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Metal flowing behaviors during diplopore extrusion of
square tube with porthole die
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Abstract: Applying welding plane meshes repairing technology based on reverse engineering and commercial FEM soft
Deform-3D, a three dimensions finite element method for simulating the whole diplopore extrusion process of square
tube with porthole die, including bonding stage, were developed. The effects of the portholes configuration scheme on the
metal flowing behaviors, extrusion load, tube temperature and forming quality were analyzed. The results show that, the
area ratio of the center to the side porthole (Q,/Q,) is an important factor affecting the flow uniformity, seam position and
straightness of the tube. When the area ratio (Q,/Q,) ranges in 0.93—1.03, the straightness of the extrusion tube is satisfied.
The diameter ratio of the porthole circumcircle to the extrusion container (D./D) has little effect on the temperature-rising,
but has great effect on the extrusion load. When the diameter ratio is 0.82, the extrusion load is at minimum. When the
diameter ratio is larger than 0.82, the extrusion load increases obviously.
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Fig.1 Schematic diagrams of structure of porthole die and die assembling: (a) Upper die; (b) Bottom die; (c¢) Die assembling
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Fig.3 FEM model of penetration mesh on welding surface before and after mesh repairing: (a) Mutual penetration meshes on

welding surfaces; (b) Before mesh repairing; (c) After mesh repairing
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Fig.4 Metal flowing behaviors and velocity fields(D./D =0.88, Q,/0,=0.71): (a) Upsetting stage (with stroke of 6 mm); (b)
Dividing stage (with stroke of 20.5 mm); (c)Filling welding chamber stage (with stroke of 24.8mm) ; (d) Welding and forming stage
(with stroke of 26.2mm)
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Fig.6 Simulation results of square tube extrusion at steady stage (D./D=0.88): (a) 01/0,=0.71(L15 mm X2 mm) ; (b) 01/Q,=
0.93(L15 mm X 2 mm); (¢) Q,/Q>=1.03(L15 mm X2 mm); (d) 0,/Q>=1.13(L15 mm X2 mm)
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Table 1 Simulation results of square tube extrusion with various D./D and section sizes

Section  Porthole area Container diameter, Porthole circumcircle DUD Porthole ratio, Simulation result
size/mm  Ratio, 0,/0, D/mm diameter, D/mm ¢ K
150 0.88 12.3
L30X12 0.97 170 140 0.82 10.1 Tube head is crooked slightly
130 0.76 8.2
LASX 12 1.03 238 209 0.88 16.5 Tube is straight
L60X 12 1.03 330 290 0.88 21.9 Tube is straight
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welding line position

N4 R RIS E AL, SRR
B2 RN 8(c)s (DFm. M8 nfAE H, #E
5 St BAEAMERE S0 B EESYs, 1Rl E
Mt Oy L, BFESEH R0 B mAE T 1.2 mm, i
AR K 1.1 mm, RZENT 10%.

4 ZEig

1)K H Deform-3D H [RIGUHH#AF, g6
] TRERRA T RS Z AR, LT J7 B i
MALHE s I R R AR A R A A A T R = 4R R e
HHBIUFA .

2) Al AL 43 AL AR (9 LA 00/0, 2
e R A BN ERERNE, WE 0/0, N

0.93~1.03 I, HFHTTESMNEH

3) i AL AN B AN 1A AR 0 LR $F s i
TR R TSmO R A — e s B
FZAEE R, $ 0158 RvNEas, RiEaWE
B FEARTFRAIET, i WEN 0.82 B4R
AN, ZEE 0.82 B R ] W k.

REFERENCES

[1] MURAKAMI S. Adoption of aluminum extrusion and its
technology[J]. Journal of the Japan Society for Technology of
plasticity, 2008, 49(567): 25-30.

[2] s, Xl ERFEHREERM]. Jbat Ha Tl
HRR AL, 2001.

XIE Jian-xin, LIU Jing-an. Theory and technology for metal
extrusion[M]. Beijing: Metallurgical Industry Press, 2001.



$20 455 3 W

SR, S TTRAT BB R R T R R BT A 495

(31

(4]

(3]

(6]

(7]

(8]

(9]

XIE J X, MURAKAMI T, IKEDA K. Experimental simulation
of metal flow in porthole-die extrusion[J]. Journal of Materials
Processing Technology, 1995, 49(1/2): 1-11.

CHANDA T, ZHOU J, KOWALSKI L. 3D FEM simulation of
the thermal events during AA6061 aluminum extrusion[J].
Scripta Materialia, 1999, 41(2): 195-202.

YANG D Y, PARK K, KANG Y S. Integrated finite element
simulation for the hot extrusion of complicated Al alloy
profile[J]. Journal of Materials Processing Technology, 2001,
111(1/3): 25-30.

JO HH, LEE S K, JUNG S C. A non-steady state FE analysis of
Al tubes hot extrusion by a porthole die[J]. Journal of Materials
Processing Technology, 2006, 173(2): 223-231.

YANG DY, KIM K J. Design of processes and products through
simulation of three-dimensional extrusion[J]. Journal of
Materials Processing Technology, 2007, 191(1/3): 2—6.

&, WK, BN, RN, FOUEE. Al S RS
AR AT BT 53 8 L[], R SE 07 B2 AR, 2008, 20(24):
6603—6608.

CHEN Lei, XIE Shui-sheng, HUANG Guo-jie, WU Peng-yue,
HE You-feng. Multi-stage finite element simulation of porthole
die extrusion process[J]. Journal of System Simulation, 2008,
20(24): 6603—6608.

BRRITE, sk, 2r i d A it ol R B Al S AL 1k
Wk[T]. 3 TRE2EHR, 2009, 16(2): 123-127.

DI Li-qing, ZHANG Shi-hong. Porthole die extrusion process

numerical simulation and optimal die design[J]. Journal of

[10]

[11]

[12]

[13]

[14]

[15]

Plasticity Engineering, 2009, 16(2): 123—127.

JUNG M L, BYUNG M K, CHUNG G K. Effects of chamber
shapes of porthole die on elastic deformation and extrusion
process in condenser tube extrusion[J]. Materials and Design,
2005, 26(4): 327-336.

LI L, ZHANG H, ZHOU J. Numerical and experimental study
on the extrusion through a porthole die to produce a hollow
magnesium profile with longitudinal weld seams[J]. Materials
and Design, 2008, 29(6): 1190-1198.

JO HH, LEE S K, LEE S B. Prediction of welding pressure in
the non-steady state porthole die extrusion of A17003 tubes[J].
International Journal of Machine Tools and Manufacture, 2002,
42(6): 753-759.

DONATI L, TOMESANI L. The prediction of seam welds
quality in aluminum extrusion[J]. Journal of Materials
Processing Technology, 2004, 153: 366—373.

R, R, B, K% R LA R
IR B AR CN101604350A[P].2009-12-16.

XIE Jian-xin, HUANG Dong-nan, LI Jing-yuan, ZHANG
Zhi-hao. A numerical simulation technology for hollow profile
extrusion by porthole die: CN101604350A[P].2009—12-16.

LIU G, ZHOU J, DUSZCZYK J. FE analysis of metal flow and
weld seam formation in a porthole die during the extrusion of a
magnesium alloy into a square tube and the effect of ram speed
on weld strength[J]. Journal of Materials Processing Technology,

2008, 200(1/3):185-198.

(w8 EE)



