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[ Abstract] A computer simulation procedure for metal powder die compaction was described. Friction behavior of metal

powder during cold compaction was simulated by the finite element method. The movement of powder relative to the die

wall was taken into consideration by utilizing the shear friction model. Friction between the powder and the rigid die wall

leads to inhomogeneous density distribution during the compaction process. The floating die technique and double punch

pressing can attain more homogenous compacts than the fixed die technique can do. The results obtained from numerical

analysis agree well with the experimental results. Simulation model was built in MSC. Mentat, and MSC. Marc software

was used to calculate the powder compaction process.
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1 INTRODUCTION

Die compaction of powder has been used in com-
ponents manufacturing in different fields!'™ *. In en-
gineering applications, green compacts with uniform
density are usually required. Density inhomogeneity
can be caused by friction owing to relative slip be-
tween pow der particles and die wall. Powder forming
has evolved into an important manufacturing tech-
nique for producing high-performance components e
conomically in the metakFworking industry because of
its low manufacturing cost compared with convention-
al metal forming processes. Friction is a complex
physical phenomena that involve surface characteris-
tics, normal pressure, and relative velocity etc. The
physics of friction continues to be a topic of research
in the coming years'” .

Finite element method is a popular tool for simu-
lating metal forming processes such as extrusion,
sheet forming and casting. However, applications
mostly are concentrated on incompressible, dense ma-
terials. In the case of powder compaction process, de
spite the fact that powder metallurgy is very attractive
in energy and material saving, finite element analyses
in pow der compaction are very limited because of the
following difficulties:

1) The choice of suitable yielding criteria;

2) The friction algorithm describing interaction
at the powder/ wall interface.

In this paper, Shima yield function, a modified
vorrMises criteria, is used. The shear friction model

is utilized to treat the problem of the relative move-
ment at the die/ powder interfaces.

2 FEM SIMULATION

2.1 Yielding criteria

During die compaction the predominant densifi-
cation is caused by the plastic deformation of metal
powder. Various plasticity theories for porous materi-
als have been proposed by several authors!® . In
these theories the porous material has been identified
as a powder aggregate consisting of voids and a solid
matrix. Physical properties of such a material are
closely related to internal variable such as relative
density O, which in turn is defined as the ratio of ap-
parent density to maximum theoretical density. In or-
der to characterize the plastic behavior of powder de-
formation, the present analysis uses a modified von-
Mises plasticity theory for porous materials as pro-
posed by Shima et al'”"™'. The yield function is
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Where Oy is the uniaxial yield stress, O/ij- is the de-
viatoric stress tensor, p is the hydrostatic pressure,

Y and B are material parameters.

2.2 Friction modeling

It is convenient using the Coulomb Function
model for the single punch compaction, as shown in
Fig. 1(a). However , in the case of the double punch
pressing( as shown in Fig. (b)), the unknown rela-
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tive moving direction at the die/ workpiece interface
makes it difficult to handle the boundary condition in
straightforw ard manner.
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Fig.1 Schematic diagrams of die wall friction
(a) —Single punch pressing;
(b) —Double punch pressing

The shear based model states that the friction
stress is a function of the equivalent stress in the ma
terial:

0, < m 2
J3
v

=0 (2)
where Ois equivalent stress, Oy is tangential stress,
t is the tangential vector in the direction of the rela
tive velocity, v, is the relative sliding velocity, and m
is the friction factor.

Again, this model is implemented using an arct-
angent function to smooth out the step function:

0L S~ m 2"2'zj11“(;tan . t (3)
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Physically, the value of v is the value of the rel-
ative velocity when sliding occurs. The value of v is
important in determining how closely the mathematic
model represents the step function. A very large value
of vy is a reduced value of the effective friction. A
very small value results in poor convergence. It is rec-
ommended that value of vobe 1 % or 10 % of a typr
cal relative sliding velocity v .

2.3 Simulation results

MSC. Marc was applied to simulate the process
of powder compaction. Simulation model is built in
MSC. Mentat' .

after single punch powder pressing when the maxi

Fig.2 shows density distribution

mum pressure of the punch is 500 MPa. On the upper
surface, which is contact with the punch, the density
increases gradually from the center to the edge. The
density is the largest on the edge of the upper sur
face. The density decreases from the top to the bot-

tom on the longitudinal direction. Maximum value of
the relative density is 0. 918 3. Minimum value of the
relative density is 0. 791 4. At area near the wall,
owing to the friction, axial pressure reduced more
than that at the central area, which leads to the lower
density on the edge of bottom surface.

The total force of compaction process includes net
force and friction. It is this kind of friction that leads to
the inhomogeneous density distribution during the single
punch compaction process. With compact height increas-
es, density distribution inhomogeneity increases corre-
spondingly. On the contrary decrease of the compact
height will obtain more homogenous density distribution.

Fig.3 shows density distribution when the

0.9183
0.9024
0.886 6
0.8707
0.8548

0.8390
0.8231
<0.807 2

L10.791 4

Fig.2 Simulated relative density
distribution for single punch pressing
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Fig.3 Simulated relative density
distribution for double punch pressing
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maximum pressure of the punch is 500 MPa after the
double punch pressing. The double punch pressing
can reduce inhomogeneous density distribution to a
great extent. With this method, the material near the
upper punch and lower punch has higher density than
that of the material in the middle. Maximum value of
the relative density is 0. 885 5. Minimum value of the
relative density is 0. 807 4. From these two figures,
It can be seen that in single punch compaction, aver
age density of the section decreases straight from the
top to the bottom, but during double punch com-
paction, the density distribution inhomogeneity is
greatly improved although an area with lower density
still exists in the middle part.

Using lubricated low-roughness die can reduce
the wall friction, thereby can improve the density dis-
tribution.

3 EXPERIMENTAL

In practice, floating die compaction is widely
adopted instead of the double punch pressing. Fig. 4
shows the diagram of the floating die compaction.
During floating die compaction, the force of the upper
punch is the sum of the force on the lower punch plus
the force on the springs. The force on the springs are
the force that supports the die, it is less than 100 N.
M eanw hile, the upper punch force reaches to 90 kN.
Owing to the fact that the force on the springs is
much smaller than the force on the punches, the force
on the springs can be ignored. The force of the upper
punch is approximately equal to the force of the lower
punch. The friction condition between the powder
and the die wall during powder densification process
in floating die compaction is almost the same as that
in double punch pressing. When the force on the
springs is ignored, the floating die compaction is
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Fig.4 Diagram of floating die method
1 —Supporter base; 2 —Pin; 3 —Lower punch;

4 —Spring; 5 —Die; 6 —Powder; 7 —Upper punch

the same as the double punch pressing. In order to
make the experimental results comparable between
the floating die method and the single punch method,
the assembly structure of the die for floating die
pressing was modified, as shown in Fig. 5. The same
die and punch were used when the single punch pow-
der compaction experiments were carried out. The
experimental equipment used for powder compaction
is a universal tensile testing machine. Fig. 6 shows
the plots of the relative density variation versus the
height of sample obtained by simulation and experi-
ments respectively when the maximum pressure of the
punch is 500 MPa. From the experiment results, the
trends of relative density distribution agree well with
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the analysis results.
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Fig. 5 Diagram of single punch method
1 —Supporter base; 2 —Pin; 3 —Lower punch;
4 —Ring; 5—Die; 6 —Powder; 7 —Upper punch
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®—Experimented for single punch
®—Experimented for floating die
a—Simulated for single punch
wv-—Simulated for double punch
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Fig. 6 Curves of density variation vs
distance to the lower punch

4 CONCLUSIONS

The effect of die wall friction was studied and
simulated, and the following conclusions can be
drawn:

1) Die wall friction leads to inhomogeneous den-
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sity distribution. FEM simulation and experiment
show that floating die method and double punch
pressing can reduce the effect of friction on density
distribution. Density distribution achieved by floating
die and double punch pressing is more homogeneous
than that achieved by single punch fixed die pressing.

2) The shear friction model can be used for sim-
ulation in the case of double punch pressing where the
direction of the relative motion is uncertain.

3) The results for FEM simulation agree well
with the experimental results.

[ REFERENCES]

[1] LI Yuarryuan, ZHANG Datong, XIAO Zhryu, et al
Influence of higlr energy ball milling on AF30% Si pow der
and ceramic particulate [ J]. Trans Nonferrous Met Soc
China, 2000, 10(3): 324- 327.

[2] LI Yuaryuan, XIAO Zhryu, NGAI Tung-wai Leo, et
al. A study on mechanical property of warm compacted
irorr based materials [ J]. J Cent South Univ T echnol
( English Edition), 2002, 9(3):154- 158.

[3] LI Yuaryuan, XIAO Zhryu, NGAI Tung-wai Leo, et
al. On warm compacted NbC particulate reinforced iromr
base composite( I ): effect of fabrication parameters [ J].
T rans Nonferrous Met Soc China, 2002, 12(4): 659-
663.

[4] LI Yuarryuan, XIAO Zhryu, NGAI Tung-wai Leo, et
al. On warm compacted NbC particulate reinforced irorr
base composite( II) : effect of fabrication parameters [ J].
Trans Nonferrous Met Soc China, 2002, 12(4): 664-
668.

[3]

[ 10]

[ 11]

[12]

LI Yuarryuan, ZHANG Datong, NGAI Tung wai, et
al. Diffusion couple between a high-strength wearresist-
ing aluminum bronze and machining tools materials [ J].
T rans Nonferrous Met Soc China, 1999, 9(1): 6- 10.
Tran D V. Numerical modeling of powder compaction
processes: displacement based finite methods [ J]. Powder
Metallurgy, 1993, 36(4) : 257- 263.
Shima S, Oyane M. Plasticity theory for porous metals
[J]. Int J Mech Sci, 1976, 18, 285- 292.
Doraivelu S M. A new yield function for compressible P/
M materials [ J]. Int J Mech Sci, 1984, 26(9/10): 527
- 535.
Tamura S. Three dimensional granular modeling for
metallic powder compaction and flow analysis [ J]. J of
M aterial Processing Technology, 1994, 42: 197- 207.
Morimoto Y. Mechanical behavior of powder during
compaction a mold with variable cross section [ J]. Int J
Powder Metallurgy & Powder Technology, 1982, 18
(2): 129- 145.
Lian J. Powder assembly simulation by particle dynam-
ics methods [ J]. Int J Numerical Methods Engineering,
1994, 37: 763- 775.
Cheng Y F, Guo SJ, LaiH Y. Dynamic simulation of
random packing of spherical particles [ J].
Technology, 2000, 107: 123- 130.
Mori K, Shima S. Finite element method for the analy-

Powder

sis of plastic deformation of porous metals [ J], Bull
JSME, 1980, 23(178): 12— 18.
Schofield A N. Original Cam-clay [ A].
Conference on Soft Soil Engineering [ C].
1993.

MSC Company. MSC. Marc 2000 User s Guide [ M].
Software Corporation, 2000. 745- 753.

( Edited by YANG Bing)

International
Guangzhou,



