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Optimization on external high-pressure bulging of spiral stator based on
finite element method

Wang Shugiang', Chen Haolei', Qiao Jinmeng®, Chen Zhao', Zhou You'
(1. School of Mechanical and Power Engineering, Shenyang University of Chemical Technology, Shenyang 110142, China;
2. Bluestar (Beijing) Chemical Machinery Co. , Ltd. , Beijing 100176, China)

Abstract . Spiral stator parts are prone to cracking and wrinkling during the external high-pressure bulging process, and such parts have the
characteristics of continuous smoothness and equal cross section area. Therefore, a optimization method of the process parameters in the external
high-pressure bulging of spiral stator was proposed, and a response surface model was established with the maximum thinning rate as the optimi-
zation target and bulging pressure, spiral lead and friction factor as the optimization factors. Then, the optimal interactive optimization parame-
ters combination of external high-pressure bulging for spiral stator was obtained with the bulging pressure of 193. 121 MPa, the spiral lead of 810
mm, and the friction factor of 0. 149 by the response surface analysis combined with finite element simulation. Furthermore, the bulging experi-
ment was carried out by using the optimized process parameters, and the spiral stator parts with uniform wall thickness and small maximum
thinning rate were obtained. The results of wall thickness measurement for the obtained parts by means of an ultrasonic thickness gauge show that
the errors between experiment and simulation values are less than 2%, which verifies the feasibility of the optimization method.
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Fig. 1  Comparison diagram of spiral stators

(a) Traditional spiral stator ~ (b) Spiral stator with constant wall thickness
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Fig. 2 Principle diagram of external high-pressure bulging
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Table 1 Mechanical property parameters of 304 stainless steel
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Fig. 3 Mathematical model of spiral stator with constant wall thickness
(a) Helical lead

(b) Finite element model of external high-pressure bulging
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Table 3 Factors and levels of external high-pressure

bulging orthogonal experiment
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Table 4 Orthogonal experiment results of external

high-pressure bulging
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Fig. 5 Maximum wall thickness thinning rates of spiral stator in external high-pressure bulging under different factors

(c) Helical lead

(b) Bulging pressure
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Fig. 6 Interactive response surfaces for various factors on maximum wall thickness thinning rates of spiral stator

(a) Helical lead-bulging pressure

4 HEARACE £ I iE

ARSPANEN N SIANIEIER: 5 Y =85 N5 i
e/ NN A, R e T AR A DA A ek TR
file, KGR RESE N KEETHR
193. 121 MPa, M2E Sk 810 mm ., JE# H H N
0. 149, XF j 1Y B2 E 5 - BE JE 43 A < R AN &1 7 Foms
IEERE I A, AR AL

(b) Helical lead-friction factor

(¢) Bulging pressure-friction factor

T RS R AT R, AU S R
FTRIERIESE S . it TR TR S B, R
FH Smacq B R A A RN 0T g AT R R A
DAFEH IR 2t [l A YD-28 7 2h 24 i B
PASON RS i R B BLEE ) D01l . IE I A
PR BEAT RAE A | Bt BRI R, ST R L
PEIUE TR HEME Y — 2 h D TR RIS, FRREAE A
A P20 8 4 iy, 5 IR R O 2 A 52 i BRI
Sy, BT ECS AR A 3b B,



100 B E

N 47 4

BE 5 /mm

+5.255e+00
. +5.068e+00
+4.881e+00
+4.694e+00
+4.506e+00

+4.319¢+00
+4.132¢+00
+3.945e+00
+3.758e+00
+3.571e+00
+3.383e+00
+3.196e+00
+3.009¢+00

K7 SIS R IREE T-BE IR 1 2
Fig. 7 Cloud diagram of wall thickness distribution for spiral stator

after parameter optimization
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Table 6 Comparison between simulation and experiment
values of maximum wall thickness thinning rates after

parameter optimization
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Fig. 8 Experiment equipment of external high-pressure bulging
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Fig. 9 Results of external high-pressure bulging for spiral stator
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