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Abstract: In order to obtain the copper-titanium bimetallic composite tube with excellent forming quality and small relative
bending radius (R/D,<2, D, is the outer diameter of the covered tube), a finite element model for bending-springback
process of copper-titanium bimetallic composite tube is established based on the ABAQUS/Explicit finite element platform in
this paper, and the wrinkling limit of the copper-titanium bimetallic composite tube with small radius bending is simulated
and analyzed by finite element method. That is, with a rigid mandrel and different numbers of mandrel cores filling, the min-

imum relative bending radius (R/D,) ., to prevent wrinkling is obtained. The results show that, the cross-section deforma-

tion rates ¢ in both the base tube and covered tube filling zones are significantly smaller than those in the non-filling zone.
The ¢ in the filling zone slightly increased with the decrease of R/D,, while the ¢ in the non-filling zone significantly in-

creased with the decrease of R/D,. This indicates that the tendency for wrinkling in the cross-section of the non-filling zone

is significantly higher than that in the filling zone. R/D, =
. 2021-06-19 EEHE: 2021-08-18 1.76 is the turning point for wrinkling occurrence. When

ELTH: HFEAAREILEEFETH (51601070) ; FHE AR R/D,=1.76, one core filling does not meet the forming
FI2H 4 i 30 H (51875263) quality requirements. When two and three cores are filled,
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Email; xial66109@ 163. com tions, which does not meet the forming quality requirements.
DOI: 10.7502/j. issn. 1674-3962. 202106018 To determine the minimum relative bending radius, further

it meets the requirements of forming quality, and the filling
with two cores is better than three cores. When R/D, =
1.32, wrinkles will appear under the three filling condi-
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analysis was carried out on the wrinkling of the composite pipe with two mandrel cores filling and R/D,=1.71, R/D,=1.74.

It is found that number of wrinkles N=1 and ¢, exceeded 5%, which does not meet the forming quality requirement. There-

fore, the forming limit of the copper-titanium bimetallic composite tube is two mandrel cores filled and (R/D,) ;. =1.76.
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Fig. 1  Schematic of finite element model of the copper-titanium bime-

tallic composite tube
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Table 1 Mechanical property parameters of the materials of cop-
per-titanium bimetallic composite tube
B Density p Elastic Strength Hardening
Tube J(x10° k 5. modulus factor ind
( ¢m) p/Gpa K/MPa
T2 base tube 8. 86 62.09 409.74 0.165
TA2 covered tube 4.51 85.33 717.18 0.192
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Table 2 Conditions for finite element simulation

Simulation conditions Numerical value

Inner diameter ( thickness)

of base tube D,(z,)/mm 28(2)

Outer diameter (thickness) of

34(1)

covered tube D,(¢,) /mm

Bending radius R/mm

45.58.59.60.75 .90

45/34(1.32) 58/34(1.71)
59/34(1.74) .60/34(1.76) .
75/34(2.21) 90/34(2.65)

Relative bending radius R/D,

Bending angle/ (°) 90

Bending angular velocity 0.5

/(rad/s) '
17.5(R=45) 29(R=58) .
29.5(R=59) 30(R=60) .
37.5(R=175) 45(R=90)

Boost speed /( mm/s)

Coefficient of friction between

0.57
clamp die and covered tube
Coefficient of friction between 018
other dies and covered tube '
Coefficient of friction between (1]
0. 46
base tube and covered tube
Coefficient of friction between
0.02
mandrel and base tube
The gap between dies and 0~0.2
tube /mm
Number of cores 1~3
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Fig.2  Schematic of wrinkle form of the bimetal composite tube:

(a) wrinkle, (b) bulge
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Fig. 4 Simulation nephogram of wrinkling and bulge phenomenon of the bimetallic composite tubes with different relative bending radius :

(a) R/D,=1.76, (b) R/D,=1.32
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Fig. 7 Cross-section deformation rate wtth R/D,=1.71, R/D,=1.74 and R/D,=1.76 (a) ; simulation nephogram of R/D,=1.71 (b)
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