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ABSTRACT
Equivalent yield strength of sintered powder materials is determined by experiments, and the following yield
d based on it

condition is on uniaxial

and plane strain, closed die upsetting
have been done using sintered copper, and the relation between the deformation resistance and compactness of

the prefabricated preform is analysed. A design principle for the prefabricated preform density is proposed, and

the of shear plastic to

is pointed out.
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1 INTRODUCTION

Sintered powder materials are made from
metal or nonmetal powders and metal oxide
powder by a process of blending, compacting
and sintering. There is about 20% porosity in
the materials. With the development of the
powder metallurgy industry, sintered powder
materials such as structural enginering materi-
als with super properties, sintered hard alloys,
sintered friction or antifriction materials, sin-
tered metallic magnet, refractory materials, fil-
ter material and new types of superconduc- tor
etc. are increasingly employed. The related
plastic working technologies such as forging,
extrusion, rolling, isostatic pressing etc. are
gradually becoming important in the produc-
tion of sintered powder parts. Some research-
ers have probed the plasticity theory! '™ of
sintered powder materials and have provided a
basic theory for technology design, quality
analysis of sintered powder parts. In this
paper, the deformation and densification of

sintered powder materials for basic forming
process are researched deeply.

2 FOUNDATION OF PLASTICITY THE-
ORY

2.1 Constant Mass Condition

In plastic working of sintered powder ma-
terial, the volume of sintered powder material
decreases, and the density of the material in-
creases. The density increase due to the plastic
deformation of sintered powder materials is
called as densification, and is the essential rea-
son plastic working can improve the mechani-
cal and physical properties of sintered powder
material. Because densification occurs during
plastic deformation of the material, the plasti-
city theory of traditional full density metal
based on the constant volume condition can
not be used to analyse the deformation of si-
ntered powder material. In the plastic deform-
ation of sintered powder material, the constant

mass dition"™ is obeyed. The constant
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mass condition can be expressed as follows
de, +d.v =0
o
or de +de,+de, +dp/p=0
where ds,,‘ de, —volume strain mcreasemenl

2.3 Yield Condition

That the yield of sintered powder material
is related not only to the stress derivation but

and density strain i P ly
de;, dey, dey— the principal strain increase.
ments respectively: dp, p— relative density
increasement and relative density respectively
of the sintered powder material.

For the preform of a sintered powder ma-
terial, if the volume strain &, in plastic work-
ing is obtained. then we can calculate its rela-
tive density from the integral of equation (1)

p=pexp(=e), d=d exp(—e) (2)
where p,, d,— initial relative and absolute
densities respectively of the preform; P> d—re-
lative and absolute densities respectively in the
plastic deformation.

2.2 Transverse Deformation

Transverse deformation can be measured
by means of uniaxial compression of cylindri-
cal specimens. For fully dense materials the
transverse strain is half the axial strain, i. e.
Poisson’s ratio v=0.5. For a sintered powder
material, the axial deformation can not be split
thoroughly into two transverse deformations,
and its transverse deformation is less than that
of fully dense materials i. e. its Poisson’s ratio
is less than 0.5. Experiments demonstrate that
Poisson’s ratio for sintered powder material in
plastic deformation is not related to chemical
composition and initial density. but it is a
function™ ¥ of the instant relative density dur-
ing plastic deformation. The function is v= 0.5
p*. In hot deformation a=2, in cold defor-
mation a=1.92. After analyzing the expression
for Poisson’s ratio, the authors point out that
assuming a=2 both in hot and cold defor-
mation can simplify the calculation, the calcu-
lation error is small'”, i. . Poisson’s ratio can
be expressed as follows

v=0.5p" : )

also to hyd pressure is verified by the
production of sintered powder parts. The basic
expression of the yield condition'"™ is as fol-
lows

1/20(, =0, +(,~0,)" + (s,

—0 )14+ (@s,)’ = (ps?,)’ “@
where 6,, 6, 6;— there principal stresses
respectively; o,,—the hydrostatic pressure, and
0n=(01+ 0:+03) / 3; 6§ ,—the yield strength of
of matrix material; o, f—the yield coefficients
of hydrostatic pressure and porosity respecti-
vely, both related to the relative density of the
sintered powder material.

In cold plastic deformation, the yield
strength of the matrix of sintered powder ma-
terial is a variable because of deformation
hardening. Therefore, expression (4) can only
analyse the initial yield of a sintered powder
material, and it is not easy to analyse the fol-
lowing yield and deformation law in plastic
deformation. So, the authors proposed that
(Bag,) can be substituted by the following
equivalent yield strength o9,. Then we have

1/2,~6,)" +(0,~0 ) +

@,~6)1+@0,) =¢’ )

From plastic potential theory and expres-
sion (5) for the gield, we can derive the follow-
ing stress-strain relations

de, =diloe, —(1-2/927)c ]

de, =dilo, —(1-2/9x")o, ] ©)
de, =dio, —(1-2/94)o, ]
where  di—non-negative constant.

3 DETERMINATION OF THE EQUIVA-
LENT YIELD STRENGTH

The equivalent yield strength can be de-
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termined by means of uniaxial compression of
cylindrical sintered specimens. If orthogonal
coordinates 1, 2, 3 express radial, azimuthal
and axial directions respectively, then stress
and strain components in uniaxial compre-
sion are as follows
Gy = =0 @)
—vde,, de,=—de ®)
Substituting the stress components of ex-
pression (7) into the yield condition (5) and str-
ess strain relation (6), considering Poisson’s ra-
tio v=—de,/ de;=0.5p", and rearranging the

equation, we find
o

o, =V1+1/9% ¢ ©)

a=3-p)/2+p) (10)

The yield stress ¢ of a sintered powder
material in uniaxial compression is related to
its chemical composition, instant density, de-
formation temperature, initial density, etc. In
order to determine o and the equivalent yield
strength o) ,, uniaxial compression experiment
were done with sintered copper. Specimens
were made from electroytic powder copper
(purity of Cu>>99.9%) by a process of blend-
ing, compacting and sintering. The sintering
atmosphere was cracked ammonium. The sin-
tering temperature was 920+ 10C . The sinter-
ing time was 2 h. The compression test was
conducted on a WI—60 type materials test ma-
chine at room temperature. Specimens used in
uniaxial compression were cylinders of sintered
copper. In order to minimize friction between the
interfaces of specimens and tool, the contact sur-
faces of specimens and tool were ground and po-
lished and smeared with a lubricating zinc stea-
rate-alcohol paste. Each specimen was compres-
sed ten times. The pressure and specimen dimen-
sions were measured and recorded each time.
Therefore, the true stress ¢ and strain ¢ are ob-
tained. According to the form of the experimen-
tal o—¢ curve, an experimental g—¢ equation is
derived by means of curve fitting and relation

analysis. The initial paramet- ers and experiment
equations are shown in Table 1. From Table 1
we find that the plastic coefficient 4 and streng-
thening exponent n of each sintered specimen va-
ry with its initial relative density. The functions
relating 4 and 7 to p,, can be derived by means
of curve fitting and relation analysis as men-
tioned above

A= —196.81+656.69

n=0.9301-0.6171p }
Then the stress-strain relation of sintered cop-
per in uniaxial compression is

o=4¢" (12)

an

Table 1 Initial parameters of specimens for uniaxial com-

pression and experimental o equations

weight height diameter relative

No e /mm /mm density g MEe

1 2530 4480 29.88 09049 o=391.26:"""
2 2388 4508 29.74 0.8568 84.78¢7421%
32250 4468 2962 0.8211 43.62:74!
4 2528 4528 29.72 09043 95.716>7
5 2248 4448 2935 0.8393 44.395747
6 239.1 4508 29.65 0.8631 37.97:27
7 2099 40.68 29.08 0.8729 98.912" 47
8 2098 4060 29.22 0.8658 72.09673°
9 2203 4330 29.15 0.8566 =379.04c"4%
10 219.6 4344 29.20 0.8482 53.26674°!

Substituting the strain components of ex-
pression (8) in uniaxial compression into the
constant mass condition expression (1), and
considering Poisson’s ratio v=0.5 p’, we have

de=dp/ p(1—p°)

Integrating the equation above. we have
e=In(p/p,J(A—p2)/(1—p")  (13)
The relation between axial strain and rela-

tive density for sintered powder material in
uniaxial compression is determined by equa-
tion (13). Substituting equation (13) into equa-
tion (12), we find the following relation be-
tween the axial stress and relative density of
sintered powder materials in uniaxial compres-
sion

a=Allnp/ p (1= p2)/(1=p)]" (14)
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Substituting equation (14) into equation
9), we have the following equivalent yield
strength of sintered powder materials

oy =V 141792 Alinp/

pNU=pD /=P ()

If the initial relative density of a sintered
copper preform is equal to the loose relative
density, i. e. p,a 0.3, then the preform corre-
sponding to this density will have no mechani-
cal strength. Substituting p,=0.3 into equa-
tion (11), we have 4=0, =0, which demon-
strate experimental equation (11) is correct to
the minimum relative density. If the initial re-
lative density of a sintered copper preform
Po=1, 1. e. sintered copper is changed into ful-
ly dense copper, then from equation (11) we
have A=460 MPa, n=0.313, the plastic
coefficient 448 MPa and strengthening expo-
nent 0.443 of full dense copper respectively.
This demonstrates experimental equation (11)
is correct to the maximum relative density.

4 DEFORMATION PRESSURE AND DE-
NSIFICATION

In plastic deformation of sintered powder
material, if the density of the preform is inc-
reased to a certain value, then the deformation
pressure needed to density is not only related
to its forming process, but also to its initial
density. Because the initial density of tpreform
can greatly influence the compacting and plas-
tic working process, the relation between the
deformation pressure and densification for
sintered powder materials in uniaxial compres-
sion, plane strain and closed die upsetting (see
Fig. 1) was investigated. The specimens manu-
facture and experimental conditions were the
same as above. The initial parameters for spe-
cimens subjected to uniaxial compression are
shown in Table 1. R 1 i

mens are shown in Table 2. Cylindrical speci-
mens made from sintered copper were used in
closed die upsetting, and their initial parame-
ters are shown in Table 3. Die diagram and ex-
perimental results are shown in Figs. 2—4
respectively.

From an analysis of experimental results
shown in Fig. 24, we can induce the charac-
teristics for deformation and densification of
sintered powder materials as follows.

Fig.1 Experimental Scheme

ial (b)—plane

(¢)—closed die uppsetting
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Fig. 2 Experimental results for uniaxial compression

deformation resistance: p—density of the preform

(1) With the increase of preform density
in plastic deformation, the deformation pres-
sure increases rapidly. The form of the defor-
mation press; 1

made from sintered copper were used in plane
strain, and the initial parameters of the speci-

density curve in uni-
axial compression is similar to the form of the
curve in plane strain, and these two curves are
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apparently different from the curve in closed
die upsetting. Comparing these three curves,
we know that with the increase of deformation
pressure the relative density of the preform in
plastic deformation increases much more rapi-
dly along the curves of uniaxial compression
and plane strain than along the curve of closed
die upsetting. The causes are that there is large
shear strain in plastic deformation by uniaxial
compression and plane strain, and the densifi-
cation in these two basic processes is mainly
due to of shear deformation. Also there is
small shear strain which is mainly concentra-
ted in the corners of the preform in plastic

Table 2 Initial parameters of specimen in plane strain

No Veight lengh  width  height relative
S /mm  /mm  /mm  density
11 1343 4411 1501 2982 0743

12 1426 4455 1498 2939 0817

of closed die and densi-

fication in this process is mainly due to repre-
ssing deformation. Therefore, the densifica-
tion efficiency of shear deformation is much
higher than that of repressing deformation.

(2) The value of the tamgemt pressure-rel-
ative density curve increases with the decrease
of initial relative density of the preform. That
is a preform with low a relative density has a
high densification speed in plastic deformati-
on;

(3) If plastic deformation is used to den-
sify a preform near full density, then a preform
with low initial density has to be employed,
and it must be deformed by means of a large
shear deformation. A low density pre- form is
not only easy to compact but also easy to de-
form and densify in plastic working. But one
has to be centain that low density preform has

Table 3 Initial parameters of specimen in closed die up-
setting
Fameter  height

weight Telative

No
/e / mm /mm_ density

131071 23,62 3222 0827

14 107.0 23.36 32.96 0.849
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0.86

< 0.84
0.82
0.80]
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0.76f
0.74|
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Fig.3 Experimental results for plane strain

low pl
5 CONCLUSIONS

(1) Equation (14) gives the relationship
between stress and relatives density for sinter-
ed copper subjected to uniaxial compression:

(2) The equivalent yield strength for sin-
tered powder materials is given by equation
(15);

(3) The deformation pressure and the law
of densification for sintered copper were inves-
tigated by means of uniaxial compression,
plane strain and closed die upsetting. It is

1.00
0.98|
0.96|

300 400 500 600 700 800
./ Mpa

Fig.4 Experimental results for closed die upsetting
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noted that shear deformation is effective in the
densification by plastic working of sintered
powder mater- ials. On the condition of meet-
ing the need of forming plasticity, low density
preform can be used in the production of
sintered powder parts.
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(continued fron page 77)

for a general sheet is such one every peak of

which meets equations (15) and (24).
REFERENCES

1 Xiao, Jinrong et al. Pressworking Technology. Beijing:
Machine Industrial Press, 1988. 21-23.

e

Wang, Xiaopei. Pressworking Handbook. Beijing Ma-
chine Industrial Press, 1991. 498-502.

Li, Yingkai, et al. Forging Technology. 1986. (6): 16-20.
3y6auob, M. E.. JTuctosas Wltanosxa. Mamru3, 1958;
62-70.



	82
	83
	84
	85
	86
	87

