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Fig.1 Schematic diagram of small bending

radius conduit
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Fig.5 Cold expansion push-bending forming die
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Table 1 Mechanical properties of GH4169 tube
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Fig.7 Finite element model of cold expansion push-bending
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Table 2 Mechanical property parameters of polyurethane based on Mooney-Rivlin model

I [
REN | WSCEE (HA) | JPEEHERECC, | WRAREREC, | RURASHD,
RANE 1 | A60 | 0.695 0.224 | 425x10°
R 2 | A80 | 1.215 | 0.592 | 321x10°
R 3 | A100 | 1.822 | 0.895 | 2.16x 107
£3 REAR

Table 3 Experimental schemes

RIS | REABRHGAEEE (HA) oL /) /MPa HEREESUE
1-1 A60 20 PTFE Wil + —FifbsH
1-2 A80 20 PTFE Wil + —FifbsH
1-3 A100 20 PTFE #iflE + —#ifbsH
2-1 A80+A100 414 10 PTFE #if + i ft4H
2-2 A80+A100 414 20 PTFE ¥ + i fb4H
2-3 AS0+A100 414+ 30 PTFE #ifii + —#ifbsH
3-1 AS0+A100 414 30 QO1-1 AL + —Hi k4
32 A80+A100 44 30 PTFE #ifl¥ + —#ifk4A
3-3 A80+A100 4 & 30 e
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(c) RER3

Fig.8 Three kinds of polyurethane used in the test
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Fig.9 Simulation results of cold expansion push-bending forming using different polyurethanes
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Fig.10 Simulation results of cold expansion push-bending forming using different jacking pressures
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Fig.11 Simulation results of cold expansion push-bending forming with different lubrication methods
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Fig.13 Cold expansion push-bending forming test results of GH4169—G52 x 1.0 pipe
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Fig.14 'Wall thickness distribution of conduit by cold expansion push-bending
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Study on Push-Bending Forming of
GH4169 Superalloy Thin-Walled Tube With Small Bending Radius

FANG Jizhao, GUO Wei, CHEN Genfa, YANG Pingchuan, DENG Tao, MENG Xiangnan
(AVIC Chengdu Aircraft Industrial (Group) Co., Ltd., Chengdu 610092, China)

[ABSTRACT]

Based on the cold expansion push-bending forming technology, the cold expansion push-bending forming

die of superalloy pipe is designed and manufactured, and the deformation characteristics of 1D bending radius superalloy

pipe are analyzed with the help of numerical simulation. The combination filling method of polyurethane with different

properties is proposed, which successfully solves the collapse problem in the cold expansion push-bending forming

process of superalloy pipe. Optimum process parameters of GH4169-G52x1.0 superalloy tube are obtained from three aspects:

polyurethane packing, cylinder jacking pressure and lubrication conditions (friction). Accuracy of the process parameters is

verified by experiments, and the engineering application of cold expansion push-bending forming of superalloy pipe is realized.

Keywords: Superalloy; Pipe with small bending radius; Cold expansion push-bending forming; Numerical simulation;

Process parameters
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