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Rubber Isostatic Pressing and Cold Isostatic Pressing of Metal Powder
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Abstract

The effect of a rubber mould on densification behavior of aluminum alloy powder was investigated under

cold isostatic compaction.

A thickness of rubber mould and friction effect between die wall and rubber

mould were also studied. The hyperelastic constitutive equation based on the Ogden strain energy potential

was employed to analyze deformation of rubber.

The elastoplastic constitutive equation of Shima and Oyane

and that of Lee on densification were implemented into a finite element program (ABAQUS) to simulate
densification of metal powder for cold isostatic pressing and rubber isostatic pressing. Finite element results
were compared with experimental data for densification and deformation of aluminum alloy powder under

isostatic compaction.
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Fig. 1 Variation of nominal stress with nominal strain
for viton rubber under uniaxial (a) tension and
(b) compression
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Fig. 2 Variation of nominal stress with nominal strain
for viton rubber under uniaxial (a) tension and
(b) compression
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Fig. 3 Variation of pressure with contraction for (a
viton and (b) silicone rubber under volumetric
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Fig. 6 Finite element meshes and boundary conditions
for powder compact in the rubber with 5 mm in
thickness under cold isostatic pressing
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Fig. 7 Comparison between experimental data and
finite element calculations for the variation of
relative density with pressure during cold
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mm in thickness

Z} 2 A9 uRAFR ARG

Fig. 5% uvlo]E3 A& z42te] Slip Rateo] o
g vkEdAley ¥Is Jveidt. 2gE9 Ae
£2A 9 A}2oRE Slip Rateol] WE w2 A9
Hato] Ao dFS FX &A% nfo] g B¢
Slip Rate?} 571&4+5 stgASs7t 24 $7Hg2
&4 = k. £33 0.05 mm/se] RS Slip Rateol] A
T 28A 9 ALgdd W& niolE He29 siF
Aol ¥zt A9 Qrh. A rRIPAZNAE
HEEEIE 00505 mm/s AEAAH FIA B2
RIPEA A vl AT SALEAE IS 49
o ARgEHA A& Aol disiA Zzte] HHA
£ AM8sHqTh

Zo] nF T ¥ ¥ AL 4F

1081

Upper Punch

|- Rubber mould

™~ Powder

L.

Fig. 8 Finite element meshes and boundary conditions
for an aluminum alloy powder compact and a
rubber mould with 5 mm in thickness during cold
isostatic pressing by a rubber mould

43 Az Hf HE

Fig. 62 4¢5nly &3 %9 3 As
ol Mol AL EHE F
Uitk xE% yF U 2P o2PE AA
A9 174 2 sAMEIgen, 2 AEAE 1007
o 8 HF 24 F U 249 CAX8(8-node
axisymmetric quadrilateral, biquadratic displacement)
g, IF EETE CAXS8H(8-node axisymmetric
quadrilateral, biquadratic displacement, hybrid with
linear pressure) & AHS-3tth. 54 &2 WY
=g 9#)4 = Shima-Oyane"® 2 Lee5™ 9 Cap
el 74 ZdS AMEslon, 17 Ogden
HYE dux XL 2dS AMEIST. nF
of B4 AygAe] AAs ¢4 3Foz NAFHA
=3

Fig. 72 Y4zt A5 stollA Hlo]lE 1
FA7F 22t 5 mm <+ 10 mm) F$ol e A
X9 Cap 2¥ 2 Shima-Oyane 22!9& Z&

7% s4He) W@E ehach

o o

g o% & stk ot Lee 599 Cap B
o] W3k et A stelA EFvlw dF F
o] AEUE APgozNE 7T P47
245t AL 2 dFste Aot EF Shima-
Oyane ZE209g Foiwx07~1.09] T3k 49
ATolA Ao FH2lel7] Wgol e Fuig
EojAlE A@A et ozte] Fo|7t HAS & F
Attt H Fig. 79 AFHERE 2L AYAY
azje] vlsl nF F=o FAN E4F XU



1082
1
l Viton Rubber
09t
.é. b
(%]
S o8
a £ without lubricant
[ (1,
2 OQ: S ©  Experimental
8 07 5 {t= 5 mm) Cap model
& & - - - - Shima-Oyane
0.6 /,/', O  Experimental
b {(t=10mm) - —— Cap model
7’// ----- Shima-Oyane
0.50—— L . ! . i .
0 100 200 300 400

Pressure,MPa

Fig. 9 Comparison between experimental data and
finite element calculations for the variation of
relative density with pressure during cold
isostatic pressing for viton rubber mould with
5 mm in thickness
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Fig. 10 Comparison between experimental data and
finite element calculations for the variation of
relative density with pressure under lubricant
condition during rubber isostatic pressing for

(a) silicone and (b) viton rubber mould with 5
mm in thickness
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Fig. 11 Comparison between experimental data and
finite element calculations for the variation of
relative density with pressure under lubricant
condition during rubber isostatic pressing for
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Fig. 12 Comparison between experimental data and
finite element calculations for the variation of
relative density with pressure under lubricant
condition during rubber isostatic pressing for
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thickness under lubricant condition
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viton rubber mould with (a) 5 mm and (b) 10
mm in thickness under lubricant condition
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Fig. 17 Experimental data for relative density distributions in deformed aluminum alloy powder compacts under
axial stress of 300 MPa during (a) cold isostatic pressing and rubber isostatic pressing (b) with lubricant and
(c) without lubricant condition for viton rubber mould with 5 mm in thickness
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lubricant condition
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