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Risk Prediction of Gas Turbine Development based on AFOA-BP
Neural Network

XIE Yu-shi' ,HE Li-na',XU Wen-yan’ ,MING Xin-guo’
(1. School of Mechanical Engineering,Southwest Jiaotong University , Chengdu, China, Post Code:611730;
2. No. 703 Research Institute of CSSC,Harbin, China, Post Code ;150078 ; 3. School of Mechanical and
Power Engineering, Shanghai Jiao Tong University , Shanghai, China, Post Code ;200240 )

Abstract; In order to improve the ability of risk management in the process of gas turbine development,
aiming at the inherent defects of fruit fly optimization algorithm (FOA) and BP neural network , the adap-
tive fruit fly optimization algorithm ( AFOA) is built,and the risk prediction model based on AFOA opti-
mized BP neural network is proposed , by use of the parameters of the thresholds and weights of BP neural
network optimized by AFOA. The prediction model can explore the relationship between risk factors and
risk events in gas turbine development,and predict the weights of risk events according to the weights of
risk factors. The model is verified by the relevant historical data about gas turbine development risk. The

result shows that the model has higher prediction accuracy and application value.

Wi B HA:2021 -04 -07; {EITHHA:2021 -05 -3]
E&HE : HEFHEERLET(2017 - 1 -0011 -0012) ; FZK [ AFEEE4Z 0 H (51705436 ) ; 141145 FHL 21551 H (2021JDRCO174) s fEAH5
WH TR ) ARG E R TR E - e TR R E WA

Fund-supported Project; National Science and Technology Major Project of China(2017 = [ —0011 = 0012 ) ; National Natural Science Foundation of
China(51705436) ;Sichuan Science and Technology Program(2021JDRC0174 ) ; Supported by National Engineering Laboratory
for Marine and Ocean Engineering Power System — Laboratory for Ocean Engineering Gas Turbine

TERR A BHTF(1995 - ), Lo, PO KA, L P4 3 A2 T RS B - B 9 A

EWAEE fTHTER (1987 - ) 20, INFEE A, T8 #2308l R



5510 1]

PR, 55 Bk T AFOA-BP 1 22 [ 25 i RA SR HILATT A XU =229 -

Key words: gas turbine,risk prediction, fruit fly optimization algorithm, BP neural network

51

i3

PR MUTE T2 T B A0 Ly 4 5 R M,
JEERE Tl KR EE R, TSR
B 2 ORI AR R R ER e W K
FRT SUEA R AR R B A SRR AE
Lo FHANI A2 P, AT S ORURS S 8 72, B ol
VBRI TR L PR, TR AR LT R XU
A 3 T B A 5L, A R TR AT 56 XU
A, RS EE BT 5 PR e 4R AL TG A b
A H.

PR S B — b 250 B TR B 2 7 i S X AR
Zie 7 SRR DR 5 PR A TR 9T T2 B4 rh T KU R
U B BE, % P A% kA IR 6 AR 2 5% ) 60 4
B AR D Y BRI s
PRAGR T A ey v B T 3 WLIE A 0 E B
T R, B AT, A S FAB AT R T R AR
ZeT TR, A LSBT XU T

R BT 5 A5 o A7 A 4% P XURS D 3R, 23K
PRUBSE S ) 7 A o T e IXUSS: PR 2% 5 XU 12
A 42 2% (R A A 56 R SR S A LR o) KUK S
TR Fr) 6, T e B 56 2R R X PR 26 1 L T T
RS S LT, T S XL 5% i 46 s 14 1) 42
HEYSRARTE . HAT, 2¢ T KU T ) 0 ik 324 %
BRIl 2 AT s e S R R
PO I s L S S L Ak o 4t
. Joep BP g 4% R D45 H 1 B ELA AR I
AL PSR RE R 2 e 7R RS T Hh 8
B TR U BP W M AF A S AR
PR /IMEL Wi S e s e

FEXT BP B &5 [ 28 A7 7E 1) [ S0, A SCR A 1A G
57 SR B A 1 BP 4 28 I 245 11 R A F0 AL, 22 T
SRR RPN A0 e EEY L E Sk i o)
7ot XU D 2 B XU 0 =2 ] 36 R, AR 4 XU
PR 2% £ A 2 T XUy S0 AL

1 BP #ZM %%

BP 22 [0 2 0 i i e 22 I i Al N 2 i 22 )2
st R, B B AR etk iE ir e 1y A A R A
P RET)  AEAL B AR A AR R () R AR T A
—EMMRH AR 1 PR, 44
HEIAE BT R )Z . BP M2 M4% 5 S BLR
HURKG AR AT g A B R A M A TE RS 2 A ik
B 2 o] 45 RNt Z A3 s AR th A5 R S SR
FAAETR 22 , TR 22 2 1 JRUR B9 396 A2 168 1 P 4% B9 L
EABE , BRI R IR RGN 1k

BP 128 [ 445 ASUAF 55 B {1 A9 BB AFD X A 784 9 3
LT R TR FEAT AR AL 4 BP Fh 2
P £ Y R R A AL 55 B L 5 AL ) 5 iy
RE , 1] B T B R W SIH B I R 1] 1 | 5 B
AJerii il /IME SR IR, (A I, A 2 B0 ASUE AN B {EL
PEATHA , 2 T LA B BUE I R (B E BP At 8 X
25 R R A5 o

HAZ

B 2

B 1 BP#EmEEH

Fig. 1 BP neural network structure

2 BHENRBAELEE

WO AL 5575 (Fruit Fly Optimization Algorithm,
FOA ) 23 SR 36T S0 38 1047 A B 007 2 2 T
B — R AR e 2RI, SRk,
IR VL S AL Sk AH L, FOA B3k HA7 554 1
B EDN 5 T PR A, FE AL Rl R AR 2
TIER AN {4 FOA SakAe Fh e ok
PN SE 2B I, e LA SE B 42 Jey 48 21 8 0 0 Jey i 4 3R e



- 230 - # RE B

b2 B 2021 4

HZ A o A, BT RSO B R
), 82 A & R 8L 3 (Adaptive Fruit Fly
Optimization Algorithm ,AFOA) , 4n=(1) v, Hif
IO 2B FE) VR AL 7 AR A, Ay i B0 B AR 3 B
A, 3842 J L, R R AR K B
IEARUCRI I, /N IEARAE I, 4 ey HOUHG L Ji
AR AR, 18 2 R T IR KRRy E S
=B -3, m) R R

(1)
A G—R KRB ACR; e — 2 AT HEALAREG R
R — IR KA SR R Sdme/ M

R, =

Fe kA

AR

ACUEL

2 BHERERFIK
Fig. 2 Adaptiveiteration step size

3 ET AFOA-BP RyRASEE ML I XU Tl

R v ARNE FH BP e 255 ) 24 I 1 R AL S8k 4 A
FEa ARy AR /MBS () A, AR SC &5 5 R L BB 1
P, B A 38 SR g 0 T 5 B DAk BP i 28 ) 2%
HIRI UG RE R BIE , 27 7 3T AFOA-BP AR 4
BILAF ) RS Pt 7Y, ARG AR an &l 3 i,

AR 123 T SR 0 B S5 7 2GR A
S HURT ) 1 v A R R R R
o iR v MR EE, £ A {RF,,
RF, - ,RF | ;o RS, RN N RE, ,RE, , -,
RE,} ,

PR 2 AR R AL i i A b XURS: PR M
JRIS: AR 4 D7 50 5 dls , I B 2k A7 0 —fh Ak
TR S TR (R A 8], (RS N 4L

ARG o HEEARBAE N Z, = (d,y,dyp, -, d,,,
My 3 Mg+t My, ) ,n=1,2, Ny HH1,D, =(d,,
dyy sy dy, ) S 0 HUREAS 2 XU P R IR, R
WIS A M, = {my ,my - m,, | RIRH n
RREA v 25 DA T PO AR, Ay AT AR ) i

TG
BPHIZE 25 . Bk
M S
L He=0
i
T MR f 1
Pl HEREREKR 1
I e
= A
T S S Ak ] R
(ORRS, BT IES |
SEES, RAFBPHZE 2
i o
T TR TR P R
Smell, |
L R
iR
I SR R R %%ﬂﬁ‘ﬁﬁ
e [T {E bestSmell g
I
1 B AR A el
Y FE AR A/
Smellbest=bestSmell

B3 AFOA-BP HilliZEVH) iR 2
Fig.3 The process of AFOA-BP prediction model

IR 3RS E T T B AR AL
TR XIS 81 3% B XU = 44 , 150 BP 1 22 I8 448 i A
RSBy uw MR R RSB E R
AR S, BB 2 SBH A b B AFOA B3
AR G, B R K R, B/ NEK R, Fh
ARG S, FIEERLEE p 103% BP #1122 M 45 T 75 LAk AX
L ERECH U p = uh +ho +h + v, REEFPEER)
AMEA RN 4 FR

AUR 4 A AR R IR A AL E X = (X, X,
o X ) S HH X = (530,000 ,%,,) S L DRI
BARAR;Y = (Y, Y, -, Ys) A, Y = (501, %ias
¥, ) N LR BN AR,i=1,2,--- .S,



510 4 VT, % 96 T AFOA-BP 32 M4 IS A LIRS B £ 231 -
i X g <G EELIRS ~ BB 8, I HI7 1 o B

' ‘ -. - () B AR B R LT Smellhest, #6082, WIHKFT 26 T8
= — - 9 ~ BB 10, FWHATHIR 1054 R g < G, M

B4 SREBFMBEREE
Fig.4 Schematic diagram of the fruit fly population

AUR S T HC Al SR e o 7 A BB B 1 RAT R
BRI 1), 4 T A g = 1,

X,:Xi+Rgx(2xrand(1,p)—1) (2)

Y=Y, +R, x (2 xrand(1,p) - 1) (3)

IR 6 A R R A A BE B SR BE B, OF
fiff 5 T AT £

D = /& +F

i

_ 1 4
Si=7% (4)

IR T R R R R E IR BRI EE S, /RN
BP it 25 o 258 1) BAH A B AL, Jf-ar AL BP fijt 28 [0 45
ATBEBUYI LR T o o 0 A5 28 1% 0 3% 25 R BUPE
SR WARE VR I O BB R, SRR B A A VR B A
Smell, ,

Smell, = F(S.) (5)

Test e

_ yﬁJ
F= T (6)

KA oy, 5 ¢ HIAREAS ISR £ RS
JESEBRAEL sy, ,— 5% ¢ LI AREAR SR f S50 =
TR PO L 5 o— 9000 DR S (1 R0 5 T— 0 R
AR o

APR 8 J SRR (A o O A e/, BRIV E
W BE R IR AR, IO SME R AR AN B A B

[ bestSmell , bestindex | = min( Smell) (7)

ABR 9 AR B e HE A R TE e BE A7 AR AR, FE(A
HA Al SRS i) e AL B

Smellbest = bestSmell

Yrr = Yir

Shest = Shenindex
Xi = Xpestinden
{Y; = Yigianaes
P10 % g =g + 1, HIBTRIE ¢ REDT G

WALIEIE It Smellbest J S, 5

TR 11 AFOA S0 Y S, 4 BP HIZ2 M 4%
(B ARAAE B BREL, B Sy O BP R 25, IS
THARIEHAT AN LR, RBIIGRERE, Ek
P28 , AT B2 S AR e L AU o) DR S T 22 52 1) 0 0
it

AGR 12 TR 11 H i B AR R, 255 K
W DA 2R 1 T R 0 R e L AT o XL 1
2.

4 E=BISH

4.1 BiRES
LABERR 58 LA S DXURS: 8 80 O 01, 4 it 3 T
AFOA-BP 125 [ 2% py ARG 000 B 28 9K < e HIL 1
1l UG 5 1 22 A XU R SR L [l R 5 B 7 o sl
LB SCHR I AT L R e T S5 5 W E AR
SECHLBT R e v B 12 200 B U PR 3% R
FE AT SR RS (RFL) |, FE ML 9 56 D il o4
A (RF2) B R s il A 2 (RF3)
vt R 25 5 By A7 72 i 22 (RF4) 0B A ofE i
(RFS) , i@ E AT BT A HL(RF6) | 150 1 i L %E
WI(RF7) A% & R AMFA B4 (RF8) 80 S & 58 1
I (RF9) , il & £ 55 L HEA 2 (RF10) , A2 7= 4
WIE K (RFLL) RS IER] (RF12) ;8 10X
AR LR RESR PR R 58 45T L 2R (REL) |, JRUHL
PEREFE AR A 58 420 AL 2R (RE2) |, 6] a5 P BE S B
SET AL ZR (RE3) e M REFR AR AR 58 &0
AEEER (RE4) R 48 v o R P RESE b A 52 220l /2
R (RES) |, #EAR00 B i A REHHRI 52 U (REG)
FESHLEA REF% 1R 52 i (RET) , #ABe == 4 A
REFLTTRISERL(RES) o
H T RO B AR ST L P S SR S 4R
WA HE LT ) JXUS: PR 3R B XU S o B2 ) Iy s 4
1, BRI K BT, 15 21 60 LA AR , BEHL
BEHL 45 20 BCHEAE RN ERE A, HoAr 15 ZRLEAE R
ITAREAS o XA Bl BEAT U0 — O AL B, F AR



- 232 - Mo 3 o TR 2021 4
nak 1 B
x1 BRYE
Tab. 1 Sample data
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RF1 RF2 RF3 RF10 RF11 RF12 RE1 RE2 v RF7 RF8

1 0.0274 0.0959 0.0274 0. 0685 0.0959 0.0685 0.1359 0. 1501 0. 1064 0.1242

2 0.1127 0.0563 0.0986 0. 0563 0.0563 0.1127 0.1402 0.1449 0.1093 0.1236

3 0.0143 0.1286 0.1286 0.0714 0.0571 0. 1000 0. 1488 0.1098 0.1052 0.1299
4 0.1143 0.0857 0.0571 0. 1000 0.0571 0.0857 0. 1497 0.1617 0. 1081 0.1322
60 0. 1667 0.1111 0. 1667 0.0926 0.0741 0.0741 0. 1270 0.1328 0. 1247 0.1149
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Tab. 2 Prediction errors of three models
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Fig. 6 Comparison of prediction errors of the three models
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