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Optimization Design of Hydro-bulging Process Parameters of Bimetallic Clad Pipe
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Abstract: The bimetallic clad pipe produced by hydro-bulging process has good mechanical properties and corrosion
resistance, and it is of great significance to obtain high quality clad pipe by setting process parameters reasonably. Based on
the finite element model satisfying the engineering practice, the simulation test of the hydro-bulging process of bimetallic clad
pipe was carried out using different process parameters (bulging pressure, initial clearance and the liner pipe's thickness).
Through the orthogonal experiment design and comprehensive optimization analysis, it is concluded that the primary and
secondary order affecting residual contact stress is bulging pressure, lining pipe's thickness and initial clearance;the primary
and secondary order affecting the springback is the bulging pressure, the initial clearance and the wall thickness of the liner
pipe. Taking into account the residual contact stress and springback two evaluation indexes, the bulging pressure of 170 MPa,
initial clearance of 2 mm and liner wall thickness of 3mm are determined as the optimal process parameters combination.
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Fig.1 Schematic diagram of finite element model
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Tab.l Performance parameters of 316L and X70 pipes
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316L | 7980 29792 | 639.28 195 0.26
X70 7800 5322 626.8 207 0.3
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Fig.2 Loading path of bulging pressure
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Fig.3 Circumferential strain of the outer wall of the base
pipe during the loading process
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Tab.2 Table of factors and levels
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Tab.4 The table of result analysis of orthogonal test
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Tab.3 Orthogonal test scheme and results A B C A B C
— % LR K, [16.83969|22.71001{19.11724 | 0.00195 | 0.00229 | 0.00220
A B C | BRAHAN S /MPa 6] # /10 K, |21.7310021.89965|21.85116| 0.00218 | 0.00219 | 0.00219
1 1 1 1 5.21240 6.82898 K, |26.22324|20.18427|23.82553 | 0.00239 | 0.00205 | 0.00213
2 1 2 2 5.78813 6.67539 k, | 5.61323 | 7.57000 | 6.37241 | 0.00065 | 0.00076 | 0.00073
3 1 3 3 5.83916 5.98982 k, | 7.24367 | 7.29988 | 7.28372 | 0.00073 | 0.00073 | 0.00073
4 2 1 3 8.34681 7.57843 ky | 8.74108 | 6.72809 | 7.94184 | 0.00080 | 0.00068 | 0.00071
5 2 2 1 6.47196 7.44004 222 R| 3.12785 | 0.84191 | 1.56943 | 0.00015 | 0.00008 | 0.00002
R " So11s il e U 1481.15661467.58133(470.19031 #73367%| 4.733x |4.72433x

7 | 3 1 2 9.15080 8.44596 10 10 10
3 3 2 3 963956 773692 Q |14.68401| 1.10873 | 3.72671 [3.229x10%9.62x10”| 9.5x10™°
9 3 3 1 7.43288 7.76188 K=64.79393,W=486.00774 | K=0.00652,W=4.77113x10"

MR PEIE A, 5 8 il K BRI AT
FURL A 2 6] (i 5R AR B B 11 e K, IR B 9 TR R
KA AR AB.Cs; 5 7 2H 150 Kb 2R A5 AY [l 58 Az

P=466.47260,0,=19.53514 | P=4.72338x10,0,=4.775x10*

42 HESH

X5 J7 Z AR & A R R BEAT LA, A

101



Hot Working Technology 2021,Vol.50,No.17

(a) FR A% 4 Ak 1 g

S 80
R 75

2T

570

Hest

1 1 i

A A A

wn
W
T

[
B, B, B;
K & KF

1 1 18

C G G

(b) 1] 38

N~

1 1 1 1 1 1
B, B, B; GGG
IR % K

Pl 4 ASTR] R 3K T B A% 4 filk 17 7 1 [ 38 ) 28 Ak
Fig.4 Variation of residual contact stress and springback
at different factors and levels
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Tab.5 Variance analysis of residual contact stress and springback
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Fig.5 Stress and strain of the pipe under optimal parameters
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