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Optimization on hydroforming parameters for tapered muffler tube based on
response surface method
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Abstract: The appearance of tapered muffler tube improves the aerodynamic performance and acoustic performance of expansion chamber
muffler, its inner surface has the characteristics of variable section and continuous smoothness. To improve its manufacturing efficiency,
the method of producing tapered muffler tube by hydroforming process was proposed, which reduced the wall thickness and the weight of
tapered muffler tube to improve the fuel economy for vehicle. Furthermore, for the hydroforming process, the influences of internal pres-
sure of hydroforming, taper of tapered tube and friction factor on the forming were studied by combining the finite element simulation and
the response surface optimization method. The optimal parameters are obtained: the internal pressure of hydroforming is 42. 573 MPa, the
taper is 16. 890% , and the friction factor is 0. 076. The qualified tapered tube products are obtained by experiments with the optimal pa-
rameters, which verifies the feasibility of hydroforming on tapered tubes. It proves that the finite element simulation combined with re-
sponse surface optimization method can be used in optimization of hydroforming process for tapered muffler tubes.

Key words: tapered tube; muffler; response surface; hydroforming; orthogonal experiment

B T EOR A R, IR RERHEE AR A IR B o B e i, 2 E TR

RN AR A R A DL T
A ZEEAE, HOE A TR DL R Ay T g
BRI B B A 8 1A T P T TG R AE
Tl AL P R 1 T S A R S O BEL T R 5 4k

fs AH: 2021-02-08; f&iTHHA: 2021-05-07
BE&WA: UT4ARBFEEFEIHE (20170540722)
fEEEN: TR (1978-), 5, L, ml#dR
E-mail: 55965920@ ¢q. com

BIEEE: BRRE (1997-), 5, WLWtsE

E-mail; 15905275133@ 163. com

SR EAY P R LA B2 KBl 2R

R R BT 2 7 A T T RE A 1 S PR
HT 2D R R BOSOR A8 B A I T i i R
PR TR FE A BE, A RE 5 R N BE S S
B, WA A7 ol Sk T A kA, S R R T
P AKTE il 3 ) T A BA BEJR I ) R/,
YRR o MR, [E A X P R
IKIEFF I 7898, sl it ABAQUS B 4% 3
R BUE AT T A B B AL, Bk 1 HSOE
B ASCUAHEIZ I 8 0 B, 2T A BROGE R3S



84 &Ik

E3d

HEIL A O OE i B AT TR T S A, IF
HA B ARG g R AT T X R, ik
TR I HEIE I 7 A AT

I %M FEEREKRY LM

HEIEIH P WU IO B an 18] 1 s # A
PR 3 2RI B bk 4 b, g s
Bobsk RN E B B bk 4 AT ENL, B ek
DL Y IR AT % B, Bah B B bk 1@ ad R 6T
HEATIRES, DMRIEAKIE o B2 b il g B
W w B ehk 1O LB A T IRE
AL 2 ) KA D=d80 mm, /NME d=P60 mm, #HEEF
h 209 I HEE TR 3 B9 BE L= 100 mm, A SCHFFERY
RN EEA N @57 mm, BEJEN 2 mm [
304 AEEWEM, EHWH S HnE 1 iR, i
THEIC A E I ROR AR S HEE K LAOC,
WA B DR 2807 L P T 0 0 TR 31 75 4 U 32
Wi B 73 R AN 2 s i 5 RO e RE Y B 3R

b

2

J

P L IR I P AR IR S B ]
L BahimEhk 2. B 3. 45 4. [BEHE Mk

Fig. 1  Principle diagram of hydroforming for tapered muffler tube
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Table 1 Mechanical property parameters of 304

stainless steel
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Table 2 Single factor simulation schemes
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Fig. 2 Finite element model of hydroforming for tapered muffler tube
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Fig. 3 Linear loading path
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Table 3 Factors and levels of multi-factor orthogonal

experiment
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Fig. 4 Change of minimum wall thickness for tapered muffler tube under

different internal pressures of hydroforming
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Fig. 5 Change of minimum wall thickness for tapered muffler
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Table 4 Results of orthogonal experiment

- A KIENIE BHEIE/%  C R BE R R/ ME/
7+1/MPa mm
1 40 10 0.10 1. 471
2 60 10 0.10 1. 450
3 40 20 0.10 1. 492
4 60 20 0.10 1. 498
5 40 15 0.07 1. 550
6 60 15 0.07 1. 531
7 40 15 0.12 1. 490
8 60 15 0.12 1.520
9 50 10 0.07 1. 440
10 50 20 0.07 1.533
11 50 10 0.12 1. 407
12 50 20 0.12 1. 459
13 50 15 0.10 1.503
14 50 15 0.10 1.503
15 50 15 0.10 1.503
16 50 15 0.10 1.503
17 50 15 0.10 1.503
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Table 5 Variance analysis result of minimum wall

thickness for tapered muffler tube
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