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Application of IntervalM ultiattribute Decision™M aking M ethod to
Aeroengine Performance Ranking
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Abstract

In view of the uncertainty of the monitored perfom ance param eters of aeroengines, the fluctuating scope of the monitored infor

mation during a period is taken as interval numbers, and the interval multi-attribute decisionm aking method is employed to predict

the perfom ance of aeroengine The synthetic w eights of interval numbers are obtained by calculating deviation degree and possibility

degree As an example of app lication, 5 perfomance parameters monitored on 10 CF6 aeroengines of China Eastern A irlines Ca. .

Ltd are adopted as decision attributes to verify the algoritim. The obtained synthetic ranking result shows the effectiveness and ra-

tionality of the proposed method in reflecting the perfom ance status of aeroengins

Key words Aeroengine, M ulti-attribute; D ecisionm aking; Interval nunber, Perfom ance ranking; W eights

In troduction

The perfomance deterioration of aeroengine is
one of the key factors which may induce aircraft cata-
strophic events W ith the expansion of airline fleets,
the number of aeroengines increase dram atically.

Because perfomance parameters can reflect
acroengine's deterioration degree objectively['], the
perfomance ranking of the same type of aeroengines
according to the monitored condition parameters is
usually used to realize a high efficientm anagement of
aeroengines Perfom ance ranking not only makes us
clear about the performance deterioration rates of

aecroengines in time, but also provides us an effective

Received 20050517
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sor, PhD. His research of interest is in aviation safety and
support technology
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guideline to draw up a shop-visit schedule A ddition-
ally, itis a beneficialmeans to decrease indirectly the
engine maintenance cost by pumposive troubleshooting
based on the monitored infomm ation

D om estic airlines in China used to evaluate acro-
engine perfomance by analyzing a single parameter
However, aeroengine is a complicated system, to
rank aeroengine performance, many perfomance
parameters, such as the deviation of exhaust gas tem -
perature (DEGT), the
(DFF), the deviation of N2 (DN2, N2 is well

known as the rotate speed of high pressure turbo or

deviation of fuel flow

high pressure compressor (HPT/HPC) in aviation in-
dustry),
compressor (LPC) /fan (ZVB1F), and the deviation
of vibration of HPT/HPC /Rear (ZVB2R), need to

the deviation of vibration of low pressure

be adopted for analysis, and a single parameter cannot

]

. S &
reflect the real perfom ance of an aeroengine ~'. For

the sake of the multi-attribute perfomance ranking,
American PW comporation investigated the weight
coefficients beween wo parameters DEGT and D FF
of PW 4000 aeroengine, and presented a prelm inary

m ethod of synthetic perfomance rankingm.
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Synthetic ranking of multp le perfom ance param-
eters of aecroengine belongs to a typical multi-attribute
risk decisionmaking problem. The mperfect attribute
weights of the selected param eters may increase the un-
certainty of decisionmaking, and a maintenance
scheme based on insufficient infomation may lead to
an unw ise conclusion The monitored infomation is
influenced by many factors, so the traditional objective
or subjective weighting methods'*’ cannot reflect the
real perfom ance condition of aeroengines

In this paper, by considering the fluctuating
scopes of monitored infom ation in a period as interval
num bers, the synthetic perfom ance ranking of aero-
engine is obtained by calculating the deviation degree
and possibility degree between these interval num-
bers This method, by combining objective fuzzy
inform ation and subjective preference infom ation into

6]

(s. :
a fomula , provides clear concepts and means for

programm ing on computer

1 Prelin naries

To measure the similar degree of o interval
num bers, the concepts of deviation degree and possi-
bility degree between interval numbers are introduced
as follows'".
Definition 1  For interval numbers a = [ a_,
a; | and b=[b, b, ], the destination degree betw een
them is defined as

D (a,b) =la-ol=
dh = 5 ) by =5, (1

where a, and a, are the lower and upper lmits of

interval a, respectively; b and b, are the lower and
upper limits of interval b, respectively; D (a, b) is
the destination degree betw een intervals a and b

For interval attributes, all the elements of the
decision matrix are given in tem of interval number
The smilarity betwveen two elements needs to be
measured by deviation degree because the nomalized
attributes are difficult to compare Obviously, the
snaller the deviation is, the shorter the distance
betveen wo interval numbers is

Definition 2 For interval numbers a = [ a_,

b

ay Jand b=[b , by ], and their interval length L (a)
=ay - a, L(b) =b, - b, we define the possibility
degree of a=b as
P(a=b) =
max (0, L (a) +L (b) -max(b, - a_,0))
L (a) +L (b) .

The possibility degree between interval numbers

(2)

yields properties as follow s:

(a) IfP(a=b) =P(b=a), then P(a=b) =
P(b=a) =0. 5.

(b) P(a=b) +P(b=a) =1

(c) If a, =by,, then P(a=b) =1; and if h =
a,, then P(a=b) =0.
(d) For three interval numbers a, b and c,

if a=b, then P (a=c) =P (b=c).
According to Definition 2, we can obtain the

corresponding partial ordering relation

2 Description of Algor ithm

The main steps to rank interval numbers are as
follows™ "'

(1) Detem ining decision m atrix

Suppose seta = {a,, a,, ", a,}, and each sam-
ple comprises m interval attributes, namely s = {5,
$, "% S ;. Thus, the decision matrix X = {X; }, « IS
obtained, where x; is an interval number of attribute
s; of sample a;

(2) Data nomalization

The attributes in decision matrix are usually clas-
sified into benefit type, cost type, etc D ifferent
attributes m ight have different magnitudes and dmen-
sions To eliminate the inconsistency between attrib-
utes and avoid ignoring the snall numbers w hen there
exists very large numbers, data should be nomalized
for clustering A fter nom alization, a fuzzy matrix R
= (1) 45 Is introduced

For benefit type at\tributc, we have

i

Ly = "
}’_Z(au,-,-) i

A

Ky ij =
fé:(q,,) ’
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For cost type attribute, we have
N

(an‘) !

__(a)”

L .
’;(au,-,-) -2/

(3) Calculating the total deviation degree

(4)

For attribute s;, the deviation degree of samp les is

D (w) = ZD (rij, rkj)wi, (5)

where w is weight, w; is weight of the i-th attribute;
D (rj, 5;), k=1,2, "y n is calculated by Eq (1),
i=1,2,75m, j=1,2,;n

Thus, the total deviation of samples is

D; (w) = I:Z:Dij (w) = :Z:;;Z}D (ry, 5y)w;, (6)

(4) Detem ining the weights
The total deviation of decision samples should

satisfy the follow ing optimal object function:

m

max D (w) = Zi}iD (1, 5;) oy, (7)
- e

m

J
z 32 =1}
s t 1=

w, =0 =12 ", m
Then weights w; can be obtained by combination
Eq (7) with Eqs (5) and (6):

s ' (8)
25202 P (r n)

[ [00769, 0.2957] [0 1617,
[0. 1161, 0.2023] [0 0787,
[0. 0441, 0.0567] [0 0179,
[0.4597, 0.6899] [0 0303,
[0 1652, O
[0 4454, 0.8094] [0 0190,

0.

0

0.

0

. 1796 ]

[0.0702, 0. 1107] [0 0190,
[0 1842, 0.2625] [0 0165,
[0.2303, 0.2927] [0 0117,
L [0.2627, 0.3622] [0 0071,

5 [0 2063,
0.7063] [0 1850,
0.1452] [0 1450,
0.5013] [0 1490,
2326] [0.0181, 0. 1400] [0 1192,
0. 1177] [0 1376,
0.9140] [0 0471,
0.0893] [0 0975,
0.0797] [0 0735,
0.0716] [0 0725,

(5) Calculating the synthetic attribute
The synthetic attribute is

7 = Zrijwj, i=1,2, ", n (9)
=

(6) Contructing the comp lementm atrix of possi-
bility degree

The complementm atrix of possibility degree is

P =(pi)nsas (10)
where p; =P (z = z)
Eq (2).

(7) Ranking of samp les

and can be obtained by

Finally, samples can be ranked according to the

synthetic w eight coefficients y;:

- 1 m +_n_]
Thtn-1) },Zp” 2 ’

i=1,2, "y n (rr)

3 Example of Application

Five perfomance parameters: DEGT, D FF,
DN2, ZVBIF and ZVB2R, monitored on 10 CF6
aeroengines of China Eastem A irlines Co. , L td in Ju-
ly 2004, are adopted as decision attributes after de-
pendence analysis Considering the fluctuating scope
of monitored information, we look on them as inter-
val numbers (listed in Table 1).

By nomalization of the decision matrix com-

posed of the data of Table I by Eq (3), the standard

matrix is presented as follow s:

) 4091] [0.0302, 0. 0970]
86401 [0 1998, 0. 9049 |
11461 [0 0666, 0 1939
57281 [0 2132, 1. 0859 ]

0.7113] [0 0747,
0.6097] [0 1495,
0.4268] [0 0359,
1. 82921 [0 0897,

=l = ==l = = = =

0.4130] [0 1380, 0. 4406] [0 1332, 0. 3393 ]
0.4925] [0 0448, 0. 1432] [0 0727, 0.2262]
0.2724] [0 0183, 0.0734] [0 2907, 0. 4936 |
0.8536] [0 0498, 0. 1591] [0 0799, 0. 1357
0.2032] [0 1794, 0. 5728] [0 1998, 0 3393
0.1829] [0 0690, 0. 9547] [0 3197, 0 5429

Then, the attributes w eights is calculated by Eq (8):
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(W,,0,,0;,0,,0s) =(0.0965, 0. 2989, 0. 1743, 0. 2924, 0. 1379).

Table 1 A ttributes values of 10 CF6 acroengines of China Eastemn A irline Ca , Ltd in July, 2004
X A ttribute
Series
DEGT D FF DN2 ZVBI1F ZVB2R
1 [4 90, 14 83] [0. 03, 0. 18] [0 18, 0.26] [0. 14, 0. 24] [0. 56, 1. 06]
2 (7. 16, 9. 82] [0.22, 0.37] [0. 21, 0.29] [0.02, 0. 12] [0. 06, 0. 16]
3 [25. 55, 25. 84] [1.07, 1.63] [0.30, 0.37] [0. 50, 0. 50] [0. 28, 0.48]
4 [2 10, 2 48] [0. 31, 0.96] [0.07, 0.36] [0. 10, 0.20] [0.05, 0.15]
5 [6. 23, 6.90] [ 11, 1.61] [0.31, 0.45] [0. 13, 0.13] [0. 16, 0.24]
6 [1 79, 2 56] [1. 32, 1 53] [0.26, 0.39] [0. 40, 0. 40] [0.24, 0. 44]
7 [13. 09, 16 23] [0.17, 1. 53] [0. 47, 1. 14] [0. 78, 0.98] [0. 11, 0. 11]
8 [5 52, 6.19] [1. 74, 1. 76] [0. 15, 0.55] [0. 36, 0.36] [0. 40, 0.40]
9 [4 95, 9.30] [1. 95, 2 48] [0.63, 0.73] [0. 10, 0. 10] [0. 16, 0.16]
10 [4. 00, 4 34] (2 17, 4 091 [0.70, 0.74] [0. 06, 0.26] [0. 10, 0. 10]
According to Eq (9), we get the synthetic [0. 1009, 0.3119], [0 0958, 0 2722],
attributes of samp les: [0. 0661, 0. 42091, [0 0653, 0. 2661 ],
(z,2,23,2,%,%,%,%,%, %) = [0. 1186, 0.3018], [0. 1044, 0. 4423])
C[0-1177, 1. 83367, [0 1382, 1. 29921, By Eq (10), the complement matrix of possi-

[0. 0545, 0. 1835], [0 1350, 0. 85251,

bility degree is obtained:

[0.5000 0.5893 09643 0. 6980 0. 8992 0. 9184 0 8536 0. 9226 0 9031 0. 842
0.4107 0.5000 0.9649 0.6198 0.8734 0.8998 0.8135 0.9061 0. 8783 0. 7977
0.0357 0.0351 0.0500 0.0573 0.2431 0.2873 0.2427 0.3585 0.2081 0. 1695
0.3020 0.3802 0.9427 0.5000 0.8095 0.8465 07334 0.8573 0.7149 0. 7089

| 01008 0. 1266 0.7569 0.1905 0. 5000 0. 5578 0 4344 0 5988 0 4904 0. 378
- 0.0816 0. 1002 0.7127 0. 1535 0.4422 05000 0 3880 0.5485 0 4272 0. 3263
0. 1464 0. 1865 0.7573 0.2666 0.5656 0.6120 0. 5000 0.6400 0.5619 0. 4569
0.0774 0.0939 0.6415 0. 1427 0. 4012 0 4515 0 3600 0. 5000 0. 3842 0. 30032
0.0969 0 1217 0.7919 0. 1851 0. 5096 0. 5728 0 4381 0.6158 0 5000 0. 3784
L0 1580 0 2028 0.8305 0.2911 0.6219 0. 6737 0.5431 0.6998 0.6212 0. 5000
Finally, the synthetic weight coefficients of aero- according to the monitored parameters, so that an

engines are calculated by Eq (11) as follows:

(Y5 Yas Y55 Ya» Y55 Yo ¥1> Yos Yo Yio) = (10. 882,
10. 497, 5. 524, 9. 806, 7. 321, 6 912, 7. 824,
6. 617, 7. 390, 8 228).

Thus,
engines is achieved as follows (from best to worst):

> >

0. 5893 5619

Yo > % >

0 5485 0 6415

w here the number0. 589 3 in “ﬂ

the perfomance ranking of the aero-

> Yo > Yio 7

0. 6198 " 0 7089 05431

Yo > Y5 >

050967 0. 5578

M Y,
¥,

5?93 is the possibility
degree that engine 1 is better than engine 2, the rest
can be deduced by analogy. By app lication of the pro-

posed method, on-w ing aeroengines are ranked

“5
&

optmal maintenance schedule can be made to monitor
the worse engines pumposively and to avoid sudden
events

The synthetic ranking result obtained here is re-
garded by the aeroengine engineers of China Easter
A irline Co. , Ltd as objectively reflecting the perfom -
ance status of aeroengines Compared w ith the present
method, single parameter ranking method is to rank
engine by some parameter value directly If perfom-
ance ranking for aeroengine is made in tem of DEGT
in this case, the resultis 3 <y <yp <yB <% <y <%
<y <y <y; if ranking in tem of the other index,

its result is still different In fact none of these single

i
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parameter ranking results can reflect the perfomance

deterioration status of aeroengines effectively.

4 Conclusion

By taking the fluctuating scope of the monitored
inform ation during a period as interval numbers, all
the attribute weights are obtained by calculating the
deviation degree and probability degree between inter
val num bers, and thus a synthetic perfom ance rank-
ing of aeroengine is obtained using multi-attribute
decisionm aking method w ithout experts' emp irical
subjective opinion So far, aeroengine engineers have
already verified that this method can objectively,
effectively and reasonably reflect the real perfom ance
condition of aeroengines In addition, because the
weights can be easily calculated by computer pro-
gram, this method may provide a new way for real-
tine perfom ance synthetic ranking of aeroengines and
for optimal condition based maintenance manage-

ment
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Multi- parameter Performance Ranking of Aeroengines
Based on Fuzzy Information Entropy Method

ZHANG Hai-jun, ZUO Hongfu, LIANGlJian
( College of Civil Aviation , Nanjing University of Aeronautics and Astronautics , Nanjing 210016 , China)

Abstract : Performance ranking of civil aviation engine based on surveillance information can provide the degree of engine
deterioration and stagger difference , make optimal maintenance plan, and reduce maintenance cost. Therefore it has
become a critical issue in improving fleet management. However rational methods for evaluating engine’s overall
performance in civil aviation management are unavailable. This paper establishes a theoretical model and proposes an
algorithm to distribute all parameter weights based on a fuzzy equivalent aggregation technique and attribute information
entropy of rough set theory when multi-attribute weight information are unknown. As an example , the algorithm has been
verified in performance ranking of ten CF6 engines from a civil aviation company. The result shows that the method is
objective and effective.
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(7)

4.9 0.032 0.18 0.24 1.04

7.16 0.37 0.29 0.022 0.06

25.84 1.63 0.3 0.5 0.48

2.1 031 0.07 0.2 0.05

- 6.9 1.11 0.31 0.13 0.16

s 2.55 1.32 0.39 0.4 0.44

- 13.09 1.53  0.47 0.98 0.1l

5.52 1.74 0.55 0.36 0.4

9.3 1.95 0.63 0.1 0.16

L 40 2,17 07 0.2 o0.1J
[0.5841 1.0000 0.8429 0.7952 0.100 0
0.5319 0.8577 0.6857 1.0000 0.991 1
0.1000 0.3273 0.6714 0.5509 0.6168
0.7459 0.8830 1.0000 0.8328 1.000 0|
05379 0.5462 0.6571 0.8985 0.9020
R = 106384 0.4578 0.5429 0.6449 0.6525
1.0000 0.3694 0.4286 0.1000 0.946 S
0.5698 0.2810 0.3143 0.6825 0.688 I
0.4824 0.1926 0.2000 0.9267 0.902 0|
L0.6049 0.1000 0.1000 0.7764 0.955 4

H= (5) 1S 2IME BRI LUAERE s 7 B =4 A1 e it
BT AR O SE N A B
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[1.0000 0.6724 0.4558 0.7000 0.6236 0.5929 0.3451 0.498 1 0.4160 0.395 3|
0.6724 1.0000 0.5574 0.8423 0.8682 0.6781 0.5241 0.6086 0.6649 0.5952
0.4558 0.5574 1.0000 0.5080 0.6334 0.6975 0.4445 0.6339 0.501 7 0.4400
0.7000 0.8423 0.5080 1.0000 0.7678 0.6582 0.5493 0.5683 0.5729 0.568 6
@ - 0.6236 0.8682 0.6334 0.7678 1.0000 0.778 6 0.5775 0.7006 0.7495 0.659 8
0.5929 0.6781 0.6975 0.6582 0.7786 1.0000 0.6094 0.8182 0.6264 0.6236
0.3451 0.5241 0.4445 0.5493 0.5775 0.6094 1.0000 0.5699 0.5113 0.5245
0.4981 0.6086 0.6339 0.5683 0.7006 0.8182 0.5699 1.0000 0.7501 0.730 0
0.416 0 0.6649 0.5017 0.5729 0.7495 0.6264 0.5113 0.7501 1.0000 0.81938
L0.3955 0.5952 0.4400 0.5686 0.6598 0.6236 0.5245 0.7300 0.8198 1.000 0
[1.0000 0.7000 0.6975 0.7000 0.7000 0.7000 0.6094 0.7000 0.700 0 0.700 0|
0.7000 1.0000 0.6975 0.8423 0.8682 0.7786 0.6094 0.7786 0.750 1 0.750 1
0.6975 0.6975 1.0000 0.6975 0.6975 0.6975 0.6094 0.6975 0.6975 0.6975
0.7000 0.8423 0.6975 1.0000 0.8423 0.7786 0.6094 0.778 6 0.7501 0.750 1
e 0.7000 0.8682 0.6975 0.8423 1.0000 0.7786 0.6094 0.778 6 0.750 1 0.750 1
0.7000 0.7786 0.6975 0.7786 0.7786 1.0000 0.6094 0.8182 0.750 1 0.750 1
0.6094 0.6094 0.6094 0.6094 0.6094 0.6094 1.0000 0.6094 0.6094 0.609 4
0.7000 0.778 6 0.6975 0.7786 0.7786 0.8182 0.6094 1.0000 0.7501 0.750 1
0.7000 0.7501 0.6975 0.7501 0.7501 0.7501 0.6094 0.7501 1.0000 0.81938
L0.7000 0.7501 0.6975 0.7501 0.7501 0.7501 0.6094 0.7501 0.8198 1.000 @
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2 1=0.650 M H22:{1,2,3,4,5,6.8,
9,10} ,{7};

2 A=0.70 B 4R 32K:(1,2,4,5,6,8,9,
10} ,{3} ,{7};

B A=0.75 BF 4K 4 28: (1} ,{2,4,5,6.8,
9,10} 13} A7}

%4 2=0.80 B W5 H 63K:{1},{2.4.,5),{3},
{6,8} ,{7} ,{9,10} ;

B A=0.850F ,MH A9 2:(1},{2,5),{3},
{4} .16} ,{7} ,{8} ,{9} ,{10}.
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9,10} ,{7} ;

2 A=0.75 B 5> A4 25:{1},{2,3,4,5,6.
8} ,{7} ,{9,10};
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6} .{7} ,{8} ,{9,10};

2 A=0.85 B, 4R 92K {1},{2,4},{3},
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{5} .{6} .{7} ,{8} ,{9} ,{10}.

SRIE R (1) ~(2) 7 BUR H & BE T #E S
gt = (6) 15 2 M B A Bont AT f =X
(N1SEFEIR | BB T =4.437 2.

EH A K BRI AR 2.3 4.5 TR H o
bR EE L B SR SI/IRAL N o=
42,9359, T, = 3.9643, T, = 42.965, T; =
42.765 5.

B (8) KIG BTN E R AN (0, 0,0y,
wy; ,ws) = (0.032 4,0.313 2,0. 028 9,0.313 5,
0.312 0).,

3 (9) SRIGF LR G RE SR A

(31, Y2, 93, ¥4, Y55 Y6 s Y15 Y85 Yo, o) =
(0.5799,0.381 9, 1.662 9, 0.109 4, 0. 670 8,
0.770 0, 0.4102, 0.977 4, 1.011 5,0.942 2).
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