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Numerical simulation in powder compaction of metallurgy component
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Abstract: Some flow stress models was used to simulate the compaction of a cylindrical specimen. A new flow stress model was
presented by analyzing and summarizing the powder compact experiment with different initial densities. Compared with other
models, the new model fits better with the experiments. The compaction process of a synchronizer hub was simulated with new
model and the synchronizer hub shape was improved by the simulation results. The density distribution was measured and compared
with the simulation results of splitting the samples into pieces. The comparison shows that the model could be used to simulate the
powder compact process in an efficient and accurate manner. And the results indicate that the density distribution is homogenous

after optimization.
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1 Introduction

Forming multi-level component in die compaction,
the density is more or less inhomogeneous depending on
the part geometry, the tool design and the friction
between powder and die wall[1-3]. The product
distortions are result of inhomogeneous density
distribution in the green part, and inhomogeneous
density distribution influences the strength and
dimensional accuracy. Metallurgy component shape,
tools and compact process, the conventional method of
trial and error is often a time-consuming process. To
reduce design time and costs, the whole compact process
can be optimized by numerical simulations.

During cold compact process, metal powder is often
considered a kind of time-independent, elasto-plastic and
compressible material[4,5]. KUHN et al[6], GREEN et
al[7], SHIMA et al[8] and DORAIVELU et al[9]
postulated different yield function characterized with an
ellipsoidal yield surface. And the Drucker-Prager-Cap
yield surface was presented by Drucker and Prager based
on soil mechanical theory[10]. Kraft simulated cutting
insert and optimized upper punch and lower punch with
Drucker-Prager-Cap model[11]. Some kinds of discreet
models have also been presented and applied in the
simulation, while the large computation capability they

require still hinders the application in industry[12,13]. In
this paper, a new flow stress model was presented, and
the model was applied in optimizing synchronic the hub
component.

2 Yield criteria

Proposed ellipsoidal yield criteria of porous
material which can be generalized as

F=AJ, +BJ} -Y3 (1)
I =8F @
where F 1s the yield function, J) and J; are the

second invariant of deviatoric stress tensor and the first
invariant of stress tensor, respectively. Yz is the yield
stress of porous material, Y, is the yield stress of
non-porous material. 4, B and ¢ are functions of relative
density. KUHN, DORAIVELU and LEE noticed that

A=2(1+v) 3)
1-2v

B= 4

3 “4)

where v is material Poisson’s ratio. An experiential

relationship between v and p has been proposed by
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ZHDANOVICH] 14]. It was assumed that
v=0.5p" &)

KUHN et al[6], DORAIVELU et al[9] and LEE et
al[15] assumed »=2 in their yield criterion. Flow stress ¢
is also a function of p, which should be determined on
experimental results. KUHN, DORAIVELU and LEE
had different assumptions on flow stress function. The
relationship between ¢ and p are listed in Table 1.

Table 1 Different assumptions of d(p)

KUHN et al[6] DORAIVELU etal[9] LEE etal[15]
2 2 2
P~ P P~ pc
1 -—
1=-p¢ 1-p,

P 1s an experimental parameter that can be interpreted as the critical relative
density, and yield stress of porous metal is zero.

CHENJ16] derived a general elasto-plastic matrix
based ellipsoidal yield criteria applied for powder
material as
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where D,-Je-ke is the plastic matrix; fis the yield function;
Dy is the yield stress of the non-porous material, o is
function of p, which should be determined by the
experimental results.

The above model was used to develop a user
subroutines of MSC.Marec.

3 Finite element simulations

The above elasto-plastic model and different
assumptions of  were implemented into user subroutines
of MSC.Marc to simulate the compact process. In
simulation, the diameter of cylindrical specimen is 12
mm, and the height is 20 mm. Model parameters were set
as 0,=205 MPa, elastic module was F=210p MPa and
Poisson’s ratio was v=0.5p> The initial relative density
was 0.45. Since loose powder is quite easy to deform, the
value of p. should be very close to the initial relative
density, it was set at 0.449 9. The upper punch, lower

punch and die were assumed as rigid bodies in
simulation. The friction coefficient on die walls was
assumed to be 0.2[17].

Uniaxial compaction experiments were carried out
on test machine SANS-CMT5105. Ferrous powder with
0.2% carbon was filled in a cylindrical die of 12 mm in
diameter and the filling height was 20 mm. During the
compact process, curves of load vs displacement for
upper punch were recorded by testing system. Load on
the upper punch increased from O to 75 kN.

The displacement vs load curves obtained from both
experiments and simulation are compared in Fig.l. It
shows that the simulation curves of Kuhn model,
Doraivelu model and Lee model do not exactly fit with
the experimental curve.
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Fig.1 Load vs displacement curves obtained of upper punch

A number of powder compaction experiments with
different initial densities were carried out to obtain load
vs displacement curves. From the comparison between
the simulation and the experiment, and considering
dimension analysis about d(p) by Doraivelu, a new
proposed of flow stress was obtained as

9 9
ri =Lty ®)
1- Pe

The curve simulated with the new model is
compared with experimental curve in Fig.2. It shows that
the new flow stress model fits better with the
experimental results.

A synchronizer hub used in the automotive industry
is shown in Fig.3. The synchronizer hub has three upper
levels steps and three lower levels steps. It requires high
dimensional accuracy and high strength. For the purpose
to guarantee strength and dimensional accuracy of the
product, homogeneous density distribution is required.
Fig.4 shows the schematic illustration of the die, punches
and powder of synchronizer hub compaction. The
synchronizer hub is non-axisymmetric complex 3D
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Fig.2 Comparison of curves simulated with new model
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Fig.3 Schematic diagram of synchronizer hub (mm)

component. It was pressed by five punches, a core rod,
and the die. The upper inner step and upper middle step
are formed by one punch. The main compact process is
shown in Fig.5, the filling height of outer section, middle
section and 1nner section are 36 mm, 27 mm and 9 mm,
respectively. In compacting phase, the lower inner punch
is fixed and the other punches move to the compaction
position at the same time, the core rod and the die move
floatable.
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Fig.4 Schematic illusion of die, punches and powder

The simulation uses MSC.Marc user subroutines
with the new flow stress model presented above. In the
simulation, the synchronizer hub was modeled by 3D
structured meshed in totally 11 739 four-node tetrahedral
elements and 3 085 nodes. The lower inner punch is
fixed and the other punches are moved to their final
positions as a linear function of time. The time to reach
the final positions is assumed to be 1 s. The calculation
was divided into 50 incremental steps. Fig.6 shows the
relative density distributions obtained in the first
simulations. The highest relative density is 0.987 6, and
the lowest relative density is 0.45, the density
distribution is very inhomogeneous. For the inner flange
of synchronizer hub is right angle, the powder is hardly
compressed at that position. In order to obtain more
homogeneous density distribution, the right angle is
modified to 60°(Fig.7).

The density distribution after improvement is shown
in Fig.8. The highest relative density is 0.849 2 which
lies in the rim of top, and the lowest relative density is
0.753 5 which lies in the flange of inner. This shows that
as the effect of die-wall friction, the upper half of outer
section is more densified than the lower half of outer
section. The largest gradients develop in corners where
powder movements are restrained by the friction of die
walls. The relative density of the inner and middle
section are lower than that of outer section, for the inner
and middle sections are pressed by the same punch, and
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Fig.5 Schematic diagram of main compact process
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Fig.6 Relative density distribution of first simulation: (a) Top;
(b) Bottom

Fig.7 Improved structure of synchronizer hub: (a) Top;
(b) Bottom

the filling coefficient of inner section was less than that
of other section, the powder in middle section were
densified before those in inner section, the pressure upon
the powder in middle section is also higher than that in
inner section, so the powder would flow from middle
section to inner section under unbalanced pressure.

4 Results

A press with five independent punches, a core rod,
and the die was used to compact the synchronizer hub.
The density distribution was experimentally measured by
cutting out one 34th of the synchronizer hub and divide
into eleven sections. Fig.9 shows the density distribution
of the measurements compared with that of simulation, it
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Fig.8 Relative density distribution of simulation after

improvement: (a) Top; (b) Bottom
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Fig.9 Metrical density distribution compared with simulation

shows that the simulated results agree well with the
experimental ones.

5 Conclusions

1) Different flow stress models were used to
simulate the compact process of a cylindrical specimen
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modeled in 3D geometry. Load vs displacement curves
simulated with KUHN model, DORAIVELU model and
LEE model were compared with experimental ones. A
new flow stress model was presented from comparison
between the simulation and experiment, and considering
dimension analysis about d(p) by Doraivelu. The result
shows that the new model fits better than other models.

2) The new flow stress model was used to simulate
and improve a synchronizer hub, the relative density
distributions of synchronizer hub was obtained by
improved simulation. The improved synchronizer hub
was compacted and cut out to measure the density. The
results show that the synchronic hub obtains more
homogeneous density distribution after improvement,
and the new model can reliably predict the green density
distribution. Simulating powder compaction is capable of
improving powder metallurgy component in an efficient
and accurate manner.

3) The more ambitious goal is to predict tool
deformations and stresses, optimize the tools and press
kinematics by the computer simulation, before the tool is
manufactured and tested, and prevent the crack in green
parts.
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