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Simulation study on welding quality and transverse weld of 6XXX series
aluminum alloy during porthole die extrusion
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Abstract: The porthole die extrusion process for 6XXX series aluminum alloy collector tube was simulated, and the accuracy of the
model was validated by the distribution of transverse welds on different sections of the actual extruded profiles. Then, the influences of
extrusion speed and extrusion temperature on metal flow velocity, temperature distribution, extrusion force required for the extrusion
process, welding quality and transverse weld length were analyzed. The results indicate that increasing the extrusion speed can improve
the production efficiency of profiles. However, when the extrusion speed exceeds 1.2 m + min™", the welding quality decreases, and
when the extrusion speed is 1.5 m + min~", the local temperature of profiles exceeds the limit. When the extrusion temperature is
elevated from 480 °C to 520 °C, the peak extrusion force decreases from 17. 08 MN to 15. 17 MN, but the bonding performance of
the welding interface deteriorates. Furthermore, the length of the transverse weld is mainly affected by the distribution of the material
flow velocity, while the extrusion temperature has a less significant effect on the evolution of welds. At a high extrusion speed of
1.5 m + min~", the flow dead zone decreases from 19. 4% at an extrusion speed of 0. 6 m + min~' to 13. 9% , which shortens the
welds by 26. 5%.
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Fig. 1  Cross-sectional views of porthole die and section sizes of collector tube
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Table 1 Setting of extrusion parameters

H5  BIRHEE/(m - min') BRI E/C

1 0.6, 0.8, 1.0, 1.2, 1.5 500

2 1.0 480, 490, 500, 510, 520




158 B

kR

%50 %

2 ZRFitib

2.1 HFHEMEEMERES T

FESERRET e R, A R 7 1 I e 43
AR A8 5 X 5% T ot A AR 2 i, 2 S 3 o o A
ANIEY ARAIME N BRI Bh N ) 23 HE K BB AR Y
Ui [T AN P38 SR HTREDG SR B2 22 VRD R4 iR BB 0
A SRR
XV, =V,

Y

vRD =Y o0 (6)
N
1.50
—=—VRD . {196
Laal T . ]
/'/ 168
21380 e / 1 £
% 140 ;{:’
132} / i ij
12 ¥
126 | / _
5 84
120

0.6 U.IS ITU 1 :2 1‘.5
3 ¥/ (m-min-1)
(a)

Kby v, B m AR EE, m=1, -, N; N K
RUMREHRTE LT 8 v, R 1 s B

VRD {E#E/IN, S A B34 5], A8 A
(1) PR T Bl N g 98/ L sy TP, 5% Hh A 19 I i
W, AR, 2 VRD<2% W, LA N E R
TEh PG [ 3a WANTRFBE R T T AR O
R L VRD (B ANSF- 4R, Bl G BT e R 1
RIBPEF BB IG 0, $&& T 2B AR, VRD HF
M, LS5m - min' FFEBE T VRD [HE K, N
1.46%<2%, P& 3b halFEH, RNEEFERE T TR
OB A ZE AR, 510 ¢ F AR D
R RISS), VRD AE N 1.375%,

1.50
—=—VRD 196
Lagb T ]
-—r—/'\. 168 5
= 138 F T 4 E
2 140 5
a2} g
112 &
1.26 |
84
1.20

480 490 500 510 520
Hr i g/ C
(b)

K3 TS B0 TAR R E 23 A B 5

(a) BYHESE

(b) FrHih B

Fig. 3 Influence of process parameters on flow velocity distribution at outlet cross-section of working belt

(a) Extrusion velocity
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Fig. 6 Distributions of hydrostatic pressure (a) and flow stress (b) at welding surface
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Fig. 7 Influence of process parameters on welding quality
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