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Fig. 1  Statistics of constitutive material model used in powder 

metallurgy simulation
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Fig.2  Yield surface of Shima-Oyane model 
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Fig.3  Yield surface of Drucker-Prager/Cap model 
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Fig. 4  Modified Drucker-Prager/Cap model 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  

a

y

p

p

�

a

b

p

p

�	 

Fig.5  Relationship between 

a

y

p

p

 and 

a

b

p

p

 

(3) ºÏ½��DE��¢���
��5�&

'()�"#��VW��Õ�{ d XY£�

[15]

0

}*��Ì'��12*+,-�$"#Z��Õ�

{ d  XY©[2 Von Mises ����06��4º

'�ÐÇ������á�893��� d=d (T, t, ρ)0

U\/>?�<MNm]U���� d = d (ρ)0

Drucker-Prager���^ AÚ_��βËUX 

y

y

arctan

d

p

σ

β

 

−

=

 

 

 

                    (11) 

� ` a � (4) � (5) � � � � z � Drucker- 

Prager/Cap>?<1Y���¿ÀX 

0)()](tan[ =−−= ρρβ dpqF

s

          (12) 

2 2

c

a

[ ( )] [ ( ) ] ( ) { ( )

( ) tan[ ( )]} 0

a

F p p R q R d

p

ρ ρ ρ ρ

ρ β ρ

= − + − ⋅

+ =

(13) 

m5X 

b a

a

( ) ( )

( )

( ) tan[ ( )] ( )

p p

R

p d

ρ ρ

ρ

ρ β ρ ρ

−

=

+

 

a0 b y

a

a0 b b0 y a0 b0

( )

( )

( )

p p p

p

p p p p p p

ρ

ρ

ρ

=

+ −

 

y

y

( )

tan[ ( )]

q d

p

ρ

β ρ

−

=

 

b0 0 0

a0

0 0

1 tan

p R d

p

R β

−

=

+

 

y 0

y

0

tan

q d

p

β

−

=

 

º Drucker-Prager/Cap >?���n{b: Drucker- 

PragerK«ÇUÁá%Q3�&'cUX 

 

q

y

 

d

0

 

ρ

0

 

p

a0

 

p

b0

 

p

y

 

 

 

 

 

 

a

y

p

p

a 0

y

p

p

a

b

p

p

a 0

b 0

p

p



�3118�                                      �������	
                                               � 49� 

2 2

S a

{[ ( ) ] tan ( )} [ ( ) ]Q p p R qρ β ρ ρ= − +

   (14) 

n{b: CapK«ÇUá%Q3�&'cº��K«

�E0 

¾ÝE���=XS³Ë� β

0

�S³)�×
�

� R

0

�Û/dP p

b

(ρ)�ÕÖ{(/dP d(ρ)Yä�n

���	���� σ

y

±R q

y

´012�	"#�Û/

ej����	������zf =@Î�£¤�

¶��ç÷ij5 σ

y

<®LÌ2���	����

g0�h�i'�
�d(ρ)�(/D �Î�« d(ρ)= 

d(ρ

0

)=d

0

0�Ç�ºj��� Drucker-Prager/Cap >?

�N���>?]£�d���	���� σ

y

�4�

�0^ 4 Óãd��� Drucker-Prager/Cap >?��

��(/kl0�¢����C��©ª2 1�Cap

���k�k»ª2 Von Mises����Drucker-Prager

���º Cap����ØÚ B¦XY©ª2 AÚ0 

��������

�� Lee .¬

[14]

��è��Xρ

0

=0.6Ðd=d

0

=0Ð

β

0

=63.4°� R

0

=0.275�p(ρ)1a�(7)älm[14]¾�n

���c4op0D��Õ�{ d �(/�MN σ

y

=  

450 MPa0
��À�wc4��h�^ 6 ¾ã0N

O�è���>?c4�<Y�<X 

(1) >?�qrn{�sn{U 0 ������

���çè�hÄ(tu����5�n{����

f���Åûü� 

(2) �C2vb� Drucker-Prager/Cap±Rp 0.3´

>?�V	��
S�ü*DÎ�q?�>?�Ì�

�����Þ�h=d@Î�w� 

(3) º Lee �J�>?�N��¾Ý��ÎÎx

��kl��f=tu�Lx�0 

 

 

 

 

 

 

 

 

 

 

 

 


 6  ����������� 

Fig.6  Comparison of model prediction and experimental data
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Fig.7  Experimental data: relationship between hydrostatic 

pressure and relative density as well as relationship 

between cohesion and relative density
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Fig.9  Bilinear relationship between d and ρ 
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Fig.10  Metal deformation after HIP and distribution of relative 

densityAρ
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Fig.11  Shrinkage after HIP: (a) radial shrinkage and (b) axial 

shrinkage 
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Fig.12  Mises stress distribution of metal powder under dwell 

condition 
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Abstract: Powder metallurgy is an important part of the forming process for metal materials. However, most material models are not able 

to simulate the variation of mechanical characters during the compressing process. In this paper, the Drucker-Prager/Cap model was 

modified by introducing the yield strength of fully densified metal. This modified Drucker-Prager/Cap model can limit the yield strength of 

metal powder within the Von Mises surface of a fully densified metal. With the compressing process, the powder’s surface is infinitely 

close to Von Mises surface. By comparing the model prediction and the published experimental results, it is demonstrated that this 

modified model works well in terms of accuracy. And, it is applied to the simulation of a hot isostatic pressing for a superalloy. The 

prediction of the deformation as well as the stress distribution by this model is more accurate than that by the traditional 

Drucker-Prager/Cap model. 

Key words: powder metallurgy; hot isostatic pressing; FEM; constitutive model; Drucker-Prager/Cap 
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