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Table 1
fraction, %)

Chemical composition of 6063 alloy (mass

YA BRGNS 56 T IR RL A 6063 B 42, Si Clpa Mg TNy M,
Y b/ — A N[BT
:/H;g Xﬁkﬁﬁuﬁ 1 %D 2 F)‘I"ﬂ—\‘o 6063 %Cl = ﬁj‘J *ﬂiﬂ;%ﬁ 0'2070'60 010 0‘4970’90 0'10 0010
W, B MAL B S KRR, B ANMREER R - c v Al
lmax rmax emax
280 mm, FEAHM 86 mm, LLHFKFE NI 90 mm /) 4
S| A 5] T e e e \ oy 0.10 0.10 0.35 Bal.
mm, UGB RGO . AR B 7 :
FR2 6063 Hif e S UL RE
Table 2 Physical properties of 6063 aluminum alloy
Heat transfer Heat transfer
Thermal
Density/ ~ Temperature/  Heat capacity/ o coefficient between coefficient between o
4 L e conductivity/ ) ) Emissivity
(kg'm™) C (N'‘mm 2C™") Wem-c) workpiece and tool/ tool and air/
m "
(NS mm™"-C™ (N-S" mm™-Cc™h
25 1.78
127 2.06
2690 327 2.10 198 4.0 0.10 0.05
527 2.36
600 243
&3 HI3 THANZ YL RE
Table 3 Physical properties of H13 tool steel
Heat transfer Heat transfer
) Heat Thermal . .
Density/  Temperature/ ) Temperature/ o coefficient between  coefficient between o
3 capacity/ conductivity/ ) ) Emissivity
(kgm™) C e i oy, Workpicce and tool/ tool and air/
N'mm =C™) (Wm-C™) 2 - . e
NS mm -C7) NS mm -C)
204 3.01 148 24.57
315 3.24 215 24.57
7760 426 3.82 348 24.40 4.0 0.10 0.15
537 4.52 476 24.23
648 5.79 604 24.74
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Table 4 Billet dimensions and process parameters used in

numerical simulation

Billet Billet Billet Tool
length/mm
280 86 480 450

diameter/mm temperature/'C temperature/C

Ram speed/(mm's™')  Reduction ratio  Friction factor

3, 7, 9, 11 16.9 0.4
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XJ-800 FUFF ML AT . B T HMEL RSFRI$H &

? Die bigrmg

Bl 1 AT BRI UG kA% (1/8 BEY)

Fig. 1 Initial meshes of billet, container, die and extrusion
pad (one-eight models): (a) FE model; (b) Close-up view of

zone [

RS5 BUSHEDT R

Table 5 Simulation parameters and boundary conditions

Mesh Minimum mesh Ambient
Mesh type
number element/mm temperature/ C
60182 0.3 Absolute 20

SN 54 RO —38 . BF RS R B R )
% Fs o it PR RS HL G FEE e SEE I e %, IR AE3000 15
WA A B AN SRR H 1 400 mm AT 5% L il
B o OB 5 S B EAT K, IEAE 180 'C I AL 8 he
B A 2 F AR PO AN BH AR 7 I . MM—6 - Y iR
S AR A B I ST i () A ZUE S . T
FEIA T0%(J5T 73 H50) 1) ey SR A G 7K VR G i
(BN 1:9), JUSEHT RN 25V, HfERTE]2Y 3~8
s; PHARFE IR 5 g SR AT 200 mL /K (VA9
BN 20V, IR R 290 3 min. A G 41T
B R RS RO AR T Ji5 S50 8 1RS48 iR R~ 1)
KRR o REBK R R 2405 F K AN A 1)
PRI AT, BOPIME; AR T 240 FE 3
AR R AT, S O ME . R
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Fig. 2 Optical micrograph of as-homogenized 6063 alloy
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d35
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Fig. 3  Schematic diagram of conical mandrel used in

expanding tests (Unit: mm)

(@

Welding
surface

Welding
surface

B4 SJEEs L i)
Fig. 4 Metal flow through the porthole die: (a) Upsetting; (b)

Dividing; (c) Welding; (d) Forming
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Fig. 5 Change of extrusion pressure: (a) Comparison of
simulation and experiment at extension speed of 7 mm/s; (b)

Maximum pressures at different extension speeds
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23 BEERNBES®
Bl 6 BT J 6 5 9 < i i 1, A5 T g
PRI RO N S S i A-B 2 BB

Ble MHaENEREAEAm
Fig. 6 Welding plane and 4—B line from top to bottom of
welding chamber (Z,=—3; Zz=17)
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520} "—3 mm/s
*—7 mm/s
L A—9 mm/s
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° 510t
g
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30 3 6 9 12 15 18
Welding chamber height/mm

B 7 AR o R A T 53 AT

Fig. 7 Simulated temperatures on welding plane along

welding chamber height at different extrusion speeds

2.4 BipfeHLA
AN B O N IR A —FF, SPEFFH A
MIHBIFAE— BN ES . B 8 Fias hF i Ik 15 4%

Fig. 8 Optical microstructures of cross-section of as-extruded 6063 alloy at different ram speeds: (a) 3 mm/s; (b) 7 mm/s; (c) 9

mm/s; (d) 11 mm/s
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32 SH5MIE
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=50 =—3 mm/s
-100F
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=250

Mean stress/MPa

=300}
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9 SR A
Fig. 9 Simulated mean stress distribution on welding plane

along welding height at different extrusion speeds
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B 10 ANFHEH LN A R )5 A
Fig. 10 Simulated effective stress distribution on welding

plane along welding height at different extrusion speeds
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Fig. 11 Simulated & values distribution on welding plane

along welding height at different extrusion speeds
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Fig. 12 Maximum displacement at different extrusion speeds
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Effect of extrusion speed on weld strength of 6063 square tube

LI Shi-kang" %, LI Luo-xing" % LIU Zhi-wen"? WANG Guan®

(1. State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body,
Hunan University, Changsha 410082, China;
2. College of Mechanical and Vehicle Engineering, Hunan University, Changsha 410082, China;
3. College of Mechanical Engineering, Ningxia University, Yinchuan 750021, China)

Abstract: The evolution of extrusion pressure, temperature, welding pressure and effective stress of 6063 aluminum
alloy were investigated under different extrusion pressures through building up three-dimensional FE simulation during
porthole extrusion, and their effect on the quality of the weld seams were evaluated. The evaluation welding quality
model was established and its accuracy was verified by expanding tests. FE simulation results reveal that the extrusion
pressure increases with the metal flowing into the inlet ports, welding chamber and die bearing. Over the pressure peak,
the extrusion pressure decreases continuously. As ram speed increasing, the temperatures, the mean stresses and the
effective stresses on the welding plane in the welding chamber increase. £ value shows downward trend with the ram
speed increasing. Expanding tests confirm that the extrusion at higher ram speed leads to a bad bonding at the
longitudinal weld seams, which corresponds to the & value.
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