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Structure optimization design for blisk based on ANSYS
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Abstract. In order to get the lightest weight of the blisk under the safety working condi-
tion, the three-dimensional (3-D) parametric model of the blisk and the mathematical model
of the structure optimization design were built. Then the structure optimization design of
blisk was completed based on ANSYS platform. In conjunction with the relevant design
principles and methods, the disk’s meridian plane was firstly optimized to meet the structur-
al design strength criterion, and then the 3-D model of the blisk was built with the chamfer
at blade root and 3-D optimization was perform on the design parameters for example, the
thickness of the rim, the chamfer at blade root and the dish hub. The effect of each design
variable on the Von Mises stress at the chamfer of blade root and at the dish hub was sum-

marized. The whole optimization process only took about three to four hours.
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SYS Table 1 Definition of the safety factor n based on
the average section stress
b
n = co1/c n, = o,/c
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Table 2 Low limit of the stress safety factor of the disk’s structure static strength,deformation

limits scheme design criterion
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4.
228 mm; 53. 5 mm; 68 mm 3
n=15000 r/min; Oa — Table 3 Geometric parameters in the meridian plane
18. 23 MPa; TC11 N o0 scheme design of a compressor disk
4480kg/m?®. T=213°C )
H/mm
,E:105GP€1; V:O.S; co.1 —
R/mm
570 MPa o, =717 MPa.
228.0 68.0 68.0
ov/co1=1.26>n,/n,=1.23, n
( n n 217.0 5.8 4.92
1 b
) 77.0 15.7 13.33
[15] 67.0 20.2 29.1
b
3 57.0 30.9 44,6
53.5 46. 4 67
b b
4
Table 4 Stress safety factor of the compressor disk before and after the optimization
1. 4575 1.2047 1.4339 0.9834
1.4621 1.277 1. 252 1. 250
1.25 1.18 1.25 1.25
4 s AN
NODAL SOLUTION
STEP=1 JuL 82011
SUB=1 10:26:21
TIME=1
SZ (AVG)
RSYS=0
DMX=0.887 mm
L. 2 ’ R)M,‘J:ISS
SMX=49
10. 21kg 9. 82kg. R
3
1.2
AN-
Stress/MPa
SYS
43 1/43 155 193 231 269 307 345 383 421 459 497
’
1
, Fig. 1 Circumferential stress distribution of the
compressor disk after optimization
b b
) 4 ’
2.5 mm 5
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MODAL SOLUTION AN
STEP=1 JUL8 2011 ELEMENTS
10:25:59

RSYS=0
DMX=0.887 mm
SMN=-3.3
SMX=494

MX

MN

Stress/MPa
— p—
-33 520 107 163 218 273 328 384 439 494

5
Fig. 5 Part of the chamfer at blade root

2
Fig. 2 Radial stress distribution of the compressor

disk after optimization
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DMX=2.566 mm
SMN=1.36
SMX=617

3
Fig. 3 Meridian plane’s outline of the compressor

disk before and after the optimization
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1.36 69.7 138 206 275 343 412 480 548 617

6
Fig. 6 Von Mises stress of the blik with

chamfer at blade root

5

Table 5 Range of optimal variables

4 R,/mm R,/mm H/mm

Fig.4 Model with chamfer at blade root 1~25 2.5~3.5 5~14

85% 610 MPa
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Table 6 Parameters before and after optimization N 7
7 s
2. 15%. 610
R, /mm R, /mm H/mm
MPa; N
8 2.5 11
20.172 2.5753 7.93
7
Table 7 State variable and the mass of the blisk before and after the optimization
/kg /MPa /MPa
12.55 513 628.5
12.28 527.3 610
b A
ANSYS , ,
, 7. 8
548 632
= 540 L 624 H
g H = /
~ -
2 sn 5 616 R
K 524 A ¥ 608 :
= 5 RN
@ R> x R>
= 516 R, = 600
508 592
-1.0 -0.6 -0.2 0.2 0.6 1.0 -1.0 0.6 -0.2 0.2 0.6 1.0
RO 5 (£1%) FTEAR(£1%)
7 8

Fig. 7 Relationship between the Von Mises stress

at the hub and each variable

Fig. 8 Relationship between the Von Mises stress

at the blade root and each variable
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Table 8 Two-dimensional strength verification of the disk before and after the 3-D optimization

1. 4621 1.277 1.252 1. 250

1. 4937 1. 2808 1. 249 1. 239

1.25 1.18 1.25 1.25
9

Table 9 Geometric parameters of the disk before and

after the another axial symmetry optimization

11 . Ty,
11 R/mm

. .
1%. 228.0 68.0 68.0
217.0 1.92 4.94
77.0 13. 33 13. 36
67.0 29. 1 29. 6
57.0 44.6 45.27
’ 53.5 67.0 68.0

10

Table 10 Stress safety factor of the disk before and after the another axial symmetry optimization

1.4937 1.2808 1. 249 1. 239
1. 4979 1.2834 1. 251 1.25
1.25 1.18 1.25 1.25

11
Table 11 Von Mises stress of the rim before
and after the another axial

symmetry optimization ’

/MPa /MPa ANSYS

527.3 610

524 609. 4
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