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Modeling and optimization for the structure of biaxial symmetry

non-circular hole of turbine disk

CHEN Qiuren, GUO Hai-ding, LIU Xiao-gang
(College of Energy and Power Engineering,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In order to resolve the stress concentration of the holes on engine disks, a ge-
ometry model of turbine disk non-circular hole was established and applied to a turbine disk
flange. The contour of this model consisted of eight biaxial symmetry arcs to ensure smooth
connection and bolts assemblage. The geometry of turbine disk hole was improved and opti-
mized with the non-circular hole, using the maximum first principal stress as objective func-
tion. The optimization results show that the maximum first principal stress on the non-cir-
cular bolt hole inner surface is reduced by 14. 8% along with remarkable drop of the stress
concentration. The results of design variables’ sensitivity show that the sizes of transition

arcs connected with main arcs have significant influence on hole edge stress concentration.

Key words: hole edge stress concentration; structural optimization; non-circular hole;

iISIGHT software; sensitivity analysis

[3-4]
[1-2]

[5-6]

:2012-06-21
thttp: //www. cnki. net/kems/detail /11, 2297. V. 20130617. 0940. 201306. 1250 005. html
(20127ZB52028) ; (NZ2012105)
(1987—>), , ,



6 1251
i, , N ’ 2a.
. 4 4 ,
X,Y 4
1
b [8].
. s GE
CFM56-3
’ [9].
’ 1
’ Fig. 1 Geometry model of non-circular hole contour
’ XY ,
(
INDR R,
( R,),4 (
Ry, 8 R, .R;.R;.
4 s
8 2
, 1.2
1 ) RS
s R, R,,R, R, (D
’ jR] > a
(D
’ IRZ > a
a . R3 Rl RZ
1 2 . Ry (2)
1.1
8 R.R,
¢ R, 0; (X5,Y3) (3)
X, — —en— 2nm® — /—e'm’ +dem’n® +4°m*n® — Am’n' + 457 m’
, =

em — 2mn® +

Y, =

2(m* +n®)

(3

-2 2 2 .
—etnt —dem n® + 47 mn® — Am*a® + 450"

2(m" +n®)

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



1252 28
1.
mle—a, n:a_Rzy l:Rl_Rg
j=R,—R;, e = 2 7]-2 + n® — m? ;;:[:I:‘IF:: e |
R3 R] P
R,
4 sk
1 _ —mR, — Ry, — gmx; =l
yp —
8X3
“4) g (5)
_ ys T m ’
&= 1*( 7 > SR i3l
R, R Q 6 FRIEAIRE:
_—n—f'n— VR + f°R}
Xq = 1+f2
(6) 2
A+ HRE Fig. 2 Simplified model of turbine disk
Yo =T )
1+ f fan-shaped segment
%) f (7
) 1 GH4169 550~650C
=2 (7
X3+ n Table 1 Material properties of GH4169 in 550~ 650 C
b 2 b
E 0.2 b
(%) e / é/ A o2/ o/
MPa 107°°C™" (W/(m+C)) MPa MPa
—a<xp<<0, a>yp >0 %
—a<x2q<0, a>yy>0 550 170. 05 14.8 20. 8 1023 1179
R,.R,.R, .R, 600 164.06  15.0 21.2 1002 1141
(3), ’ 650 151. 20 15.4 22.8 980 1129
4), (6);
, 0.37, 8240 kg/m* "],
2
2.1 ,
[ll].
, 2.2
48 )
’ 1 Olmax ’
N . 1/48 2. 9
s min  f(R) = oimx (¢ =1,2,3)
s.t. R, >a, R, >a 9
(FEM) ~ a > R? > Rmin
s 130. 7 MPa 0>xy >—a, a>y; >0
( 2 ). Solid R, .R, R,
87 . Solid 187. . iR
12 420 r/min. , 1 [12], R.,.=2mm.
550°C, 650 unigraphies(UG) NX,AN-
C. GHA169. SYS,iSIGHT UG NX

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



6 1253
) AN- ,
SYS APDL , ,
1GS . . 1
iISIGHT AN- K, — MX 100% 10
SYS Multiphysics APDL(ANSYS par- Olmax0
ametric design language) Olmax0 2O lmax
1 1
Olmax Olmax 4
Olmax O1max0
1 . response, txt ( ) ’
iISIGHT 1 s
; ANSYS ’ 1
RExl 5
(NLPQL). 3 —
t — Rl - B
820 F

" /4>| UGEH | %g '

thermal.rth

\

- |

|

AT I i
A )I'- | 1 1 1 1 1
’_l_ | 650 20 0 60 80 100

|

|

|

|

/

LSRR/

4

Fig. 4 Optimization history of objective function

S ———
’~ \ 4, 5 . R,
[ \
| | ;
I a— |
| iSIGHT | ’ Olmax ’
| |
| | R,
| |
| | s
| |
\ ) 2.
. - = 2 : .
3 iSIGHT
0
Fig. 3 iSIGHT integrated optimization process LSS 3. 21%.
, R\ R,
3 ’ Rz .
’ 1 ( ) 6
b ’ )
[14]
H 6 ’
b b N
’ 3 1 O Imax
bl 14. 8%.
1 b 1 b b

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1254

28
125
_R]
100 -
o g
=
£ 75 =
£ 50 =
= = .
25
0 0 20 40 60 80 100
LA
(b)
5
Fig. 5 Optimization history of design variables
2 O 1max
Table 2 Optimization results with objective function .y
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