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Optimization of turbine disk based on particle swarm
optimization and neural-networ k

YIN Yi-yun, \GUO-Ha-ding
(College of Energy and Power Engineering; Nanjing U niversity of
Aerenautics.and Astronautics;-Nanjing 210016°, China)

Abstract A ‘\new'computational intettigence method-was established by combining parti-
cle swarm optimization\(PSO) and back propagating (BP) neural network. In addition to
structural optimization ,PSO is\also used in BP neural network’ s construction and training,
thus enabling self-adaptive\optimization. In the structural optimization ,the neural networks
were used to map object function and constraints instead of finite element method (FEM) ,
helping to-accelerate greatly the computation speed. A disk model was optimized to decrease
its volume by 17. 5%. The results show that ,this convenient and efficient method will pro-
vide a new approach to structural optimization.

Key words: aerogpace propuldon sysem; turbine disk; partide swarm optimization (P0) ;
neural network ; structural optimization

, (particle swarm optimiza . PSO
tion ,PSO)

1 2006-09-04 ; . 2007-02-08
(1983) ,



1579

9
, a,e, itermax
, m a,Q
el , a=e=2;

— (particle swarm [6] W
optimization-back propagating neural network, . w ,
PSO-BP) , . w ,

, , W
1 PSO-BP
. w
Kennedy Eberhart ,

, 1995 w

(particle swarm optimization ,PSO) . © = @ . Do Wuia 3)

, ( ), itermax
(Fitness value) . COrmax Wi w ;iter,

, itermax
’ Wrax =0. 9 Wrin =04
2 , )
pbest , : :
gbest , -
(s R (n )
1, i N R"  (m )
Xi= (X1, X2, 5 Xn)5 BP
Vi=(vi, Ve, WN). k , : ' 90 %
BP e
viel = %V +a xrand() x (pa - Xia) + ,
e Xrand() X (pe - Xid) (1)
gt o= o+ vt (2) (
1 2 7i=1.2, .mm ) BP
iy k i BP
d Xl k i ' BP
d 7 Pid i
pbest d ; Pud gbest BP '
d jC,G ;rand () ( ) BP '
, [0,1] W ,
. BP
. (1)
P e X=X, X]. , X1
: [1,S]
; Xo
x , [0,S] S
1
Fig.1 Update of swarm S= Je+a+a (4)
PSO : w, * (



BP

1580 22
1 10 ,
, , a 15.
(2
BP
X=[4,5], BP
4 , 5
BP
Fitness(X) =- Mse(X) (5)
Fitness( X) X , Mse( X)
X BP
, . BP
PSO-BP :
(1) , ,
(2 :
(3 ,
2
' Fig.2 Sketchof disk
(4) , J
Omaxt <002 Omaxe <Ooq 2
2 PSO-BP
2 H 1
=1 150 MPa. \Y
14 1
, Xi,X%,Y1 Y5, R R. 1
Table 1 Initial dimensions of disk
1 2
' X1 1.000 0 R 0.018 4
Omaa  Omac Xa 0.361 0 Re 0.036 8
, Y: 0.028 8 Rs 0.018 4
, Y2 0.054 6 R4 0.036 8
, (8], Ys 0.071 1 Rs 0.036 8
Ya 0.055 2 Rs 0.044 2
Ys 0.173 1 R; 0.036 8
! PSO
' BP
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2 PDO-BP [8] 5 min, 3 h.(
Table2 Optimums of neural network’ sarchitectures Intel P4 ,CPU :2 4 GHz, 1G.)
o two methods )

! %
Netl 14-10-0-1 0.069 0
[8] 14501 0.219 3 3
Net2 14-10-0-1 0.063 9
8 14501 0.1189
[8] , : PSO-BP
Net3 14901 0.000 015
(8] 14601 0.009 9 '
BP .
3 PSO-BP BP ,
Table 3 Optimized result based on PSO- BP method
, ..PSO-BP
R 0.029 5 X1 0.992 3 \
R 0.044 2 Xa 0.346 5 '
Rs 0.025 8 Y1 0.024 7 . '
Ra 0.051 6 Y2 0.037 1
Rs 0.051 6 Ys 0.0255 '
PSO-BP
Rs 0.058 9 Ya 0.038 4
Ry 07051 6 Ys 0.147 3
4 PSO-BR [1] ) . BP
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