CAVE AR = FOTOR K o MOARRREERD Vol. 12 No. 1
2011 4E2 A JOURNAL OF AIR FORCE ENGINEERING UNIVERSITY (NATURAL SCIENCE EDITION) Feb. 2011

# 1

ETEMEMHEZ NSRS 5% &8

rRg' EEW, HER’
(1. ERFERARKEM R SHOR TR 22BE, W K7 4100732, S E TR KFET RS, B %
710038)

WE NVERBRAAREREWEATN EREENNFES, TRETREWE N LK
BEFRMBEAFR, KA L RG T A EENNRXE T rEgsmth i, skt
EEHTHEWENRESTFEREHZFE, AR KN B 8 &S5 BREHATHE
WGk, 9K Fr ik A5 10 2 W 46 LN 25 & R AE S B iy sR fh s 4 TN 52481 5k A o 1 b 8 ) 2% 9T 72 8k
A AR EAKETN , REAWERNEARARELE, TREABSRAMRER D, ZHMN
A

KR RN LA W% LR EEG

DOI 10.3969/j. issn. 1009 —3516. 2011. 01. 004

hESERS  TP206 .3 MERFRIRES A XEHS 1009 -3516(2011)01 —0015 -05

W 0% R G RE AR TH ) 2 5 PR AR IRTHE K, 2R e AT S SRR 5 T LA 2 06 i
BB BZ BT 7 SRR R T A LR A 26 R R R A A R, B H 2
PRI ARG T SEE MR R IR AR ST T I AR A R R IR | EE R
o S A TR ATURAS B T ORI BRI RIS

R FHHEA A5 2R G IR 28 P25 7 HEA Tk R TS 280 ) 7 12, LA 7 AR L 5 Tl R B0 A5 (8L [R] ik
AL BRI AT bR B — SR SR ST A B By R T I T B B
6], ASSCRS AR BT P I (530 SR 2 4 | TR 23 55 4 S e TN BT 2T, AU o A i 9
PO A 44

1 LA

SEA AL AR Y RS AMASE R SR T RS T 2504 W ot | i e 38 SUR7S
S 3 FRIEE T BEARBEEEAE L —A 8 JCHH Sy = (CLE, Py M, ®,T W, T), . C N MEG L
TRGE AT R EEFE BRE; Py NARITIRREIAR ; MW BEIR KN, @ Nk BB T, T WS AT, ¥ N F

T T MEELARRME " BAESERARME T — AR A% 5Z 24 RGO A ) B 38 FHE SR, LA T 1) R 1 451
SRR  FEREF S SURIAR S A8 o 40 25 BEATL PR RS, DASUBRADU A Wy R AL i A R A BERLIN R |

2 JREM R LS HA

LR S I SR 255 R 2 D5 T : OF B USSR 2 A TS A% S e Bt 14 T 19

« UgFSHE3.2010 - 06 —25
E LR . F5%“863" 111 % BT H (2009AAXXX06)
PEEE A AEIEZE(1979 - ) B WIHLARBHA PR, 1+ (R, FEAFm e R il S s W AT e
E — mail ;82445691 @ qq. com



16 ZETRRRAAR(HARBEAR) 2011 4F:

AEFR SR S5 FH A2 I 45 SRR IR s @A VRS A o R P85 S 0 0 T A T B e ) 3ot A e o o
2 B2 AR5 BP BRI ZRMZ

ARSCR I E M2 MR IR IS F  FIRDR L L E Mg BAR REE MR
PR (A AUE A B, GoFR R AR ), e AR B AR
Uy

1) =X, 28 O 26 BRI G 27 20 2 B 24 I i S S50
), SR FH bt A st Pl AR Sl SR R AU AR T oM 4
HE MR W22 F NG . AR SCRIE 1 H i SEE AT , P2 2%
FUEAL P I — 1 B s 53 00 42 BE O Z2 B4 (B A
FlFr ) O EF B FHES 1 M2 2 AR 2 > ) B S R

2) VN REL £, B R R ORI A R BUE I XS 5204y Fig 1 Real number coding of learning problem
B3 265 5 1) I 45 S5 48], A ZREEREA B A S s 181 TR I3
TRZE evsp o Qe OARITEAN PRELIE N «

1

f= 1 +ewsk ( ! )
3V R, WG YL EARSE | S s L AL BB R A AT A T 0y s 18], 4 T B E .
P = zexp( = lyl), Iyl <4 (2)
4)EFE T R SR B LA E A, BARAS SO IR FERE RN 2.,
S)YAUESE XHRAE . X TR BRI, 22 WEF IR X E P 2R, AR SCR A UM A UHRAE
{PT’” =aP} +(1-a)P;
1 ae(1.2,1.5) (3)
P o=aPi + (1-a)P}

AL PE PE O B R 2 A P P R S SRR 0 2 AN A o R RE

6) RIS BT . RIS B vk | B T 2778 Rl

P =P+ p(0,1)BYf (4)

S B R R B I BSE RERE 5 w(0,1) MBS BT

7) BIERISE LRAVERR S8R p, RVE R p, (R MR ESIE B A B R RO, %
T (S A, TECBRAR A p. 01 o, AR AT — PR O ML 2 e T o 325 7 1 e A e, W0 o T e
B p. I p, , VSRR K B LRI s LTI SR AR, BEINK p. il p, , INBREAK BG4 p, A p,
I 25 375 7 4 1735 AT 11338 S S A 2 H

(£ of (oumf) —f
o Gp, T G Ty, (5)
) f<f . fus<f

Kk, b F/NT T BIREGS M RRIEFT RS U 2 A
ARSI BE AR 5, o R T8 S B R A 1
I3 T (L 3 o of I RRE VAR AT 10585 3 012, £,
[T BRSO SORR B, 25 I /N I R
A, AN p, F1 p,, o ZosstAS SO ik bk A
B2 AR L 2.,

3 LT In B 22 R 4% 1 T S 451

3.1 HETITEMNIEER
Pl o0 2 v 3 i 8 XS O 2EVE SR PEAN PRI 45 SR 1Y B2 e Mg pRE

Fig. 2 Operation process of GNN
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Tab. 1 Working time under normal stress h

. SRV
.00 1.01 1.02 1.03 1.04 1.05 1.06 1.08 1.10 1.12 1.14 1.16 1.18 1.20
LT 0 576 852 1144 1228 1275 1514 1595 1691 1788 1891 1994 2048 2092
2552 0 570 882 1110 1157 1299 1312 1531 1554 1752 1876 2009 2117 2124
253 0 585 865 1115 1279 1296 1474 1665 1787 1801 1877 1868 1971 2074
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Tab. 2 Result analysis under different conditions

o, — L i P AL
eyar exse exarr exspE epg enar ek exapE eyspE ek
9 49. 62 19.43 0.0303 0.0124  0.999 5 60. 96 22.90 0.0359 0.0140 0.999 7
10 47.43 18.23 0.0293 0.0118 0.999 6 54.11 21.50 0.0310 0.0129 0.999 8
11 46. 89 17. 86 0.0285 0.0113 0.999 6 58.72 22.06 0.0346 0.0135 0.9997
12 50.99 19. 84 0.0316 0.0128  0.999 5 59.71 22.37 0.0345 0.0133 0.999 7
13 51.36 19. 63 0.0311 0.0124 0.999 5 63. 80 23.94 0.0376 0.0146 0.999 6
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Tab. 3 Forecast result of GNN h
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Fig.3 Forecast result and error graph of GNN
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Tab.4  Comparison of different methods’ forecast result
— L F 25 )
(o 45 Y
€MAE €MSE €MAPE €MSPE €pR €MAE €MSE €MAPE €MSPE €PR

GNN 46. 89 17. 86 0.0285 0.0113 0.999 6 58.72 22.06 0.0346 0.0135 0.9997
RNN 47.96 18. 89 0.0276 0.0110 0.999 7 63.90 23.51 0.0377 0.0144 0.999 6
BP M4 57.18 21.27 0.0319 0.0132 0.999 4 64.32 24. 25 0.0389 0.0154 0.9995
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(Zh3E  IRHK)
Prognostics for Aeronautic Equipments Based on Genetic Neural Network

CHENG Jin —jun"?, XIA Zhi —xun' ,HU Lei — gang’
(1. College of Aerospace and Material Engineering, National University of Defense Technology, Changsha 410073,
China;2. Engineering Institute, Air Force Engineering University, Xi’an 710038, China)

Abstract: To forecast the fault and carry out condition — based maintenance for weapon system, the prognostic
method based on Genetic Neural Network ( GNN) is studied. The genetic algorithm is improved by adopting real
coding , adaptive crossover rate and mutation rate, also the learning algorithm of neural networks weight is ameliora—
ted with the improved genetic algorithm, and the genetic neural network is obtained. The genetic neural network is
trained by the detected data of equipments, and then is used to predict the degenerating trend of the characteristic
parameters of the equipments. The predicting example shows that the use of the improved neural networks can a—
chieve fault prediction before the time point of faults respectively, and the predicting accuracy and the predicting
performance of the genetic neural networks are greatly improved compared with those of the basic neural network,
which can enhance the supporting capability of the weapon equipment and realize condition — based maintenance.

Key words : fault prediction; genetic neural network; genetic algorithm; condition — based maintenance



