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Constitutive Models for Final Stage Densification of Powder Compacts
with Power-Law Creep Deformation
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Abstract

Constitutive models for final stage densification of metal powder compacts with power-law creep
deformation were investigated. The constitutive models were implemented into a finite element program
(ABAQUS) by using user subroutine CREEP and, from FEM results, useful densification curves were
obtained when hydrostatic and uniaxial stress were applied to the powder compacts at various pressures and
temperatures. Because the densification behavior varied as the constitutive models, the equivalent stress
surface on each constitutive equation was investigated to analyze the difference of densification behavior.
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Table 1 Coefficient a and b for porous body creep potentials

Creep Models a b
2 9 2n 1-D
Cocks® 3D 4n+12-D
DZn/(n+l) D2n/(n+l)
2 9
Ponte® 1+ 5(1 -D) . Z(l -D)
D ey
1+2(1-D =03V
Duva and Crow'® M 5( -D) _n@-by ™ (_3_)
DZn/(n+l) [1 - (1 - D)lln ]n 2l’l
2
20/(n+1) - 2
McMeceking and Sofronis® [H—(I_—Dl] _nd-D l(i)
D 0-a-p)”1| \(2n
Abouaf and co-workers® c(D) 9f(D)
AHLsld g ¥ FeE 7Y P2 2 ‘ i (D/D) 2i(n+))
Astste] gt 2 Ao = AL BYE AL “m={A@J (13)
= .
- 2 ¢(D) =s(D) "™ - £(D) (14)
iy 4714, (0/D)= @2 $7He 23 BB A2k el
g 2| pxsn a0) g 43 493 D=D(t) EXE 7 T o
£ =% (D)= T3 AR 45 Aoz AYoz 7Y 4
1{_ n(-D) 3 b A
'3 [[1 (1-D)"" " J (2 O nds 99} Zo] thkg Power-law AT ZEEL 2]

McMeekmg 3} Sofronis® & %
71 A2 SANAM F77])E

Aot AT AP E $=8 OS5 2ol ALHA

BG)H 2ol 25 &4 a & b E ALE5to] 3o P
2 A F Jon 4 3 doA o dEgy
2] Table 19 AAF) el B 7|&E9] B
7] 3= 23 RS e a2 b Aol2

SO E 09 o)l B
& FE7E 7L

123
2n/(n+1) ?‘%E] O] %_ll:}
i(l+(l—D)) S
2 D ! o oo MR
€, =Ac," 2 (11) 3.32|Z 2R XE
i{ n@-D)y e 3Y
*3 n-a-oy 1) (2n Sndy 3.1 REAME IS TRHE
&4 B2 APA 0 AT Ay AASH 9
223 A& 2 (empirical model) g AR AL ot A2 AP E JRoE
Abouaf 3 ‘:(5)° SHeE 2xd e HE ¥ 4 gon ol AFSH, AL T FFE B

CELEERIELEALLE LS Rk I A DAk o A ARE 39T @

T3t HE £ 59 Implicit A 7 B o3 vh&3} 2o
£, =,s‘c;cq“"[3c(1))sij +3f(D)crm8ij] (12) rddn
' 2 . — AT AT +AE™
o 7)M, (DY AFLHol A 259 AL gp,0,.,8",8", t,. )'Ez—__m (15)
o xE Qe Jehdo, o(D)s ZA 9 FEZ = —ET LV

9 ThER B4 H53Y9

2Ael 22 493 9 Skt 229 2PAT
49¢ F5 7B 5 :

RO AR GF IYZ

govl el oz EAY 5

MIE RS O g e 9 e e A 9% 50k 39E v

k!
2 E(uniaxial equivalent creep strain rate)} 4| 2 ¥
£ 4T (volumetric swelling strain rate)S EhATH

gl ‘:]__(2,5, 12)



Power-law 28| X By =2 24 Ay &) L3l 2d 933

Table 2 Material constants and density function for power-law creep materials

Creep Materials Temp, T n A, MPa-sec” fiD) (D)
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Fig.9 Equivalent stress surface of various power-law creep densification models for D7 tool steel materials
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Fig. 10 Density function (a) a and (b) b of various power-law creep densification models for stainless 316L materials
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