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Abstract; Aiming at the traditional fault diagnosis method has the defects such as the aircraft weight constraint and the difficulty for establishing
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the mathematical model, a fault diagnosis model based on SOM algorism and BP neural network was proposed. Firstly, the model of diagnosis for air-
craft fuel system was given, then fault symptom data was preprocessed, namely, using the SOM algorism to discrete the data and rough set mutual
information method to reduce the dimensions of the data, finally, the immune optimizing method firstly the BP error counter propagation secondly
were used to optimize the parameters in BP neural network fault diagnosis model, therefore, the final fault diagnosis model was obtained. Through

the Aircraft fuel system fault diagnosis was simulated, and the result shows the method in this paper can accurately realize fault diagnosis, and com-

pared with the other methods, it has the high diagnosis accuracy and efficiency. It is proved has big priority.

Keywords: aircraft fuel system; fault diagnosis; neural network; self —organizing feature Map

0 3|5

BEHE S AR RIE. CHLE S REORWTIRE . SR
AWTREAR . 4000 R G5 X ML 1 B M R R e 4 o 2 L 1 B
M. RRHLEM—AEERALY, HEEAER. £—
FRIRAS T AR S0 F o 5 FE T2 B 10 098 T 4 2% 50 2% 30 L 3 W 48
e, DUERE KHLAE A B4R S AR IR AL I . S HLIR I R S0 P 4 2
LIRS . LRI S 2 A T R T R R A A L
FHAEM MDA etk . 5 T R A4 25l 24 ELR
WFR G KRR ST RSB KL BT T E R
LB E IR R A R T R P R S A B
ATREE L X A I AT ARG L

5510 S HUIR I Z 58 S B2 I 7 s BT B AF A

R EEA:2014 -03-11; {&E HHI:2014 - 0513,

EETH :ERARBHA(61079022),

EZR A/ 1982 L, B L H sk K W A PRI, A1, BN
B AKX RGPS .

TP ARG RGN Iy . WA ITAR B N L L R
IR 55 4 45 B0 Ry b e 2k . (B i T RALAS [ R R A 29
W TUATE P 38 0 4= B0 LAY A 283 A N 2 i kb
IRZ R T 2 BN T . RGBS Wy ks
ARG LR AR G AT B RIS . (H AL A 4
PEAT RO N A2 . BA —E R TEE . [H RS A7 7R 5 XE L
T S A 2 WG 1 00 S TR Y R

UEAESK . R TR UK N D BERY J7 12 F T A e TR BILR
ARG HEIZ R, Sk (6] Bt T —Fh/h i A2 4 f1 RBF
M P45 B BRI W T ¥R . 8 S PR AR 10 RBF i 28 ) 45 45 Y
o UM A% s i 1y JFE G LU AN 20 B i A RBE 42 ) 2%
D7 R R R 2 A5 5 UT MM S Wikg . Scilik (7] Bt T
—FpSET BP #h 2 R 45 B RIS KT 5 M. BT A3 )R 4 28K
W 12 VBT A58 25 5 el S A BRI L AR 4 e R0 o BP e 2 R
IR SEAE B AT B RS B SOk (8] | AL T — R EE TN
Bred KHLIA I R SE LGS WT Uy vk . /N 2 0 BRSO A 5 vk
X G 7 I SRR B AT S A . SRR (9] MRS T —Fb



» 3484 ¢

AP A 5 45

5% 22 &

SN B0 RIS T+ LR 81 0 T —
SN SR R NS NP ES LR e
i £

LTSI T U RS BRI U T
X ARAEAERZACRE S35+ I TR IE A I I S B A
S L3 TAR B AR LA S T — F0 3 T SOM S5 B S 1 22
241 RIS T+ AT MO S BB B0 I3 . By
e BUAT 10 110 W48 D 6 R
1 AR

S B TR T LU g+ fEH IR 200 5 28
A RS B U 6 B A B RO IR B 4 90X IER A SOM
SEUR TR BT I L HLBEE 09 1 5107 25 5 1 1 1
T DD TUAR O BRI BCR A 4R TR I 2
I R R S V1 5 BP 22 16 2 L A7 RS0+ 3R 1 9 0
58545 3P 2 41 R o 140 26 A (R B 45 2 M3
TEOLAE . SILUTR IR TR B A BP I 1 6 48 57 0k
S AT 1 B G W R L o 0

AE PR R AR RIS WAL, 15 B SRR 2 W e A5 R .

YIZxPA 2%

SOMEL:
B ik

Bl1 SO RS IS e R

2 HIEmAE
2.1 HEEHL

BALM (Self —Organizing Feature Map, SOM)!M & i
Kohonen F* 1997 4EE 4, HEHNE 2 iR .

BN

2 SOM HHZ4 W

B 2 PafLUE H, SOM 2 di i AJZ Fi i 24U .
ABEE i TE g . A VERBUE AT RSB, B B 4oe
BU Rk e 220, SR SOM [ 41 41 W) 52 Bl A% ek 25 oR 42 7 22 5K
0 8 BOAL 1 3 R T LA IR O

(1) M4 75 2 B A 1 B0 A B0 36 16 fa s i 48 5T A 5L
o KEH B HE B B E BT IR AL 1 ) IR 1k AR B2k R
N | 2E S BRFF oD BE W, (DG < n,j <m) ;

(2> DAE A B 40 A0 00 B804 i 2% A Bds BN B B A B
20

) HEMAMETH ST A &TiEs, KER
7 g/ N B {1 A 28 T R ARl P 48 T

s={j | minD; () = > (o (1) — 2, ()*}

1<i<m (D
(4 53 A% 3R Mkl 2 o0 S S AT S Z AR BUE . 3K
JE A 2 e AR I AN 2 2 R (2, (3) R (4) AT E .

wy (1) = w, () + ¢(0) (x; — w; (1) 2
G = (DA —1t/T) 3
NG = N(DA—¢/T) D

(5) FIWr2) 3% (o) ZHFC TR 0. W TR 0N
W BRI R, EE (3 F (5) H B A ST
bR,
2.2 EBHEEY

MY FN S=<U.CU D,V. /> #F, RARREEN
B AT IR T 2 0 AR T AR R

(1) 38 3 3% B AT FF 3040 B o A o KA B R T 4
CORED(O) » HHHFRHK P, VG B=o W ARBIHE.

(2) AR 5, X 6) X (8) &1 )E M4k
CHYfE B, P38 PE4E D AT T 45 10 i k4 il 2 1 M A S &2
TZ M EER .

H(O) =— > C(X)1og(C(X)) (5)
i=1

H(D | O =— >]C(X) >,C, | X
i=1 i=1

log(C(Y; | X,)) (6)
CY, | Xn=lY.NXI|/]X| 7
I(C,D) = H(D) — H(D | O (8

) X T HRMAEEEPET - DEE A o TEMAER
FMEAFR I(c— D | P) R KMEHEKMEE ¢, B B =
B U {c} 3

(4 AW I(B | D) 2B T I(C | D), R4 T 0500k
50, i B Oy fR 2 )m v gk
3 WREISHT
3.1 BP #0480 4% # fE 15 B R 2

N MR —FEAER . BIENME. TN
ST ARG YRR A R A AR JE B N 7 A 2
XS R AW R 23 288 5 e e e/ A T 2% 1 S o A R B A e
B BUR IR IEAT I L W -

Su?n(&):%ii(xj*yj)z (9

Hodr, m WREARBARNB n HEER RS, — 1P =BH
it 25 I 2% 5K V12 T ASE 7R T ) 3R R I 3 TR .
3.2 BPHIZMESHMKL

BP &M ERNMAZSREZ. REZSREBIZZHM
BAEU KR RS EZMAETRES SO EBHAERBAEE, H155%



4114

W SF. JET SOM B RS 4 N 26 1Y RALIR I R S R 2 I

» 3485 -

oY o oM b4

AL AT
Pl 3 BP 2 45 2 T T

AT Rk

B 12 W 7 7 WA SS0H JE 18 FIS WG B AR IRD R, BRI, R i
MR PLiL A = (Immune Optimizing Algorism , I0A) Xt %
BT, Dot BN 4 s

BRI AR
PR MBS

<
EX=3
itk |
| sussest |

(S AL R R O

| #ibsmsrm g

Horb, HURED R T AL SR &, AT LUK H g 1
{wiswy s s0rso. 0.0 FEREEE X (9 Froaw, Bk
/MU SRS PR B B R TR B s, MR BT A T
AR SR B E PR R B R, PR AR S B BT i A S B
TTREPLECE
3.3 BP #HZ M HKFEISHT

K3 BP i 28 W 4 35 AT #1200 B MR S AR AT LS R
LURN
(D E X fr A FEA RS A R s R SOM B H 2K
HEATHCE B Ak . ARG SR FMURS 45 BL(5 BOL T B M2 faf . LA
IRAT 21 IS 1 e 4 5

(2) WIha Ak A2 B 48 70 19 A B 29 17 )5 /Y B8 I 1 4
B Hn P 2T BO R RN A, B T RO R ECR
F sigmoid BR%L, SR S5 A0 A0 B 1 0 AL 1 4 5 800 I Ak BP
P2 M2, B 2 AT ST A BOED R

kuiaae = v Ripa + Rowpu 1k (10)

A W fukdy (1, 100 ZHAY 1 AFEHLEL

(3) W FEABHR iy A BP B 22 B 2% SEAT IR 12 Wi, IF AR
K (O TR ERZWIRE, WRRZER TR h WA
HIR (D, BEMNFHEALE (5);

(4) M BP 3% 22 I ] 4% 3 53 9% B window — Hoff #1L I )
i 2 B A B A WOHEAT S RO, BB 20 R 22K T TR
FAE th ;

(50 0 T 800 Bl SR 194 50 B 12 TR A TR AT R 12 T

4 FEXH

L MA600 AL B, HAR MR G R A S & mAs .
Bl AS . TO0THFE A FOTEFE AR S5 Hh T3 00 2K vl A 0 0 )
FEis W L, R, A DAV RE AR S AT BT, H Pl
FESWAEJE E 24 . MARM AL AL, WMATIH RS E . Bl s
CERTTPC NI R34 T S5 B0 i NI | R K R U I B 2 SN N R
T 5 Ty R R A K AR e a3
Vs s Fn . TREELTY R TR . M A R . TR
ﬁj{‘!ﬁ\ ﬁfﬂﬂ%%(ﬁﬁ%ﬂfﬂﬂfﬁ(ﬁﬁv ﬁ%ﬂ%ﬁﬁ Yo ~ V1 ~ Y2 V3 i
Vi %‘:Zﬂ?

T S RE AR A0 I B A 20 4. 1 S0 R A B A
PUBE R ] SOM. 55 0k 3 A7 8098 s BoAb 31, % H g aes) (o,
1, 2} b, Jfdad s AT BYER 29, BRI F YRS N
(@0 sz s x5 x5 sz ) > WIFBATREARLIE AR 1 P,

F 1 MAG600 CHLIEA I FR G0l 12 WA A B3

T3 N Xy

LN €T LR ESE
R T B 2 531
Xo | X2 |3 |X5 |Xe | Yo | V1 [ V2 | V3 | V4
o [1]2]o]o]o]|100l 0|0 0 TG i b
1 |1]|0o]ofofof100l 0] 0] 0]O T i
2 [2|2|1|1|1] 0 [100] O 0 | i A pE
3 1210111 ] 0 (100 0| O0]oO ERli e g
4 [2f1f1]o]1]| 0|0 |100] 0O T 11l e
5 |2(1|1]2[1] 0] 0100|010 T 1]
6 |21 (1110 ]| 0| 0 [100| O | %ujh4 kit
7 02110 |0|0] 0| 0| 0 |100] 0 | %58
8 [2|1|1|1|1] 0|0 ]| 0| 0 [100| JH5HitiE
9 (21 |1[1]0] 0] 0] 070|100 4

A BD LI 40 A 2275 BBy 5 HUR 288 4
HOREY 5. % 6 3 I REEMAT I EOY 6, =3
Hy BP [ 24 B U BT . 3R JF 6 98 O L5 05 %4 BP 10 5 1)
ESBEATIAL . BB b =0. 01, 45 20 £1 0 i BOHi
i ARV CT BRI . 96 550 (7] RSCiE (97 AT
Heo BV IS IR 2 BT )25 LA B W 5 T
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

XHTrik
-«

BWiRE

0 100 200 3?400 500
Wi [ /ms
Bl 5 2 i 2 b e i) 2 Al o 2%

M S AT LAE . SCHRT7 IR A 2 W A5G 2 B A fie
1o Y SRR WK BE . SCHP D7 IS TE 2 W )X 302 ms WL T
RS, 2 WTER 22D 0.000 2, TISCHK [7] Jrdk7eis Wi (8]
410 ms I B A LSS WK LA 9006 . T scik (9] J7
EAEZ WIS [0 580 ms . iR AEMCEL. H 2 Wi 22 & ik
0.3, HMARKE XERMCPITERM. HABRKZ B
RAEL 2 WRT L



* 3486 + TR LI A 5% 22 &
5 gﬁi/k\. strategy with multi—value attribute system [J]. Journal of Scien-

T SEEN TRAUR I R G AT SRS W, R T — T
SOM 551 Fl o e #h 22 P 46 1) RALBR I R RO s Wi i i . 175k
W A e SR A 1 2 S 5 2 WAL JR B0 i i SOM B30k E AT 0 1K
PRAb B, SR )5 1 R 1 B A B 7 IR R AT E R AT dee
RS R B AL Tk BEAT 2 8 AL i = )2 BP i 22 19 2% 1) T ik
FEiZ W7 RIS AR SO 7 A e S 52 B 12 I #f
BT Oy v BAT B W RS RS JE B PR 2 Wt

SE

[1] Wang D, Feng W Q. LiJ W. A hybrid and hierarchy modeling ap-
proach to model — based diagnosis [J]. Electrical Engineering and
Control, 2011, 98, 173 —180.

(2] 4 ¥, EHB, REOR. 5T 00216508 R 5088 il K & il
LT . B2 244, 2013, 34 (2). 401 -408.

[3] Wang W, HuQ H, YuX. etal. Optimal model for fault diagnosis

tific Instrument, 2008, 29 (5): 1073 -1078.

4] & o, Z28t4E. 486 &, 4. 2+ TMSDG 1y R A Sl R 2
Wik e e (1. fiias 24k, 2012, (3). 479 - 486.

(5] FFiEBs. RHLKR M R G Re AL i s Wy sk i 58 [D. P9%. 7Y
LTl R, 2007,

L6 RE, 4 . /NP2 I 45 B8 18 Wi 78RR R 48 b i 1
HAPFE [T Mz sl R . 2011, 47 (1) 41 -46.
(7] Je ¥, BRI, BT BP ML CHLRA N 2R G0 12 W7 i 5%
LJ] dbsme G R2a2 4 CARBFERO . 2007, 21 (1): 52 -356.
(8] Z= R, [aIl . /NP b e G s iz e o BT [0, 3158
HLIW & S5 H, 2011, 19 (4). 772-775.

(9] TR, BIAKEY, ERNIG. CHLBAIN R 40 1% AR W 12 W 07 12 1 5%
[J]. A, 2007, 26 (3): 72-74.

[10] Kohonen T. Self—Organizing Maps [M]. 2" ed Berlin Spring—
er— Verlag 1997. 145 -152.

2299299, 299,299,230,299,299,999,099,999,999,293,999,999,999,930,993,999,039. 999,999,999, 939. 933,999,939, 039,993,999,099, 030, 299,999,999. 093,999,999, 039,299,999,999, 230, 999,999,930.032,999,999,039. 999,999

CREEE 3482 30)

repair s, s4
stop

1

repair s2, s4, sb Srt%%a sl,sZ,sé} (s)g, $5,s6
B4 Sl L RS ERS R Gk (9D

MR, Jbr L, BB P PHIREE A ELFN.
S TG 4 0 A BB T X — . B AE B 3 T A
Ag G455, Flosg o B 5o Flsosy o HBARICE AT LUR s, BOE 28
RE, EA AL TEE, AXEEHEEMN o #4700, &
WAL, NBERT s, B, A, s, A sy BRORAEMOE, SRS BRI B
M 25 R R AT B 2 . MiAEHEwR Dy 1, AR R g & —
. PIAS AR AE RO T R SRAT AL BT R — R
B E 3 Hg R Ay FIEL 4 T A A B 5250 855 L s
G2 R M SR A HIRIEE 2 ER, BT
WORITAE RIS . PIABEM IS TEE s s Al s
M4 .
4 HRIE

T /N AR AE . JEITUAR Z BRI WS 1 A E T T
RERGE . AR ICAR 2500 Z G000 Re 5, K AH G A M R
PATH AL AR B Rollout S 7 3150, $Eth T —FIET
Rollout $5:35 1) TUAX 2 i W 12 K7 5 W . 322 3R S R 5 B2 01 3 e/
BEgE . i HBA SR, BRI MR R, TEEAR N el

THRAE, SCOH SRR, MIA LML . AR A2 1Y
O EE A 9 AR

SE 3k

[1] Pattipati K R, Alexandridis M G. Approach of Heuristic Search
and Information Theory to Sequential Fault Diagnosis [J]. 1EEE
Trans on Systems, Man, and Cybernetics, 1990, 20 (4). 872
- 887.

[2] Raghavan V, Shakeri M, Pattipati K R, et al. Sequential Testing
Algorithms for Multiple Fault Diagnosis [ J]. IEEE Transactions on
Systems, Man, and Cybernetics— part a: Systems and Humans,
2000, 30 (1).: 1-14.

(3] FLrfE, Wharss, whmelk. Zdme i)y 4 B gy (1. 5%
T2¢4Rk. 2011, 32 (12): 1518 -1523.

(4] EF2, ISR ETR/MENZHEZSHE LR U] &L
4. 2010, 31 (3): 337 -342.

(5] 0 M8, B . X7, 282 W7 5 ms 1R 1k A B AR B 5%
[J]. =T 24k, 2008, 29 (11): 1379 -1383.

[6] Gao L, Zeng G Z. Dynamic testing algorithm based on rough sets
for multiple fault diagnosis [ A]. Fifth International Conference on
Fuzzy Systems and Knowledge Discovery [C]. 2008, 157 —163.

[7] Shakeri M, Pattipati K R, Raghavan V, et al. Multiple Fault Iso-
lation in Redundant Systems [R]. NCC2—5123, NASA Final Re-
port, 1997.

[8] Yang P, QiuJ, LiuGJ, etal. Multiple Fault Diagnostic Strategy
for Redundant System [AJ]. Annual Conference of the Prognostics
and Health Management Society [C]J. 2011, 1-7.

[9] Yang SM, Yang P, Qiu]J, et al. Multiple Fault Diagnostic Strat-
egy in Systems with Redundancy [ A]. IEEE Circuits and Systems
International Conference on Testing and Diagnosis [ C]. 2009, 1
—4.

[10] Tu F, Pattipati K R. Rollout strategy for sequential fault diagno-
sis [J]. IEEE Trans on Systems, Man and Cybernetics, 2003,
33 (1): 86 -99.

(110 kMg, 5% M, SLUEE, % RTHMEBMIEITIRZHEASL
g ftte 1] TS LR I BF 5T, 2012, 29 (12). 4512
—4514.



