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Abstract : The extrusion forming process of a rapidly solidified/ powder metallurgy (RS PM) damping alumi-
num aloy ,FM 0714/ 10(Zn-30Al) ,is studied using the finite element software ANSYS. The effects of friction
coefficient and extruson ratio on the forming process are investigated in a wide parametric variation region ,f ,
0-0. 2;\ ,2 78-8 65. Optimization of theforming processis performed to reduce the surface flaw of the materi-
a. Numerical results show that during the extruson forming process the flow and deformation of the
FM 0714/ 10(Zn-30Al) material are non-uniform ,which results in the high stress and strain gradient. Stress
and strain values near the surface are larger ,while those near the center are smaller. Excessive surface strain
and surface tendle stress,which are the main reasons for surface crack ,can be reduced by enlarging the extru-
son ratio and decreasing thefriction between die and billet ,thereby the material surface quality will be modified
and the product qualification will be increased. The numerical smulation results can be treated as good refer-
ences not only for constituting extruson techniques of FM 0714/ 10(Zn-30Al) material ,but also for designing
and preparing new material s.

Key words: damping aluminum alloy; forming process; extrusion; surface flaw ; numerica smulation; finite
element method
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! Fig 1 Geometric modeling of extruson process
FM 30714/ 10 (Zn-30Al)
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Table 1 Initial properties of the material
/(g cm-3) | GPa / M Pa / M Pa
FM S0714/ 10(Zn-30A1) 3 8 6 322 225 0 31
(3) 5
3 cf=0,f=01,f=02,f
21
; (1)
: , 2 t=24s
v, =0 5mm/s vz Wi+ Ve
(4) A=865,f=02
ASS2D ) )
(5) Win2000 ,256 MB , ,

A A=278 865 ; '
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v/(mm-s")

242
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0.48
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2 (t=249)
Fg 2 Vdodity field in the workpiece of extruson process at
t=24s
(2)
, A =865
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2
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Table 2 The largest flow velocities at the surface and cen-
tral portion of the workpiece in different friction

conditions

/(mm- s Y
0 110 134 0 24
01 1 05 2 30 125
0.2 0. 90 2 42 1 52

t=24s
[13]
(3)
, f=0
2 1994-2 aAca i urnal Electroni n

ous

3
Table 3 The largest flow velocities at the surface and cen-
tral portion of the wor kpiece at different extrusion

ratios

/[ (mm- s 1)
278 1 00 1 02 0. 02
4 34 1 00 1 22 0 22
6 25 0. 95 1 28 0 33
8 65 110 134 0. 24

t=24s
1
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Fig 3 Equivaent stressfieldin the extrudate materia for
A=865and f =0
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Fig 7 Axia stresses at extrudate section in different friction

conditions
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Fg 8 Equivaent strainsat cross section of the extrudatein

different friction conditions
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Fig 9 Axid stressesat cross section of the extrudate at different

extruson ratios
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Fg 10 Equivaent strainsat cross section of the extrudate at
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Fg 11 Experimental mechanica properties of the extrudate ma-

teria at different extruson ratios

(1) RS PM
30Al)

FM S0714/ 10 (Znr



437

[1]

(2]

(3]

[4]

(5]

(6]

(2)

. [31.
,2000,20(3) :164-171.
Li P Y,Da SL. Trendsin high damping al uminum matrix
composites [J]. Journal of Aeronautical Materials,2000,
20(3) : 164-171. (in Chinese)
[3]. ,1997 ,12(3) :4548-4552.
Zhang X N ,Wu RJ ,Zhang D. Approaches to developing a
new kind of metal matrix compostes with high damping
capacity [J]. Development and Application of Materids,
1997 ,12(3) :4548-4552. (in Chinese)
Sastry S, Krishna M ,Uchil 3. A study on damping behavior
of acuminate particulate reinforced ZA-27 alloy metal ma-
trix composites [J]. Journa of Alloys and Compounds,
2001 ,314: 268-274.
, , .. /

[J]. ,1999 ,7( ) :91-95.
Li PY,Da SL ,LiuD B ,et ad.Low densty high damping
metal/ metal composites [J]. Materia Science and Tech-
nology ,1999 ,7(sup) : 91-95. (in Chinese)
Reddy N V ,Sethuraman R,La G K. Upper-bound and fi-
nite element analysis of axisymmetric hot extruson[J].
Journal of Materias Processing Technology ,1996 ,57 : 14
22.
Sof uoglu H, Gedikli H. Physica and numerica analys's of
three dimensional extruson process [J]. Computationa
Material Science,2004 ,31: 113-124.

[7]

(8]

(9]

[10]

[11]

[12]

[13]

Arif A F M.On the use of norrlinear finite element analy-
dsin deformation evaluation and development of desgn
chartsfor extruson process[J]. Finite Element in Analyss
and Desgn ,2003,39: 1007-1020.
Duan X J,Velay X, Sheppard T. Application of finite ele-
ment method in the hot extruson of auminum aloys[J].
Materials Science and Engineering A ,2004 ,369: 66-75.

) ) . [3].

,2003,31(6) : 12-15.

ZhouL Q,Yang Q G, Yang W Z. Finite element methods
analyssof the processof cold extruson[J]. Hunan Metal-
lurgy ,2003,31(6) : 12-15. (in Chinese)

, . [J1.

,2002 ,29(3) :281-285.
Huang C G,Duan Z P. Numerical smulation on the mi-
croscale bending induced by pulsed laser beam[J]. Chinese
Journal of Laser ,2002 ,29(3) :281-285. (in Chinese)

[J]. ,1996 ,3(2) :33-40.

Hu Z,WangB Y Liu Z,et a. 3D elastoplastic FEM smu-
lation of the whole forging process of a T-joint part[J].
Journal of Plasticity Engineering,1996,3 (2) :33-40. (in
Chinese)
Zhang Z H ,Wang F C,Cheng J W ,et a. Numerical smu-
lation of extruson pressure in the process of hydrostatic
extruson[J].Journa of Bejing Institute of Technology ,
2001,10(1) :63-68.

) . [M].

,2001.

XieJ X ,LiuJ A. Theory and technology of metal extruson
[M].Bédjing: Metalurgica Industry Press,2001. (in Chi-
nese)

(1981- ) ,

E mail :wilf @mse. buaa. edu. cn

(1961- ) , ,

E mail :mayue @buaa. edu. cn



