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  .Astaloy CrM ،دماي قالب ،خواص مكانيكي ،فشردن گرم  هاي كليدي واژه

  

An Investigation into the Effect of Warm Compaction on the  

Characteristics of PM Parts 

 
V. Dehnavi                                          K. Janghorban                                A. Haerian 

 
Abstract  Several methods for achieving higher density in ferrous PM parts are possible. Double 

press/double sinter allows densities in excess of 7.3 g/cm3 but is limited by cost and geometry 

considerations. Warm compaction is a new technology resulting in increased density in a single step. By 

this process it is possible to obtain density levels and mechanical properties comparable to double 
pressing and sintering. Some characteristic properties of Astaloy CrM, a prealloyed water atomized 

powder, was investigated and compared with those of conventional compaction. The effect of die 

temperature on the mechanical properties of parts was also studied. The results clearly show the 

advantages of using warm compaction process over conventional methods. It was found that the best 

results are achieved when the die temperature is set to 150˚C. 

 
Key Words  Warm compaction, Mechanical properties, Die temperature, Astaloy CrM. 
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�����  
�* �\ �*�0�!+ ��N� D D  ���/ ,!2. K*< D�*�!"

�E7F� ;��? -���C 45�� D  D$�!%��� =�0>? ����]
G�� ��� �!" .:2�P.� B.:%. ��^] �� D�!� ��%!+ )� ��

�� ��� 45�� ,��   �^� P�^�� �+ G �^����2   �^_�� �^] ���*
����] D    D�^0�� ��^��] ����* �� ����� �	���	� M�!N

����� O�?� !� `��7�.  

  � �%�'( �] �_�< P� �  �	���^	� M�!N �6] �!\

 .a�^̂b!cd�  G^̂H+ �� �	���^̂ �� M�!^̂N��RS^̂+  ���^̂?

�� �!" D$�!%��� =�0>? ��*&�*<   P� I�^� �%�'( ��
3  g/cm  /e  G�� P��� �!�.  

  -.� �^̂ *D��	^̂��" �^̂ ���� �� .3^̂ + ^̂�!/. �   

�^^67�� D� DPDS) (    �^^� GU^^�� �!^^" D�^^'�*< .

-.� �*. D��	��" �.���� D3+ �!/ D� �67�� g� �

�� �_�� D��
�� B�	H���    ��!^� P� �^6�N � ��� ����]

� P� ��h��� K�-.� �*   �^� �\�^N    D�^0�� =�^E7F�. 

�H� ���:*!� �� . .�    ��^
�� -��^�C D��� �_���

 . �!� ���� �!" D$�!%��� =�0>? P� ��h��������2 D�*

��] . �%�'( !U�� D��� �U���� D�c�?��=�0>? �� � �

 �.< !/.[1].  

  �* i��.� � D WjkY�� B!60�  )� =���7 �]

   �.�^H� � �^�*< D�^*�!" l!6d� D  g^�:�°CWYY 

���� � �����:� . G]��� ���_+ D�*��]Höganäs 

AB � )�
�    �^+ K^*< �!^" ��?. �]°C WXY   =���^7

 )< D��
2 ��6�+ B�	H��� ���U�9Y % I*�^]  �^� � �^�� .

 ;	�)W( ��RS+ �� �� 6�+ B�	H���  o%�^N K*<�!" ��

�� )�
� �� �*[2].  

   ����Wjjp  ̂��G] Höganäs  �^����2   )�^
2

� . �] �2�0� ��P�� �� �� B�C    K^�� )!^�] �^+ )��P )< P

  �Rq^� -.� g^� )�!�5 �� D$!%!�	+    � ��h�^�� D��^�

����P �*36�d� D �� #��P �/!+ �   ��^] @^6/ !N ��

G�� .  ��^��� �^r]� D��� -.� K��  �^*   ;^��? D�!^" D

G�� ����] [3,4].  

  

  

  

  

  

  

  

  

  
 [2] دمابر استحكام تسليم پودرآهن خالص تأثير  1شكل 

  

  �� ���� B�C )�
2  �^� 3^��0+ =�!b K  �^��] :

)�
2 � �] M�N D� ������5 Id #  �� )< :62 �!"

;�	
+ � �* ��    K�^� ����°CWYYtWXY  .  K^�� �

�����2    ��!^� �^� �� =���^7 .�* @%�? . �!".  �

  P� �+,��°CWXY Ku.� ��
�� �*h��� �!� D��� �  )�!�5

P����.�    �^��] �^� )�^� ��:_+ �� v.�� . �^�V�*� K 

    !^� �^� ��^�]� �^+ w��� K*<�!" �� K�� P� �+,�� .

P� ���] D�*���   °CWYY ���    �^� )�!^+ �^Cx�.  �^*D 

G2�� G� B�C )�
2� �E� �!� [4,5].  
   � ��h�^̂�� �!^̂� D�^̂*��:�� P� B�^̂C )�^̂
2 �
-.� �*��h��� �!" D$�!%��� �.���� D    �^�� �!^� ��

   @^%�? =�:^��_+ . �!^" G�� BP,     D�^� �^+ . �^*
°CW9YtWXY ��!� B�C . @���� )���/ P� )����\� D���

   �^� ��^��] G�� BP, )< @%�? �C���]�" ���2� . �!"
��y" =�!b ��!d� .  �^� ���^
�" �_��� �    �^] !^�

 G? �� @%�? . �!" D��°C e/X± !� ����]�� [6].  

   �^̂z�7 ��^̂7 �eYY  �^̂ 0>?�^̂ �  )P. K�^̂ �eYY 

�+WeYY B�C  ��!� �� ��%!+ -.� K�� [3].  
      B�^C )�^
2 P� ;b�7 =�0>? �

] B�	H���

 .�7�WY  �+eY       �^] G^�� �+�^0>? P� I�^� �^b�
 i�!+-.� �*�� D �^�� ��� ��
2 ��
2 )��* �� �.�� 
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[1].     B�^N �%�^'( I��:^2� 45�� B�C )�
2 K��V�*
.3+ �!/  �:^�� �^� �!" D$�!%��� =�0>? � )Y/WY  �^+

Y/eX   @^0	� �������^� �� B�C)(g/cm3  !^� �^�.   K^��
  ̂ � �	���^	� M�!N !U�� 45�� �%�'( I��:2� ̂ �. � �x

!� �� �'��N B�	H��� [2,7].   D���^�� �!^� �  P�
 P� I�� ��
2 P� ��h��� ���V�" =�0>?kYY  ��	��"�'�

G��� �6�5. �� B�C )�
2   ��^
2 �~YY �' ��	^��"� 
�� )�!+ �%�'( ��  ��
2 �� ��+� D��� )�
2 �� �����
kYY G2�� G� ��	��"�'� [3].  

   �] �* �� )�
� =�L�LH+  �6�^�. �^� D   )�^
2

 P� ���] �6d6d+ �� )�!+ �� B�Ce G2�� G� �b� .

���P<I �* �� )�
� ��� `�" =�0>? D.� �� �*  �^J 

B�C )�
2 � ;d6d+ w�P!+   D�^� � )�
2 P� ����

G�� ��+� [8].  

    .�^̂ 7 D�^̂ � � )�^̂ 
2°CWXY   �!^̂ � )�:^̂ ��

   ���^L� ��^7 K�5 �. �� I*�]�� =��� K�� P����.�

 @^̂%�? . =�^̂0>? ���^̂
� ;^̂c2 �^̂� �^̂]�� DP�^̂���.�

�� ���� �* �� I��:2� .  K^�� �� P����.� �_� w�P!+

  �^	6� ��* �� I��:2� �� B�N B�	H��� ���+ �� =�!b

    @^%�? P� �^0>? K�N��^�� ).�^�� D.���    I*�^] :^�� ��

�� ����. �*��'�� ��5 �_ �* �� I��:2� ���� [2,5]. 

   �� �� )�
2 � ��h��� �!� D�*P����.� �r]�

   ��^�P ��^] ��h��� ,�� D�*�� � )�
2 � )�!+ ���

       g^̂� � i^L2 �*P�^���.� K^̂�� �^] �^�� �^̂� �^E� �^�

�.�H�  od
� D  ���^�  ���^�* �Rq^� .   �^] ���^'�*

6d� g� D��   �.��^�� D�*P�^���.� D.�7 D�!" l!

    �!^" )�^��/ ��^��� I��:2� B�C )�
2 D�� �+ ��!�]

 ��� D��� D��%!+ �E� �>L� P� �] !� �� ��	�� ��(

G�� . P� )�� ���� D��� �_��� ���RS+ I��:2� ��h� =�

�� �D���/ D�*P����.�  �!^�   G^�� P�^�� .� �^����2 

B�C )�
2  �����J !U�� #��� ,�^� #�� �   ��^��� P�

 ��h��� D���/ DP����.�  G^�� ��^� .   K^�� K�^�V�*

  D���]���^L� � �] G�� ��� �7��\ D�!\ P����.�

    �^�] ;^�5 G^�L2!� �^� �.���� D�*P����.� �� GU��  .

�-.� �* .�7� P����.� )�:�� �.���� DY/~  �^b�

G�� [6,9].  

  G�:� P� �	� �* ��� D�����2     K^�� B�^C )�^
2

�� �� ;b�7 -.� K�� � �] ���	H��� I��:2� �] G

 !�% )WYYtXY ( � D��	��^���    G^%�7 � �� =�^0>?

 P� ;U? . B�N3+ �!/ � �+ )��<P�� &� . -.� K�� ��

)�
2�  #��AN��!^�   D��^] ��^��7 .    B�^N =�^0>?

!� �� KA�� .���:* ��'�
( I*�] 45�� ��� K�� �*� 

 P� Q" D��	����� �� GU�� 3^+  ̂�!/��  ̂ � �  � �x^�.

,�� B�	H��� �� =�0>? �!� !� �� [1,3].  

  

  

  

  

  

  
  

  هاي مختلففرايندنسبي و دامنه چگالي   هزينه 2شكل 

  متالورژي پودر 

 

      �]!^� �^� �P K�^�d+ �z�7 ��7 � �^����2 

 B�^̂C )�^̂
2eY  P� I�^̂� �^̂b�-.� �^̂* �.��^̂�� D

. `�" �67�� g� ;��� )�
23+ �!/�� ���:* � .

 ;	�)e( ���:* D  P� ;b�7 �%�'( . �U�������2 �* D

 �!" D$�!%��� 36�d�  �^� )�
� =�0>? ��%!+ D��� ��

�* [6].  
  

����	 
��  

 �!" P� O�LH+ K�� �Astaloy CrM   G]�^� �!cH�

Höganäs �^̂� ��h�^̂�� .Astaloy CrM  I�^̂" #�!^̂"

. #$�^̂ �%< .�^̂ 7 #.�^̂ 7 9 ^̂ b�. B�J�X/Y  �^̂ b�

�%!� G�� )�U� �J -.� �!� &� ���+ &�< I��
2�.  
   ���� �*  &0^� �!" G��? I*�J #��� ��N� #
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��� G��  #�b��5 K�:'��/ #����P�� #$��%< �b��5 �J
 )!V�*Ni,Cu,Mo !� . .� K�^�* P�   ;^r� #�^b��5 

Mn .Cr  K�:'��/Ni  G^�� ��� .    �^� B�^J P� ��h�^��
 .�7 �+ �!" G��? I*�J 45�� &�.:2� �c�5 )�!�5

eY � �b�G�� ��; ��%�7  �J K��   &^b�!N =�0>?
 &^�7 �*�C. G��? )��C �b��5 #.�7 =�0>? �� ����� 

&b�!N  ���< P� ��������.   P� =�^0>? &A���A� M�!N
Q�/Astaloy CrM     -.� P� ��h�^�� . ���^�* &%�^5

B�C )�
2     �^
d� �^� #��^
�� !^U�� �� M�!N K�� 
[10,11].  K�� � ��h��� �!� �!" =�cd
� I*.x"

G�� ��P =�!b ��:  
  

  Astaloy CrMپودر  آناليز شيميايي 1جدول 

Cr 
(%) 

Mo 
(%) 

C-گرافيت 

(%) 

 روانساز

(%) 

Fe 
(%) 

2/86 0/52 0/43 0/55 95/64 

 

����� ����  

*�� &%�'(#�: Yk/9 ����� �� B�C@0A� ���  

 G^̂�6��?)F�^̂� ) )�^̂� #��^̂/ )�^̂�PXY�!^̂" B�^̂C(:  

gr  XY s /eet  �U^��H� �%�'(     ).�^� G^%�7 � ��^�

;d6d+     lF�^N� )!��^? P� ��h�^�� �^� :pj/     �^� B�^C

�����@0A� ���.     �^� )�^
2 P� ;^U? ��h��� �!� �!"

 =��eY        ���^? #P�^� K^'�* =�^�6�5 G^H+ �^L�?

G2�C.  
   B�C #�������J B�C P� �!" )�J  �^* �2�	^� # 

(Slot Heater)  �^̂� ��h�^̂�� .��^̂��J B�^̂C D �2�	^̂� 
� �� )!V�* &^� ;�5 ���C KJ �%�U    P� )<� �^J �^�J

. �>��. )�!�5 �� Ku.� �6��. ��h��� =���7 ��L��� # 
 !^� �� .  ��^��J B�^C #      B�^C ��^��� ;��^� &2�A^�

����J G�� &6b� G��? �� �� #� :����J �%�U� # ���C ,
�^̂ %!% . l.�^̂d� # �N&�!^̂\ . K^̂J �^̂ %�U� ��. �!^̂ "

��A� K�� �. ��� &+���7 !+ �J &��*   IN�^( i^�
 ��^��J B�C � ��� B�C I�" Ku.� D    =���^7 K^u.�

��� ��� ,�� B�C !�. �%�U� P� �0�     l.�^d� �^��C K^J
 �J �� ���?  �6�^�. �^� #  G^��%�  �^*   �^J #� �Hh^b #

    ���!^� ��^�( &/��^N G�^�? #.��� #   ����U^�( )<
��� ��� ,&� B�C !� .   �!^" #�^� �h7 #��� ;�5 K��

< )�� ,�� �� . G��) .�%!% �� l.�d�P� �0� D  ��L���
�6��. �� �J �� !/. D ��� �* #  ���^\� � &��.�L�

)< ,      � )�^� KJ�^� . .�. P� ;^U? �^+ �� �!^" #��
 ).�����J �" �
hJ ,�� &� �'� G��R [5].  
  ��!�� �*   �6�^�. �^�      �^� ��%.��^�* `�^" �^� #

 G�2��WeYK+    �^�!�� ;A^� �^� �U%�? � D   ������^��
J�!" #$�!%��� =�0>? I
�  �������� O��>�ASTM 

E8 ���� ��
2.  
        . �!^" K^J B�^C ��^��� P� ��h�^�� ).�� �����
��:��, ��!�� �*��
2 �� i�H� #�� � &�~YY  ��A��"�'�

    K^J B�^C ��^��� P� ��h�^�� �� Q�� . ���� ��
2 ,
 #�� �� �!"C˚W9Y .  �� @%�? #��C˚WXY   I��:^2�

�G2�. � ���� # �!" #�� I���P< �� ��� �'� G��RK 
 . G2�� I��:2� @%�? #����RS+   �^� @%�? #�� I��:2�
&���� �!� =�0>? M�!N G2�C ���? .��!�� B��+   �^*

��
2 � ~YY ���� ��
2 ��A��"�'� .��!��  #�� � �*
C˚WWeY �h��+� �    =�^� �^� ��� ��:_+ ����!�<pX 

3+ �L�? ���� &�!/.  
 ���������   

 ;A�)9 (3+ =�0>?. B�N =�0>? &%�'(  ��� &�!/
&� )�
� �� �* .�\!u -.� i�!+ &_�� &%�'(    #�.

G2�C B�_�� `������ )!��? . �< �.  #��C!6/ #���
��!�� ;N� �� �< �!h� P�  �< � )�� .�2 B�'�* � �*

�� ��h��� �< �z M!cd� #���� P� . . ;U? =�0>?
.�2 P� �0�  )P. � #����+ . ���� K�P!+ �< � )��

)< �
� ��*�
� �*.  
     � B�^C )�^
2 !� &� ��*�
� �J ��!C )��*

 @%�? D��˚CWXY    )�:^�� �� B�N &%�'( I��:2� 45��
Wk/Y ����� �� B�C  D�� � )�
2 �� GU�� �@0A����

G�� ��� )��A� ��
2 � . i�H�.  
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  مگاپاسكال در دماهاي مختلف قالب 600فشرده شده در فشار   Astaloy CrMي جوش تفچگالي خام و   3شكل
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  مگاپاسكال در دماهاي مختلف قالب 600فشرده شده در فشار  Astaloy CrMچگالي نسبي قطعات خام   4شكل 

-0.25

-0.2

-0.15

-0.1

-0.05

0

R.T 150 167 173 178 183

Die Temperature (˚C)

C
h

a
n

g
e
 f

ro
m

 d
ie

 s
iz

e
 (

9
0
 m

m
),

%
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;A� ����+ �_�� �*   �^R� � �!^" =��� K�� ����,� #
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 Astaloy CrMميزان برگشت فنري نمونه ي خام   6شكل 

  مگاپاسكال در دماهاي مختلف قالب 600فشرده شده در فشار 
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   Astaloy CrMنتايج آزمايش سختي سنجي  2جدول 

  مگاپاسكال در دماهاي مختلف قالب 600فشرده شده در فشار 
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RT 209 
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 Astaloyشده  يجوش تفاستحكام كششي قطعات   7شكل 

CrM  مگاپاسكال در دماهاي مختلف  600فشرده شده در فشار

 قالب
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 Astaloy CrMي شده جوش تفانرژي ضربه نمونه هاي  8شكل 

  مگاپاسكال در دماهاي مختلف قالب 600فشرده شده در فشار 
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    Astaloy CrMاستحكام خام نمونه ها از جنس   9شكل 

  مگاپاسكال در دماهاي مختلف قالب 600فشرده شده در فشار 
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  فشرده شده در فشار Astaloy CrMساختار حفره   10شكل 

  مگاپاسكال در دماهاي مختلف قالب در حالت  600 

فشردن  )ب(و  C˚150فشردن گرم درقالب با دماي ) الف (

  در دماي اتاق معمولي
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�] .45�� ��� K�� �
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G�,�� .    �^� �!^" K^�� l!6d�p9/Y   K��^J �^b�  ��
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