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Fig. 1 Local refined mesh of two different mesh modes
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Fig. 2 Calculation results under two different mesh

modes of the initial impeller model
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Fig.3 Calculation results under two different mesh

modes of the improved impeller model
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Fig. 4 Material performance curves
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Tab. 1 Results of pre-over loading calculation
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Fig.5 Local diagram of maximum equivalent plastic

strain under normal loading
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Fig. 6 Components of nonlinear stress distribution
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Fig. 7 Schematic diagram of structural hot spot stress
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Tab. 2 Stress calculation results at two hot spots of different mesh modes

I A L5 4R PG KR LR/ MPa 5 —F R J1/MPa %5 = F W 1/ MPa L5 5N )/ MPa

] (D b 3120 —241 —3 570 —2 835
S
& — B b 1920 2 080 102 1 800
B m monn b 3 460 —2.4 —3 680 —2 560
e i

- HED a 1 840 1980 41.8 1530

& (D) a 1370 —60.1 —1 444 —1077
B _ ,
T — A a 955 1086 38.6 892
i Rl s (D b 1459 21.9 —1 447 —1090
e i

- A a 1131 1423 209 883

CIRYE = IO S R o Y R DA E R e R 1]
RSO 7 10 T 1 Xof I B 4 s AR A AT Ak B
Jei o AE A FF AN [ P90 3 s A D 1 6 X sk B 32T 1)
SEF A RN S A 25 9. 7% R 15, 0% . U A
Tt 7 0] DAAE — 5 B b A IR R e A 1) A 2k
T VEAE AR RCR AR AR B ., 32 i JR LR A AR B
AT B S B . X TR IR AL, R A
SRR BRSNS 2 L T B A R AT
Ab SRS B AR AN W) 5 A BR T I A% #E 47 155
AR B0 S A6 TR] A 6 X 8k B T A0 485 4 38 55 R g
IKFAT AR B 42230, T A 405 B 285 48 T 50 T 43 )
FHZE 1. 226 F1 1. 0% U6 BH L Ah 75 % mT LAAR 4 b &b
PR A0 A AR L PR I ) D (E B B2 . X R L BT A
B AT R G I AN B0 Y A BR T TR A AR

D HRARSE DO FHL05 0 1  E A %
4 & i’

(1) 25 3 R o 4 Ak B ) It s A 2 7
WUE B T AR SRR A S R A T
B IBAE AR L I HL % A Bty S IR 18 S A A
B BRBE 7RIS e R Ak TR RS T fe
68 TE AR TR0 238 Jok ek T A Ak B L A U B R
AR S5 25 BB A I AR DR AR AN A o i G IS - Ak
TR

(2) o1 T 5 I A R BT A7 AR Bk B L = B0
FIK -2 Ry R A T N 4 Ak BT AN RE
R I 48 A6 1E AR I 8 35 KRz T KT e s
82 - 48 46 TE AL T 22 g T M 2 Ak B L A IE



162 X # ¥ L X

VS

¥ ¥ # #5148

T AR 3T % K von Mises i 7 H &b 38 7/ 49
1 050 MPa F&AEE] 764 MPa, W FEAK T 27. 2%.
I Tk B X I 2 A R R 2 Ak B BB 6 A sk b b
AR A B T A R TR B R AR T AR AR IR R
TAE B R 1 K

(3) 8 3 79 i 8 Ak 3 ] DA I 3 R AIG 48 1E R
A2 SR B N T KT, B A A 7 B 5 AR O
R i F RO TR E B R X S A IE
AR R 7 7K P2 Y . AR R
PRUENT # 76 IE 3 TAE B b F 2 @ R I A —
(18 S5 i S 5 AT i 5 I 40 22 2 1K SR R 2 9% 55 1
",

(O R IE 53 285 K9 4 A L T 14 O 3 % A 2
PRCPE 4 R AT AL R, AT DL AR AR KR B b i ok
R b A e M R T W L A 5 i) DA 5 IR 4 UK 1
A PR ICTH 5 45 S v 45 21 X R A% S 50 Y R
T3+ AR AR A G 14 1 D) 55 R 3 2 A A

2% 30k

(1] b, 0EE. LAREESFIM]L . Fek

F WA, 1995

(2] k=, B, R 2. Bt iy 88 MW 57
0] A Rk %4, 1998, 22(1):51-55

(3] EWBE . A= . BEARAKTH NI AR
F 4, 2000, 18(1):84-87

4] TEE.REF. BEAHAATHEIXI > EEZR
A ey A I sk T, 1986(4):25-30

[6] Ropf=. WEE TRAEAHBERIALI]L LI,
2000, 27(3):149-151

[6] 8. W# A & B E e e 5 4 oy 5L A AT AT,
N E . 1997, 19(1):20-23

[7] HOBBACHER A. Recommendations for Fatigue
Design of Welded Joints and Components International
Institute of Welding [ M ]. Cambridge: Abington
Publishing, 2003

(8] & B, mumit E ey WM A LELI] MR 2,
1994, 32(7):9-11

Analysis methods for static strength of centrifugal compressor impeller
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Abstract: Finite element method and elastic-plastic analysis method are employed to carry out refined

static strength analysis for a centrifugal compressor impeller. The concept of structural hot spot stress

is introduced which is not sensitive to the mesh size. The strength criterion based on the structural hot

spot stress is acquired, and the evolution of von Mises stress and equivalent plastic strain with time is

analyzed. The numerical simulation results show that dealing with the pre-over loading on the impeller

can expand the range of flexibly working of the material, reduce the level of impeller stress under the

normal working condition effectively, and the pre-over loading techniques accord with the mechanical

mechanism of the impeller.

Key words: pre-over loading; residual stress; equivalent plastic strain; structural hot spot stress



