems, such as the evaluation of a Retirement-For-Cause
precedure in the face of systematic errors and random viriation and uncertain-
ties of processed data. which cannot be solved directiy without questigsnable
approximations. In a Monte Carlo soiution, the given problem is replaced by a
mathematical or engineering model y = f(xi;ai) which can be solved numer-
icaliy. This engineering wmodel is called a simuiation, the x; are variables
and the &; are constants. Many of the engineering parameters of the problem
are random variables, In the simulation, the random variables X are repre-
sented not by single-point typical or worst.case values but by specific
cumylative distributicns Fy{x), Then 2 valug ix specified for each variable
by choosing a numbher at random from its corresponding distribution. Figure
A-1 shows the procedure for selecting each X; at randem. Each set of values,
when substituted into y = f(xi; aj) determiues an answer Y (one data point)
used to help estimate F(y), the desire2 probability distribution of the
dependent variable. This single data paint constitutes one trial., Accurate

LS TR Y N
Latvurave

Am ~f Cl) aam ha
iU O vy < vl

y) can
with the aid of a computer, in sumnaiy, Monte Carlo simulation is an
artificial generation of & statiscical sample of Y, which in this case repre-
sents, first, faflure times or ages of a disk popvlation and, second, the
outcome of events and financial losses and gains of the RFC procedure under
investigation. in order to cziculaiz tkase RFC gains, it {s necessary to

embed software to simulate all zspecis of actual and estimated fatigue perfor-

A-1




1.0

] )
Tpd(u) 9999
Linear Scale
PD(xs) Weibull
Distribution
, Scals
(2)
L e 793 | e o
-~ |
e . ! 1
’ : O Experimental |
! ; e Input Points -
' ! ‘
1
1 | : »—e Interpnlation
( ): ! Used
0 1
-6
: - 10 ; .
0 793 1 i T
u (Linear Scale) x; (Log Scale)

Uniforn Distribution: Any value

n,.n .
of "u" batween 0 z2nd } has an

equal probability of beinq
sclected.

1. Use uniform distribution random-number generator to select a value of "u"
(e.g., u = 0.793)

2. Enter cumulative distribution scale at u where u = PD(xi(u))

3. Using the piecewise Weibull interpolation, calculate T, where t = xi(u)

For the example shown above, P(xi < 1) =0,793. In general,

P(xi <T) = P(x.i < xi(u)) = PD(xi(u)) =y

Figure A~1 - Monte Carlo Simulation Procedure Used to Select a Value of One

¢f the Input Random Variables, Xy -
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mance of each hole in each disk within the Monte Carlo simulation computer
program, Each trial yields an RFC gain or loss; enough trials yield a prob-
ability distribution, with the desired scope and accuracy, of the average RFC

gain, G,

The Monte Carlo method is a brute force numerical approach which has
essentially no limitations with regard to the complexity and scope of the
problems it can attack. The method’'s major drawback is that an extremely
large amount of computer programming and execution time and cost may be neces-
sary to gercrate enough samples of Y to obiain the desired accuracy at the
upper anc lower portions (tails) of the probability distributions. To summa-

rize with a reasonable analogy, the Monte Carlo method is to prebabilistic

analysis what the Finite Element method is to stress anaiysis.
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APPENDIY C
DETAILS OF THE PROBABILISTIC- OR

STATISTICAL-UPDATE ANALYSIS OF THE FLEEY

It is anticipated that for most components, the design and RFC analyses
will be accurate enough to be used throughout the life of the fleet and not
require major changes. However, given the complexity of the physical phenom-
ena involved (such as fatigue crack growth and initiation) and the procedures
themselves (with varying degrees of inspection uncertainty and complex con-
straints), occasional surprises will occur. To prepare for these inevitable
problems (and also, for trouble-firee components, to allow for gradual relaxa-
tion of the usually conservative procedures as field data become available) a
nearly-continuous statistical update of the RFC proredure, based on field
performance, is desireable. For the current studies, such a procedure has
been developed. While the procedure does not consider every aspect of the
overall RFC problem for a multi-component and multi-failure-mode engine, it
captures the major characteristics of an effective staristical feedback 1loop

based upon field performance,

The deveioped procedure is a trade-off hetween (1) providing effective
feedback into the RFC decision-making algorithm and (2) providing enough
simplicity to allow development, software incorporation, and detailed evalua-
tion within the limitations of these studies. The major capabilities and
limitations are listed in Appendix B in the comment cards of the applicable

PERFCT computer program,

figure C-1 was previously described in the text (Figure 7-6) and is

reproduced here for convenience. It 1llustrates the major aspects of the

C-1
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re=t/tp= (Actual/Predicted) Times to Failure

Figure C-1 - Schematic Guide to Procedure for

Setting Maximum Time (t,) to Next RFC
Inspection. Past Expergence, Field
Failures, and Successes are Used to
Estimate o and 8 and to Continually
Update These Estimates. Then, at any
and Maximum Allowabie Failure
Probability Femax, we can Calculate
(r24 t2) Graphically as Above, or
from £G. (7-17b).
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statistical update procedure. A two-parameter Weibull distribution is used to
characterize the field performance data., This distribution was chosen mainly
for its ease of mathematical application to the problem and, in part, based
upon 1its traditivnal use to model certain fatigue processes, However,
sensitivity studies indicate that any reasonable two-parameter distribution,
used in the same way as the Weibull distribution is herein, will provide very
similar results since two-parameters are quite adzquate to fit a probability
distribution, such as shown in Figure C-1, to mainly “success data" and very

few failures,

One qualification for the utilized two-parameter WYaibull distribution
is that it "overreacts" if high-time outliers are present in the set of fa-
tigue data under apalysis. This problem is illustrated in detail in Reference
(8). This outlier problem can not impact the typical RFC procedure adversely
since the ocutiiers must occur at values of r (= actual/predicted times to
failure) much greater than 1. This impiies the use of life-based safety
factors significantly less than 1, an absurd practice for life extension
decisions of critical components. A second and more important qualification
of the Weibull distribution 1is that it permits only monotonic changes in
failure rate with time A(t). Thus, the bathtub curve in Figure 7-7 cannot be
modeled with the Weibull model. More compiex models can be used but i1t would
be helpful to transform them into a "Weibull-like" equation to allow use of

the simplified procedures described next,

The two-parameter Weibull distribution is expressed as

F(r) = 1 - exp[-(r/8)%1; r,a,8> 0 (c-1)

c-3




Wy

where F is the unconditional cumulative failure probability of a component

before age t, where t = rt t. and r are defined in Figure C-1 as the

p’ P

predicted time to failure after inspection and as the ratio of allowable (or
actual) to predicted life. a is the shape- or scatter-parameter which is
related to the standard deviation “s" of the log of life-prediction parameter

“r* through

a = 0.556/s(log r)

Finally, B8 is the scale parameter representing the near-mean value of r where

F(B) = 1 - 1/e = 0,632,

An estimate of both a and B are required before the first RFC decision
is mada Thece prior estimates will be rprimarily baced u
observed scatter and mean life performance which are suitably modified to
account for other in-service scurces of variation anticipated during the RFC
process. The best method of making prior estimates of a and B is to use
PERFCT to perform a Monte Carlo simulation of the fleet under realistic condi-

tions bui for fleet sizes and/or engine lifetimes much greater than actual, in

can be constructed to contain most of the expected source of life prediction

variation, the o avé B values can be taken directly from the simulation.

The most important pre-RFC parameter estimation is that of parameter o
since it (AL) is used during the entire application of RFC unless and until a

failure occurs. BET, the prior estimate of 8 is also used until the field-

dsta-based estimate (8, 9),

e

"y
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. 1/AL
BETM = § = E ,riAL/NFF iC-2)

all
component s

(where NFF is the total number of failures or 1, whichever is greater) pro-
duces a value larger than the prior estimate, BET., Thus, the prior estimate
is always used to compute the failure probabilities until and unless it is

proven to be too conservative by enough successful fleet performance.

If one or more failures occur, it is possible to estimate a from the
field data. Based upon exhaustive studies referenced in (8), the maximum
likelihood estimate (MLE) method is ux:d, These estimates are derived (9)

from the impiicit equation

:E: ALM
r In ry
coﬁ &nents

- (1/ALM) - Z In rJ./NFF =0 (C-3)

2dholALied

where ALM is the MLE of a and the 1implicit solution 1is conducted with a
successive-approximation numerical method in Subroutine MLE in PERFCT

(Appendix B).

Sinca the hopefully small number of field failures are not adequate to
characterize a very accurately, the procedure has been designed to use a
weighted average (ALU} of the field data and the prior estimates of a, ALK and

AL, respectively. The estimate of a that is actually used is calculated from

c-5
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ALU = A/(W1 + W2)/(WI/ALM- + W2/ALS), (C-8)

where Wl and W2 are weights computed from W1 = NFF and W2 = XEFF. Here, XEFf
is specified hy the analyst as the "equivalent” number of faflures in the
heterogeneous data used in the AL prior estimate., Great confidence in this
prior estimate might be reflected oy a value 1ike XEFF = 10., while a “"guess-
. timate" value of AL might recult in a specificatien of XEFF less than one.
Since a is inversely proportional to s(log r) and since the accuracy of
estimating s(lcg r) is approximately proportional to the square root of the
number of failures in the utilized data set (8), Equation (C-4) is a

statistically correct waighring of two estimates of a according to their

respective variances.

The actually used estimate of B, BETU, is then computed (g) from

1/ALU
Z r?LU/NFF (C-5)

all
lfomponents

BETU

(]
.
-t

Conditional Faflure Probability Estimate

Once the estimates of a and g, ALU and BETU, have been decidsd upon,

it remains to compute the amount of 1life extension permitted for a given

allowable maximum failure probability Femaxs It would be incorrect to simply
substitute F ..., ALU, and BETU for the parameters in Equation (C-1) and solve
for the value of r as the ratio of allowable-to-predicted 1ife for the next

extension. This is because Equation (C-1) gives the unconditional cumulative

C-6
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failure probability for a part cycled from 0 to t = rtp. As shown in Figure
C-1 it is the conditional failure probability that is of interest given that
the part has lasted to the present time, tl, gt which the RFC decision 1is
made, The conditional probability of failure F. between times t,(the present)

and t2 is given by
Fo = (F(r,) = F(r))/(1 - F(r))) (c-6)

where ry =At2/tp and ry = tlltp' Using equations (C-1) and (C-6) to solve t,

we obtain N oy o0 = t, = rztp, where
1/ALU
ALY ALY _
rp = [ry + BETUT Tog(1/(1-F . ))] (C-7)

-~

Since the disks in general cannot be inspected exactly at time N,y . =
t,, the next lower inspection time 1is scheduled using Equations (3-18) and
(3-19) in the text.

The above "“update" or "field-feedback" procedure has worked very well,
It performs almost as well as the constant safety factor procedure under
optimum safety factor conditions where the RFC procedure contains no major
errors and is applied often {i.e., every 750 cycles). Most importantly, the
update procedure provides for effective RFC in the presence of much longer
inspection intervals or of errors that totally dgvastate the no-feadback,

constant-safety factor procedures.

Several areas of improvement have already been i{dentified for the

update procedure, The simplest and most obvious improvement is to apply the

c-7
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formula more frequently than it is now, Specifically, instead of updating
every minimum inspection interval, it is recommended that the frequency of
update be increased at least to the point where an update is conducted immedi-
ately after any field failure., This higher update frequency should produce
optimum results at least as good as those produced by the "perfect-suafety-
factor" deterministic procedure. It is anticipated that any actual appli-
cation of the probabilistic update technique would be conducted nearly
continuouslty, The initial development herein did not provide for continuous
update because of prohibitive computer costs farr the extensive series of

simulations we conducted.

The next three capabilities that should be incorporated are to (1)
include feedback from destructive examination of retired components, {2} allow
for more than one component and type of failure/inspection site to be included
in the conditional failure probavility calculations, and (3) permit different
“r" distributicns to be used for oid and young components, where advisable,
While the mathematics to add these capabilities are very straightforward, the
bookkeeping necessary to inciude them in a computer program and, especially,
to simuiate them over the history of the fleet is expected to be somewhat

tedious and involve significant execution-time computer costs.

One of the favorable aspects of the chcsen statistical update prece-
dure, is that it allows all knowledge of the phenomena and field experience to
be directly incorporated into the RFC decision making process, Further, the
graphicail interpretation of the "actual/predicted" procedure in Figure C-1 {is
very similar to that used by gas turbine and other vendors who design and

specify 2ilowable life for life-limited, fatigue, or wearout-critical compo-

c-8

ETT ALY YA

SIS A




nents. Finally, the update procedure, while requiring the initial choice of a

safety factor or its equivalent, acts automatically to optimize the safety %

factor as field data become available. }
s
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RPPENDIX E
PERFCY QUTPUT

TR

The most salient output of the PERFCT program's similations of disk
fleets (Section 4) and test units (Section 5) is presented here as a series of
Tables, Each table corresponds to & data point in the figures of Sections 4
or 5, plotting average RFC dollar gain (G) versus safety factor (SF) or

failure probability (F.may). The tabulated output includes subfleet introduc-

j tion times and numbers of engines, inspections, replacements, and failures,
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E-1
1500 DYSK STND CASE-MY RES PROBE INSPECTION
. INSPECTION 1IME SPECYFIEZ WITH CONSTANT SAFETY FACTOR. SF=t1.00.
'2 XHMIN, ¥HHMAY, , XNPT . SASS,AL,BET,XEFF»IPR= 750. 750, 15260. 1.000 4,00 1.00 1,3
i)
SUDFLEET TIME NUMBER OF NUMGER OF NUMBER CF NUFMBEKR OF RFC DOLLAR GAIN
1D & INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER EMGINE
i 1 0. 175 2248 466 7 -2905.
: 2 750. 375 o250 432 q 13848,
3 1500. 378 2250 434 2 244350,
© 2250. 375 €250 438 3 19016,
TOTALS: 1500 8998 1770 16 13610. )
t
E-2
1560 BYSK STND CASGE~HY RES PROBE INSPECTION
INSPECTION TIME SPECIFYZED HITH CONSTANT SAFETY FACTOR. SF=!.59.
: NMHIN, <HMAX, NNPI, SASS,AL,BET, XEFF»IPRS 750. 750. 15260, 1.000 4,00 1.00 1. 3
i SURFLEET TINE NUMBER OF MNUMBER OF  NUMBER OF MUHPER OF QFC DO LAD CaYN
1o % INTRODUCED ENGINES  INSFLCTIONS RUPLACEMENTS FAZLURES PER ENGLiIE
1 0. 375 2249 593 2 21241.
2 750. 175 - 2250 549 1 27497 .
3 1500, 375 2249 508 ] 28301,
@ ecs0. 37% 2250 566 1 27103,
: TOTALS! 1500 8998 2247 5 2¢035.
i
i
E E-3
f

! 1500 DISK STND CASE-HI RES PROBE INSPECTION
! IMSPECTION VIME SPECIFIED WITH COHSTAMY SAFETY FACTOR. SF=2.00.

XNMIN, XNMAX, XHPL,SASS,AL,BET-XEFF,IPR= 750, 750. 15263. 1.000 <.00 1.00 1.3

SUBFLEET TIME NUHMPER OF ISATRER OF NUMBER OF nMBErR OF RFC DOLLAR GAXN
K 0% INTRODUCED  ENGINES INSPECTIONS REFLACEHENTS FAILURES PER ENGINE
{ 1 0. 175 2249 680 ) w177,
P 750. 375 22649 660 0 0577,
. 3 1590. 175 2250 677 1 2e9a1,
i 4 2250. 375 2250 651 1 25643,

TOTALS: 150 8990 20608 2 27784,
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E-4

150G DISK STND CASE-HI RES PROBE INSPECTION
INSPECTIGH YIME SFECIFIED WITH CONSTANT SAFETY FACTOR. SF=2.80.

XHHIN, Xt#n X XHPI 5488, AL, BET  XEFF,IPR=  750. 750. 15260. 1.000 4.00 1.00 . 3 2

SUNFLEET TIME NUMBER OF NUMBER OF  NUMDER OF NUHMBER OF RFC DOLLAR GAIN
10 3ATRODUCED  ENGINES INSPECYIONS REPLACEMENTS FAILURES PER ENGINE
1 0. 375 2249 832 () 27137,
2 750. 375 2250 837 0 27056.
3 1500, 376 2250 796 0 27876.
4 2250, 375 2249 777 1 22903. o
&S
TOTALS: 1500 2998 3242 1 26233.
E-S
13606 DISK STND CASE-HI RES PROBE INSPECTION
INSPECTICN TIME SPECIFIZD WITH CONSTANT SAFETY FACTOR, SF=3.30.
XNNIN, XNHAY, XNPI,5A55,AL,BET,XEFF,IPRs  750.  750. 15260. 1.000 4.00 1.60 1, 3
SUBFLEET Tine MABER OF MNUMBER OF  NUMBER OF NABER OF RFC DDLLA% GAIN
0 INTRODYCED ENGINES INSPECTIONS REPLACCMENTS FAILURES PSR ENGIHE
1 0. 378 2249 903 0 25717. i
2 750. 375 2250 2399 ] 25816.
3 1500. 375 2250 866 (] 26476,
o 2250. 375 2249 864 0 26497, e
TOTALS: 1500 avve 332 ° 26127. i
Gy
h '\‘
““ 1
€ T

1500 DISK STND CASE-HY RES PRORE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SFx4.00.

XNIIN, XHMAX 2 XNPT , SASS AL BET, XEFF,IPR= 750, 750, 15260. 1.000 4.60 1,00 t. 3

SUBFLEET TEME MRABER OF NUMBER GF  MUMBER OF  NUYRBER OF  RFC DOLLAR GAIN 3
ID & INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENBINE W
1 0. 378 2249 957 0 24537, W
2 750. © 378 2080 952 0 24786 ARV
3 1500. 378 2230 927 ° 25256 . ‘gt
4 2250. 375 2ze9 943 ° 24877, ,
TOTALS: 1500 G998 3781 ) 24802,
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E-7 I8
1500 DISK STMO CASE-HI RES PROBE INSPECTYON :g.’ﬁ'
INSPECTION TIME SPECIfZEG WITH CONSTANT SAFETY FACTOR. SF=5.00. j
XHRIN, XUIMAX, XNPI , SASS,AL,BET,XEFF,IPR=  750. 750, 15260, 1.000 4.00 1,00 1, 3 1
Y I3
H SUBFLEET TIHE NUMBER OF NUMBER OF NUBSR OF  NUMBER OF  RFC DOLLAR GAIN :
In #  INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE ;
1 0. 378 2249 1017 0 23437.
2 750, 375 2250 1009 ) 23617,
- 3 1500, 375 2250 1012 0 23556.
| o 2256. 375 2248 1034 0 23078.
1] .
]
) TOTALS! 1500 8997 4072 ° 23622. X
E-8
1500 DISK STND CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTUR. SF=6.00.
NNMIN, YNMAX, XNPI,SASS, AL, BET,XEFE,IPR= 750, 750, 15260. 1.060 &4.00 1.00 1. 3
SUBFLEEY TIME NUMBER OF NUMBER OF NUMDER OF  NUMBER OF RFC DOLLAR GAIM
: ID & INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAJILURES PER ENGINE =
t
1 o. 375 2249 1075 0 22277.
2 75¢. 375 2250 1083 0 22137,
3 1500. %75 2250 1963 o 22936.
4 2250, 375 2248 1118 0 21398,
TOTALS: 1500 8997 4319 ° 22187.
f
| E-6
P . 1500 DISK PERFECT CASE-HI RES PROBE INSPECTION
Pl INSPECTION TIME SPECIFIED WITH FERFCCTION.
f . WNMIN, XHMAX, XHPL, SASS AL, BET,XEFF,IPR= 750, 75000. 52815. 1.600 4.6 1.00 1., 3
SUDF LEET TIME NUMDER OF MNUMBER OF MRDER GF  MUMBER OF RFC DOLLAR GAIN
10 8  INTRODUCED  ENGINES INSPECTIONS REPLACENENTS® FAILURES PER ENGINE . ;
. L
{ 1 0. 375 826 88 0 42933, 5
2 750. 375 495 72 0 43268.
3 1500, 375 508 79 0 63149, -
6 2250, 375 492 72 ° 43290, ¢
' TOTALS: 1500 £019 361 0 43163, ;




! E-10

: 1500 DISK FAIL CASE-MI RES PROBE RIIHFPLCTRON
: INSPECTION VYIME SPECIFIED WFVH PEAVECTICRN.

XNMIH,XNMAY, XHPY, SASS,AL,BET,XEFF,IPRT  75¢, 75603. 52813. 1.008 4,00 .00 (. 3%

St

- SUDBFLEET TINME NUMBER OF MRMBER OF  NUMBER OF NU-BER OF  RFC OOLLAR GAIN
;1 10 % INTRODUCED  ENGINES IRGKFLIIIONG REPLACEHCINTS FAILURES PER EMGINE
:1 1 Q. 375 566 89 89 ~432077.

2 750. 375 529 71 n ~335638,

3 1500. A7 533 73 73 ~3%6306,

4 2250. 37e 531 % 75 «356%60.
\ TOTALS: 1500 £15¢9 b3 b-1:1.] ~167760.
i

E~¥1

VEGE VI STND CASE-500 KHY OUTSIDNE LAB INSPECTION
INSPELTLOM TIME SPECIFIED WIVH CONSTANT SAFETT FACTON. S$F=2.00.

XNMIN, XNHMAX , XNPX , SASS, AL, BET, XEFF,TPR=  75), 759. 526U, 1.00¢C 4,06 t.00 1, 3

‘ i SUBFLEET TINE NUHBER OF HMSER CF N'RBER OF NMUEP OF RFC DOLLAR GAIN
v ID & INTRODUCED  ENGINES THSPECYIONS REPLACEMENIS  FALLURES FER THGINE
. 1 0. 375 2245 533 1 27776,
| 2 750. 378 2259 45 iy 12610,
\ 3 1500, 378 .2256 §.7 ¢ 33455 i
i 4 2259. 375 2249 526 ¢ 33255, ~
3
: TOTALS: 505 859 2061 s 26025.
[
1
[
;E-,
E £-12
1
‘ 1500 DISK STU® CASZ-5UC KMZ OUTSIOE LAB INSPECTION
! INSPECTION YIME SPECIFIED MITH CONSTAMT SAFEYY FACYOR. 3F:=2.60.

' XNMIN, XNMAX , XNPI, SASS,AL,BET, XEFF , IPR= 750, 75). 15260, 1,900 .00 (.00 1.3

JUBFLEET TINE HRWER OF NABER OF  WABER COF WUHBEP OF RFC DULLAR GATR
ILU & INTRODUZED  ENGINES TINSPECTIONS REPLACEMENTS TAJLRES PER EMGINE

9. 378 2249 631 25318,
750. 375 t 44214 578 21801.
1500. 375 22489 % 31896.
g250. 375 2250 L 11 26302

TOTALY: 1500 28998 Lo 26399,
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1500 DISK STND CASE-500 KHZ OUTSIDE LAB INSPECTION
INSPECIION TIME SPECIFYED WITH CONSTANT SLFETY FACTOR. SF=3.30.

XNEEIN » XNHMAY, s XNPT » SAS5S, ALSBET, XEFF,IPR= 750, 750. 15260, 1,000 4,00 1.90 1. 3

SUBFLEET TIME NUMBER OF NUMBER OF NUMBER OF NUMDER OF RFC COLLAR GAIN

ID & INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 688 1 24678.

\ 2 750. 375 2250 o624 2 20661.

3 1500, 375 2249 629 4] 31196.

4 2250, 375 2250 615 1 26162,

TOTALS: 1500 B8998 25%6 4 25674.
H
1y
{

E-18

1500 DISX STHD CASE-500 KHZ OUYSIDE LAB INSPECTION
INSPECTION TINE SPECIFIED WITH CONSTANTY SAFETY FACTOR. SF=4.00.

XNMIN, XNMAX, XNPI, SASS,AL,BEY,XEFF,IPR= 750, 750, 15260. 1.000 .90 1.00 1. 3

SUBFLEET TIME NUBER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
, b (3% INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE
i Q. 375 2249 —26 1 23956,
2 750, 375 2249 654 1 25357,
3 1500. 375 2250 686 [+] 3007S.
4 2050, 375 2250 668 0 30435,
TOTALS: 1500 8998 2732 2 27457,
E~18

E 1500 DISK STND CASE-500 KHZ OUYTSIDE LAB INSPECTIOM
| INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=%.00,

ANHIN XNHMAX, XNPX , SASS, AL BET,>EFF,IPR=  750. 750, 15260, 1.000 4.00 1.00 1. 3

SUBFLEET TIME NUMBER OF NUMBER OF NUIBER OF NUMBER OF RFC DOLLAR GAIN
10 # INTRODUCED  ENGINEZ INSPECTIONS REPLACEMENTS FATJLURES YER ENGINE

[PUNIYRFEIN
v

i 1 0. 375 224% 766 Q 28456.
2 750. 375 2249 759 . 1 3257,
3 1500. 375 2250 727 0 29255.
4 2250, 375 2250 755 0 2869%6.

TOTALS? 1500 8998 3067 1 27446,
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E-16 =
1500 DISK STND CASE-500 KHZ QUTSIDE LAB INSPECYVION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. 8F=6,00.

¥AHIN, XHMAX ) XMPT , SASS AL, BEY, XEFF, IPR= 750. 750. 15260. 1.000 4,00 1.00 1.3

SUBFLEET TIHE NUMBER OF NUMBER OF KNUMBER COF NUMBER OF RFC DOLL? GAIN

0 ¢ INTRODUCED  ENGINES INSPECTICNS REPLACEMENTS FAILURES PER ENGINHE

1 0. 37¢ 2248 795 [ 27857.

2 750. 375 2250 792 1 22617.

3 1500. 378 2250 785 0 28096,

4 2250, 378 2250 789 ] 28016,
TOTALS!: 1500 8998 3161 1 26646,

E-17

1500 DISK STND CASE- 1 MHZ OGUTSIDE LAB INSPECTION
INSPTCTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=2.00.

XNE1IN, XNMAX , XNPI , SASS AL yBET» XEFF , IPR= 750. 750. 15260. 1.000 4,00 1.00 1.3

SURFLEET TIME MEBER OF NUMBER OF NUMBER OF  NUMBER OF RFC DOLLAR GAIN -
10 &  INTRODUCED ENSINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 667 1 25099.

2 750. 375 2249 $60 0 30576.

3 1500. 375 2250 686 0 30076

[ 2256. 375 2250 653 1 28403.
TOTALS! 1500 8998 2666 - z . 27788, .
H
g-18 B

1500 DISK STND CASE- 1 MMZ OUTSIDE LAB INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR., SF32.80.

MHMIN, XNMAX, XNPI , SASS,AL,BET,XEFF,IPR=  750. 750, 15260. 1.060 4.00 1.00 %. 3

- SUBFLEET TIME NUMBER OF NUMBER OF NUMBER OF  NUMBER OF RFC DOLLAR GAIN
I0 %  INTRGOUCED ENGINES INSPECTIONS REPLACEMENTS FAILLRES PER ENGINE
) 1 0. 378 £248 708 ° 27997,
2 7%0. 175 2250 782 0 28156,
3 1500. 375 2250 721 0 27976.
" 22590. 375 2250 782 ) 28156,
TOTALS: 1500 8998 3143 ° 20071,
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i E-19
P
: 1500 DISK STND CASE- 1 MHZ QUTSIDEZ LAB INSPECTION
, INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=3.30.
' XNMIN,XNMAX,XNPI,SASS,AL,BET,XEFF,IPR= 750,  750. 15260. §.000 4.00
! SUBFLEET TIME NUMBER OF NUMBER OF NUMBER OF NUMBER OF
% Ic # INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES
5 1 0. 375 2248 843 0
| 3 - 2 750. 378 2250 a3y 0
' . 3 1500. 375 2250 825 0
i 4 2050, 375 2250 812 0
| TOTALS! 1500 8998 3311 )
1
i
i
}
}
'f' E-2C

1500 DISK STND CASE- 1 HHZ OUTSIDE LAB INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. 5F=4.00.

XNMIN, XNHMAX , XNPI ,SASS AL,BET,XEFF,IPR=  750. 750. 15260, 1.000 &.00

T 1 ad SRS TR

_ SUBFLEET TIME NUMBER OF MNUMDER OF NUMBER OF  NUMBER OF
; I0 ®  INTRODUCED  ENGINDS  LiSPLCTISHS REPLACIMONTS TAILURTS
4 1 0. 375 2249 909 °
: 2 750. 375 2250 880 0
3 1500. 375 2250 893 0
o 2250. 375 2249 865 0
: TOTALS: 1500 8998 1547 0
H
}
£-21

! 1500 DISK STND CASE- 1§ MHZ QUTSIDE LAB INSPECTICN
H INSPECTION TIHE SPECIFIED WITH CONSTANY SAFETY FACTOR. SF=5,00.

XNHIN, YNHAX , XNPI,SASS,AL,BET,XEFF,IPR= 750, 750. 15250. 1.000 &.00

SUBFLEET TIME MUMBER OF MNUMBER OF NUMBER OF NUMBER OF
3 0 s INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES
1 0. 375 2249 972 0
2 750. - 375 2250 ¥26 0
3 1500. 378 2250 939 o
“ 2050, 375 2249 916 0
TOTALS: 1590 8958 3753 o

t.00 t.3

RFC DOLLAR GAIN 1
PER ENSINE

26857,
276,
272%. d
27556.

27231,

o

t.00 .3

RFC DOLLAR GAIN

“nea FLaavr
FER LIWWOANL

25597.
26196.
25936,
26476,

260518,

il .

t.00 1.3

- F
RFC DOLLAR GAXN ?J
PER ENGINE 3

24337, ]
25276, 1
250%6.
25056,

25621,
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E-22

1500 DISK STND CASE- 1 MHZ OUTSIDE LAS INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. 3F=6.00.

XHMIN ; XHMANX, XHPI , SASS,AL,BET, XEFF,IPR= 750, 750, 15260. 1,000 4.0 t.00 1.3

SUBFLEET TIME MUMBER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN

b (U INTRODUCED ENGINE3 INSPECTIONS REPLACEMENTS FAILURES PER ENGINE 3
1 0. 375 22¢9 1005 [ 23677, !
< 750. 375 22350 960 0 245%6. |

3 1500. 375 2250 955 0 246%6,

[ 2250, 375 2049 979 0 24277.

TOTALS: 1500 8998 3895 0 2631¢%.

E-23

1500 DISK STND CASE-HYPOTHETICAL INSPECTION
INSPCCTION TIME SPECIFIED WYTH CONSTANT SAFETY FACTOR. 8F=i.00.

XNMIN,XNMAX, XNPI,SASS.AL/BET,XEFF,IPR= 750, 750, 15260. 1.600 4.00 V.0¢ 1. %

SUBFLEETY TIMF MEIBERF OF HNATRLR OF NUFDER OF NMTBER OF RTL DULLAR GAIN

10 = INTRODUCED ERGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 176 s 13587,

2 750. 375 2250 171 s 13326,

3 1500. 375 2250 149 2 30159,

4 2250, 375 2250 1649 7 3507.
TOTALS: 1500 84999 645 19 15248,

£-24

1508 DISK SYND CASE-HYPOTHETICAL INSPECYION
IHSPECTION TINE SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=1.30,

XNMINSXNFAX, XNPI,SASS, AL DET,XEFF,IPR= 750, 750, 15260. 1.000 &.00 1.00 . 3

SUBFLEET TIHE NAMBER OF MMBER OF  NUMBER OF KUMBER OF RFC DOLLAR GAIN
e INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILUKES PER ENGINC

1 0. 375 249 264 3 (441 98
2 750. 375 2250 36 1 33759.
3 1500. 375 2250 210 4 206936,
4 2250. 375 2250 19 L] 18093,

TOTALS: 1500 8999 909 10 597,




e
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1500 DISK STND CASE-NYPOTHETICAL INSPECTION
INSPECTION TINME SPECIFIED WITH CONSTANT SAFETY FACTOR. 8F=2.00.
NHMIN, XNMAX,XNPI,SAS5,AL,BET,XEFF,IPRs 750, 750. 15260. 1.000 4.00

SUBF LEET TINE NUMBER OF NUMBER OF NUMBER OF NUMBER OF
X0 8 INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES

1 0. 175 2249 310 4
2 750. 375 2250 310 1
3 1500. 375 2250 283 2
4 2250. 375 2049 283 2
TOTALS: 1500 8998 1186 7

1500 DISK STND CASE-HYROTHETICAL INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=2.50.

WHMIN, XNMAX, XNPI, SASS,AL,BET,XEFF,IPR=  750. 750. 15260, 1.000 &.00

SUBF LEET TIME NUMBER OF NUMBER OF  NURMBER OF NUMBER OF
IC = INTRODUCED  ENGINES XHSPECYIONS REPLACEMENTS FATILURES
1 0. 375 2248 @15 1
2 758. 75 2250 428 1
3 1500. 375 2250 408 0
4 2250. 375 2250 627 0
TOTALS: 1500 8998 1678 2
E-27

1500 DISK STND CASE-HYPOTHETICAL INSPECTION
INSPECTION TIME SPECIFIED WITH COHSTANT SAFEYY FACTIOR. S5F=3.30.

XNMIN)XNMAX , XWPT ) SASS,ALIBETXEFF,IPRE 750, 750, 15260, 1.000 4.90

SUBFLEET TIME NUMBER OF NUMBER OF  NUMBER OF ~UMBER COF
ID & INTRODUCED  ENGYNES INSPECTION3 REPLACENMENTS FAILURES
] 0. 375 2249 504 1
2 759. 375 2250 490 ¢
3 1500. 375 22L0 @50 0
4 225¢C. 375 2249 481 1
TOTALS: 1500 8998 1925 2

1.00 .3

RFC DOLLAR GAIN
PER ENGINE

26900.
32279,
27468,
27450,

208524.

1.00 1.3

RFC DOLLAR GAIM
PER ENGINE

30139,
29920,
35615,
35255,

32732.

1.00 1.3

RFC DOLLAR GAIN
PER ENGINE

28358.
33998.
34795.
20823,

31493,
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E-28
1500 DYSK STND CASE-HYPOTHETICAL INSPECTION
INSFECTION TIME SPECIFIED WITH CONSTART SAFETY FACTOR. SF=x4.00,

XHMIN, XNMAX, XNPI, SASS, AL, BET, XEFF,IPR= 750, 750, 15260. 1.000 4,00

SUBFLEET TIHE NUNBER OF NUMBER OF NUMBER OF NUMBER OF
ID & INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES
1 0. 375 2249 617 0
< 750. 375 2250 535 0
3 15C0, 375 2249 560 0
[ 2250. 375 2250 560 1
TOTALS: 1500 8998 2272 1
E-29

1500 DISK STND CASE-HYFOTHETICAL INSPECTION
INSPECTION TINE SPECIFIED WITH CONSTANY SAFETY FACTOR. SF=5.00.

XNMIN, XMIAX , XNPL,SASS»ALSBETXEFFIPR= 750, 750. 15260. 1.000 4.00

NUMBER OF NUMBER OF  NUMBER OF NUMBER OF
ENGINES INSPECTIONS REPLACEMENTS FAILURES

SUEFLEEY TINME
I0 & INTRODUCED

i Q. 375 2249 680 [}

2 750. 375 2249 631 0

3 1500. 375 2250 69 ¢

) 2250. 37% 2250 633 0

TOTALS: 1500 8998 2870 0
E-30

aran

1560 UISK STrU CASE~HYPOTHETICAL IMSPECTION
INSPECTION TIME SPECRFIED WITH COMSTANY SAFETY FACTOR. SF=6.00.

XNMIN, XNIAX, XNPT , SASS, AL, BET,XEFF, IPR=  750. 750. 15260. 1.000 4.00

NUMBER OF NUMBER OF NUFBER OF NUMBER OF
ENGINES INSPECTIONS REPLACEMENTS FaAILURES

SUBFLEET YIME
I0 @ INTRODUCED

1 0. 375 2248 758 0
2 780. 375 2250 740 0
3 1500. 375 2250 58 0
4 2250. 375 2250 755 0
TOTALS: 1500 8998 3019 ]

1.00 1. 3

RFC DOLLAR GAIN
PER ENGINE

31436,
330%96.
32576.
27262.

3109z,

1,00 1.3

RFC DOLLAR GAIR
PER ENGINE

3617¢.
3055%¢6.
29876.
311435,

30434,

1.00 1.3

RFC DOLLAR GAIN
PER ENGINE

26597.
2863,
28636,
28696,

2869% .

A S Sk} 0 1 i A A AR s o e
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i 1500 DISK SKIP CASE-HI RES PROBE INSPECTION
i INSPECTION TIME SPECIFIED WITH CONSTANY SAFETY FACTOR. SF#2,00.

XNMIN, XNMAX , XNPI . SASS,AL,BET,XEFF,XPR=  750. 75000. 1526C, 1.000 4.00 1,00 1. 3

) SUBFLEET TIME NUMBER OF NUMBER OF NUMBER OF  NUMBER OF RCC DOLLAR GAIN
i 10 #  INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE
' 1 0. 375 $43 479 5 8233,
1 2 750. 378 ars 423 4 14759,
. 3 1500, 375 361 373 4 15778.
j 4 2250. 375 916 450 4 14163,
TOTALS! 1500 1595 1725 17 13233,
F
, 1
E-32
vt 1500 DISK SKIP fASE-HI RES PROBE INSPECTION A
4

INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR, 8F=2.80.
XNHIN, XNHAX s XNPL, SASS,)AL,BET,XEFF,IPR=  750. 75000. 15240. 1.000 4.00 1.00 (. 3

: SUBFLEET TIME NUMBER OF NUMBZR OF MBER OF  NUMBER OF RFC DOLLAR GAIN 1
P 10 % JINTRODUCED  ENGINES INSPECTIONS REPLACEMENTS (AILURES PER ENGINE 3
: 1

P 1 0. 375 937 4% 5 7914,
P 3 750. 378 e73 432 4 14550, i

3 1500, 375 - 866 39 4 15296,

o 2250, 375 909 455 3 19413,

TaTALS: 1500 3585 1777 16 14306.

E-33

1500 DISK SKIP CASE-HI RES PROBE INSPECTION
, INSPECTION TIME SPECIFIXD WITH CONSTANT SAFETY FACTOL . S|F=2 83,

; XMMIN, XNMAX, XNPL »SAS3,AL,BET, XEFf ,APR=  750. 75CC0. 15260, 1.000 4.00 1,00 1.3

BUBFLEET TINE MRIER OF NUMBER OF  NUMBER OF NUMBER OF  RFC DOLLAR GAIN T
i I0 % INTRODUCED  ENGLINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 900 498 5 7876. 1
2 750. 75 es2 Loy 5 8957,
3 1500. 375 08 484 3 18348,
o 2250. 375 872 455 2 o772, {

TOTALS: 1509 3532 1885 15 15113. A
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1500 DISK SKIP CASE-HI RES PROBE INSPECTION
INSPECTION YIME SPECIFIED WITH CONSTANT SAFETY FACTOR, SF=3.30.

KNRIIN G XNRIAX o XNPI , SASS ,AL»BET,XEFF,IPR=  750. 75000, 15260. 1,000 4.00 $,00 1.3

SUBFLEET TINE NUMBER OF WNUMBER OF  NUWBER OF NUMBER OF RFC DOLLAR GAIN

0% INTRODUCED  EMGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 37% 1034 549 4 172117,

2 756. 375 1003 505 H 23700.

3 1500. 375 1062 556 0 33310.

4 2¢50. 375 1037 527 0 33903.
TOTALS: 1520 4136 137 6 25757.

E-38

1500 DISK SKIP CASE-HI REN PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANY SAFETY FACTOR. SFx4.(0.

XNMIN, XNMAX , XNFL.SASS AL, BET ,XEFF,IPR= 730, 75000, 15260. 1.00C 4.00 1.00 ¢. 3

SUBFLEET TIME NUMBER OF WNUMBER OF NUMBER OF NUMBEY® OF RFC DOLLAR BAIN
I0® INTRODUCED  EMOINES INSPECTIOMS REPLACEMENTS FAILUVS R ENGING
1 0. 378 1229 650 ! 25383,
2 750. 375 i2ta4 599 1 27034,
3 1500, 375 ‘1250 652 0 31290,
4 2250. 375 1497 590 0 32558.
TOTALS! 1500 48990 249 2 ESete,

£-368

1500 DISK SKIP CASE-HI RES PRODE INSPECTION
INSPECTION TIME SPECIFIED WITH CORSTANT BAFETY FACTOR. SF=3.00.

XNNIN) XNAX, XNPI, JASSALRETXEFF,IPRz 756, 75000, 15260. 1.900 4.60 1.60 1.3
SUBFLEET TIME NMEBER OF NABER OF HUMBER OF MUMBER OF RFC DOLLAR SAIN
ID s INTROCUCED ENGINES INSPECTIONS RESLACEMENTS  FAYLURES PER ENSINE
0. 375 1455 ¥00 gotst,
750. 375 1427 170 28435.
1500, 373 142y 78% 208514,
2250. 375 1430 789 20454,

TOTALS: 1500 8741 3140 zoset.




|
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E-87

1500 DISK ST4 CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAYLURE PROBABILITY=Q.0003.

XNMIN, XNHAX, XNPI,SASS AL»BET, XEFF,XPR= 750, 750. 15260. 1.000 4.00 1.0 1. 3

SUBFLCET TIME NUMBER OF NUMBER OF  NUMBER OF NABER OF RFC DOLLAR GAIN
I0# INTRODUCED  ENGINES INSPECTIONS REPLACIMENTS FAILURES PER ENGINE

1 0. 375 2249 1196 6 19857.

< 750, 375 2250 1196 0 19877.

3 1500. 375 2249 1181 0 20157,

4 225¢. 376 2249 1179 0 29197.

TOTALS: 1500 8997 4752 0 20022.
E-38

1500 DISK $T#0 TASC-HI RES PROGE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE, MAX ALLOWABLE FAILURE PROBABILITY=0.0510.

XNHIN,XNMAX, XHPI)»SASS)AL,BET,XEFF,IPR= 750, 750. 15260. 1,000 &4.00 1.00 1. 3

SUBFLEET TIME NUMBER OF HUMBER OF  NUMBER OF NURBER OF  RFC DOLLAR GAIN
POIE INTROBUCED  ENGINES INSPCCYIONS REPLACEMENT3 FAILURES PER ENSINE

1 c. 375 2249 1194 0 15697.

2 750. 375 2250 1195 0 195897,

3 1500. 375 . 2249 1182 0 20137,

4 2250. 375 2249 1177 0 20237,

TOTALS: 1500 8997 4748 0 20042,
E-39

1500 DISK ST#) CASE~-HI RES PROBE INSPECTION
AHIPECTION TIrt SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOMABLE FAILURE PROBABILITY=0.0020.

XNHIN, XHAAX s XNPT» SASS, AL BETXEFF,IPRS 750, 75¢. 15260. §.000 4.00 1.00 1., 3

SUBFLEET TINE NUMBER OF NUMBER CF  MUMBER OF MAUBER OF RFC DOLLAR GAIN
i0 s INTRODUCED  ENGINE3 INSPECTIONS REPLACEMENTS FALLURES PER EHGINE

' 0. 375 2249 1194 (] 19097,
2 750. 375 2250 1i9s 0 19897,
3 1500, 375 2249 t182 0 20137,
o 2250. 375 2249 1177 0 20237,

1560 8997 47648 0 20042,




|
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; E--40
1 1500 ~y5r STA0 CASE-HI RES PROBE INSPECTION
" INSPECYION TIME SPECIFIED MITH STATISTICAL UPDATE. MAX ALLOMABLE FATLURE PROSBABILITY=(.0050.
1
- XHMIN, XHMAY , XNET, SASS, AL, BET,XEFF,IPR=  750. 750, 15240. ¢$.000 4.00 1.00 i. 3
g SUBFLEETY TIME NUMBER OF MUMBER OF  NUMBEP OF HUMBER OF RFC DOLLAR GAIN
1 10 % INTRODUCED  ENGIME3 INSPECTIONS REPLACEMENTS FAILURES PER EMJINE
3 1 0. 375 2249 1172 0 20337.
] 2 750. 375 2250 1186 [ 20077.
3 1500. 375 2249 154 0 20697.
" 2250. 375 2249 1187 [ 20637.
¢ TOTALS® 1506 &997 4669 0 20437.
| ' {
{
E-41
l r
i 1500 DISK $7%5 CASE-NI RES PROBE INSPECTION
[ IHSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE, MAX ALLOWABLE FAILURE PROBARILITY=0.0%00,
; XNMIN, XNMAX , XNPI,SA55:AL,BET,XEFF,IPR=  750.  750. 15260. 1.000 4.00 1,00 9.3
P
by SimEiEET TIMF MABER OF MNUMBER OF HUMBER OF MRBER GF  RFC DOLLAR GAIN !
P W s INTRGOUCED  EMDINHES  YHSPECTIONS REPLAGEGENTS FAILURES 628 ENCTIME ‘
! 3 0. 375 2249 1135 [} 21677,
L } 2 750, 375 2250 1164 ] 20917.
P 3 1500. 375 2249 1110 0 21577,
[ f 4 2250, 375 2249 1097 0 1837,
V TOTALS: 1500 8997 4686 0 21352
P
¥
3
{ E-42
| 1500 DISK $Tap CASE-HI RES PROBE XNSPECTION 3
i THSPECTION TINE 3PECIFLIED WITH STATISTICAL UPDATE, MAX ALLONABLE FATLURE PROGABILITY20.0200. £

' ANMIH XNMAX  XNPL , SASS AL BET, XEFF,IPR® 750, 730, 15260. 1,000 4.0 1.00 1. %

IR

SR

) SIDFLELY TINE NUMBER OF NUMBER OF NUDBER OF NUTIR OF RFC DOLLAR GAIN
s INTRODUCED  ENGINES TINSPECTIONS REPLACEMENTS FAILURES PER ERGINE

L 1 0. 378 2249 1072 0 22337, 3
N 2 750. 37% 2250 1012 0 £3557. .
: 3 1500, 78 2250 +13 0 25136,
4 2250, 175 2248 893 ] 25808,
TOTALS? 1500 a99y M0 ] 24232,

E-16
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3
; 1500 DISK STND CASE-HI RES PROBE IM3PECTION
, INSPECTION TIME SFECTFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FALLURE PROBABILITYSY.G500.
| XNIUIH, XMMAX , ¥NPT , SASS AL BET  XEFF,IPR:  750.  75G. 15260. 1.900 4.00 1.00 1. 3
i SUBFLLET T NUMBER OF NUMBER OF  NUMZER OF  NUMDER OF  FFC DOLLAR GAINM
: 10 & IWTRODUCED  ENGIMES IMSPECVIONS REPLACEMINTS FAILURES PER EHGINE
] 1 0. 375 2249 824 6 27297,
2 750, 175 2250 750 0 2879 .
; 3 1500, 1785 2250 556 1 27363,
i “ 2250. 375 2049 e 2 23616,
[
by TOYALS: 1500 8998 2596 3 26819,
}
E-24

ER——

. 1500 CISK 5/ CASE-HI RES PRODE JHSPECTION
PEPECTION TIME SPECTFIED WITH STATISTICAL UPDATE. MAY ALLOMABLE FATLURE PROBABILYITY=0.1000.

¢ XHMIN, YAMAX, XNPY SASS, AL REY, XEFF IPRZ 750, 750. 15260, 1,000 &.00  $.90 1. 3

1
! SUBFLEET TIHE HOMBEK NF  NUMBER OF  MSYER OF NUMRER OF  HFC DOLLAR GAIN }
w INTRODULED  ENGIHES XWSPECTIONS REPLACLMENTS FeliURES FER ENGINE i
. ] 0. %4 229% 649 0 35357, i
b 750. 375 2299 54% 6 269, ‘
3 1500. 3758 2250 46 G 35316, ‘
4 2250. 375 2247 158 6 5016. i
\ TOTALS 1500 8998 1974 12 17524,
E-%5

1500 DISK SRIP CASE~IT RIS VR INSUECYYION
INSPECTION YIME SPLCTIFIED NITH STATIVYIUAL UPOATE, VAX ALLOHABLE FAILURE PROBABILLIVZD.OUVI.

1.000 4,00 1,00 1.3

AQTLHE, YINMAN, YNET VOASS  ALLBET JXEFF,1FR= 750, 75000, 1526%.

SUBELEET TIive WRGEE OF  HUKMBLR UF HEs OF NUMBER OF RFC DOLLAR GAIR
SHIROOUCED  CRGIHLS  IHAPLCVIONNT REPLACUMENTS  FATLURES FER ENGINE

N o
1 ‘. 374 2259 1495 ) 19655.
3 750, h-¥43 AN . .5196 0 19677, 4
3 1500, 75 2749 1181 0 20157,
“ 2220, 375 ERY 1"7e 0 20200.
TOYALSY 1560 Py 6752 o £0023.
]
i
' £-16
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1500 DISK SKIP CASE-KI RES PROCE INJFECTION
INSPECTICN TIME SPECIFIED WITH STAYISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=0.0003.

XMMIN, XNMAX ) XNPI, 8ASS,AL,BEY,XEFF,IPR: 750, 75000. 15260, 1.000 &.G0 1,00 t 3

SUBFLEET TINE NUM3ER OF NUMBER GF  NUMBER OF NUMBER OF  RFC DOLLAR GAIN
ID INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAXLURES PER ENGINE
1 0. 375 269 1196 0 19859.
2 750. 37% 2250 1196 0 19877.
3 1500, 378 2249 1181 0 20157.
4 2250. 375 2249 1179 0 20200,
TOTALS: 1500 8997 4752 0 20923,

E-47

1500 PISK SKIP CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTIRAL UFDATE. MAX ALLOWABLE FAILURE PROBABILITY=0.G310.

XHMIN, XNMAX, XNPI,SASS AL,BET,XEFF,IPR 750, 75000. 15260. 1.000 4.00 1.90 1. 3

SUBFLEET TINe NUFIBER OF WMURIBER OF  WATOLR OF tameEn OF  AFC DNLLAR GAIN

I0 % INTRODUCEG  ENGINES XNSPECTIONS REPLACEMENTS FAILURES FER ENGINE

) Q. 375 1789 1066 0 22704.

2 750. 375 1784 1038 0 23285.

3 ¥500. 375 1774 1002 0 zaN2.

4 2250. 375 1773 1032 0 23394.

TOTALS: 1509 17 4138 0 23349,
T V... ]
L e a

1500 OXSK SKIP CASE-HI WES PROBE INUPECYION
INSPECTION TIME SPECIFIED WITH STATISTICAL UFDATE. MAX ALLOWABLE FTAILURE PROBASILITY=D,.0020.

XMMIN, XNMAX . XNPI, SAS3,AL,BET,XEFF,IPR>  7506. 75000. 15260. 1.000 4.0¢ 1.0 1. =

SUBFLEEY TIME MARBER OF NUMBER OF  NU 3ER OF NMBER OF RFC QOLLAR GAIN
I0» INTRODUCED  ENGINES IYHIPECTIONS REPLACEMENTS FAILUN2Y BER ERGINE

| 0. 375 1512 927 Q 25618,
t 750. 375 1514 935 0 £5489.
3 1500. 375 1490 676 0 26442,
4 2250. 375 1519 931 0 255566,

1500 4033 37N 0 z5ote.
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E-49

1506 DISK SKIP CASE-HI RES FROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=0,0050,

AMHMIN, XNHAX XNPI, SASS , AL »BET , XEFF, IPR= 750, 75000. 15260. 1.000 4,00 1.00 1. 3

SUBFLEET TIME NUMBER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
0% INVRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 1260 783 e 28657.

2 750. 375 1240 kXA 1 23583.

3 1500, 375 1236 748 0 29377.

% .50, 375 1228 753 0 29202.

TOTALS: 1500 4%44 305% 1 2778s.
+

1500 DISK SKIP CASE~HI RES PROBE IMSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDAYE, MAX ALLOWABLE FAILURE PROBABILYTY=0.0100.

XNHIN, XNMAX, XNPT , SASS,AL,BET,XEFF,IPR=  756. 75000. 15260, 1.000 4.00 .00 $. 3

SUBFLEET TIME NUMBER OF NUMBER OF NUMBER OF NMBER OF RFC DOLLAR GAIN
I0® INTRODUCED  ERGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE
1 9. 375 1076 626 4 1058a8.
2 750. 375 1101 705 1 24977.
3 150¢. 378 ‘1260 780 0 28724,
4 2250. 375 1224 T62 ¢ 29104,
TOTALS: 1500 4601 2873 5 23348,
E-861
91500 DISK SKIP CASE-HI RES PROBE INSFECTION
DPECVION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILYTY=0.0200.
SN YNHAX XNPT ; SASS)AL,BET W XEFF ,IPR=  750. 75000. 15260, 1.900 &.90 1,00 4§, 3

SUBLRET TIME NUMHBER OF NUMBER OF NUMBER OF NUMBER OF  RFC DOLLAR GAIN -
1= 8 INTRODUCED  ENGINES INSPECTIONS REQLACEMENTS FAILURES PER ENBINE

] 0. 375 868 498 789%.
2 780. 375 1019 625 2 21292,
3 150¢. 375 1032 630 0 31846,
L 2259. 37 1008 609 0 32279.
TOTALS: 1500 397 2362 7 83388,

E-18
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1560 DISK STND CASE-WI RES PHOBE INS. (AHAT=.1E5)
INSPECTION TIME SPECIFLED MITH CONSTANT SAFETY FACTOR. $F=2.00.

MNHMINXNMAX , XNPI , SASS, AL,BET,XEFF,JPR=  750. 750, 15260. 1.000 &.00

SUBFLEET TIME NUMBER OF MNUMBER OF NU™BER OF MUMBEER OF
10 & INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES
1 0. 375 2249 694 ¢
2 750. 375 2849 679 0
3 1509. 375 2250 666 o
4 2250. 375 2250 680 1
TOTALS: 1509 8998 2739 1
E-58

1500 DISK STND CASZ-HI RES PROBE INSP. (ARAT=.125)
INSPECTION TIME SPECIFIZED WITH CONSTANT SAFETY FAZTOR. 8r:4.00.

XTI XNMAX, XHPY  SASS, AL BET, YEFF,IPR2 750, 750, 1526%. 1.000 4.00

v Tyur AN FINER NAF  LEBMIEN Ar LumENEY Ar i mamAa AR
L HH kLR Wi S T e ) [Tt o e T RIGT Wi

o ® INTROUUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES

1 0. 375 2249 957 0
2 750. 375 2250 952 [}
3 1569. 375 - 2250 927 0
L 2250. 375 224% 935 0
TOTALS: 1500 8998 3781 0
B a
W W

1560 DISK STND CASE-NI RIS FROAT INSP. (AHAT=.125)
INSPECTION TIME SPECIFIED MWiITH CONTTONT SAFETY FACTOR. 8F56.60.

KNHIN. XHAX XNPLySASS AL BETH XEFF, IPRE  75€. 750, 15260, 1.000 4.00

SUBFLEET TINE NUHBEF OF dLMAER OF  NUMSER OF NUMBER GF
10 ¥ INTRODUCED  EHGINES INBFELTIONS REPLACEMENTS FAILURES

L] G. ) 37% £249 1673 0
4 ™0, 375 1 $4.1 1083 0
3 1899, 375 2050 1043 0
4 2250. 375 2248 1110 ¢
TETALS: 1500 8997 4319 0

E-18

1.¢0 1.3

RFC DULLIRN GAIN
PER TNSINE

29897.
10197.
30076,
24863,

28758,

1.00 1.3

T MALR AR ALAPR
N W BWVLLAR WAL

PER ENGINE

26637,
2a7s6.
25256.
24877.

24882.

t.08 1.3

RFC DGLLAR GAIN
PER EKGINE

aLe7y.
137,
22936.
21398,

22187,

e a s shem e ablatas
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1500 GISK STNO CASE-HXI RES PROBE INSP. (AHAY=,500) i
INSPECTION TINME SPECIFIED WITH CONSTANT SAFETY FACTOR, SF=2.00.

XNMIN, XNMAX : XNPI,SASS,AL/BET,XEFF,IPR= 750, 750. 15260, 1.000 4.00 1.00 1.3

SUBFLEET TIME NUMBER OF NUMBER GF NUMBER OF NUMBER OF RFC DOLLAR GAIN
0 # INTRODUCED  EMGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 6890 0 30177.
2 750. 375 2249 660 ] 30577,
3 1500. 375 2250 677 1 24,94
4 2250. 375 2250 651 1 25443,
TOTALS: 1500 £998 2668 4 27764.

1500 DISK STND CASE-HI RES PROBE INSP. (AHAT=,500)
INSPECTION TIME SPECIFIED WITH CUNSTANT SASETY FACTOR. SF=4.00.

XNMIM, XNMAX, XNPI +SASS,AL,BET) XEFF,IPR: 759, 750. 15260, 1.000 &4.06 1.00 t.3

SURFLEET TIME MURMBER OF NUMEER OF MNUMBER OF NUMBER OF RFC DOLLAR GAIN
1o & IRTRQJUCED  ENGINZES  IMSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 957 0 24637,

2 750. 375 2250 952 0 24756,

3 1500. 375 - 2250 927 ] 85256.

G 2250. 375 249 945 0 24877.

TOTALS: 1509 8998 3781 0 g4b0e.
E-o7

1500 DISK STWD CASE-HI RES PROSE INSP. (AWAT=,500)
INSPECTION TIME SPECIFIED WIVH CONSTANT SAFETY FACYOR. SF=6.00.

XNRIN,XNMAX, XNPI , SASS,AL,BET, XEFF,IPR® 750, 750. 15260. 1.060 4.00 1.00 (.3

SUBFLEEY wne NUMBER OF NUMBER OF  NRBER OF MMRER OF RFC DOLLAR GAIN
D INTRCDUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER EHNGING

1 0. 375 2249 1075 0 2277,
4 750. 375 2250 1083 0 22137,
3 1500. 378 2250 1043 o 22936,
4 2250. 375 2298 tite 0 21598,
TOTALS: 1500 8997 4319 0 22187,




E-568

———

1500 DISK STWD CASE-HI RES FROBE INSP. (AHAT=HUGE)
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. 8F=2,00.

PRFIUR PRI

b XNMIN, XNAX XOIPT ,SASS AL, BEY , XEFF ,IPR®  750.  750. 15260. 1.000 4.00 1.00 . 3
D SUBFLEET  TINC  MANSER OF MNUMBER OF NUMBER OF  NUMBER OF  RFC DOLLAR GAIN
. I0 8  INTRODUCED EMGINES INSPECTIONS REPLACENENTS FAILURES  PER ENGINE
]

. 1 0. 78 2249 680 ° 30177.
' 2 750. 375 2249 660 0 30577,
3 1500, ¥7s 2250 677 ' 20941,

i a 2250. 375 2250 651 1 25443,

4

1’ TOTALS: 1500 8998 2668 2 7784,

|

. E-59

1500 DISK STND CASE-HI RES PROBE INSP. (AHAT-NUGE)
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR $F=4.00.

1 XRMIN, XNMAX  XNPI, SASS,AL.BET, XEFF,IPRx 750, 750. 15240, 1.000 4.C0 1.00 i, )

| SUBFLEET TIME NSBER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN

TV PR R NETTTIY R Y T G W ST T T ¢ e

Ic = INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE
\ 1 0. 375 2249 957 0 24037,
4 750. 375 2250 952 0 26756.
3 1500. 375 2250 927 0 25256.
4 2250. 375 2249 945 0 24877.
TOTALS: 1500 8998 3761 7] 24082.
-0

i 1500 DISK STHD CASE-HI RES PROBE INSP. (ARAT=HUGE)
INSPECTION TIME SPECIFIED MITH CONSTANT SATETY FACTOR. SF=6.00.

XNNIH, XNHAX  XNPI, SASS, AL BET,XEFF,IPR= 750, 730. 15R60. 1.000 &.00 1,00 1{.3
SUBFLEET TIME NUNBER OF MUMBER OF NUMBER OF NMUMMBER OF RFC DOLLAR GAIN
10 & INTRODUCED  ENGINES INSFEGTIONS REPLACEMENTE FAILURES PER CNGINC
1 9. 375 £249 1075 2277,
2 750. 375 250 1083 22137,
3 1500. 375 2259 1043 £2936.
4 8289. 378 2248 1118 21398,

TOTALS: 1500 8997 4319 22187,




e —————

E-61

1500 5-HOLE DISK STND CASE-HY RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. 3Fz2.00.

XNHIN, XHMAX , XNPT,SASS, AL, BET, XEFF,IPR®  750. 750, 15260. 1.000 4.00 1,00 1.3

SUBFLEET TIHE WUMBER OF NUMBER OF  NUMBER OF NUMBER OF RFC DOLLAR GAIN

10 » INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2250 361 1 30654,

Z 750. 375 2e50 363 4 i5232.

3 1500. 375 2250 400 3 i9771,

4 2250. 375 2250 380 1 30861.
TOTALS: 1500 9000 1536 9 24129,

&-62

1500 5-HOLE DISK STND CASE-HI RES PROBE INSPECTION
INSPECTION TINE SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=4.00.

XNMIN,XNMAX, XNPI,SASS)AL,BET,XEFF,IPR=  750. 750. 15260. 1.000 4.00 t.00 ¢. 3

SUBFLEET TIME NUMBER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN

05 INTRODUSED  IHSINEDS  INSPECTIONS REPLACTMEMTS FATIUNEE PED EMCTME

1 . 375 2250 583 (] 32935,

2 750. 375 2250 590 [ 31995,

3 1500, 375 2750 584 . 4 10762.

4 2250. 375 2250 601 2 21103,

TOTALS: 1500 9009 2358 6 24004,
E-83

1500 5-HOLE DISK STND CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANY SAFETY FACYOR. 3F=6.00.

XNHIN, XNMAX ,XNPT, SASS,AL,BEV,XEFF;IPRx 750, 750. 152686, 1.000 4.00 1.00 1. 3

SUBFLEET TINE NUMBER OF NUMBER OF NUMBER OF NMBER OF RFC DOLLAR GAIN
ID % INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 9. 375 2250 7423 0 20938,
2 750. ’ 375 2250 6% 0 29915.
5 1500, 375 2250 685 3 14477,
e 2259. 375 2259 687 1 26722,
TOTALS: 1500 9000 e609 4 2MMIE.
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| E-04

1500 5-HOLE DISX STND CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR, SF=8.00.

. XNMIN, XNMAX . XNPI,SASS,AL,BET,XEFF,IFR=  750. 750. 15260. 1.000 4.00 1,00 1.3

SUBFLEET TIME NUMBER OF NUMBER OF  NUMBER CF NUMBER OF  RFC DOLLAR GAIN

r I0O % INTRODUCED  ENGINES INSPECTIONS REPLACENENTS FAILURES PER ENGIME

1 0. 375 2250 765 0 27896.

2 750. 375 2250 7648 1 23997,

3 1500. 375 2250 786 1 22741,

4 2250, 3175 2250 762 1 23282,

TOTALS: 1500 9000 300 3 24319,
|
1

L4
E-~O8

1500 2-HOLE DISK STHD CASE-HI RES PROBE INJIPECTION
INSPECTION TIME SPECIFIED NITH CONSTANT SAFETY FACTOR. $F=2.00,

XNMIN, XNMAX, XNPYI,SASS,AL,BET,XEFF,IPR=  750. 750. 15260. 1.000 4.00 (.00 V. 3%

SUBFLEEY TIME NUTIER OF NUBER OF  MADER Ur TAVDER OF Krc GOLLAR BRI ]
I+ INTRODUCED  ENGINES INSPECTICHS REPLACEMENTS FAILURES PR ENGINE
1 0. 375 2250 176 3 24307.
2 750. 375 2250 156 3 24671 .
32 1500. 3175 T2249 162 7 3156.
@ 2250. 375 2259 188 [ 18675.
TOTALS: 1500 8999 682 17 17702.
i E-06.. 2
1500 2-HOLE DISK STND CASE-HI RES PROBE INSPECTION
INSPECTION TIME SFECIFIED WITH CONSTANT SAFETY FACTGR. SF=4.00.
XNMIN, XNMAX, XNPY , 3AS3,AL,BET, XEFF,IPR®  750. 750. 15260. 1.000 4.€0 1.06 1. 3
- SUBFLEET TIME NUMBER OF NUMBER OF MNUMBER OF NUNBER OF RFC DOLLAR GAIN
t . e INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE .
1 0. 375 259 264 2 e78682.,
4 750. 375 2250 202 4 270858,
5 1500. 375 2849 257 t 7964,
4 2250. 375 2250 280 4 16872,
TOTALS! 1500 84999 1063 1 25149, C
|
B e-23 b .




E-67
1500 2-HOLE DISK STND CASL-HI RES PROBE INSPECTION
INSPECTION TIHE SPECIFIED WITH CONSTANY SAFETY FACTOR. S$Ft6.00.
XNNIN,XNHAX, XNPI,SASS,AL,BET,XEFF,IPR= 750, 750, 15260. 1,000 4.60 (.00 1,3

SUBFLEET TINE NUMBER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
10 ¢ INYTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

- b dr—— - s -

1 9. 375 2250 329 2 26562.

2 750. 375 2249 312 ] I7TSN.

3 1500. 375 22590 332 ] 37154.

9 2¢50. 375 2250 353 3 20733.

TOTALS: 1500 8999 1326 5 30496,
1
!

g~6¢

1500 2-NHGLE GISK STND CASE~RI RES PROBC INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=8.00,

XNMIN, XNMAX  XNPY ,SASS)ALyBET,XEFF,IPR=  750. 759. 15260. 1.000 4&4.00 1,00 1,3

! SUBFLEEY TIME NUNMBER OF NUMBER OF  NUMBER OF NUBER OF RFC DOLLAR GAIN

Ins INTROBUCED  ENGINES INSPECTIONS REPLACEMENTS FAYLURES PER ENGINE
1 0. 375 2250 3 1 31017,
2 750. 37% 2249 366 0 36454,
3 1500. 375 . 2250 370 1 31047,
4 225C. 375 2250 377 2 25596.
TOTALS: 1500 8999 14835 4 31029,
C E-89

! : 1500 1-HOLE QISK STND CASE-HI RES PROBE INSPECTION
INIPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. 8F~2.00.

i ' XAHIN, XNMAX  XNPL, SASS, AL)BET, XEFF,IPR= 750,  750. 15260, .C00 4,06 1.00 1. 3

L. SUBFLEET YIME NUMBER OF NUMBER OF WNABER OF NUMBER OF RFC DOLLAR GAIN
‘ s INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2250 103 - 3 2T,
2 750. 378 2256 90 7 419,
3 1500. 375 2250 105 7 64355,
4 2250, 375 250 29 9 -6207,

TOTALS! 1500 9000 397 6 T19,
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E-70

1500 1-HOLE DISK STMD CASE-HI RES PROBL INSPECTION
INSPECTION TIMC SPECIFIED WITH COHSTANT SAFETY FACTOR. SF=4.60,

XNHIN, XNMAK  XHFL , SASS AL, BET , XEFF » [PR= 750. 750. 15260. 1.000 &.00 1.00 1. %

SUIFLEEY TIME NUMBER OF HNUMBER OF HKMBER OF NUMGER OF  RFC U0LLAR GAIN
10 & INTRODUCED  ENGINES INSPZOTIONS REPLACEMENTS FAILURES FER ENGINE
1 0. . 375 2250 159 3 24615.
2 750. 375 2250 128 ] 9232.
3 1500, 375 2250 153 5 14066.
1] 2250. 375 2250 154 7 3362.
TOTALS!: 150u 9000 5S4 21 12819,

E-74

1500 1-HOLE BISK STniD CASE-H1 RES PROBE IWSPECTION
INSPECYION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=6.00.

XNMIN, XNMAX ) XNPI »SASS,, AL,BET, XEFF,IPR: 750, 750, 15260. 1.000 4,00 1,00 1. 3

SUBFLEEY TIME NUMBER OF IMUMBER OF  NARBER OF NUMBER OF  RFC DOLLAR GAIN

PO INTROQUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2oEC 1885 2 29400,

2 750. 375 2250 169 4 z9721.

3 1500. 375 2250 179 5 13548.

4 2250. 375 22590 181 9 -7850.
TOTALS! 1500 90006 714 18 16207.

E-72

1550 1-MOLT DISK 3T CASE-NY RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WIVH CONSTANY SAFETY FACTOR. SF=9.00.

XHMIN, XNMAX , XNPI, SASS,ALBETXEFF,IPRZ 750, 750. 18860, 1.000 4.00 $.00 . 5

SUBFLEEY TIHE NMBER OF MNUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
10 & INTROGUCED  ENGINES IHWSPECTIONS REPLACEMENTS FATLURES PER ENGINE

1 0. 37% 225¢ ez26 1 33036.
3 750. 375 2250 213 3 23508.
3 1500. 375 250 19% 3 23307
4 2280, 375 2250 238 7 1608.
TOTALS: 1500 9004 876 14 20734,




E-73

1500 5-HOLE DISK STND CASE-HI RES PHOBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOMABLE FAILURE PROBABILYTY=0.0019.
XNHIN, XNIIAX  XNPT » SASS AL, BET XEFF, IPR= 750. 750. 15260, 1.000 @.00 1.00 1. 3

SUBFLEET TIME NUMBIR OF NUNMBER OF NUMBER OF NUMSER OF RFC DOLLAR GAIN
1G s INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS PFALLURES PER ENGINE

t 0. 375 2250 878 0 26236.

2 750. 375 2250 as2 1 21418,

3 1500. 378 2¢50 850 1 21462,

% 2250. 375 2250 858 0 266135,

TOTALS: 1500 9000 3436 2 23938,
E-74

1500 5-ROLE DISK STYND CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=0.0050.

KHMIN, XNHAX, XNPX, SASS )AL BET , XEFF ,IPR=  750. 756. t15260. 1.000 4.00 t1.00 t. 3

SUBFLEET TINE NUMBER OF NUMBER OF  NURMBER CF NUMBER OF RFC DOLLAR GAIN

D& INTRODUCED  ENGINES INSPECTIONS REPLACEMENYS FAILURES PER ENGINE

1 0. 375 2250 a50 o 26796,

2 750. 375 2250 0830 1 21857,

3 i500. 378 2250 803 0 27736,

(3 2250. 375 2250 779 1 22682,
TOTALS! 1500 9000 262 2 24818.

E-75

1500 5-HOLE DISK STND CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. NAX ALLOWABLE FAILURE PROBABILITY=0.0200.

HNHIN,XNMAX, XNPI, SASS, AL, BET, XEFF,IPRs  750. 750, 15260. 1.000 4.09 1.90 (.3

SUDFLEET TInE MRBER OF MNUMBER OF MNMBER OF NUMBER OF RFC DOLLAR SAIN
ns INTRODUCED  EMGINES JINSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2250 727 ] 29255.
g 750. 375 2250 643 0 30935.
3 1500, 378 2850 542 % 11600,
L) 2250, 375 2250 452 4 13446,
TOTALS: 1500 9000 2364 8 21309.
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|
‘ Y §500 2-HOLE DISK STND CASE-HI RES PROBE INSPECTION
‘ INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. HAX ALLOWABLE FAILURE PROBABILITY=0.0016.

‘ : XNMIN, XNMAY  XNPI,5ASS, AL, BET XEFF . IPR:  750. 750. 15260. 1.000 4.00 1.00 1.3

i

o SUAFLEET TINE NUMBER OF NUMBER OF WNUMBER OF  NUMBER OF RFC DOLLAR GAIN
- I0 %  INTRODUCED ENGINES INSPECYIONS REPLACEMENTS FAILURES FER ENGINE

3

- 1 1 0. 375 2254 4«35 1 29357.

B k 2 750. 375 2249 442 0 34934,

: 3 1500. 375 2250 453 ) 34734.

¢ ] o 250. 375 2250 458 2 23976.

13

P TOTALS: 1500 8999 1208 3 30750,

's
" ‘ ; §
L . 3
Lot E-77 i
:
| 1500 2-HOLE DISK STND CASE-HI RES FROBE LNSPECTIOM
. INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=0.0030.
XNMIN, XNMEX , XNPT, SASS,AL,BET, XEFF,IPR=  750.  750. 15266. 1.000 4.00 1.00 4. 3
S
r SURFLFET TIME MBEOED AC  tamnen OF A BER OF WABER OF R¥C DULLLAR EXTIM
£ " : 1o & INTRODUCED ENGINES INUPECTION3 REPLACEMENTS FAILURES PSR ENGINE
! | i
. : 1 0. 375 2250 431 1 29837, ]
: : 2 750, 375 2249 402 1 30407.
t 3 1500, 375 2250 376 0 36315,
® 2250, 378 2250 355 2 25430. ]
TOTALS: 1506 8999 1592 4 NG99, 1
1
k
E~2E ]
. |
! 1500 2-HULE DISK STND CASE-KI RES PROBE IHSFECTION 4
i INSPECTZON TIME SPECIFIED WITH STATISTICAL UFTATE, MAX ALLOWABLE FAILURE PROCABILITY-0.0200. 3
XIRIIN, XMHMAX, YNPX, SASS, AL, BET, XEFF,IPRs 750,  750. 15260. 1.000 &.00 1.60 ¢. 3

SUGFHLEET TINE MEBER O WNWABER OF NUMBER OF  NUMBER O RFC DOLLAR SAIN
50 #  INTRODUCED  ENGINES YMIPECTIONS REPLACERLNY3I PAILURES PER ENGINE
{ 9 0. 378 2250 327 2 22652,
2 780, 375 2250 287 4 27443,
3 1500, 375 2249 261 4 17200,
4 2259, 375 £250 289 8 -4474,

TOTALS: 1800 €99» 1164 16 16638,




E-79

1500 1-HOLE DISK STND CASE-HI RES PROBE INIPECTILM
INSPECTION TIME SPECIFIZD WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=C.0010.
MMIN, XNMAX, XNPT  SASS ,AL,BEY, XEFF,IFR= 750, 750, 15260, 1.000 4,00 1,90 1.3

SUBFLEET TIME NABER OF NUMBER OF NMBER OF HURBEP OF RFC DOLLAR GAIN
s INTROGUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 c. 37% 2250 ¢S 1 3307¢.

& 750, 375 2250 249 3 22788,

3 1500. 375 2250 263 2 22527.

4 2250, 375 2250 277 4 6241,

YOTALS: 1500 9000 1058 13 21158.
E<80

1200 1 -HOLE DISK STND CASE-HI RES PROBE INSPECTION
INSPECTION TINC SPECIFIEL WITH STATISTICAL UPDATE. MAX ALLOHABLE FAILURE PROBABLILITY=0.0050.

MNMIN, XNHAX, XNPI ,SASS AL BET, XEFF,IPR=  750. 750, 15260. 1.000 4,00 1,00 1.3

SUBFLEET TIME NUMHBER OF MIRMBER OF NUMBER OF MRBER OF RFC DOLLAR EAIN

ic e INTROQUCED  ENGIHES  IHSPICTIONS REPLACEMINTS FAILURES PR EWSIKC

] 0. 378 2250 253 1 33276,

4 750. 375 €250 239 X 22987,

3 1506. 375 2250 261 3 22567.

49 225%0. 375 2259 269 6 6601.
TOTALS: 1500 9000 1028 13 21308.

E-61

1500 1-KOLE DISK SYNO CASE-HI PES PROBE INSPECTION
INSPECTICN TIME SPECIFIED WNITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITYVZ(.0200.

XHHIN, XNMAX, XHPL,SAS3, AL/BET  XEFF, IPR= 750, 750. 15260, 1.000 4,00 1.00 1.3

SUBFLEET TIME NARBER OF WUYBER OF  MARBER OF WRDER OF  RPC DOLLAR GAIN
10 8 INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILIRES PER EHRINZ

] 0. 375 2250 233 2 20440,
2 750, 375 2250 .23 3 23507.
3 15¢0. 7% 2250 t 41 3 23067,
L] 2256. 3% 2250 266 7 1527,
TOTALY: 1560 9000 ms 18 19227,

£-28
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1500 DISK S:ND CASE-H1 RES PROBE INSPECTION
INSPECTION TXHE SPECIFIED WITH COHSTANT SAFETY FACTOR. 3F=2.00.

XNMINXNIMAX , XNPI, SASS5 AL BET, XLFF,IPR= 750, 750. 5087, 1.000 &.¢0 1,00 1.3

SUBFLEET TIME NUMBER OF NUMBER OF NUMBER OF  NUMBER OF  RFC DOLLAR GAIM
I0 #  IMTRODUCED  ENGIWES INSPECTIONS REPLACEMENTY FAILURES PER ENGIME
1 0. 78 2249 636 1 " 25759.
2 750. 375 249 598 ° 31817,
3 15¢0. 375 2250 626 1 25961,
4 2250. 175 2259 615 1 26163.
10TALS: 1560 8998 2473 3 27625,

E-83

1500 DISY STHD CASE-HI RES PROBE INEPECTION
INSPECTION TIME SPECIFIED WITH COUSTANT SAFETY FACTOR., Sr=3.30.

XNHIN  XHNIAX , XHP T, SASS»AL,BET, XEFF,IPR= 750, 750. 5007, 1.0600 4,00 1.00 1.3

SUBFLECT TIME NMMBER OF NUMBER OF  NUNDER U NUBER GF  BFC DOLLAR GAXK

n s INTOODIICED  EMCINES  YMEDECTIONE DEDLACEMERTE  fAMINEQ pER EMCILE

| 0. 375 2249 a3 ¢ 27547,

2 750. 375 2250 &33 Ld 27i6.

-2 1500. 37¢ 2250 el 0 281734,

4 2250. 37% 2249 729 ¥ 22672.
YOTALS! " 1500 8998 xery 1 206365,

1500 DISK $TND CASE-HX RES PROBE IMSPECYICR
INSPECTION TIME SPECIFIEG WITH CONSTANY SAFEYY FACTOR, SF=3,.30.

MNMIN, XHMAY , XNPX , SA3S3,AL,BET,XEFF,IPRx  750.  730. B5¢87, 1.90C &.,0% t.80 1.3

SUBFLELT TI%E NUBER OF NUMBER GFf LRYEMER OF HRSER OF  RFC DOLLAR GAIN
I0 § INTRODUCED  QHGIMES IHSPECTIONS HIVLACEHENTS FAJLURLS PER ERGLINE
1 0. 375 2249 LAk 4 0 28837,
e 750. 375 250 803 0 25934.
3 150C. 375 2250 £33 L) £6136.
L] 2250. 375 29 &4y 0 26797.
1500 8998 LY 0 26992,

Juitna a2 bubem
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7 1500 DISK STND CASE-HI RES PROBE INSPECTION
‘ INSPECTION YINE SPECIFIED WITH CONSTANT SAFETY FACTOR. 3Fz4.00.

XRPIIN XNMAX s XNPI ; SASS» AL, BET» XEFF, IPR= 750. 750. S087. 1.000 4.00 1.00 1. 3

SURFLEET TIME NUMBER OF NUMBER OF NUMBER OF NRBER OF RFC DOLLAR GAIN
Ine INTRCDUCED  ENGIMES INSPECTTIONS REPLACEMENTS FAILURES PER ENGINE

§ 1 0. 375 2249 993 0 23N7.
2 750. 375 2250 970 0 24397.
i 3 1500. 375 2280 974 6 24316,
@ ¢250. 375 2246 105 0 23458,
TOTALS: 1500 8997 3952 Q 24022,
i .
!

1500 DISX STND CASE-HI RES PROBE INSPECTION
I'SPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF26.00.

KAAIN, XNMAX  XNPI » SASS , AL BET XEFF,IPRs  750. 750. 5087, ¥.000 4.60 .00 t. 3

, SUBFLEET TIHF MMBER OF rUMBER OF NUMBER CF NABER OF RFC DOLLAR GAINH
I Iz & INTRODVUCED EMCIMES  IMUPECTIONS NEPLACEMEMTS FAILURES FER ENGINE
1 0. 375 2249 1135 0 21077.
2 756, 375 2250 1135 0 21097,
3 1500. 375 2249 1101 (] 21357,
L) £2250. 375 2249 1137 0 21037,
TOTALS: 1560 8997 4508 ] 21242,
: E-87

! 150C DYSK STHD CASE-HI RES PROBL INSPECTION
| INIPECTION TIME SPECIFIED WITH CONSTANT SAFEYY FACTOK. 3F:2.00.

XNRIN, XA YNPT » SASS )AL BET XEFF IPR= 750. 759, 45781, 1,000 4,00 1,00 9. 3

! SUBFLEETY TIKE RMBER OF MUMBER OF  NUMBER OF HUHBER OF RFC DOLLAR GAIN
10 # IHTRODUCED  ENGINES XN3PECTIONS REPLACEMENTS FATILURES PER EHGINE

1 0. 375 2240 ey 0 §7477.
2 750. 375 2250 795 0 2769
3 1500. 375 2250 806 ° 27676.
4 2256, 375 2250 762 1 23223,
TOTALS® 1500 299 .77 ’ 1 26568.
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1500 DISK STHD CTASE-HI RES FROBE INSPECTION
INSPECTION TIME SPECIFIED WITH COHSTANY SAFETY FACTOR. 3Fz4,00.

XNMIN, XNMAX, XNPX , SASS,AL,BET,XEFF,IPRs  750. 750. 45781. 1.000 4,00 1.00 1. 3 g B

SUBFLEET TIME NUMBER OF MNUMBER OF NUMBER GF  NUMBER GF  RFC DOLLAR SAIN
, I0 & INVRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE
] 1 0. 375 2249 999 - 9 23797.
3 ? 750. 375 2250 994 0 23916,
3 1500. 375 2250 962 0 24556,
4 2250. 375 2048 995 0 23857, .
TOTALS: 1500 8997 3950 [ 24032. b
' E-80

1500 DISK STND CASE-HI RES PROBE IMNSPECTIOM -
INSPECTION TIME SPECIFIED WITH COMSTANT SAFETY FACTOR., 9Fz6.00. .

NNMIN, XHMAX, XNFI, SASS, AL BET, XEFF,IPR= 759, 750. 45761. 1.600 4. 090 .00 1.3

SUBFLEET TINE NUMBER OF HUMBER OF  NRMDBER OF NUAMBER OF  RFC DULLAR GAIN

, I0 e monotucsn  EuCTUFE  YMERECTYIOME BEDLACEMEMTE  FATULDES PED ENETNE

1 0. 375 2249 1075 ° 22277.

) 750. 315 2250 1068 0 22437,

3 1500. 375 - 2250 1046 0 22076.

4 2250. 375 2248 1114 0 21478,

TOTALS! 1500 8997 4303 0 22267.
I
|
!
1

i E-9

1 800 DISK OLD CASE-HI RES PROBE IMSPECTION B
! INSPECTION TIHE SPECIFIED HITH CONSTANT SAFETY FACTOR. S¥a2.00. {

XNMIN, XNMAX ) XNPL,SASS,AL,BET,XEFF,IPR= 500, 750. 45781, 1.000 4.00 1.0% 1. 3

SUBFLEEY TINE NUWBER OF MNUMBER OF HABEK OF NUIMBER OF RFC DOLLAR GAIN
D4 INTRODUCED  EWGINES INSPCECTIONS REPLACEMENTES FAILURES PER ENGINE

1 0. 20¢ 4938 889 1 86063.
2 0. 200 4990 835 3 70885
3 0. 200 4925 c0% 0 95800,
4 0. 200 5010 81 5 49651 .
{ TOTALS: 8uo 19055 34490 ] Trece.

E-$1
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E-91

800 DISK OLD CASE-HI RES PROBE XNSPECT.ON
' INSPECYION TIME SPECIFIED WITH CONSTANT SAFETY UACTOR. SF=2.80.

XNMIN XNHAX . XNPI , SASS,AL.BET . XEFF,IPR=  500. 750. 45781. (.93% @.00 ¥,09 t. 3

SUUFLEET TIMNE NUMBER OF NUMBER OF NIRRT OF HUMBER OF RFC DOLLAY GATM

Y0 ¢  INTRODUCED ENGINES INSPECTICNS REPLACFMENIS FAILURES  PER EESINE
1 0. 200 4809 1009 0 <0069,
2 0. 200 4839 9€5 2 71254,
3 0. <00 4381 940 1 a3585.
4 0. <00 4856 967 3 . wEeu9.
| TOTALS:! 800 19376 3901 ¢ 70502,
!
|
E-92

800 DISK OLD CASE-HI RES PROBE INSPECTION
YMSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR, SFv3.30.

YNMIN, XNIAX XNPI,SASS AL, BET, XEFF,IPR=  500. 750. 45781, 3,000 4.03 i.00 1.3

LBFLEEY 1IME NUMBER OF MRMBER OF  KNUMBER OF MIOLR JF  RFC SULLALR BAIN
0 & INTRODUCED  ENGINES IHSPECTIONS REPLACEMENTS FAILURES PER ERGINE
1 0. 200 4766 1055 X 37002,
H4 0. 200 4768 1054 i 7615%.,
3 9. 200 . 4804 1019 ¢ 89853 .
4 0. 200 4746 10350 L] 7¢808.
TOTALS: [.1+1/] 19066 @205 5 75667
. | .~V 3
. [~}

) €00 DISK OLD CASE-HI RES PROBE INSPECTION
, INSPLETION TIKE SPECIFIED WITH CONSTANT SAFETY FACTOR. SFss,9%.

YNHIH, XEMAX, XNPX, 8888, AL, BET, XEFF,IPR:  $00. 750. 64576%. 1.000 e.na 1.0 §. 3

A SUBFLEEY YIhS MXBER OF NMBER OF MRMWER OF NURBER OF K7C UOLLAR AN
t i s INVRODAKED  ENGINES INSPECVIONS REPLACERENTS FAZIURES PER THRUING

$ 0. 200 4733 1067 0 BLT67.
2 0. 200 4607 1218 1 70363,
3 9. 29¢ 4585 1261 1 66979,
L e. 200 . 4829 993 3 4u987.
TOTALS! 800 18754 4539 L 71578,
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E-94

800 DISK OLD CASE-HI RES PRODE JHSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANY SAFETY FACTOR. 8F=5.00.
750, 45781.

X CTH, XA X, XNPYT, SASS, ALBEY,XEFF,IPR=  500. 1.000 4.00 1.00 1. 3

SUBFLEET TIME NUMBER OF OAUMBER OF  NUMBER OF NUMBER OF RFC DOLLAR GAIM

IC* INTRODUCED  ENGINES XNSPECTIONS REPLACEMENTS FAILURES PER ENGINE

] 0. 200 4589 1235 1 69175.

2 0. 200 4541 1288 0 760,

3 0. 200 4589 1239 2 59062,

4 0. 200 4604 1227 0 79723%.
TOTALS: 800 18322 4987 3 71163,

E-98

880 DISK OLD CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=6.00.
750, 45781,

XNMIN, XHHAX) XNPL,SASS ,ALWBETXEFF,IPRz  500. 1.000 4.00 t,00 1,3

SUBELEET TIME NUMBER OF NUMBER OF NUMBER OF  NUMBER OF RFC DOLLAR GAIN

10 &  INTROUUCED  ENGIMES INSPECTIONS REPLACEMENTS FAILURES FER EnGINE

1 0. 200 4375 1463 0 68176,

2 0. 200 4489 1347 0 74035,

3 0. 200 - 4501 1326 2 24779,

Py 0. 208 4558 1261 0 77697.
TOTALS: 8on 17923 5397 2 68722,

E-90

800 DISK OLD CASE-KI RES PROBE INSPECTION
JNSPECTION TIME SPECIFIED WITH COMSTAHY SAFETY FACTOR. SF=Z.00,

KNEIZH, XNMAX , KNP, SASS, AL BET, XKEFF, IPR= 500, 75000. «5781. 1.000 4.00 1.90 1.3

SUBPLEET TIME NUBER OF HUMBER OF NUMBER OF NMBER OF RFC DOLLAR GAIN

ID & INTRODUCED  ENGINES JINSPECTIONS REPLACEMENTS FAXLURES PER ENGINE
1 0. 200 920 518 L) -341945,
2 9. 200 430 433 35 -257571.
3 0. 290 958 %65 43 -309328.
4 0. 200 797 402 45 =326109.

TOTALS: 800 3505 a1 172 ~308738.

E-33
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E~-07

200 DISK OLD CASL-HI RE3 PROBE INSPLCTION
INSPECTION TIME SPECIFIED WITH CONSTANY SAFETY FACTOR. SFx2.80.

NNMIN, XHITAX , XHPY ,SASS,AL,BET,XEFF,XPR= 500, 75C60. 4576i. 1.000 4.00 1.00 4.3

., SUBFLEEY TIME NUMBER OF NUMDER OF NUMBER OF  NUMBER OF  RFC DGLLAR GAIN
; 0 ®  INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

; 1 0. 200 911 560 50 -383912.

; 2 0. 200 777 429 37 -247369.

1 3 0. 200 891 486 42 -300339.

o o 0. 200 7364 427 a6 -337246.

b 70TALS: 800 3313 1902 175 -317217.

| '

E-96

: 800 DISK OLD CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPCCIFIED WITH CONSTANT SAFETY FACTOR. SF=3.30.

KNMIN, XNMAX . XNPT , SASS, AL, BET,XEFF,1PR= 500, 75000. 45781, 1.000 4.03 t.00 1.3

T PPRRTVRSEF] T TR V3 R e e

SUBF LEET TIE WUNDER OF HUNDIR OF  MUMDIR OF  MUMBER OF  RFC DOLLAD £ATH
108  INTRODUCED ENGIMES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE
1 0. 2o0n 872 565 44 -324323.
2 0. 200 740 450 19 -268476.
3 0. 200 M 555 49 -373697.
o 0. 200 808 “61 37 -269227.
TOTALS: 820 335 2031 169 -303931.

00

-— o -

I

!

l

[ 800 DISK OLD CASZ-HI RES PRODE INSPECTION

| INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SFz4,00.
1

.X?H!NpWAXnXNPIpSASSpAL,D!TyXEFFpIPﬂ= 500, 7500G. 45781, 1,000 4.00 1,00 1,3

SN SUBFLEET TINE NUNMBER OF NUMBER OF NUMBER OF NUMBER OF  R¥FC DOLLAR GAIN -

{ ID ¢ INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE
. 1 0. 200 1062 623 26 -146757. i
4 2 0. 2090 1043 600 28 -165402.
F 3 0. 200 1100 608 3¢ -206065.
% L 9. 200 986 555 33 ~213290.
' TOTALSs &00 4196 2386 119 ~182879.

E' E-34




E-100

800 DISK OLD CASE-HY RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH COHSTAMY SAFETY FACYOR. SF=5.00,

——

hn ot

XNHIN) XHHMAX , XNPI  SASS,ALDET,XEFF,IPR=  500. 75000. 45781. 1.090 4.00 1.00 1. ¥

WY, W

A\
3 SUBFLEET TIME MONMEER OF NUNBER OF  NUMBER OF  NUMBER OF  RFC DOLLAR GAIN ;
I0 % INTPCOUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE 3
1 0 200 1365 680 13 -20201. :
‘ 2 o 200 1311 611 1% 46877, ;
3 0 200 1404 663 15 -39689, -
} ] a 0. 200 1337 656 18 -69014,
' TOTALS: 500 5417 2615 e2 -43945,
| Q‘ 3
' .
}
‘ 3 .
a
y E~101

4 800 DISWK OLD CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFYED HITH CONSTANY SAFETY FACTOR. SF26.90.

R e 4t ALt it aacte’ o it i st | (e,

;
P XHMIMN, XNMAX, XMPT , SASS ,AL.BET,XEFF,IPR=  500. 75000. 45781. 1.000 6.00 1.00 1. 3
o
P SUNFLEET  Ti:.f  MMBER OF HUNBER OF MUMDIR OF  MUWMRER £F  DFC DOLLAR GAIN
S | 10 #  INCRODUCED  ENGIMES INSPECTIONS REPLACEMENTS FAILURES  FER ENGING
;i 1 0. 200 1590 775 7 35088.
= 2 0. 200 1598 686 9 19545
3 0. 200 1608 658 12 -10899.
" °. 200 1518 697 v 18946, :
TOTALS: 800 6316 2346 37 15670. ]
i
f'l
2102 :
800 DISK OLD CASE-HI RES PROBE INSPECTION )

INSPECTION TINE SPECIFIED WITH STATISTICAL UFDATE. MAX ALLOWABLE FAILURE PROBABILITY=0(.0010,

RNMIPLITAN  KNPI,SASS AL, BET.XEFF,IPR= 500, 500, 45731, 1.000 4,00 1.6 1,3

SRYLEET TIME NURMBER OF NUMBER OF  NUMBER UF NUMBER OF RIC DOLLAR GAIN

) 12 % INTRODUCED  ENGINES INSPECTIONS REPLAGEMENTS FAILURES PER ENGING
Y 0. 200 3399 1956 1 34645,
2 0. 200 4001 1848 0 49726
1 0. 200 %058 179 0 52418,
& 0. 200 3984 1869 0 A872%.
TOTALY: 300 15942 7469 7 1 48378, i
1
71
1
E-36




E-103

800 DISK OLD CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROSABILITY=0.0050.

XNHIN, XHHMAX, XNPI, SASS)ALBET ) XEFF,IPR=  500. 500. 45781, 1,000 4,00 1.00 1,3

. SUBFLEET TIME NUMBER OF NUMBER OF NUMBER OF  MUMBER OF  RFC DOLLAR GAIN §-
i I0 #  INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE '*
A
! ' 0. 200 4231 1590 ° 61675. L
: 2 °. 200 4c2a 1600 0 61374, ‘
{ 3 °. 200 %287 1542 ) 64336.
4 0. 200 4299 1519 ° 65103,
TOTALS: 800 17045 6251 ) 63122, )
E-104

800 DISK OLD CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UFDATE. MAX ALLOWABLE FAILURE PROBABXLITY=0.0200.

JGRIIN, XHMAX, XNPT, SASS, AL, BET, XEFFIPR=  500. 500. 45781. 1.¢00 4.00 1,00 . 3

i SUBFLEETY TINE MMBER OF NUWBER OF NUIMBER OF NUBER OF RFC DOLLAR GAIN .
0% INTRODUCED EMGINES INSPECTIONS REPLACEMEMTS FAILURES PER ENGINE S
1 0. 200 4837 976 3 61599. :
2 0. 200 4931 882 L) 56186.
3 0. 200 4882 925 [ 53950.
4 c. 200 4989 £29 [ 98934%.
TOTALS: 860 19639 3612 1" 67680.

Py Y

| ) 800 DISK OLG CASE-HI RES PROBE INSPECTION
INIPECTION TIME SPECIFIEG WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=0.0310.

XAEIIN,XNHAX, XNPL, SASS, AL, BET, XEFF,IPRZ  500. 75000. 45761. 1.000 #.00 1.00 . 3

SUBFLEET YIKE NURBER OF NUMBER OF NWUIBER OF NUMSER OF RFC DOLLARY GAIN

l - b IR INVRODUCED  ENGINES INSPECTIONS REPLACEHENTS FAILURES PER ENSINE
i 0. 200 2509 1577 0 05620,
2 0. 200 2442 1540 e 47360. .
3 0. 200 25067 1548 1 86744, ;
‘ 4 e. 200 2492 1542 1 57648,
1
TOTALS: 800 9950 4207 4 B&04S.




E-108

800 DISK OLD CASE-HI RES PROBE INSAFECTION
INSPECYION TIME SPECIFIED KifH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=0.0450.

XNIIN XHMAX, XNPT, SASS, AL, BET, XEFF, IPRT 500, 75000, 45781. 1,000 4.0 1.00 1.3

SUBFLEET TIME NUMBER OF NUMBER OF  NUMBER OF NUMBER OF RFC DOLLAR GAIN
10 & INTRODUCED  ENGINES INSPECTIONS REPLACEMEWTS FAILURES PER ENGINE
1 0. 200 1891 12%8 2 59065.
2 0. 200 1861 1289 2 59345.
3 0. 200 1892 1283 3 49973.
q 0. 200 1502 1247 2 61832.
TOTALS: a00 7546 s117 @ 57554.

800 DISK OLD CASE-HI RES PROBE INSPECTION
FNSPECTION TIME SPECXFYED WITH STATISTICAL UFDATE. MAX ALLOWABLE FATLURE PROBABILITY=0.0100.

XNMIN, XNUAX, XNPI,SAS5,AL,BET,XEFF,IPR=  500. 75000. 457681, 1.000 4.00 1.00 1.3

SURFLEFT TIME AmmBED AF  AnManrn OF  RUNDER OF MADER OF 2 RFC DULLAR GAIN
Io & INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE
1 0. 200 1506 1059 9 51340,
2 0. 200 1463 1037 4 52470.
3 0. 200 1486 1n20 8 13373,
9 0. 200 1493 1032 3 62308.
TOTAL3: 800 5948 4148 19 445873,

800 DISK OLD CASE-HI RES FROSE INSPECTION
IHSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. HAX ALLOWABLE FATLURE PROBABILITY=0.0200,

XNMIN, XNHAX , XWPI ,SASS,AL,BET,XEFF,IPR=  500. 75000. 45781. 1,000 4.00 1.00 1,3

SUBFLEEY TINE NRBER OF MADER OF NRMBER OF NUMBER OF RFC DOLLAR GAIN
e INTRODUCED  ENGINES INSPECTIONI REPLACENENTS FAXLURES PER ENGINE

t 0. 200 1315 043 1" -12938.
2 0. 200 1235 87% 15 -49455.
3 0. 200 125 903 11 ~19965.
L 0. 200 1241 663 17 ~66208.

YOTALS: 800 Sit¢ 3560 54 35441,
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E-400

800 DISK OLD CASE-MI RES PROBE INSPECTION
INSPECTION TYME SPEICIFIED WITH CCNSTANT SAFETY FACTQR, SF=2.00,

XNHIN,XNMAX  XHPP T, SASS, ALJBET XEFF,IFR= 500, 750. 1582%0. 1.000 4.00 1.00 1,3

SUBFLEET TIME MRBER OF NUMBER OF NUMBER OF  NUMBER OF RFC DOLLAR GAIN
10 #  INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE
1 0. 200 5086 733 5 $3601.
2 0. 200 5147 671 3 76679.
3 0. 200 5181 633 2 88462,
4 0. 200 5148 666 6 46857.
TOTALS: 800 20560 2703 16 66400.

E-1%50

800 DISK OLD CASE-HI RES PROBE INSPECTION
INSPECTION TIME SFLCIFIED WITH CONSTANT SAFETY FACTGR. SF=2.80,

XNMIN,XNMAX,XHPI, SASS,AL,BET,XEFF,IPR* 500, 750. 15260. 1,000 4,06 1.00 1. 3

SUDTLEET TINE NUFGER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
m ¢ INTROITUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE
! C. <00 5031 789 2 60993,
2 Q. 200 5016 795 1 90438,
3 Q. 200 4991 831 3 6897,
4 0. 200 5048 778 3 71586,
TOTALS: 800 20056 3193 9 77996,

e~y

800 DISK QLD CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH COMSTANT SAFETY FACTOR. 3F=3.30.

XNHIN, XHHAX, XNPI, SASS , AL, BET, XEFF , IPR=  500.  750. 15260. 1.000 4.00 1.00 1. 3
SUBFLEET TIME NUMBER OF MNUMBER OF NUMBER OF NUMRER OF RFC DOLLAR GA
N
b {1 3K INTRODUCED ENGINES THSPECTIONS REPLACEMENTS FAILURES PER ENGINE
S | 0. 200 4954 874 2 76986
2 0. 200 ©5064 920 ) 84626,
3 0. 200 4989 842 3 68595
“ 0. 200 4982 840 2 78%18.
YOTALS: 800 19829 3476 .} 77188,

Fyrony
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E-112

800 DISK OLD CASE-NI RES PROBE INSPECTION
IHSPECTION TIME SPECIFIED WITH COMSTANT SAFETY FACTOR. SF=4.00.

XNHIN, XNHAY, XHPT, SASS, AL, BET . XEFF, IFR= 500. 750, 15260. 1.000 4.00 1.00 1.3

SUBFLE! T TINE NRIBER GF NUMBER OF  NUMBER OF NUMBER OF RFC DOLLAR GAIN
w s INTRODUCED  ENGINES INSPECTIONS REPLACEHENTS FAILURES PER ENGINE
. 0. 200 4854 962 1 82330.
2 0. 200 4837 983 1 81443,
3 0, 200 4876 953 3 63151,
L} 0. 00 4858 956 3 62596.
TOTALS: 800 19425 2854 8 723%0. 2
E-413

800 DISK OLD CASE-HI RES PROBE INSPECTION .
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. $F=5.00. R

XNMIN, XNMAX , XNPI , 5ASS AL, BET , XCFF,IPRx:  500. 750. 15260. 1.000 4.00 1.00 1. 3

SURFLEET TIME NUMBER OF NUMBER OF WIMBER OF NUMBEtR OF RFC DOLLAR GRIN
ID & INYRODUCED ENGINES IMSPECTIONS REPLACEMENTS FAILURES PER ENGINE
1 0. 20C 4762 1052 0 67914,
2 e. 200 4747 1080 2 66906, |
3 0. 200 4594 1236 0 79356. '
“ 9. 200 ot 1016 3 $9926. AR
TOTALS: 84Q0 18914 4382 L1 73526.
E-114

800 DISK OLD CASE-KI RE3 PRODE INSPECTION -
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR, SF=6.00. ot

XNMIN. XNMAX , XNPI , 5458 ,AL.BET,XEFF,IPR=  500. 750, 15260. 1.0600 4,00 1,00 1.3

SUBFLEET TIME MUMBER OF WUMBER OF MNUMBER OF NUMBER OF  RE[ DOLLAR GAIN
0 8 INTRCOUCED EMNGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE
1 0. 200 4604 1217 [ 80022,
2 0. 200 6579 1258 1 68168,
3 0. 200 6662 166 2 62693,
& 0. 200 4594 1232 1 69326,
TOTALS:® 809 18430 Q8T N 70052,

E-39




E-118

800 DISK OLD CASE-HI RES PROBE INSPECTICN
_J INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=2.00.

XNMIN, XHHMAX, XHPL, SASS, ALVBET, XEFF, IPR= 500. 75000. 15260. 1.000 4.00 1.00 1. 3

) SUBH LEET TIMC NUMBER OF HNUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
i 10 # INTRUDUCED EHGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 200 1443 509 12 -1385,
' ° 0. 200 1431 528 16 =42403,

3 0. 200 1503 499 16 ~21372.

“ 0. 200 1474 533 8 37061,
, TOTALS! 800 5651 2061¢ 50 -7026.
i

E~116

800 DISK QLD CASE~HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=2.80.

XNMIN,XNMAX,XMPI,SASS,AL,BEY,XEFF,IPR=  500. 75000. 15260. 1.000 .00 1.00 1.3

SURFLEET TIME MUIMBER OF NUMBER OF NUMBER OF  NUMBER OF RFC DOLLAR GAIN

ID #  INTRODUCED  ENGINES INSPELTIONS REPLACENEHTS FATLURES PER ENGINE

1 0. 200 1768 648 a 71116,

2 °. 200 1712 619 7 42721

3 0. 200 1730 612 P 320889.

o 0. 200 1665 596 7 %3798.
10TALS: 800 6855 2475 26 47631, .
i

1 117

800 DISK OLD CASE-HI RES PROBE INSPECTIOM
INSPECTION TIME SPECIFIED WITH CON3TANY SAFETY FACTOR. SF=3.30.

XHMIMN, XNMAK, XNPY ,SASS, AL BET,XEFF,IPR=  500. 75000. 15260, 1.000 4,00 1.00 1.3

t SUDFLEET TIME NUMBER OF NUMBER OF  HUMBER OF NUMBER OF RFC DOLLAR GAIN
10 & INTRODUCED  EMGINES INSPECTIONS REPLACEMENTS FAYLURES PER ENGINE -

1 0. ¢00 1985 710 ? 37747.
2 0. 200 1889 656 s 60924.
3 0. 200 199N 698 2 ass02.

| 6 0. 200 1914 630 5 61933,

I

; TOTALS: 800 7?79 2694 19 62277,
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E-118

230 DISK OLD CASE-HI WEY PROBE INSPECTVION
IMSPECTION (IHE SPECIFL:0 HWITH CONSTANT SAFETY FACTOR. %Ff%%.00.

L NEEALN, XA XN s SASS AL, BEY ) XEFE,IPRS 500, 75000, $5260. §.C00 4.00 1.00 1. 5
) SUDFLEET TIME WUMBER OF NUMRER OF  NUSIBER OF  MUMRER OF  RTC DOLLAR GAIN
: ID ®  INIRUDUCED  EMGINES INIPECYIUNS REPLACEMENYS FAILURES PER ENGIME 3
1 4
! 1 0. 260 2099 757 4 65170, '
! 2 °. 200 2069 735 5 5645s.
3 0. 203 2155 725 3 77004.
4 0. 203 2138 721 2 87066.
TOTALS: a00 8478 2960 14 1467, ’
\ ]
! i
: |
E-119 j
800 DISK OLD CASE-HI RES PROBE INSFECTION
TUSPECTION TINE SPECTFIED MLTH CONSTAHT SAFETY FACVOR. SF=5.00.

S Xi3AIN, XHEIAY » XHPT , SASS, AL BE T, XCFF 1P 500, T5L00. 15260. 1.050 6.00 1.60 3, % %

: ‘ SUBFLEET TIMF HUIBER OF MANZR OF  WUABER OF  NABER OF  RFC DULLAR GAIN i
' Y0 #  INTROUUCED  ENGIMES IWSCOECTIONS RERPULACEMENTS FAILURES PEL EWGINE i

1 0. 200 2456 ses 1 82495, i

2 0. 200 2469 8% 2 81681. \

3 0. 230 %567 a7z 0 9%43? . i

4 0. 200 2421 799 5 52740, 1

TOTALS! 200 9513 338: e 80569. ;

k-120

800 CYSK GLD CAME-HI BES PRODE IMSPECTION
INSPECTIONR TIME SPECIFIED WITH CONSTAIT SAFEVY FACTOR. BFve.08.

YIIH, XEHAN  XNPL 5508, AL, BET ) XETF  IPR: 5600, 75000, 152640, §.009 4,00 1,00 1. 3

At e d st b B s i e . e s

R y SADFLEET TINE NAEER OF  HAADER OF  SABER QFF NUMBER OF  RFC LOLLAR GAIW
e ® INTROOUCEL  EM7(NES  ENSPECTIONS . LACEMENTZ  FAILURES PER EIRBLHE

1 0. 200 2668 1623 [ 4 TIETY, ;

2 G. 209 21D 934 1 83730,

3 0. 200 2690 974 o 2 A0 UN ]

L) 0. tou 2665 1506 L $2836. ;
YOTAHLS: 80u 10572 3986 7 75539, J

LAY
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k=121

1500 DISK SKIP CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED HWITH STYATISTICAL UPDATE. MAY ALLOWABLE FAILURE PROBABILIYY=0.0010,

YNMIN, XNMAX, XHPI, SASS, AL, BET, XEFF, IPRS 750. 750. 5160. 1.330 4.00 1.00 1. 3

SUBFLEET TIHE MUMBER OF NUNMBEP OF HUMBER OF NUMBER OF RFC DDLLAR GAIM

1L % INTRODUCED ENGINES INSPECTIONS REPLACEMENTY FAILURES PER ENGINE

1 0. 375 2249 1191 0 19957,

2 750. 375 +250 1179 0 29217.

3 150C, 375 2249 1156 [1} 20657.

a 2256, 375 2249 1156 0 20657.
TOTALS: 1500 8997 4682 ] 20372.

E-122

1500 DISK SKYP CASE-HI RES PROBE INSPECTION
IMSPEC TION FIME SPECIFILD KWITH STATISTICAL UPDATE. PAX ALLOWABLE FAILURE PROBABIL1ITY=0.9020.

NHHIM, AHMAX  XHPL , SASS AL, BET , XEFF . TFR= 750. 750. 51460, 1.330 4.00 1.60 t. 3

SUBFLEET TiNE HUMDFR OF timnro cF MZIR OF WU BE® UF  RFC DULLAR GAIN

e INTROCUCED EHGINES 1HSHECTLUNS REPLACEMEMYS FAILURES PER ENGINE

1 0. 375 2249 1176 0 20297,

2 750, 375 2250 1163 0 20537,

3 1500. 375 ‘2249 1125 0 21277,

g 2350, 375 2249 1109 0 21597,
TOTALS: 1500 8997 4571 0 20927,

E-123

1500 DISK SKIP CASE-HI RES PROBE INSPECTION
INSPLCTION TIME SPECIFIED HITH STATISTICAL UPDATE. HAX ALLOWABLE FAILURE YROBABILITY=0.0050.

XHUIN, XHMAX, XNPE ) SASS, AL, BET, XEFF, IPR=  7s0. 750. 53606. 1,330 4.00 1.00 1.3

SUBF LEET TIME NUMBER OF NUMZER OF FUMBER OF  NUMEER OF  RFC DOLLAR GAIN )
I0 8  INTRODUCED  ENGINES INSPECTIUNS REPLAGEMENTS FAILUNCS PER ENGINE .
! 1 0. 375 2249 1140 0 20977.
2 750. 378 2250 1107 : ¢ 21657.
3 1500, 375 2240 1049 0 22816,
4 2250, 375 2248 070 0 22358,
| TOTALS! 1500 8997 4366 0 21952,




E-124

1500 DISK 3KIP CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=0.0100,

YHMIN, XNMAX XNPY ,5A55,AL,BET, XEFF, 1PR= 750. 750. 5160, 1.330 4.30 1.00 1, 3

SUBFLEET TIinE HUMBER OF NUMBER OF  NUMBER OF NRGER OF RFC DOLEAR GAIN
ID = INTRODUCED  ENGINES INSPECVIONS REPLACEMENTS FAILURES PER ENGINE
1 0. 375 2249 1071 n 22357.
2 750. 375 2250 1027 0 23257.
3 1560. 375 2250 912 0 25556,
+ 2350 - 375 2248 896 0 25838.
TOALS? 1500 8997 3906 0 24252,

E-1285

1500 DISX SKIP CASE~HI RES PROBE INSPECTION
INSPECIION TIMD SPECIFIED WITH STATISTICAL UPDATE. MAY ALLOWABLE FAILURE PROBASILITY=(0.0200.

XHHIN, XEHAX, XHPT » SASS, AL,BLT XEFF IPRZ 7.0, 750. 5160. 1.330 4,00 1.00 1. 3

SULFLECT TInC NUNDER OF MWRIBER OF MMDIR OF NUMBER OF RFC DOLLAR GAIN
i 2 NTpoaEn  ENGINDS  INSPLUTIONS KEPLALEMENIS FATLURES PER ENGINC
§ 0. 375 2249 994 [ 21897,
2 750. 375 2259 90¢ 0 25676,
3 1%00. 375 2250 766 0 28476,
“ 2250. 375 2249 663 ¢ 30517,
TOTALS: 1508 89%8 3329 0 27142.

1500 01ISK SKIP CASE-HI RES PROGE INSPECTION
INSPRECTION TIME SPECIFIED WITH STATXSTICAL UPDATE. MAX ALLOWABLE FAJLURE PROBABILINY20,03500.

XEMIH, XNMAX  XNPI SASS, AL BET,XEFF,IFR® 750, 750. 5i60. 1.33%0 6,00 1.00 1. 3

SUBFLEET TINE NREER OF MABER OF NABEIR OF NMBER OF RFC DOLLAR GAXN
Ins INTRUDUCED  ENGINE3 INSPECTIUNS REPLACEMENTS FAILURES PER ENGINE
1 0. 375 2249 ka4 ] 2304¢.
4 759. 375 2250 663 1 25199,
3 1500. 375 2250 526 2 22628,
4 2250. 375 249 432 1 2981¢.
TOTALS! 1500 8928 2392 5 25170,

e ek mma

[PIUARUTIEVPRR R SNCETE TS

PRIy




e

E-127

1500 DISK SKIP CASE-H1 RES FROBE JNSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAN ALLOWABLE FAILURE PROBABILITY=0.0003.

XHMIM, MHMAY, ¢ PT,SASS, AL, BET , XEFF,IFR= 750. 756. 48106, 0.750 4.00 1.00 1. 3

"SUBFLEET TIME NUMBER OF NUMBER OF NUMDER OF NUMBER OF RFC DOLLAR GAIN

Ins INTROOUCED ENGIMES INSPECTIONS REPLATEMENTS FALLURES FER ENGINZ

[} 0. 375 2249 1194 0 19897,

N 750. 375 2250 1195 0 196897,

ki 1500. 378 224% 1182 0 20137,

4 c28). 375 2549 177 (] 20237.

TOTALS: 1500 8997 4748 0 20042.

E-128

1500 DISK S'IP CASE-MI RES PROBE INSPICTION
IMSPESTION YIME SPECTFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROUBABILITY=0.0010.

YNMIN XNMAXK . YHPT . SASS, AL, BEY, XEFF, IPR= 75G. 750. 48106. 0.750 4.00 1,00 t. 3

SUOFLEET TIME HUGIEER OF NUMSER OF  NUMBER OF NUMEER OF RFC DOLLAR GAIN

10 F S TRUDLTCED ENGYME 3 INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 g. 378 2249 1194 0 19897.

2 750. 375 2250 1195 0 15897,

3 1503. 375 2¢49 1142 0 20137,

“ 2:50. 175 2249 1177 [ 20237.
TOTALS: 1500 8997 G74° 0 20042,

F-12¢

1500 DISK SKYP CAS{-~HI RES PROWE INSPEC. IONM
XHSPECTION TIME SPECIFIED WITH STATISTICAL UFUATY. NAX ALLOHABLE FAILURE PROBABILITY=0,0020.

- RRNIN, XHMAX, XNPT , SASS,AL(BET ), XEFF, TPR= 7%0. N, 48VC6.  $.750 0D 1.00 f. 3

SURFLELY TINE NUHBER OF MIRMER GF  wWIMEEY OF NUIMUER OF  RFUC DOLLAR GAIN
n e INTROIUCED  EMOUINES  INSPECVIONS REPLACEMENTS FAILURES PER ENGINE
i Q. 375 224 % 1194 0 19897.
2 50. 376 27250 $195 4] 19897.
3 15¢0. 375 2249 1162 0 20137.
4 2250, 375 249 "7z 0 20237.
TOVALS: 1500 8997 4768 0 20042.




Y PPV I I R O R e T AT A = N e

P R ST

&-130

1500 DISK SKIP CASF-HI RES PRUBE INSPECTION
IHSPECTION TIME SPECIFIED WITH STATISTICAL UFDATE. MAX ALLOWABLE FAXLURE PROBABILITY=D.06F0.

XHIINGXIMAN. YNPL L SASS, AL, BET, XEFF,IPR=  750. 750. 48106, 0.750 4,00 t.00 1. 3

SUBFLEET TIHE NEBER OF NUMBER OF NRDER OF NUMBER OF RFC DOLLAR GAIW

10 INTRODUCED ENGINES JMSPECTIONS REPLACEMENTS FAYLURES PER ENGINE

1 0. 375 2249 1172 0 20337,

2 750. 375 2250 1186 0 20077.

3 1500. 375 2249 1158 0 20617,

4 <250, 375 2249 1168 0 20447,
TOTALS: 1500 8997 4684 [} 20362,

E-131

1500 DISK SK1P CASE-HI RES PROBE INSPECTION
JNSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOHABLE FAILURE PROBABILITY=0.0100.

ANHIN, XNMAX, XNPY ,SASS, AL.BET, XEFF,IPR= 750, 750, 48106. 0,750 4.00 $,00 . 3

SUBHLEET TIME NUMBER OF NUMBER OF NUMBER OF NUMBER OF FFC DOLLAR GAIN

I0 & IHTRODUCED ENGIMES INSPECTIONS REPLACEMENIS FALLURES FER TRNOINT
1 0. 375 249 1135 ] 21077,

2 750. 375 2250 1150 0 20797.

3 1500. 378 z249 1126 1] 21257,

4 225%0. 375 2249 1122 [} 21337,
TOTALS: 1500 8997 4533 0 21117,

E-132
1500 DISK SKIP CASE-HI KES PROBE INSPECTION
INSPECTION TINE SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOHWABLE FAILURE PROBABILITY=(.0200,
XNMIN,XNMAX, XHPX ,SA3S, AL,BET,XEFF,IPR: 750, 750. 48106. ©0.75¢ &4.09 1.06 (. 3

SUBFLEET VIHE NUMBER OF MMBER OF NUMBER OF NRMBER OF RFC DOLLAR GAIN
0 & INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

] a. 375 2249 1679 ] 22197,

2 750. 375 2250 1026 ] eIN7,

3 1500. 375 g250 940 0 2699 .

L 2250. 375 240 907 ] 25618,

TOVALS: 1500 8997 39590 0 26032,
E-48
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E-133

1500 DISK ISTRES=Z CASE-NI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=2.00.

XNHIN, XHMAX XNPI,SASS AL, BET,XEFF,IPR= 750, 750, 15240. 1.000 4.00 t1.00 4, 3

SUBFLEEY  TIME  NUMBER OF NUMBER OF NUMBER OF  NUMBER OF  RFC UJLLAR GAIN --'
I0 = INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES  PER ENGINE '
1 0. 375 2249 254 11 -20026. N
2 750. 375 2250 232 19 -14160. N
3 1500. 378 2250 225 8 ~3342. ]
4 2252, 375 2256 256 16 -46622.
TOTALS: 1500 8999 967 45 -21037,

E-194

1500 DISK ISTRES=2 CASE-HI RE3 PROBE INSPECTION
YNSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTCR. SF=4.00.

XNMIN)XNMAY , XNPT,SASS,AL,BET,XEFF,IPR= 750, 750. 15260, 1.000 4.00 1.00 1.3

"SUBFLEET TIHE NUMBER OF MUMBER OF NUAMBER OF  NUMBER OF  RFC DOLLAR GAIN
I0 #  INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE
1 0. 375 2249 256 " -2002¢.
2 750. 375 2250 232 10 -16160.
2 1500, 375 2250 228 8 -3342,
4 2as0. 375 2250 256 16 -46622.
TOTALS: 1500 8999 967 a5 -21037,

E-138

1500 DISK ISTRES=Z CASE-HI PES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=56.00. :
XNMIN, XNMAX, XNPI,SASS,AL,BET,XEFF,IPR= 750, 750. 15260. 1.000 4.00 1,00 1,3

SUBFLEET TINE NABER OF NUMBER OF NWRBER OF MMRER OF RFC COLLAR GAIN
1 Ip ¢ INTROCUCED  ENGIMES INSPECTIONS REPLACEMENTS FAILURES PER TNGINE

1 0. 375 2249 301 8 -5158.
2 750. 375 2250 292 9 -10813%,
3 1500. 375 2250 273 3 22356 .

“ 2250. 375 2250 299 7 453, _
TOTALS® 1500 8999 1175 g7 1906,

E-46 . .




E-138

1500 DICK ISTRES=2 CASE-HI RES PRUBE INSPECTION
INSPECTION TIME SPECIFIED MITH CONSTANY SAFETY FACTOR. Sr=s.00.

XHITIN, XNMAX , XHFT ,SASS,AL.BET,XEFF,IFR=  750. 750. 15260. 1.600 4.00 i.00 1.3

SUBFLEET TINME NUMBER OF (UMBER OF NUBER OF NUMBER OF RFC DOLLAR GAIN
I0D* INTROOUCED  EMNGINES INJPECTIONS REPLACEMENTS FAILURES P:* ENGINE
1 0. 375 2249 433 [ 13656,
2 750. 375 2250 429 L} 13884,
3 1500. 375 2250 428 1 29898,
4 2250. 375 2250 396 ¢ 3854,
TOTALS: 1500 8999 1691 15 15323,

E-137

1500 DISK ISTRES=2 CASE-HI RES PROBE INSPECYION R
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=wweer— 'O'

XHMIN, XNMAX  XHPI,5SASS . AL,BEV,XEFF,IPRz  75). 750. 15260. 1.000 &.00 t.,00 1.3

SUBFLEET TIME NUMBER OF NUMBER OF MABER OF MNBER OF RFC DOLLAR GAIN

I0 s INTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 649 2 20120,

2 750. 375 2250 666 1 25535.

3 1500. 375 2250 640 0 30994.

a 2250. 375 2249 643 1 25582.
TOTALS: 1500 8990 2578 4 25558.

E~138

1500 DISK ISTRESzZ CASE-H1 RES PROBT INSPECTION
INSPECTION VIME SPECIFIED WITH CONSTANY SAFETY FACTOR. 3F=2.00.

XNMIN, XNMAX . XNPI »SASS,,AL,BET ,XEFF,IPRs 750, 750. 48106, 0.75¢ 4.60 1.00 t. 2
SUBFLEFT TIME NRRER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
ID & INTRODUCED  ENGINES INSPECTIONS REPLACEMFNTS FAILURES PER ENGINE
0. 375 2299 254 " -20024.
750. 375 2250 232 L] ~14160.
1590. 375 2250 225 8 ~3342.
2259. 375 250 256 16 -46622.

TOTALS: 1500 8999 %7 45 ~21037.

.- -..>\-——¢-~-n——.—nr—-——-—1 . .
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1500 DISK ISTRES=2 CASE~-HI RES PROBE INSFECTION
INSPECTION TIHME SPECIFIED WITH CUNSTANT SAFETY FACTOR. SF=4.00.

XNMIN,XNHAX,XNPY ,SASS,ALBET,XEFF,IFR= 750, 750. 48106. C€.750 4.00 1.09 1. 3

SUDFLEET VIME NUMBER OF WNUMBER OF NUMBER OF NUMBER OF  RFC DOLLAR GAIM
ID & INTRODUCED  ENGINES JINSPECTIONS REPLACEHMENTS FAILURES PER ENGINE
1 0. 375 2249 256 t -20024.
2 750. 375 2250 232 10 -14160.
3 1500. 375 2250 225 8 =-3342.,
4 2250. 375 2250 256 16 -66622.
TOTALS: 1560 8999 967 45 -21037.

E-140

1500 DISK ISTRES=2 CASE-HI RES PROBE INSFECTION
INSPECTIO!N TIME SPECIFILD WiTH CONSTANT SAFETY FACTOR, $F=6.00.

XNMIH, XNHAX, XMPI,S5ASS  AL»BEY, XEFF, IPR= 750. 750. 48106. 0.750 4.00 1.00 1.3

SuUBFLEET TinE NUNBER OF Numbtr OF  NUMbER OF NUMMER OF  RFC DULLAR GRIN
Io # INTRODUCED  ENGINES INSPECTIONS REPLACEMENYS FAILURES PER ENGINE
1 0. 3’5 2249 254 11 -20024.
2 750. 375 2250 232 10 ~14160,
3 1500. 375 2250 225 8 -3342.
4 €250. 375 2250 256 16 ~-46622.
TOTALS: 1560 8999 967 45 -21037.

E-141

1500 DISK ISTRES=C CASE-HI RES PROBE INSPECTION
INSPECTION YIME SPECIFIED WITH CONSTANT SAFETY FACTOR. $F=2.900,

XNMIN,XNFAX, ¥XNPI,SASS,AL,BET,XEFF,IPR= 750, 750. 5160, 1,330 4,00 1,350 1.3

SUBFLEET TIME NUMEER OF MNUMBER OF  NUMBER OF NUHMBER OF  RFC DOLLAR GAIN :
10 # INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE
1 0. 375 2249 363 6 4%90.
2 750. 375 2250 347 9 ~Vi156.
3 1500. 375 2250 310 1 32256.
4 2250. 375 2250 343 4 15618.

TOTALS: 1500 8999 1363 20 17392,




E-14¢

1500 DISK ISTRES=2 Chst-8Y RES PROBE INSPECTION
THSPECTION TIHE SPECIFIED MITi ZCHSTANT SAFETY FACTOR. SF=4.00.

MNMIN, XNMAX, XHPI,SASS, AL, BET, XFFF,IPR= 5. 750, 5160, 1.330 4,00 1.00 1.3

. SUDFLEET TIME NUHBER OF MNUSLES OF  NUMBER OF  NUMBER GF  RFC DOLLAR GAIN
1 I0 #  INTRODUCED ENGINES INSPECTLONS REPLACEMENTS FAILURES PER ENGINE
Rl
| 1 0. 375 2248 8% 0 25837.
z 750. 375 250 883 1 20797.
¢ 3 1500. 375 2250 838 0 27035.
: PA 2250. 375 2250 578 0 26235.
TOTALS: 1500 8993 3495 1 24976.
i
E~-143

1500 DISK ISYRES:=Z CASE-H1 RES PROBE INSPECTION
INSPECTION TIHE SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=6.30.

XNMIN, XHHAX , XNPI,SASSALWBET XEFF,IPR= 750, 750, 5160. 1.330 4.00 t.00 1.3

) SUBFLEET TIME NJMBER OF (ARMRER OF  NUMBER OF NUMBER OF  RFC DOLLAR GAIN
: 10 & INTRODUCED  ENGIMES IJINSPECTIONS REPLACEMENTS FAILURES PER ENGINE
1 0. 375 2249 1194 ¢ 19897.
i 750. 375 2250 1195 0 19897,
3 1590. 375 - RC49 1182 o 20137.
4 2250. 375 2249 1177 0 20237.
TOTALS! 1500 8997 4748 0 £0042.
~ _aaa
T Iee

) 1500 DISK ISTRES=Z CASE-HI RES PRODE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLF FAILURE PROBABILYTY=0.000S.

XNHIN, XNHAX , XNPLySASS ALBET, XEFF,IPR= 750, 750, 1526C. 1.00¢ 4,00 1.00 1.3

SUBFLEET TIME NUMBER OF WNUMBLR OF  MRBER OF NUMBER OF R¥s. DOLLAR GAIN

- s INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE
1 0. 375 2249 1123 0 2136,
2 750. 378 2250 1147 1 15517.
3 1500. 375 2249 1132 9 21136.
e 2250, 375 2249 133 0 29117,

TOTALS: 1500 8997 4535 19771,




E-148

1560 DISK ISTRES=2 CASE-HI RES PROBE INSPECTION
INSFECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=0.0016.

XHEIIN, XNMAX . XNPI»SASS » ALSBET XEFF,IPR=  750. 750. 15260. 1.00¢ &.00 t.0C 1. 3

SUBFLEET  TIME  NUMBER OF MUMBER OF NUMBER OF  NUMBER OF  RFC DOLLAR GAIN
I #  IMTRODUCED ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE
1 0. 375 2249 1109 1 16617.
2 750. 375 2250 1123 1 15996
3 1500. 375 2249 1154 ) 20697,
4 2250. 375 2249 1138 0 21157,
TOTALS: 1500 8997 4509 2 18567,

E-146

1500 DISK ISTRES=Z CASE-HI RES PROBE JINSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=0.0¢50.

HNMIN, XNMAX . XNPY , SASS AL, BET,XEFF, IPRs 750. 750. 15260. 1.000 &.00 1.00 1. 3

SUBFLEET TIME NUMBER OF MWMBER GF  NUMEER OF NUMBER OF RFC DOLLAR GAIN

ic ¢ INTPOOUCER  EMGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 864 3 10493.

2 750. 375 2249 909 3 9583.

3 1500. 375 22590 903 t 20401.

% 2250. 375 2250 89s 0 25895.
TOTALS! 1500 8998 57 7 165%4.

E-H47

1500 OISK ISTRES=2 CASE-NI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED RITH STATISTICAL UPDATE., MAX ALLOWABLE FAILURE PROBABILITYZD.0200.

XNMIN, XHHAX ) XNPX, SASS,AL,BET, XEFF,IPR= 750, 750. 15260. 1.000 4.00 t.06 1., 3

SUBFLEET TIME NUMBER OF NUMBER OF  NUMBER OF NUMBER GF k. DOLLAR GAIN

0 = INTRODUCED  EMGINES 1NSPECTIONS REPLACENFNTS FAILURES PER ENGINE
1 0. 375 2249 458 5 7933,
2 750. 375 2249 378 7 -1127.
3 1500. 375 2250 306 % 16312,
4 2250. 375 2250 297 9 -10126.

TOTALS: 1500 8998 ta3e 25 3248.




E-143

1500 DISK YSTRE3=2 CASE-HX RE3 PROBE INSPECTION
INSPECTION TIME SPECIFIED MITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=0.0010.

XNMIN, XNMAX, XNPI,SASS,AL,BET,XEFF,IPR=  758. 750. 48106, 9.750 4.00 1.00 1. 3

SUBFLEET TINE NUMBER OF MUMBER OF NUAMRER OF NAMEER OF RFC DOLLAR GAIN

it s INTRODUCED  ENGINES INSPECTIONY REPLACEMENTS FAILURES PER ENGINE

! 0. 375 2248 978 3 8184.

e 750. 375 2250 1067 4 707.

3 150Q. 375 2250 1134 o git16.

4 2250, 375 2249 1210 0 19577.
TOTALS: 1500 8997 4409 7 12366.

E-140

1500 DISK ISIRES=2 LEAD-THE-FLEET CASE-HI RES FROBE INSPECTION
INSFECTION TINE STECIFIED WITH STATISTICAL UPDATE. MAX ALLOKABLE FAILURE PROBABILITY=0.00:10.

XHHIN, XHMAX . XNP1,SASS,AL,BET,XEFF,IPR= 750, 750. 48i06. 0.750 4.00 t.00 1.3

SUEBFLEET TIHE NUMBER OF NUMBER OF  NUMBER QF NUMEER ©F  RFC DOLLAR CAIR

I0 ® INTRODUCED  ENGINES INSPECTIONS REPLACENENTS FAILURES PER ENGINE

1 0. 375 2249 964 3 8483.

2 5259. 375 2249 1050 0 22T77H.

3 10500, 375 2250 1004 [ 23715,

% 15750. 375 2249 tott (] 23555.

TOTALS! 1500 8997 4029 3 19632,
E.AR®
= reow

1500 DISK ISTRES=2 NO-FLEET-LEADER CASE-H1 RES PROBE INSPECTION
INSPECTION TIME SPCCIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAXLURE PRGIABILITY=0.0810.

XNHMIN, XNMAX « XNPT , SASS,AL,BET XEFF,IPR= 750, ruve 48506, 0.750 4.00 1.90 1. 3

SUBFLEEY TIHE NUMEER OF NUMBER OF  NUMBER OF NUHMBER OF RFC DOLLAR GAIN
I8 INTRODUCED  ENGINES INSPECTIONS REPLACEHENTS FAILURES PER ENGINE
1 9. 375 2249 950 4 14097.
2 0. 375 &250 946 5 -1805.
3 0. 375 2849 935 3 9047,
L 0. 378 2250 920 3 9351,
TOTALS!: 1500 8998 3751 13 7680.

E-81
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E-181

1500 DISK ISTRES=2 CASE-~HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE FROBABILITY=0.00%0.
XNMIN, XNMAXY , XNPI , SASS,ALyBET, XEFF,IPR= 759, 756. 48106. 0.750 4.00 1.00 1.3

SUBFLEET TIME NUMBER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
0 & INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 375 2249 ac7 4 6299.
4 750. 375 2250 a62 L 5267.
3 1500. 375 2249 894 0 25894,
4 2250. 37% 2250 861 1 21241,
TOTALS: 1500 8998 3929 9 14660.
)
E-152

1500 DISK ISTRES=Z CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDAVE. MAX ALLOWABLE FAILURE PROBABILITY=0,0200,

XHMIN, XNMAY, XNPY, €ASS,ALBET,XEFF,XPR=  7%0. 750. 48106. 0.750 6.00 1.00 1. 3

SUBFLEET TiME HUIMBER OF HNUMGER OF  MNUTBER OF MABER UF  RFri DOLLAR SAIRN

10 = INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER EWHGINE

1 0. 375 2249 468 6 2611,

2 750, 375 2249 420 8 ~-7319,

2 1500. 175 ‘22590 396 4 16554,

4 2250. 375 2250 336 io -16266.
TOTALS: 1500 8998 1618 28 -1635,

E-183

1500 DISK 1STRES=2 CASE-HI RES PROBT INSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=Q,0010.

NNMIN, XNMAX, XNPY,SASS,AL,BET.XEFF,IPR=  750. 750, 5160. 1.336 4.00 1.00 1.3

SUBFLEET TINE HABER OF NUMBER OF NUMBER O NUMUER OF RFC DOLLAR GAIN
ID » INTRODUCED  ENGINES INSPECTIONS REPLACENMENTS FAILULRES PER ENGINE -
1 0. 375 2249 1161 9 20157,
2 750. 375 2850 1149 0 20817,
3 1500. 375 2249 1113 0 21517,
4 2250. 3175 2249 1069 9 22397,
TOTALS: 1500 4997 4512 0 21222,
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E-164

1500 DISK ISTRES=2 LEAD-THE-FLEET CASE-HI RES PROGE INSPECTION
INSPECTION TI'ME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=0.0010.

XHMIN, AtRIAY. XNPI, GASS,AL,BET,XEFF,IPR=  750. 750. 5160. 1.330 6.00 .00 1. 3

SURFLEET TIME NUMBER OF NUMBER OF  NUMBER OF NUMBER OF RFC DOLLAR GAIN

b 108 INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE

1 0. 378 2249 1218 0 19417,
| 2 §250. 375 2249 1192 0 21537,

3 10500, 375 2250 1023 0 23335,
! 4 15750. 375 2249 925 0 25275.
: TOTALS: 1500 8997 4278 ] 22391.

']

. E-156

1500 DISK ISTRES=2 NO-FLEET-LEADER CASE-HY RES PROBE TNSPECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBASILITY=0.0010.

XNHIN, XIRMAX , XNPI . SASS, AL, BET,XEFF,IFR= 750, 750. 5160. 1.330 4.00 1.90 1.3

SUBFLEET TIME HUMBER CF NUMBER OF MNIRMRFR NF MMBER OF  RFC UCLLAR S&iIn

] o s INTRODUCER  ENGINES INSPECVIONS REPLACEMENTS FAILURES FER ENGINE
1

! 0. 375 2248 1165 0 20455,

2 0. 375 2250 1140 0 20997.

3 0. 375 2250 1127 [ 21257.

4 0. 375 2249 1140 0 £20977.

TOTALS: 1500 8997 4572 o 20922.

E-168

I 1560 DISK ISTRES=2Z CASE-HI REZ PRCBE INSPECTION
; INSPECTION TIME SPECIFIED NITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=0.0050.

XHPLIN, XMMAX , XNPX , SASS AL BET, XEFF,IPR® 750, 750. 5160. 1.330 4,00 1.00 1,3

SUBFLEET TINE NUTBER OF NUMBER OF NUMDBER OF NUMBER OF RFC DOLLAR GAIN
108 INTRODUCED  ENGINES INSPECTIONS REZPLACEMENTS FAILURES PER ENGINE

1 0. 375 2269 1836 0 23057.
2 750. 375 2250 877 0 2¢257.
3 1500. 375 2250 705 1 26378.
4 2250. 375 2249 520 e 22728,
TOTALS: 1500 avss 3138 3 24105,
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1500 DISK ISTRES=2 CASE-HI RES PROBE INSPECTICN
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=0,0200.

XRMIN) XNMAX . XNPT , SAS5S, AL, BETXEFF,IPRS 750, 750. 51¢0. 1.330 4,00 t.00 1.3

SUBFLEET TIME NUHBER OF NUMBER OF  NUMBER OF NMMBER OF RFC DOLLAR GAIN

ID & INTRODUCED  ENGINES IXNSPECTIONS WEPLACEMENTS FAILURES PER ENGINE

1 0. 378 2248 827 0 27217.

2 750. 37% 2250 657 7 6641,

3 1500. 375 2250 @82 2 23503,

4 2250. 375 2250 400 8 -6925.
TOTALS: 15090 8998 2366 17 9288.

E-158

1500 DISK STND CASE-HI RES PROBE YNSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=2.00.

XNMIN, XNMAX, XNPT,SASS,AL,BET ,XEFF,IPR= 750. 759. 15260, 1.0900 4.00 1.00 1.1

SUBFLEET TINME NUMBER OF NUMBER OF MNUMMBER OF NUMBER OF RFC DOLIAR GATH
D ® INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURLIS PER ENGINE
1 0. 375 2248 797 0 27817.
2 750. 375 22590 766 2 17797.
3 1500. 375 ‘2250 7% 2 17263,
o 2250. 375 2250 757 [ 18023,
TOTALS: 1500 8998 3Me ] 2022s.

E-159

1500 DISK STND CASE-HI RES PROBE INSPECTION
INSPECTION TINE SPECIFIED WITH CONSTANT SAFETY FACTOR. 8F=z4%.00.

XNHIN, XNMAX, XNPI,SASS,AL,BET ,XEFF,IPR=  750. 750. 15260. 1.000 4,00 1.00 t. 1
SUBFLEET TIME NUMBER OF NUMBER OF NUMBER OF NUMBER OF RFC DOLLAR GAIN
1 & INTROODUCED  ENGINES JINSPECTIONS REPLACEMENTS FAILURES PER ENGIME
0. 375 2249 12 21357,
750. 375 2250 1062 22556.
1500. 375 2250 1084 22116.
2250. 375 2248 1140 £0958.

TOTALS: i500 8997 4407 21747,
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1500 LISK STHD CACE-HI RES PROBZ INSPECTIOM :
i ' INSHECTION TIM: SPECIFIED WITH CONSTANT SAFETY FACTOR. SFT6.00. i

PNYIN, XN AX, CNP'D, SASS,ALLBET,XEFF,IPR= 750, 750. 15260. t.00C 4,00 .00 4.9 '\‘"..

SUBFLEET TIME MMBER OF NUMBLR OF  NUMBER OF NMRBER OF RFC UOLLAR SAIN .
g 10 ¢ INTRGUUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGIME .
. t ' 3
g 1 0. 375 2249 1239 0 19177, g
2 750. 375 2259 1183 0 20137,
] 3 1500. 375 2250 1216 ¢ 19476 .
M 4 22508, 3i7s £249 1227 0 19237.
. TOTALS: 1500 8998 4859 a 19507,
i )
N A\
E-81

1500 DISK STND CASE-HI RES PROBE INSPECYION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR, SFeg£.09.

XMNHIN, XNMAX , XNPI, SASS,AL,BET,XEFF.YPR=  75¢. 750. 15250. 1.090 4,00 (.00 ¢, 2

i SUBFLEEY TINE NUMBER OF NUMBER OF NRMBER OF NUMBER OF RFC DOLLAR SAIN
! ID # INTROCUCED  ENGINCS INSPECTIONS REPLACEMEMTS FAILURES PER ENGINE
i 1 0. 375 248 701 1 28401, :
! 2 750. 375 . 2250 693 0 29936. N
3 1500. 375 2250 656 L 30716. =
4 2259. 375 2250 650 1 25455, 3 R
TOTALS!: 1500 8998 2698 2 27627.

B-182 3
1500 J15K STND CASE-HI RET PROBE INSPECTION
INSPECTION VIME SPECIFIED WITH TuNSTANT SAFETY FACTOR. SFse,00.
JONMINGIGRIAX XNPI, SASS, AL (BET, ZEFF IFR= 750, 750. 15269, 7.000 4,00 1.60 1, 2

H ’ SUBFLECT TING NADER OF MIFBER OF  NUMBEF OF PBIEER OF RFC DOLLAR GAIN

. R S (] INTRIDNED  ENBINES XNSPECTIONS REPLACIYENTS FAILURES PER ENGINCT Bl
' ¥ ¢, 375 249 $7e ] 28377,
3 756, 75 2256 93 9 26536,
3 1500. 378 2250 927 ] 28256,
! % 2050, 375 224 62 0 £4537.
| P
5 TOTALS: 1500 89%3 3802 L] 2677,
g N
] . :
1 ‘.
g~-86
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1500 DISK STND CASE-HI RES PROGE INSPECYION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=6,00,

XARSIN » XNMAX , XH'PX , SASS, AL . BET, XEFF , IPP= 756G. 750. 15260. 1.000 4.060 (.00 1. 2

SUBFLEET TIME NUMBER OF MUMBER OF  NUMKER OF NUMGER OF  RFC DOLLAR GAIN

in & INTRODULED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER EMNGINE

1 0. Y4 2249 1080 0 221772,

2 L. 375 2250 1098 ] 21837.

3 1500. 375 2250 1054 0 22716.

4 2250, 375 2248 it28 9 21198,
TOTALS: 1500 8997 4360 ¢ 21982,

E-164

BETTFR CYCLE COUN; 1500 DISK STND CASE-HI RES PROBE INGEUCTION
INSPECTION TIRE LPSCIFIED RITH CONSTANT SAFETY FACTOR, 5f=2.0C.

MANTIN, XNMAX s XNPL, SASS s ALYBET , XEFF 4 TYR= 750, 750. 15260. 1.000 4.0Q 1.90 o2

SUBFLECT TIME NUMBER OF NUBER OF  NUMBER OF NUMBER OF  RFL DOLLAR BAIN
ne INTRODUCED EHGINES ANSPECTIOND REPLAUCEMENTS FAILURES PER ENGIME
1 Q. 375 2cs0 712 1 24218.
< 750. 3 £250 699 0 2981¢.
3 1500, 375 2259 669 0 30616.
3 2256, 375 2250 724 1 24902,
TOTALS 1500 9000 2804 2 27143,

E~188

BETTER CYCLE COUNT 1500 DISK STWD CASE-HI RES PROBE INSFEC) XN
INSPECTION TIME SPECIFIED HITH CONSTANT SAFLTY FACTOR, SF=6.00,

KNMIN ) XNMAX, XNP1,SASS,AL,BET,XEFF,IPR= 750, 750, 15266, 1,000 &.00 1.08 . %

SUBFLEET TINE MABER OF NUMBER OF  AEUER OF BUARBER OF  RTC CULLARN &QIN
e INTRNGUCED  ENGINES INSPECTIONS REPLACEMENYS FATLURES PEE TNHIME
1 0. 3rs 2250 1016 13 TIed6.
2 750. 375 2250 131 v 3176,
3 1500. 375 225¢ 1963 0 289%7.
4 2250. 375 2250 1074 0 2377,
TOTALS: 1560 9000 4361 ] qio92.
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BETTER CYGLE COUNT 1500 DISK STND CASE-NI RES PROBE INSPECTION
INSPECTION TINME SFECIFIED WITH CONSTANT SAFETY FACTOR. SF=6.00.

KNI » XNHAX  XNPT 1 SASS AL, BET, XEFF,IPR= 750, 750. 15260, 1.006 4.0 1.00 1. ¢

o et o =5

SUBFLEET YIME NUMBER OF HNUMBER CF  NUMBER OF NAMER OF RFC DOLLAR GAIN
10 ® INTRODUCEY  ENGINES INSPECTIONS REPLACEMINTS FAILURES PER ENGINE

§ 0. 375 2250 1204 ] 19717,

2 750. 375 2250 1988 0 20037,

3 1500, 375 2250 1182 9 20157,

[ 2250, 37s 22590 1188 9 20037.
TOTALS: 1500 9000 4762 ] 19987.

)
E-187
800 DISK OLD CASE-HI RES PROBE INSPECTION
INSPECTION YINE SPECTFIED MWITH CONSTAHT SAFETY FACIOR, 8F=2.00.

WHHIN XHMAX , XHPY , SASS,AL,DET, XEFF,IPRS  500. 500. 15260, 1.000 4,00 1,00 V.1

SUBFLEET TIME NRBER OF HUIDER ©F  MBMER OF MUMBER OF RFC DOLLAR GAIN

e INTRODUCED  ENGINES IHSPECTIONS REFLACENTRTS FAYULUMEY PER TNSINE

1 0. 200 4937 882 t5 ~53668.

2 Q. 200 «924 899 16 ~646402.

3 0. 200 8055 779 1 -8240.

4 6. 200 495¢ an n ~-13130.

TOTALS: &no 19866 3431 53 -34865.

3

|
i 5168 |

80C¢ OISK OLD CASE-HI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=4.00.

! KRN DAY XKPT o SAUS L ALWBET W XEFF,IPMRT 300, 500. 15260, 1.000 4,06 1,00 1.1

SUSFLELT Y HMBER OF NABER OF  NUMWER OF NUMBER OF RFC DOLLAR BAIN
LIS THYRCDUCED)  ENGINES  INSPECTIONS REPLACEMENTS FAILURES PER ENZINT

§ 0. 235 4523 1315 ] 25626.
2 0. 203 4553 §277 3 47463,
3 9, 200 4547 1389 L 36338,
4 G. 00 4553 281 10 -22919,
YATALS: 450 18106 5182 14 21627.

£~57
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800 DISK OLD CASE~-MI RES PROBE INSPECTION
INSPECTION TIME SPECIFIED WITH CONSTANT SAFETY FACTOR, SFz6.00.

XNMIN,YHMAX, XHPI.SASS,AL,BET,XEFF,IPR= 500, 500. 15260, 1.000 4.00 1.00 1. ¢

SUBFLEET YIME NUMBER OF WNUMBER OF  HUMBER OF NUMBER OF RFC DOLLAR GAIN
D INTRODUCED  ENGINES INSPECTIOMS REPLACEMENTS FAILURES PER ENGINE
] 0. 200 4197 1656 1 4927,
I 0. 200 4207 1641 3 29779,
3 0. 290 4274 1580 2 43000.
4 0. 200 4234 1628 2 40889,
TOVALS: 800 16912 6503 8 40735.

E-170

800 DISK OLD CASE-HI RES PROBE INSPECTION
INSPECTION TINE SPECIFIED WITH CONSTANT SAFETY FACTOR. SF=2.00.

XNMIN, XHMAX, XNPT ,5ASS,AL,BET,XEFF ,IPR= 500, 75000. 15260. 1.000 4.00 1.00 1.1

SUBFLEET TIHE HUMBER OF HUMBER OF  NUI'BER OF NUMBER OF RFC DOLLAR GAIN
10 & INTRODUCED ENGINES INSPECTIONS PEPLACEMENTS FA7'URES PER ENGINE
1 0. 200 1526 €¢31 65 -538188.
2 0. 200 1549 628 52 -407961.
3 0. 200 1518 582 60 ~485784.
“ 0. 200 1489 617 58 -467343,
TITALS: a09 0042 2456 235 -4.'4819.

E~ifi

800 DISK OLD CASE-HI RES PROBE INSPL TION
INSPECTION TIME SPECIFIED WITH CONSTAMY SAFET. FACTOR, SF=4.00.

NNHIN, XHHMAX, XNPT, 5A3S,AL,BET,XEFF,IPR=  500. 75000. 15260. 1.000 4.0C 1.00 1.1
SUBFLEET TIME NUMBER OF NUMBER OF  NWRRER OF NUMBER OF  RIC DCOLLAR GAIN
0= INTRODUCED  ENGINES JINSPECTICOHS REPLACEMENTS FAJILURES PER ENGINE
200 2176 915 k3 -212608.
200 2150 905 20 102008,
200 223 908 20 -102449,
20¢ o221 904 24 =-161996,

aco 8777 3032 95 ~139767.
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806 Ni9K OLD CASE-NI RES PROBE INSPECTION
INSPECTION TINE SPECIFYED WITH CONSTANI SAFETY FACTOR, SF=6.00.

XNMIH, XNMAY  XHPI, SASS . ALSBET XEFF, IPR= 508, 75000. 15260. 1.000 &.00 1.06 .1

SUBFLEXY TIHE NUMBER OF WNUMCER OF  WUMBER OF NUMBER OF RTC DOLLAR $2TK

X0 * INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ERGINE

1 0. 200 2789 1234 8 1387.

2 0. 200 2738 1189 13 ~Q6haLY .

3 0. 200 28ie6 1275 8 ~451,

4 0. 200 2817 1210 4 AN7.

TOTALS: 800 11161 4908 33 -596.

)
E-173

300 DISK OLD CASE-UIX RES PROBE INSPECTIOM
INSPECTION YIME SPECIFIED RITH STATISTINAL UPDATE. MAX ALLOWABLE FAILURT ™.ORSDILITY=0,Q016.

XNMIN, XNMAX , XNPI, SASS,AL,BET  XEFF,IPR=  500. 500. 152606, t1.n0) 4,90 1,00 v, ¢

SUBFLEET VINE NEWBER UF NUMBENR OF  TRAIDTR OF NATLR OF  PREQ DOLLAn eaxn

s INTRODUCED  ENGIMES INSPECTIONS REPLACEMENTS EAT'UR:S PER ENGX-Y

1 9. 200 3714 2150 n 35.45.

2 0. 200 i721 2145 1 25514,

3 0. 200 373 2158 0 35136,

4 ", 00 3708 2177 [ Jeet.
TOTALS: 800 14853 a6y; $ 32564,

E-174

800 DISK OLD CASE-HI RES mBf ISPrCI1ION
INSPECTION TINME SPECIFIED WITH STATISTICAL UPDATE. NAX ALLOWASIE FALILUME PROGABILITY-),0038.

MMINNNHANGXHPTLSASS, ALLBEY,YXFF,IPR=  500. 500, t526%, 1,800 &4.00 .60 1, §

. SUBFLEET TIRE NUMAER OF MUnkEx OF NUEDIER O FJTGER OF  PRC DULLAR GAXh
10 % INTRODUCER  ENSIHDS  IN3FETTIONS REPLACEMENTS FAXLIRES Pk ENGINE
1 C. 14y} 3865 1920 ] 3n§28.
4 0. 2c0 4009 19¢¢ ¢ n1tis,
3 0. 204 &H5% 1808 o BC752.
R 0. 200 3954 1864% [ HEFH7,
TOTALS: 660 15648 737% 1 4639%.
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. ! £70) DISK OLD CASE-HI RES PRUZE YUSPLCTION
' ! INSPEC IO VIMEL SPECTFISD SYTH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILITY=0.0200.

13

FEHIN, X P A XNPT, SASS,ALWBEV S XEFF , XPR= 5GO0. %06. 15260. 1.000 4.90 1.00 1.1

‘;. SUBFLEEY TIvE NRBIK OF HUMGER OF NUMBER OF NUMBER QF RFC DOLLAR GAIN
i I0 % INTRONUCED  ENCIHES INTPCCTIONS REPLACEMENTS FAILURES HER ENGINE
1 0. 200 %797 AL 8 9243.
2 0. 2u) 4713 KR IS 12 ~34903.
{ 3 c. 200 479 1039 5 39140.
i ‘“ Q. 200 €76 1069 9 ~2440.
; TOTALS: 800 19074 L4 1oy 34 2760.
| ;
%
1 -
E-17¢

‘ 895 BISK DLD CASE-KI RES PROBC INSPECTION
INSPECYECM YUY GPECSFIED WYTH STATISTICAL UFUATE. MuX ALLOMABLE FAILURE PROBABILITY=C.0010.

! WL XA, AP 5453, ALBL T, KEFF,ER= 500, 75000. 152¢0. 1.600 4.00 1.00 1. 1

SUGFLEET Yot NUMbER OF WUNGER OF PUFBER OF  WUWBER OF  RFC DOLLAR GAIM

ID # INTRODUCED  EMCINGS  SNSPECTIONG REPLAZEMENTS FAILURES PER ENGINE

\ 0. 00 3058 2005 0 43668.

‘ 2 3. 260 3630 1947 3 16220.

3 0. 200 301y 1071 2 26638

' A 0. 2006 3043 Y249 [} 46407,

; TUTALS 800 §2150 T804 5 32683,
i
!

i E-177

\ R0 LIEX (LD CASE-HI RES PROBE INSHLCTION
b TUSFESVION YIhE SPECIFIED WIM STATISTIC#. UFDATE. MAX ALLOWABLE FAILURE PROBABILITY=0.00590.

i MOMIN, XNHMAX, XNPT, 3A3S,AL,BET, XEFF.IOR=  »OZ, 75000, 15289. 1.0600 4,00 .00 9. §

: 7 SINFITET TIME NUrBER OF NUMBER OF  MATBER OF MAMBER UF  RFC DOLLAR GAIN

' I % ANTRUDUCED  ENGIMES  INSPECTIONS REPLACEMENTS FALLURES PER ENGINE -
»
§ ? 9. 200 2506 1716 3 20297,
; 2 0. 200 2649 1306 s 8842,
3 3 0. 230 2646y 1672 9 -29848,
4 °. 290 2651 1638 4 19432,

I TUTALS Y 30 oNe7 4780 21 6682,
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890 DISK OLD CASE-HI RES FROBE INSPECVION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. HAX ALLOWABLE FAILURE PROBABILITY=9,0200.

XNMIN, XHMAX . XNRT, SASSAL,BET,XEFF,IPR=  500. 75000 15260. 1.000 4.00 1.00 %, ¢

SURFIEET TIME NUMBER COF NUMBER OF NUMBER OF NUMIER OF  RFC DOLLAR GAIN

08 INTRUDUCED  ENGINES INSPECTICNS REPLACEMENTS FALUURES PER ENGINE

1 0. 200 2156 1031 0 -208121.

2 0. 200 212 1048 22 ~-128714.

3 Q. 200U 2183 1098 26 -17127¢.

& 0. 200 2118 1015 19 -97541 .

TOTALSG: 800 8552 4192 97 =151413,
3
-

E-179

1500 TEST SPECIMEN ISTRES=2 CASE-HI RE3 FROBE INSPECTION
INSPECTION TIHE SPECIFIED WITH CONSTANT SAFETY FACTOR. 5F=4.00.

XNKINLXHMAX , XNPT  SASS,AL,BET, XEFF,IPRS 750, 75000. 23029. ©.900 4.00 t.00 §. 3

SUDFLIET TIME NUMRER OF NUMBER OF NUMBER OF NUMBER OF Ri< DOLL/# GAIW
I C INIRODUCED  ENGINCS INSPECTIONS REDPLACEMENTS FAILURES PuR ENGINE
1 0. 375 534 58 o1 27016.
F 750. 375 529 %5 35 29591
3 1500. 375 541 56 43 2613),
4 <250, 375 537 58 41 29989,
TOTALS: 1500 21 215 160 6T,
5380 -

1500 TEST SPECIMEN ISTRES=2 CASE-HI RES PRUBE INSPECTION
INTPECTION TIME SPECIFIED WITH CONSTANT SAFETY FAZIOR. SF=4.00.

HNMIN, XNMAX ) XNPI,SASS,AL,BET,XEFF,IPR=  750. 75000. 15266. 1.000 4.00 1.060 . 3

SUBTLEEY TINE WUMBER OF AMBER OF  NUMRER OF NABER OF  RFC COLLAH GAIN
* I0 8 INTROOUCED  ENCINES INSPECTIONS KEPLACLUINTS tAILURES PER EMGINL
] 0. 378 933 77 25 3.875.
2 750. hyiy 9Ly 63 15 37168,
3 1500, 373 /™M 72 I 35334,
L 2230, 375 93 7¢ 24 34863,

TOTALS: 1500 3718 208 8 Y4569,

2 s i D
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1500 TESY SPECIMEN ISTRES=2 CASE-HI RES PROBE INSPECTION
'\ . INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. MAX ALLOWABLE FAILURE PROBABILXTY=0.0500.

MNHMIN, XNMAX, XNPT , SASS,AL,BET, XEFF,IPR= 750. 75000. 23029, 0.900 4.00 1.00 1.3

‘i
3
, SUBFLEET TINE NRBER OF WUMBER OF HUNTBER OF NURBER OF RFC DOLLAR GAIN
: s INTRODUCED  ENGINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE ;
i
H 1 0. 375 853 246 25 29398,
2 750. 375 880 246 1" 35103.
3 1500. 375 258 219 21 31611,
4 2250. 375 £68 217 15 32482,
{ TOTALS: 1500 3469 928 76 32149,
i .
¥ 3 .'
E-182

1500 TEST SPECIMEN ISTRES=2 CASE-HI RES PROBE INSFECTION
INSPECTION TIME SPECIFIED WITH STATISTICAL UPDATE. HAX ALLOWABLE FAILURE PROBABILITY=0.0500.

XIRLt o XNHAX . XNPT , SASS , AL,BET,XEFF , IPR=  750. 75000. 15260. 1.000 4.00 §.00 1.3 KN

SUBFLEET TIME NUMBER OF MNUMBER OF  NUMBER OF NUMBER OF  RFC DOLLAR GAIHN
0 = INTRODUCED ENZINES INSPECTIONS REPLACEMENTS FAILURES PER ENGINE
1 Q. 375 11514 274 V7 31941,
2 750. 375 1175 253 8 36031.
3 1500. 375 1154 235 17 32803.
& 2250. 375 1030 217 11 35651,
TOTALS: 1500 4510 979 53 34409,
i
! |
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