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Civil Aircraft MSG-3 Analysis Based on Rough Set and Case Based Reasoning

WU Hao
(Shanghai Aircraft Design and Research Institute, Commercial Aircraft Corporation of China Ltd, Shanghai, 200232, China)

Abstract:One of the most important things in developing aircraft structure maintenance program is to determine

the inspection task and intervals for structure accidental damage. Given the lack of using datum, the method of

using rough set and case based reasoning (CBR) is introduced to civil aircraft MSG-3 analysis. According to the

requirement of civil aircraft MSG-3 (Maintenance steering group) analysis, the research into the method of civil

aircraft MSG-3 analysis using CBR is conducted and key techniques, including the case base development, case

representation, case retrieval, maintenance task and interval determination, are investigated. Meanwhile, to

avoid human’s subjectivity influence, rough set is used to allocate the weight of the MSG -3 analysis factors.

Finally,we use the significant structure item of aircraft as an example to verify the method.
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Fig.1 Accidental damage analysis process
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Tab.1 Main factors of target case
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Tab.2 Visibility, sensibility, residual strength and likeli-

hood decision

U a b ¢ d e

1 0 1 1 0 2000F C
2 1 0 0 0 1000FC
3 1 1 1 0 4000FC
4 1 1 1 1 8000FC
5 2 1 2 1 16000FC
6 2 2 2 2 16000F C B H K
7 2 1 1 1 16000FC
8 1 2 2 2 16000FC
9 0 2 1 0 4000FC
10 0 0 1 0 1000FC
11 0 1 1 1 4000FC
12 2 1 0 1 8000FC
13 1 2 1 0 8000FC
14 1 1 0 0 2000F C
15 1 2 1 2 16000FC
16 2 1 2 2 16000FC
17 1 05 1.5 1.5 8000FC
18 0 1 1 8000FC
19 1 0 2 2 16000FC
20 2 0 1 0 4000FC

“1000FC” & 7 “ i 41 7 i 18 48 3 43 Kz 2 R) B o
1000FC”, MRHEFR 1, Al o LT i B 53] Ik
BRI TR A 5 B RN AT RE R 3 4 A4S R 2R A [ B P 3R
oy

UIIND={{1}, {2}, {3}, {4}, {5}, {6}, {7}, {8}, {9},
{10}, {11}, {12}, {13}, {14}, {15}, {16}, {17}, {18},
{19},{20}}

U|IND{a}={{1, 14}, {2, 10}, {3, 9, 11, 20}, {4,
12,13,17,18},{5,7,8,15,16, 19}, {6}}={Y,, Y,
Y, Y., Y,, Y

U|IND{b, ¢, d}={{1, 3}, {2}, {4, 7,11}, {5}, {6,
8}, {9, 13}, {10, 20}, {12}, {14}, {15}, {16}, {17}, {18},
19 = (X, Xo, X, Xo, X5, X5, X0, Xoy X0y Xios Xi1s
X0, X0, X0

PX)=2/20, p(Y\IX)=1/2, p(Y:X)=1/2

P(X,)=1/20,p(Y\|X;)=1

P(X)=3/20, p(Yi|X:)=1/3, p(Y.X,)=1/3,
PYi|X)=1/3

P(X)=1/20,p(Y:X,)=1

P(X)=2/20, p(Y:|X:)=1/2, p(Y,X;)=1/2

P(X)=2/20,p(Y:X5)=1/2 ,p(Y.|Xs)=1/2

P(X)=2/20, p(YIX)=1/2, p(Y,X,)=1/2

P(X)=1/20,p(Y,|Xs)=1
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2 1.1 1.1

3 1.1 1.1 1.1

AR A P AT L R R R 0,192, 38 i
FA R AR, AT A B MR TR Ay A AT AR
) L 43 ) 0R 0.221,0.0716,0.1505.

P AT L O TR A R AT R 4 S

R 11 TR T AR I T AL
1 1.1568 0.3729 0.7839
0.864 5 1 0.3224 0.6776
2.6816 3.1020 1 2.1020
1.2757 14757 04757 1

A B RFFAEAE 2,,=3, H1 C.I= A1)/
(1) (s Ay ) 7 2 B 1) B ) M 2800 < S DRI 46 I A 1 C LT
0o Ui WY TR B A A R 47 1 — Bk A SOy ek
HER) AHP J7 3 0] b 38 B R G — S0 9 0
M. A B RFAE [0 & {8 43 5 4 0.171 8, 0.148 5,
0.460 6,0.219 1. 43 5% N T 0] UL | SR )
A% FE R AT BB M X 44 P R AE I 2 B R 45 A
AL
3.2 ETFROGIEENSH

HAn 200 2@ vk an 3k 1 s o ik X 58
B R R K R L 15 2] 5 H AR 2 4 MSG-3 43 HT AH G 1Y
LU BRI FR .

R3 MHLURFNEEEM

Tab.3 Main factors of similar cases

% 8 2 JE P ESVEA AT
U W/ Tk RSWUER BER EW 0 KB WTLME BUSHE FIAEE WA B4R (L5
24000FC
1 T2k i A 54 415/425 2 1 2 1 DET
42000FH
2 F 2 H A 54 425 2 1 2 1 DET 72MO
, 30MO
3 T2k H B 54 431/441 2 2 1 1 GVI
9000FC
4 T 3 B 54 507 2 2 1 1 DET 15MO
28000FC
5 Tk i B 54 400 2 2 2 1 DET
5250DY
‘ ‘ 12000FC
6 T2 BT B 54 431 2 2 2 2 DET
6YRS
7 Tk B m B 54 412/422 2 2 2 1 GVI 90MO
8 Wk FEm C 54 400 2 2 2 1 DET 8YRS
WLk FE C 54 400 2 2 2 1 DET 8YRS
10 E&27 H E 54 419/429 2 2 1 1 GVI 12693FC
FR P 22 06 A S PR B M RN R R P AL 4y S, T LLIA SR H g ) RN 22 451 22 [8) A9 AH 0L gt 2 7] 8t

ST 20% F180% o PRI, 2 1 R M 9 AR 43 ) an
T2/ T2 0.3 KBl A R 0.2 il i F A 0.3,
FEHONO0.1 X 0.1, 8 PEACE 4 Bl - Al
AR 017, UBHE R 0.15, T 4358 M 0.46, 7] fig
PER 0.22, W4 2.3 )y ik, i85 B br 2 5 H & 1
AHARLRE , A0 4 B .

MG L 538 UL 2 — A o4 A B AT 6 19 A AR
JEE L, 6 AR SCAF AL 58 491 1 A7 0 2 o AR S S 497 3 R
FLEE R T 0.5 2. Rk, %61 1,2,3,4 5110
PR

AT DL B B Y O 2k R AL ) E B Ok

i) o 711 22 491 [ B 2 1) A AR ARL o %o s 428 o ke 1) S8 481
FIR 2 A7) F B 1T 53 A AR DL BE a2 5 77
A 2.6 5 ¥, % SSTIH | B0 AT 19 4E AT
%N PEANAS A (Detailed inspection, DET) _FH74T .
HR A2 O THE, IF SR AT B a1 B Ak B, A5 5
ZIH 4 ] 17000F C/42MO .
3.3 SERBER
FRAE bR T A5 S nT LA i SSTR 4R B AT
S 151 (1 PR £ S ol S A S < % A T )
17000FC/42MO., S2Br 737MAX #L 1% SST (1) 4
(R ] R A e e e R < 3 1 5



408 Mow b

ANV

%51 %

EE N

x4 EOIBOE

Tab.4 Similarity of cases

E VI 1 43 B 45 R E I e 143 BT 4 R E17]|
FHS X/ Kl - AR AL EE . PIFS " et ARUE SV
T gy TOH WECBEC ) TRERBE e TEM psm o) mm
1 0.3 0.2 0.0 0.1 0.1 0.14 2 1 2 1 1.625 0.440 0.58
2 0.3 0.2 0.0 0.1 0.1 0.14 2 1 2 1 1.625 0.440 0.58
3 0.3 0.2 0.3 0.1 0.1 0.20 2 2 1 1 1.325 0.800 1.00
4 0.3 0.2 0.3 0.1 0.0 0.18 2 2 1 1 1.325 0.800 0.98
5 0.3 0.2 0.3 0.1 0.1 0.20 2 2 2 1 1.775 0.267 0.47
6 0.3 0.2 0.3 0.1 0.1 0.20 2 2 2 2 2.000 0.000 0.20
7 0.3 0.0 0.3 0.1 0.1 0.16 2 2 2 1 1.775 0.270 0.43
8 0.0 0.0 0.0 0.1 0.1 0.04 2 2 2 1 1.775 0.270 0.31
9 0.0 0.0 0.0 0.1 0.1 0.04 2 2 2 1 1.775 0.270 0.31
10 0.0 0.2 0.0 0.1 0.1 0.08 2 2 1 1 1.325 0.800 0.88
x5 BUERHERGIBEEMEME
Tab.5 Similarity of modified cases
72 P JE A B 4G JE it 8 Mo B 4 Z 1
ZHS L/ Rl . AR DL ] ELFS N A AR SR
Fop g TOH WEBEC ) TRERBE e TER psm o) mm
1 0.3 0.2 0.0 0.1 0.1 0.14 2 1 2 1 1.625 0.84 0.98
2 0.3 0.2 0.0 0.1 0.1 0.14 2 1 2 1 1.625 0.84 0.98
3 0.3 0.2 0.3 0.1 0.1 0.20 2 2 1 1 1.325 0.68 0.88
4 0.3 0.2 0.3 0.1 0.0 0.18 2 2 1 1 1.325 0.68 0.86
10 0.0 0.2 0.0 0.1 0.1 0.08 2 2 1 1 1.325 0.68 0.78
9000FC/48MO . R A SCH 3 J5 ik , HRAT O 36 PR
iR R R — L XD EER B R 1P, A - '
MBS R B A H AR AL AR B AL B (1) MR BERL R % MR TR (M. A
B 4718 2 xR AT O B LA 6T s L, 2011
E@ﬁﬁ@‘@%ﬁ‘ifiﬁo {Eﬂﬂﬂ:g{%iﬁﬂﬁégﬁiﬁﬂé ZUO Hongfu, CAI Jing, WU Hao, et al. Aviation
VB35 SR L 3 I T B 4 76 19 % 4 WA B L 76 1% ST maintenance engineering[ M ]. Beijing: Science Press,
2011.
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A 16 8] B 4 HEZEAS T A o PRI SR FH A SO L 45 1 Operator / Manufacturer scheduled maintenance deve -
0 24 .25 24 5 ) 2 547 40 EL R A AL opment M USA: Lo 2007
LA, [3] Boeing Company. BOEING 737-600/700/800 maint-
4 e A enance program development policy and procedures

=H e handbook[ M ]. USA: Boeing Company, 1996.

(1) 7E6e = SR A B E = RS 5 LA c (4] Airbus Company. A318/A319/A320 / A321 maint-
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SR handbook[ M ]. Gemany: Airbus Company, 2001.

(2) S F 2L T KRS 5 (9 AP AL T 50 57 1= 4L [5] EMEJAE . Rough LI 5 AR IMI. 1% . 7§%
BT 0 9 A R 0B, X2 f SR, 2001, 1421 125155
MSG-3 4 BF 005 G T 1 T 45 B8 B2, it T AN frunyn, Rongh set fheory s Knowiedae 1

quisition[ M ]. Xi’an: Xi’an Jiaotong University Press,
R RAOR o 2001: 14-21, 123-133.
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SCHE Y R R AL M 4B AT 55 5 4R A 0] B e
TrE R A
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