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SER SN EMARHIARD AN BXNUERS, KNE
ENBIERS -

& HBHIESS Material Services
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I 52 A BRSO
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1.1.3 ©BKA%RZE Global Distribution Network
B S &S S R BAN & E =11 50 FHP RN,
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1.2.1 ER4EARS: Component Services
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HEEER AN A FIAR &/ ML,

SIE B EBHIRS R ARG IR B B P B EE—
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K E R LRI B iR S ERAR S PR R M S X e
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FRr X%,
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EENEINHRSBEE AN NRER LT A
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1.2.4 ERH-FAE R {232 Component Lease & Repair

EEEHBB RSN EEIATH MRO SR HEMZE T
PTHEIEFARBRETER S, BPHERSESY
TR, FIERFISREFIER~DAR, ESHEERER
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FMERAE), REBIRMEE PR R A BACRRE AL
B EET.

= ABZF BT EEBHEEMER R T RE R FEN
BARE5, REEARRHUENE—EO, TR AERR
BHWRRIREE TR,

1.3 373 Support

EEEMM, WETEREREREEFE T
REFAT VRN, —BEINSHE WL EET, EEE
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M ARMEXLETH,

TR A5 AT WD,

1.3.1 365 K 7*24 /NI 3% 24/7/365 Parts Support

BT R AR PR 7524 /NS 3B, RS EEX
FERIEFFRIR RN HNEERCE, BE KRNI,
S DUANIRIZHT. IR, YR, SR, FRERFIE
PMEZ

FEH B AR BRI NI R R TR DN T IR S
XNEIZEI= G, HELE S BRSNS &I 6518,

1.3.2 7% PART T Boeing PART Page
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MyBoeingFleet M iki7]a]

1.3.3 BRi%MEE S3E Service Ready Support
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ST, WEE EREFIER LS A IR
FAREWEN, FHERWEEH M B EFATE,

1.3.4 TR Tooling
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CF6 Engine Operational Reliability and Maintenance Optimization
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1. Introduction

The engine overhaul (C check) normally consists of
four “Shop Visits” over the entire engine life cycle[1]. The
interval between each shop visit needs reset afterwards
based on the requirements of airworthiness authority
and manufacturer. The CF6-80C2 engines are used to
power Boeing 747-400 aircrafts. In practice, however,
most engines in T airline have more than 4 shop visits
due to the different engine components maintenance
intervals. The CF6-80C2 engine can be divided into 10
major parts that are compressors and turbines, such as
the high pressure compressor (HPC), the low pressure
compressor (LPC), the high pressure turbine (HPT) and
the low pressure turbine (LPT). Each part has different
useful life limit and service requirement[2].

Engine manufacturer-GE recommended that the
first engine overhaul check was as 18,000 flight hours or
3 years whichever is first reached [3]. Based on T airline
maintenance data it is found that some engines reach
the first shop visiting due to high running hours within
one calendar year. This results in the difficulty of the
maintenance planning, increasing the operational cost,
and impacts on flight dispatch reliability.

Operational reliability can be defined as the
probability of an item or system can operate its intended
function without failure under the required conditions
within a period of time. Nowadays, maintenance
industries such as airlines give importance to reliability.
Reliability modeling enhances effective maintenance
planning as well as prevents engine deterioration by
predicting safe and reliable engine useful life prior to

failure from historical data.

MIBM )
E ot Equation 1
MTBM +MDT

0

MDT: Mean maintenance Down Time (include administrative

and logistic delay time); MTBM: Mean Time Between Maintenance

2. Data Analysis

The sampled data includes 15 samples of CF6-80C2 corrective
maintenances. In somehow, the engine operating hours can be
assumed to be the same as the aircraft flying hours. In practice, it
is found there were a lot engines actuarially not able to be sent for
overhaul on scheduled maintenance time, some in before while some
later. The reasons for this are various.

In T airline, the CF6-80C2 engine’s life cycle is planned to be
approximately 10 years [3]. However, it can be observed that many
engines are still in service after that, and even doubly exceeded their
planned life span. GE company-manufacturer of CF6-80C2 engine,
expected the annual operational hours is about 6000 flying hours[4],
whereas the first shop visit was set as 18000 flight hours/3years,
and in sequence, the shop visit 2, 3, and 4 were set as 14000 flight
hours respectively that detailed in table 1. Accordingly, the practical

corrective maintenance shop visits were listed in table 2

Table 1 CF6—80C2 Scheduled Shop Visit Interval
(Flying hours)

Scheduled X
- ‘ Total flight hours years
flight hours/life
Shop visit 1 18,000 18,000 3
Shop visit 2 14,000 32,000 5
Shop visit 3 14,000 46,000 8
Shop visit 4 14,000 60,000 10
RilSFERS
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The data in table 2 indicates that only 20 percent of

3. Reliability Modelling

Based on the parameter estimated in table 3, the

the total engines stepped in the overhaul servicing after
the planned interval. And there are only 13 percent of the

total fulfilled their overhaul shop visit 3 and 4 prior to the reliability models of each shop visit (overhaul) can be

schedules. constructed in table 4, and accordingly the reliability at

By using statistic analysis software (Minitab), it is each current timeframe is calculated in the table as well.

Table 4 Reliability Models

found the sampled engine’s shop visit times follow two

parameters Weibull distribution. They are plotted in figure

1~4, and the detailed parameters are listed in table 3.

Shop Visit No. Reliability Model Original Reliability at
Maintenance original overhaul
Intervals (FH) timeframe
1 t 533 18,000 0.40
R(t)=exp| -
© p( (1&195))

Table 2 Summary of Engine Overhaul Shop Visit Time2 Scheduled 5 ; s42 14,000 0.73
Shop Visit Interval (Flying hours) R(I)=em(_(16,041J]

¢ 320 14,000 0.79
Engine Operational Time (Flight [ ( ]
Hours) to Overhaul Shop Visit ‘ [

Number SV 1 Sv2 SV3 SV4

Engine

]5’4 14,000 0.89

13,955 13,563 11,238 13,486

14,039 13,824 12,821 13,486 . . . L
3 14084 13.987 14353 | 14717 The purpose of maintenance is to retain the reliability
4 14,304 14,025 14,742 15,516 of equipment on an acceptable level, GE company hopes
5 14,437 14,340 15,040 17,858 to keep the reliability of CF6-80C2 at 99% under specified
6 14,574 14,494 15,107 18,050 int ime [4]. h T aidli t 00% th
- 14798 14514 16205 | 18.613 maintenance regime [4]. however T airline set 90% as the
8 15,541 14,649 16,564 18,882 acceptable engine operational reliability [5]. Based on the
9 16,227 14,659 17,627 | 19,142 criteria above, it is easily found the current maintenance
1? 1?32; 1;?22 gigg ;?ggg schedules detailed in table 1 absolutely do not satisfy T
12 17,370 15,215 18,629 22,042 airline safety and reliability requirements.
13 20,371 15,218 18,690 23.691
14 20,538 | 19,227 | 20822 | 23,831 o . .
15 26,067 | 19,227 | 27,321 | 26,493 4. Reliability Simulation

By applying the models above, a numerical simulation

Figure 1: Weibull plotting of Shop visit 1 Figure 2 Weibull plotting of Shop visit 2

Line Fit Plot Shop Visit 1

Line it Plot Shop Vit 2 of engine reliability is provided in table 5 below.

3

i1/ Medin Rank)
Inlln(3/(1Median k)

B s & oo e

ek koo

95 95 97 95 99 1 11 102
o)

Table 5: Reliability Iteration of Shop Visit 1 to shop visit 4

Figure 3 Weibull plotting of Shop visit 3 Figure 4 Weibull plotting of Shop visit 4

Line Fit Plot Shop Visit 3 Line Fit Plot Shop Visit 4

9 95 1 102 104 94 o5 58 0 02 14
ntg) ote)

(1701 Medin Rank))
lI(1/1-MednRank))
b bbb o

Table 3: Pparameters of Weibull distribution

B a
SVi1 5.33409 18,1949
SV2 8.42376 16.040.7
SV3 5.20327 184517
Sv4 5.20327 206694
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Maintenance

svi

sv2

SV3

sv4

Intervals(FH)

3,000
4,000
5,000
6,000
7,000
8,000
9,000
10,000
11,000
12,000
13,000
14,000
15,000
16,000
17,000
18,000
19,000
20,000

Reliability
0.99969
0.99898
0.99731
0.99389
0.98759
0.97687
0.95977
0.93401
0.89710
0.84670
0.78106
0.69976
0.60427
0.49855
0.38900
0.28371
0.19085
0.10000

Reliability
1.00000
0.99999
0.99995
0.99975
0.99907
0.99715
0.99234
0.98150
0.95918
0.91691
0.84346
0.72773
0.56648
0.37576
0.19571
0.07136
0.01556
0.00164

Reliability
0.99992
0.99965
0.99888
0.99711
0.99357
0.98716
0.97642
0.95956
0.93446
0.89889
0.85073
0.78842
0.71149
0.62111
0.52055
0.41520
0.31206
0.21853

Reliability
0.99997
0.99987
0.99956
0.99880
0.99724
0.99429
0.98920
0.98092
0.96816
0.94939
0.92286
0.88681
0.83959
0.78007
0.70795
0.62417
0.53126
0.43342



5. Maintenance Interval Optimization

Based on the models constructed in table 4, it is
easy to derive maintenance interval subject to required

reliability optimisation models, which are as following:

* Shop visit 1
1
=5 % 533 #
,=18195 (-InR) DOSH<E Lo

* Shop visit 2,

1
£, =16041 (-lR)¥* ; 0<z, <o

Equation 3
* Shop visit 3
1
-] 5 520 -
t,=18,452 (~InR,) 3 ey o s
* Shop visit 4
1
£,=20,669 (-InR,)*® ; 0<z,<®

Equation 5

Obviously, f complying with GE Company required
99% operational reliability, and then the maintenance
interval need be changed to about 7,000 flight hours
for the first shop visit and the 9,000 flight hours for the
following shop visit 2, 3, and 4.

If complying with T airline’ industry 90% operational
reliability, therefore, the first shop visit will be 11,000
flight hours and the 12,000 flight hours would be the
other shop visits respectively. The optimized results in
table 6

Table 6 Summary of reliability versus overhaul intervals

Reliability ‘ Maintenance Intervals (Flying hours)
Shopvisitd | Shopvisit2 | Shopvisit3 | Shop visit 4
0.5 16,986.67135 15357.77005  17,196.74027  19,322.55113
09 11,032.38666 12,280.16882 1197316441  13,666.42335
0.99 7,680.882884  9,290.930234  7,622.243272 8872478713

=3 Research H

6. Conclusion

Engine’s reliability is degraded over the time. The
purpose of maintenance is to retain engine’s inherent
reliability. Therefore, how to preset maintenance intervals
will keep the most importance in whole logistic engineering
support.

Research in this paper found the current maintenance
regime in T airline is obviously irrational, which is hardly to
maintain fleet at the minimum acceptable safety level (90%).

The numerical simulation result indicates that if engine
reliability of 99 percent required, the maintenance interval
should be set at about 7,000 flight hours for the first shop
visit and the 9,000 flight hours for the following shop visits.
This is a substantial difference from the manufacturer’s
recommendation of 18,000 flight hours for the first shop
visit and the 14,000 flight hours for the following shop visits.

Furthermore, in practice, T airline’ required minimum
operational reliability is 90 percent, accordingly the first
shop visit should be at 11,000 flight hours, and 12,000 flight
hours for the following shop visits 2, 3, and 4 respectively.
Obviously, that has significantly changed industrial ongoing
operational planning.

Although the results of this paper have been
recommended to and accepted by industry, some notes must
be taken here that the models’ parameters in this paper
are limited in the circumstance of T airline. If for any other

application, they likely need be changed.
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