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ABSTRACT

This study presents a detailed analysis of aircraft engine maintenance cost based on the relationships
between engine performance and geometric parameters. Some trend equations based on the engine
performance and maintenance database were developed for the estimation of shop-visit interval,
work-scope, man-hours, material cost and Life Limited Part cost. The results show that this approach

can give a more reasonable and detailed estimation of engine maintenance cost than older empirical

methods.
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Table 1. List of Studied Engine

i/ﬁiz‘feacturer Engine Type gfr?;itmg EII::(P?I

GE CF6-50C2 Long 5.0
CF6-80C2A2 Short 1.0
CF6-80C2A3 Mid 3.0
CF6-80C2B1F Long 7.5
CF6-80C2B6F Long 6.5
CF6-80C2D1F Long 7.0

Pratt &

Whitney JT9D-7Q Long 5.0
JT9D-7R4G2 Long 8.0
PW4056 Mid 3.0
PW4156 Long 8.0
PW4158 Mid 3.0
PW4060 Long 6.5
PW4460 Long 7.0
PW4462 Long 7.0
JT8D 217A Short 1.5

Eﬁgfnational CFMb56-5B4/P | Short 1.5
CFMb56-7B27 Short 1.5
CFMb56-7B18 Short 1.5

International

Aero V.2530-A5 Short 1.5

Engines

Table 2. Engine Performance & Maintenance Parameters

Independent Dependent
Parameters parameters
Temperature Shop Visit Interval
Pressure Workscopes for SV

Rotational Speed Manhours/SV

Tip Speed Material Cost
No. of Blades Subcontract
Diameter LLP Lives

Entry Into Service LLP List Price

Year
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Fig. 2 Current Trend of Shop Visit Maintenance
Cost
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Fig. 3 Shop Visit Interval (EFC) vs. YCold Coefficient
for Short Range

Table 3. Comparison of Shop Visit Intervals

Mean Error; % Vs. YCold

New Eq. 18.3

NASA Method 33.1

ANASRE A dele #Ha HustRs o
NASA Z%2e] Aws} umste] WA He o

&S Bov A= Table 37 2t

ZF dael taiA Z Algol diE vEgAG
o9 (Man Hours per EFH)9] #Al= Fig. 49
2o s Zds A A Gud dae] Feole
ZHot AlFF7F Btk AL AE&S RYAL F
A Jare] ASol= Zcod AFete BAIL BIF
IS & F AMT olHF AFdFS B-T-F B

H] 3§l (Light-Heavy-Light shop visit pattern)<

2

288 A4S A HA YuE A :mojRo A
HE 98 el F #a g Ade Ast
5ol AHE g 2A4Y9E 9 & F U

Eq. 14)= & JaF7]ol gt dole] A3
o2 A FIFH JaF7] S AHEEA Fof
A wFHE AL AIEs 401%2 FUFe=
2 &S EROoY NASAS ARl 71.2%
Hoe 493 d& 23488 2d

IstSVMH | EFH = 4.057E = TXZ 07" =1.26TE =3X Z 0y +1.208

2ndSVMH | EFH =1.175E ~Tx Zepy,’ —9.8T1E—4XZ ey, +2.46  (14)

— 260 —



o
@

°
@

o
N
o

1st SV Man Hours/EFH
< o <
=
Oo

=)

— Quadratic
===+ 95% confidence bounds | |

-0.21

O 1SVManHr/EFH vs. ZHot

04 L L L L L h . . .
0600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600

ZHot Coefficient

Fig. 4 1st SV ManHours/EFH vs. ZHot Coefficient
for Long & Short Range
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Table 4. Mean Errors (%) of New Estimation of SV
Maintenance Cost

Cost Elements New NASA's
Approach | Method

Shop Visit Interval (EFC) 18.3 33.1

Labor Cost 39.2 71.2

Material Cost 7.3 -

Subcontract 23.9 -

Shop Visit Total Cost 13.5 -

LLP Lives (EFC) 7.6 -

LLP List Price 5.1 -

LLP Change Cost 10.7 -

Total Maintenance Cost 10.5 -

5&2 £

HH 8 245 Alo]o] #AAS AUt
ol TAAE ol&3te HAAH A5 A
H B85 AlAete] NASA #AI2e Az 2 ¢
olEjWlol2~ g3 wlnE I AAHY, F
AuEg T 238 105%% 7€ #ANTH
st 2 BAXEC] AT A=gs

o] =2 97 zWI= dlgn (Cranfield
o2 433k VITAL Project
(20053 102 ~ 20079 09¢¥) AFZAHe] drY

Fo 23

—

ik

1. ATA, “Standard Method of Estimating
Comparative Direct Operating Costs of
Turbine Powered Transport Airplanes”, Air

Transport Association of America, 1967

2. Roskam, “Airplane Design Part VIII:
Airplane Cost Estimation: Design,
Development, Manufacturing and
Operating”, Roskam Aviation and

Engineering Corporation, 1990

3. Jenkinson, Lloyd R. Paul Simpkin, Darren
Rhodes, “Civil Jet Aircraft Design”, Arnold
Pub., 1999

4. Sallee, GP. "Economic Effects of Propulsion

System Technology on Existing and Future

Transport Aircraft’, NASA CR 134645,
1974
5. Jane’s Information Group, 2006, "Jane's

Aero Engines", 2006

6. Aircraft Commerce,
Analysis: JT9D, PW4000 & CF6 50/80", Issue
23, Aircraft Commerce, June / July 2002

7. Aircraft "CEM56 5B/ 7 &
V.2500 Maintenance Cost Re Examined",
Issue 28 Aircraft Commerce, April / May
2003

"Maintenance  Cost

Commerce,

- 262 —





