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Optimization of non-isothermal hot extrusion process for 2A12
aluminum alloy pull rod
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2. Key Laboratory of Micro-systems and Micro-structures Manufacturing, Ministry of Education
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Abstract; To reduce the risk of instability and wrinkling in the reducing and thickening extrusion process for
aluminum alloy pull rod, and improve the production efficiency of the pull rod, a non-isothermal hot extrusion
forming process was proposed, in which the fixture clamps the non-deformation zone of the tube blank, with only
the extrusion die preheated and no cooling required for the tube blank. Firstly, the non-isothermal hot extrusion
forming process of 2A12 aluminum alloy pull rod with diameter of @ 65 mm, thickness of 5 mm and target
thickening ratio of 1.6 was analyzed based on finite element simulation, and then the effects of extrusion process
parameters on forming quality were investigated. Secondly, under the optimized process parameters determined by
simulation, the non-isothermal hot extrusion experiment of the pull rod was conducted, validating the effectiveness
of the numerical simulation. The study demonstirated excellent agreement between simulation results and
experimental data. The non-isothermal hot extrusion process eliminated bending deformation at the tube ends.
Furthermore, the gradient-decreasing temperature distribution at the leading end of the tube along the extrusion
direction helped maintain the material strength in the non-deformation zone, thereby reducing the risk of instability
and wrinkling. Under the extrusion process parameters of friction coefficient of 0.05 ~0.3, extrusion speed of 1.6 ~
7.6 mm/s and die temperature of 410 ~470 °C, the friction coefficient exhibited a significant influence on the
forming quality of the pull rod, while the extrusion speed and die temperature had relatively minor effects.
However, none of these parameters showed a notable impact on the wall thickness uniformity in the thickened zone
of the pull rod. As the friction coefficient decreased, the risk of wrinkling of the pull rod decreased, and the wall
thickness of the thickened zone increased with a maximum increase of 56. 5% . The findings of the study offer an
innovative methodology for enhancing the extrusion forming quality of aluminum alloy pull rod.

Keywords: aluminum alloy; pull rod; necking and thickening process; non-isothermal hot extrusion; forming
quality
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Fig.1 3D model and geometric dimensions of 2A12 aluminum alloy pull rod with large diameter
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Tab.1 Chemical composition of 2A12 Al alloy(wt% )
TR Cu Mg Mn Fe Si Ni Zn Ti Al
i 3.8~4.9  1.2~1.8 0.3~0.9 <0.5 <0.5 <0.1 <0.1 <0.15 N
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Fig.2  Schematic of hot extrusion setup of the pull rod
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Fig.3 Finite element model for hot extrusion of the pull rod
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Tab.2  Process parameters for numerical simulation

TS BEERK MLEEE/C HREE/ (mmes ")

K1 0.05 410 1.6
K2 0.1 430 3.6
K3 0.2 450 5.6
K- 4 0.3 470 7.6
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Fig.4 Non-isothermal hot extrusion setup of the pull rod
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Fig.5 Forming load-time curve during the non-isothermal hot
extrusion of the pull rod (f=0.3)
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Fig. 6  Effective stress distribution during the non-isothermal

hot extrusion of the pull rod (f=0.3)
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Fig.7  Temperature distribution during the non-isothermal hot

extrusion of the pullrod (£=0.3)
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Fig.8 Forming load-time curve during the non-isothermal hot
extrusion of the pull rod (f=0.1)
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Fig.9 Stress distribution during the non-isothermal hot extrusion
of the pull rod (f=0.1)
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Fig. 11 Effective stress distribution at the end of the extrusion

of the pull rod under different friction coefficiens
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Fig. 12 Effect of friction factor on the thickness of the thickened
region of the pull rod at the end of the extrusion

2.3 HFEEENRATFERFERENZME

TE 55 /)N B FEE 488 22 KIORN T A 9 B4 B 1 o B 2% 1
T, AR O B e — 2 RE B L 2 B S5 T AT
FERIFFRI B BT it . AT ZEREELIR B 430 °C FIEE 3%
RE00. 1 BT BFE 180 mm J5 45 ST &, 4347
5 S0 = 5 S AR AT F S 2 A R B o e
FIFom , YEF R EAE T 1.6 ~7.6 mm/s B}, £ K
X RT3 ) AN K 5 Wi 5% e
WA, Jc K Y R B 28 far AR Il 69 kN 62 kN
57 kNFI 62 kN; 485N 7. 6 mm/s B, $F g
TE B Ao fie R 5 FLA BT TR 1 19 48 o (B LU A 20
WNE 13 s, I 5 R T 45 SR8 ok B fa ke
A Rba B Y EE R 1.6 mm/s B, By e Fa X 7
AR T B

SERNL T
in |/MPa

317 l

211

106

1.6 mm/s

B 13 ARFEEE THFELRMIITERN SIS H
Fig. 13 Effective stress distribution at the end of the extrusion
of the pull rod under different extrusion speeds
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Fig. 14 Temperature distribution at the end of the extrusion of
the pull rod under different extrusion speeds
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Fig. 16  Effective stress distribution at the end of the extrusion
of the pull rod under different die temperatures
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extrusion
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Fig. 18  Typical wrinkling defect of a certain specification of 2A12
aluminum alloy pull rod processed by hot extrusion
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Fig. 19  Photos of the 2A12 aluminum alloy pull rod processed

by unilateral forming
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