5549 % 55 1 1] M i 8 £ 2024 4F 1 1
Vol. 49 No. 1 FORGING & STAMPING TECHNOLOGY Jan. 2024

}

ETHERSNNREENBEBENRFEFRZRTEIZMRNL

ByEk, £ O, ERA, 2FR, XNFH#
(TR =02 HUBR T AR~ B, TR 404130)

B

2

FE . HXIUESEERIE T AR, S —F R A4 DU i 3 Un £ RS 2 OB T2, 858, MRIEEG 4 D33 a8 WU %
FEEBUY T M REE, 78 =450 SolidWorks HEEST SRR T LA = 4ER8 | BT A Deform-3D e sr BUERHUY A BRIT
FERY | ATRIEAN T . ARG, AR SCER R BRI AP ARALL 20 A 285 SR o 52 i 25 O ot i ) 2 BE R R ORI | e
A ELTRAELE . SR IE 2SS i B0 A 4 DU A XU R 57 A 28 B8 T2 ARG 1, DABORNEE | 78l 3 AR B TR 44
AR RIS R 2, DRSO 1 s R b Sk B VN A B b, I Tsight B4 57 7 el o 18 ST (USSR FSR A5 3048 & 4 Y
AW RS B R B T A BB &R, BRNREE R 374 °C . $FMEERN 5 mm - 7' | BLEWHGRE R 281 C, &5, F
AL S B & A TREIIE , 18I0 i DU A R TC I i, FLI S RS 000 ) e R b Sk er 5 22 AR Ak 4t 2R
MRZE/NT 3%, BZEIRFRWT, iR ng UUiE & X m BY S B BB T2 AT, IG5 o DU A 09 A R AR R R
KW MASWEE,; BB E; RHEE, BESE,; BREWMEE,; BRSNS moRKip sk

DOI: 10. 13330/j. issn. 1000-3940. 2024. 01. 012

FESES . TG386.1 MHERERERS: A XEHS: 1000-3940 (2024) 01-0089-09

Optimization on two-way extrusion precision forming process for aluminum
alloy four-way pipe based on numerical simulation

Cai Rongfei, Wang Hui, Tang Youli, Jin Xiangfeng, Liu Lizi
(College of Mechanical Engineering, Chongqing Three Gorges University, Chongqing 404130, China)

Abstract; Aiming at the shortcomings of the traditional forming process for four-way pipe, a two-way extrusion precision forming process of
aluminum alloy four-way pipe was proposed. Firstly, according to the principle of the two-way extrusion precision forming process of alu-
minum alloy four-way pipe, the three-dimensional models of billet and forming tools were established by 3D software SolidWorks, and the
finite element model of the numerical simulation was established by Deform-3D to simulate and analyze preliminaryly. Then, according to
the literature research and preliminary simulation results, billet temperature, extrusion speed and mold pre-heating temperature were taken
as the main factors affecting the forming quality of parts, and the two-way extrusion precision forming process of aluminum alloy four-way
pipe was test designed by the orthogonal experiment method. Furthermore, taking the billet temperature, extrusion speed and mold pre-
heating temperature as the test factors, and taking the maximum equivalent stress and the maximum punch load as the optimization objec-
tives, the response surface approximation model was established by software Isight, and the optimal process parameters combination of the
two-way extrusion precision forming process of aluminum alloy four-way pipe was obtained as the billet temperature of 374 °C, the extru-
sion speed of S mm « s™', and the mold pre-heating temperature of 281 °C. Finally, the optimized parameters combination was verified by
the simulation, and it was found that the optimized four-way pipe parts had no forming defects, and the error between the maximum equiv-
alent stress and the maximum punch load and the multi-objective optimization results was less than 3%. The results show that the proposed
two-way extrusion precision forming process of four-way pipe is feasible and effectively improve the production efficiency and material utili-
zation of the four-way pipe.

Key words: aluminum alloy four-way pipe; two-way extrusion; billet temperature; extrusion speed; mold pre-heating temperature ; maxi-

mum equivalent stress; maximum punch load
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Fig. 1 Schematic diagrams of two-way extrusion precision forming for four-way pipe

(a) Upper die and lower die
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(b) Schematic diagram before and after forming
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Fig. 2 Part drawing of four-way pipe

Deform-3D A4 o 5 43 2L R A%, 57 18 00 1) 5
A FRTHEAENE 3 iR,

Lk
AR

2y S

Tk

B3 i £ R RSO A RO

Fig. 3 Finite element model of two-way extrusion precision forming
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Table 2 Orthogonal experiment of three factors and

three levels
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Table 3 Orthogonal experiment results

X | 2 c RN 1 Rk
i MPa kN

1 1 1 1 62. 68 7.36
2 1 2 2 61.26 7.78
3 1 3 3 58.91 8.40
4 2 1 2 58.34 7.35
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7 3 1 3 55.93 7.19
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Table 4 Error evaluation results of approximation model

Table 5 Comparison between results of different extrusion
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Fig. 6 Equivalent stress distributions and maximum equivalent stress curves of formed parts before and after optimization

(a) Equivalent stress diagram before optimization

(¢) Maximum equivalent stress curve before optimization
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(d) Maximum equivalent stress curve after optimization
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Fig. 7 Equivalent stress distributions (a) and equivalent stress curves of tracking points (b) for optimized four-way pipe during two-way extrusion
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Fig. 8 Equivalent strain distributions and equivalent strain curves of four-way pipe before and after optimization

(a) Equivalent strain distributions before optimization

(¢) Maximum equivalent strain curve before optimization
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