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[ Abstract] Different material properties leads to different metal fracture behaviors. Even if the powder material is composed

of plastic metal, the fracture still does not show macroscopic plastic deformation characteristics if the material contains a large

number of voids. Eightnode isoparametric elastic plastic finite element method was used to simulate the tensile process of sinr

tered powder material. By setting a number of voids in the analyzed metal cuboid, the initial density was taken into considera

tion. The material properties of the three- dimensional solid for the tensile simulation were defined with reference to the known

pure iron material parameters. The load displacement curves during elongation were obtained with a universal testing machine,

and then the simulated curves were compared with the experimental results. The factors that cause the stress concentration and

strength decrease were analyzed according to the simulated equivalent von Mises stress distribution.
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1 INTRODUCTION

Die compaction of powder has been used in compo-
nents manufacturing in different fields''™ . With the
development of powder metallurgy, more attention is fo-
cused on improving the total performance of powder met-
allurgy parts. Parameters including the mechanical and
material properties are usually obtained by means of ex-
perimental method. With the obtained parameters, com-
puter simulation provides a powerful tool to analyze the
deforming process of metal material.

For the analysis of the deforming process of sintered
metal material, various models have been proposed to

15]

reflect the constitutive relationship!® The typical

Shima s model is based on a modified von Mises yielding

3 . 9
crit erlon[ I .

Another approach in obtaining a suitable
model for powders is to modify the existing material mod-
els used for simulating the behavior of soil. Difference
between the powder and the compact metal has not been
taken into consideration in the present models.

Different from the compaction process, the tensile
process is no longer affected by the wall friction!”’. On
the other hand, the random distribution of voids and the
initial relative density were taken into account according
to the designed assumption.

Since the tensile process normally involves large

displacements( or tool movements) , the applied force or

prescribed displacements must be divided into smaller
increments and the equilibrium equation has to be satis-
fied at each increment. Using small deformation theory,
unrealistic solutions for density and stress field are usu-
ally obtained. For a realistic solution, the load incre-
ment has to be very small. Large deforming theory such
as the Lagrangian' '® description of motion is more ap-
propriate for powder deformation simulation. MSC. Marc
was applied in this paper to analyze the sintered powder
material '® . Once the relevant parameters of the materi-
al were obtained, we can acquire many information in-
cluding deforming and destruction, thereby reasonably
explain many phenomena which occur during the deform-
ing process, thus avoiding the waste of time and material
due to repetitive experiments.

2 EXPERIMENTAL

The comparison was performed using standard sin-
tered samples( ISO 2740- 1973) . Fig. 1 shows the over-
all dimension of the sintered sample prepared according
to the national standard. Initially, the thickness C is 6.
Omm, L.is 32 mm. After elongation, C is 5. 7 mm
and L. is 37 mm. The initial relative density of the ten-
sile sample is approximately 89.7 % .

The tensile samples were prepared from highly com-

pressible water atomized iron powder with particle size of
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100~ 150 Hm. The mass of the specimen was kept con-
stant at about 27 g. At least three other specimens were
pressed afterwards under the same condition. Results

show good reproducibility. The compacts were sintered

at 1120 Cfor 2 bt > °,
1

—-— -9

Fig. 1 Dimension of tensile sample

One edge of the sample was clamped, which pre-
vented rigid body motion of the sample. Another clamp
(upper clamp) moved at a speed of 2 mm per minute.
The upper clamp was stopped when the sample was fi-
nally snapped. This occurred when the total displace-
ment of the upper punch was 5 mm. During the deforma-
tion, the curve of the load versus the displacement was
recorded by a microcomputer. The length of the sample
increased, and the width reduced accordingly. The final
overall dimensions were measured.

3 FEM SIMULATION

3.1 Fundamental equations

Eight-node isoparametric element method was used
in this model to improve the precision of calculation.

In order to analyze the three-dimensional problem,
natural coordinate system should include three dimen-
sionless parameters & T and < to denote the position of
elemental nodes in detail.

- 181, - 1SN, - 18K

The coordinate and displacement interpolation for-
mula of eight-node isoparameteric method are as follows:

[u]=[N][u]

[v]=[N][v°] (1)
[w]=[N][w"]
where
Ny, 0 N, O ... N, O
[N]= 0O Nt 0 No ... 0 Ny
(2)

The relationship between strain increment and dis-
placement increment of elemental node is defined as fol-
lows:

{dg=[B]{d§ (3)
where [ B] is the matrix correlating the strain.

Using the virtual work principle, the system equa-
tion becomes:

o8 = ZI[B]‘dOdV— AR = 0 (4)
(d0} = [De]{dE

[de] = [De]_ [Dp]
R is the applied force, [ D.] is the usual
elastic matrix with elastic modulus E and Poisson s ratio

where

v.[ D] is the plastic matrix where the plastic charac-
teristics of the powder are incorporated.
The universal element stiffness matrix is:

[K°] = J‘V[B]T[Dep][B]dV (5

So the corresponding isoparametric element stiffness
matrix in this model becomes:

(K= TS 5 TE B [ Dy [B] 1]
d&dnd ¢ (6)
where | J| is the Jacobi determinant of coordination
transformation.

3.2 Pore distribution

The sintered powder metallurgy part was treated as
a piece of normal metal with holes in it. The analyzed
cuboid was assumed to be 32. 0 mm long, 6.0 mm wide
and 5. 0 mm high. The model was built on MSC Men-
tat! !
Marc element type 7, an eight-noded hexahedral ele-
ment. Totally there remained 5 272 elements after 928
elements were subtracted from the three-dimensional sol-

. The element type selected for this analysis was

id, so the average relative density was 87. 9%, approxi-
mating to the initial relative density of the tensile sam-
ple. The assumption of the element subtraction is illus-
trated with Fig. 2 which shows the pores at every other
layer except the surface elements. Fig. 3 shows the
pores distribution in the simulated three-dimensional
solid.

The analysis options used for simulation were: large
displacement, constant dilatation and large strain addi-
tive.

4 DISCUSSION

During the plastic deforming process of tensile sam-
ples, there are two factors that affect the results. One
factor is the hardening characteristic of metal, the more
the sample is elongated, the harder it becomes. In other
words, the appropriate yield function depends not only
on the level of the deviatoric stresses but also the hydro-

. 2,
static stresses[

31 The deforming hardening of material
improves the deforming resistance, which leads to the
larger load. The other factor is the geometry softening
characteristic of material. The reduction of cross-section
area leads to the lower load bearing. On the even plastic
deforming stage, the factor of hardening plays an impor-
tant role. With the increase of deformation, the cross
section shrinks gradually, so the influence of geometry

softening increases evidently.
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Fig.2 Pores distribution assumption
(a) —Distribution of pores at odd layers; (b) —Distribution of pores at even layers

Fig. 3 Distribution of pores in
three- dimensional solid

Fig. 4 shows the curves of load versus displacement
obtained from both simulation and experiment. Firstly,
the material properties of three-dimensional solid for ten-

sile simulation were defined with reference to the known

[

. 2 . .
pure iron parameters >, The material behavior was as-

sumed to be elasto-plastic with elastic modulus £ = 210
GPa and Poisson's ratio ¥ = 0.27. The initial yield

stress is 200 MPa. The workhardening curve is described

in Fig. 5.
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From the comparison of pure iron simulation and
experimental results, we can say that the existence of
voids induced the stress concentration although the sam-
ple was sintered. The stress concentration may cause the
fracture under low nominal pressure.

Secondly, the elastic modulus was adjusted to 15
000 MPa while the Possion s ratio was still unchanged.
As shown in Fig. 4, the slope in the elastic stage agrees
well with the experimental result.

Finally, the elastic modulus was adjusted to 15 000
MPa and the Possion s ratio was adjusted to 130 MPa.
The simulation results show good accordance with the ex-
perimental results.

Fig. 6 shows the contour line of equivalent von Mis-
es stress distribution. No apparent necking is found dur-
ing the tension process. In irorrbase sintered materials,
with the aggravation of local plastic deformation and
spread of crack, the yield strength of materials is gradu-
ally reduced. The stress concentration and strength de-
cline are mainly caused by factors such as increase of
voids irregularity and decrease of voids curvature.

S CONCLUSIONS

1) In iron - base sintered materials, the exist
14
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Fig. 2 Plot of load versus displacement

(a) —Pure iron simulated; (b) —Modified elastic modulus and initial yield stress
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Fig.5 Workhardening curve

Fig. 6 Contour line of equivalent

von Mises stress
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ence of voids and crack leads to local plastic deforma-
tion, thus reduces elastic modulus and the yield
strength. The simulation adopting pure iron material
properties shows considerable error. When adjusting the
material properties including elastic modulus and initial
yield stress, the obtained results show good agreement
with the experimental results.

2) The model presents an effective assumption of
designing voids in three-dimensional irorrbase sintered
materials. With this assumption, both the random distri-
bution of voids and the initial relative density needed by

the tensile simulation are ensured.
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