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FE analysis of Extrusion Process and Estimation of Welding strength
for Micro Multi Cell Tube with Serration

Jung Min Lee*, Byung Min Kim*, Hyung Ho Jo** and Chung Gil Kang***

ABSTRACT

This paper describes a development of the extrusion process and estimation of the weldability for multi cell tubes
used to cooling system of automobiles. A study on extrusion process is performed through the 3D FE simulation in
non-steady state and extrusion experimentation. Also, nano-indentation test is employed to estimate the weldability of
tubes. Especially, An evaluation of the weldability using the nano-indentation is accomplished as compared with
nano-hardness in welded part and in the others. Finally, the pattern of the mandrel defection is investigated according
to shapes of the porthole and/or chamber.
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Fig. 1 Dimensions and section of the multi cell tube
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Table 1 Mechanical and thermal properties of Al 1050

Properties Value
Tensile strength, ultimate 76 WPa
Tensile strength, yield 28 WP
Modulus of elasticity 69 P2
Poisson’ ratio 0.33
Heat capacity 0.9J/g-C
Thermal conductivity 231W/m-K
Melting point 647~657°C
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Table 2 Conditions of FE simulation

Extrusion condition value
Material of billet Al 1050
Material of tool STD61
Initial temperature of tools (C) 480
Initial temperature of billet () 500
Extrusion velocity (m/mm) 70 mn/s
Reduction area (exit) 99.9%
Room temperature (C) 20C
Friction factor (m) 0.3
Dimension of billet (mm) ¢ 154.2x 80 mn
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Table 3 Mechanical properties

Mechanical properties STD61 GtiS0
Poisson’ ratio 0.3 0.23
Modulus of elasticity 210 GPa 500 GPa
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Table 4 Al Hot extrusion conditions

Extrusion capacity 1250 ton
Extrusion velocity 70 mm/s
Initial Temperature of tools 500C
Initial Temperature of billet 4807C
Pad length 20 mn
Taper heating 70°C
Temp. of container 410~430C
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ojol wra) Aw| npeto] ZEFHY
% AP F= A

3%, 9=g
FAEA7 dATh o

58



AT A 2E A9S

H3 25T A AT FAF T
Hego)] 7leUE g3t WY FFE W=
AA7 E2AHHEAN FgdMEy P weR
et WL 71319 Mandrel & o] A7
= 9ge st AaH o Fig 273 Fo] W=
& E AY(Fig. 27 (2)°) BFEIL S, gl 2
FEwA gdasts 48d A H(Fg 27 b)) F7
g Rog wodL)

8. 4B

oo gAY AFE B BeH 2e

£ =39t

(1) By vighgide} g
4 tlo] HoFez {915
A BEC

oAe
A,
@) BELAL tho] BFRAN A% AR
o) Y2z Bo1&4% HA Ad
4) TEE 970 B gAnc 21 Ay
Sgael HEaadd 49, A delA BIA
WEde & W Pgoz Sojgas Yol
o Wede eue Fahe uae Fh
WEL A Fol 249 A F W=Ye
Moz WolAt WYL vehln ol

5

=1}
=

_Q]

o, 4zt
wygeke o 12 8 A
=3 FHssh

(7) M= o ¥y 9 AES Wx|E] A
Ae d=da Hgdd =3t 4
Mg dAA Ao Frt.

TEZY HEg
ou] HE

% 7|

2 A7
S EER

rr

=AY 7] A HKOTEFR)OI A A€
HA AP SAAY ALY Y%,
IAE VALY 2L FIEEA Jiesd d"EY

37 (18-32)9] A Qo 23t FPHAFH.

59

10.

11.

12.

oy

Lee, Jung min, Kim, Byung Min, Kang, Chung Gil,
“Effects of chamber shapes of porthole die on elastic
deformation and extrusion process in condenser tube
extrusion,” Material & Design, available online,
2004.

Kojima, F., Takenouchi, S., Kobayashi, H., "A
Tendency of Metal Forming for Heat-changer," J. of
JSTP, Vol. 42, No. 488, pp 2-6. 2001.

Murakami, S., Isogai, M., Inagaki, T., Takatsuji, N,
Tokizawa, M., Murotani, K.,
Retangular Extruded Pipes by porthole Die," J. of the
JSTP, Vol. 38, No. 36, pp. 517-521, 1997.

Murakami, T., Xie, J., Takahashi, H., "Muiti-Billet
Extrusion and Load in Forming of Circular Tube
from Four Billets," J. of the JSTP, Vol. 31, No. 351,
pp. 495-501, 1990.

Kim, Y. T., Ikeda, K., Murakami, T., "Measurement
of Pressure Distribution on Dies in Porthole Die
Extrusion," 1. of JILM, Vol. 49, pp. 296-301, 1999.
Lee, J. M., Kim, B. M., Jeong, Y. D., Jo, H,, Jo, H. H,,
“The effect of chamber bottom shape on die elastic
deformation and process in condenser tube
extrusion,” J. of KSPE, Vol. 20, No. 5, pp. 66-72,
2003.

Jo, H. H,, Lee, J. M., Kim, B. M., "Prediction of
Welding Pressure in the Non Steady State Porthole
Die Extrusion of A17003 Tubes," International J. of
KSTP, Vol. 4, No. 3, pp.36-41, 2003.

DEFORM 3DTM, SFTC, 1995.

Kurt, Laue, Helmut, Stenger, Extrusion, American
Society for metals, 1976.

Hsiang, S.H., Liao, C.S., “Study on Hot Extrusion of
Tubes,” J. of Materials Processing Technology, Vol.
63, pp. 254-259, 1997.

MTS Systems Corporations, Nano-indenter XP
Manual, 2002.

Oliver, W. C., Pharr, G. M., “An Improved Technique
for Determinating Hardness and Elastic Modulus
Using Load and Displacement Sensing Indentation

"Simulation of

Experiments,” J. of Mater. Res., Vol. 7, No. 6, pp.
1564-1583, 1992.



