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(equal channel angular pressing, ECAP)
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 1  EFGH4® 

Fig.1  Schematic illustration of CCDC process 
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 2  L¯�]^OPGH 1�����N�°¨-±²¨w^ 

Fig.2  Comparison of theoretical and simulated values of 

effective strain of the samples with different 

height/width ratios (H/W) after 1 pass compression 

1 2 3 4 5

0.0

0.4

0.8

1.2

1.6

2.0

 

 

E
f
f
e
c
t
i
v

e
 
S

t
r
a
i
n

H/W

 Theoretical value

 Simulated value

H

W

 

Y

Die 

Pressure 

head 

Sample 

Heel black 

X 

Y 

Z 

H 



¬3172¬                                     ³>´+,-./                                               � 49� 

�W³:.ÅRó�ôÄ�Z���Ñ./ò�h�

Ä�� �?�

[16]

* 

defZST��x#fZNª�h��§.�

¯°�ij12R�¹./^_:.�"�� *B

/0#�c��h 3 �t�67ÚÛfZ�3 ¹fZ

�	��

[9]

*| 4 }~�§g�»½�h 3 �¹f

Zª�W³:.�s�>�½QÇ��x[�@Z�

W³:.Q���tZ��h6YW³:.Q��n

§gZ�W³:.kl.9��3./��ê�nK

�h� Ñ���§\w

[15]

*��5�ö���h�

»½�Ï9��h�^_�W³:.Ï9���#ö�

�»½�9�Æg�¹ò�h�^_W³:.�9�

./³Ë��* 

3.2  ��������	
� 

h�h�»½Q�ò�éê78��[�`W�

������{:ÉQ�78��*| 5 ���§g

�»½�hdefZª X ��W³:É�s(fZt

���)��6| 5a~5c� 3d�»½�hfZ 3�¹

ª�W³:É�ij�����h�@0t�W³:

ÉQ����#�h�x@!¬6YZ��n��»

½�Ï9��:Z��W³:ÉùÏ9*�»½� 1.5

¬ 2 ò��hô�Ä�Z�W³:É�sÆÕ��»

½� 3 ò��h���(ô	�¹fZ�h�Ä�)¬

�Ä�6YZ�W³:ÉQó�4 �¹fZª�%&

Ñ 3�¹ÆÕ��Ä�W³:É(| 5d��}~)Qô

Ä�ó��@0Z�W³:É��!2 430 MPa�¥

¦��ÞAz��hW³:Éï~��� ¡ÞAò�

���¢78��*¯°��»½�9��hfZò

�éê��* 

�����������	
� 

ìí,Ö�>�§g�»½ÀÂ�hÚÛ�R�

¹defZûü�§g�»½�h./ª�%&§g�

�»½� 1.5 ¬ 2 ��h��ÚÛ� 15 �¹¬ 12 �

¹defZ��hÄ�£�Q¤��»½� 2 ��h

3x@!?¥�����Ñºù�ú6�x!W³:

ÉQ��%&¦%(| 5b)*m�»½� 3 ��hÚÛ

� 4 �¹./ò�§�¨&��(| 6 ��}~)��

�XFX��h©{�Ñ| 5d6Q�W³:É��s

wªQ�	«�¥¦�»½� 2 ��h�¡àûü�

Ôiâ�fZ 3 �¹ªÀÂ� ¡ÞApq¬¬�� 

 

 

 

 

 

 

 

 

 

 

 3  L¯�]^OPGH 1��� X{Yµ¶V���N�� 

Fig.3  Effective strain distribution at plane X and plane Y of the samples with H/W=1.5 (a), H/W=2 (b) and H/W=3 (c) after 1 pass 

compression 

 

 

 

 

 

 

 

 

 

 4  L¯�]^OPGH 3��� X{YµV���N�� 

Fig.4  Effective strain distribution at plane X and plane Y of the samples with H/W=1.5 (a), H/W=2 (b) and H/W=3 (c) after 3 passes 
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 5  L¯�]^OPEFGH� XµV������ 

Fig.5  Effective stress distribution at plane X of the samples with H/W=1.5 after 3 passes CCDC (a), H/W=2 after 3 passes CCDC (b), 

H/W=3 after 3 passes CCDC (c) and H/W=3 after 4 passes CCDC (d) 

 

 

 

 

 

 

 6  �]^  3VOPL¯��GH�VQR 

Fig.6  Shape of the samples with H/W=3 processed by different 

passes CCDC: (a) 1 pass, (b) 3 passes, and (c) 4 passes 
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 7  ·¸¹xyVº�¦|~�»¼ 

Fig.7  OM image of as-annealed pure copper 

 

 

 

 

 

 

 

 

 

 8  L¯�]^OPGH 1��� XµVº�¦|~�»¼ 

Fig.8  OM images at plane X of the samples with H/W=1.5 (a), H/W=2 (b), and H/W=3 (c) after 1 pass compression 
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 9  L¯�]^OPGH 3��� XµVº�¦|~�»¼ 

Fig.9  OM images at plane X of the samples with H/W=1.5 (a), H/W=2 (b), and H/W=3 (c) after 3 passes CCDC 

 

 

 

 

 

 

 

 

 

 

 10 L¯�]^OPGH 3��� XµV SEM~�»¼ 

Fig.10  SEM images at plane X of the samples with H/W=1.5 (a), H/W=2 (b), and H/W=3 (c) after 3 passes CCDC 
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 11  L¯�]^OPGH 12��� XµV SEM~�»¼ 

Fig.11  SEM images at plane X of the samples with H/W=1.5 (a)  

and H/W=2 (b) after 12 passes CCDC 
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 12  ¥�� CCDC��VN½¾¿ 

Fig.12  Variation curves of Vickers microhardness with the  

number of CCDC 
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Effect of Height/Width Ratio on Compression Process, Microstructure and Properties 

of the Copper Sample via Cyclic Channel Die Compression 

 

Shi Fengjian

1,2

, Zhang Jianwei

1

, Wang Leigang

3

, Shao Yong

1,2

, Ge Yanming

4

, Ye Sizhen

1,2

, Wang Hao

1

 

(1. Jiangsu University of Science and Technology, Zhenjiang 212003, China) 

(2. National Experimental Teaching Demonstration Center of Materials Science and Engineering, Zhenjiang 212003, China) 

(3. Jiangsu University, Zhenjiang 212013, China) 

(4. Jiangsu Jinyuan Forging Co., Ltd, Liyang 213376, China) 

 

Abstract: Severe plastic deformation can be achieved in the sample via cyclic channel die compression (CCDC) without changing its 

shape and size. The height/width ratio is one of the important parameters that affect the CCDC process. A finite element method and 

experimental validation were employed to investigate the effect of height/width ratio of the sample on compression process, microstructure 

and properties in this study. The results show that the effective strain is inhomogeneous after deformation. The larger the height/width 

ratio is, the larger the average effective strain for a single pass compression, and the higher the effective stress. After one pass, grains are 

squashed, and it is more serious as the height/width ratio increases. After 3 passes, a large number of shear bands are formed, and become 

narrow with the increase of height/width ratio. After 12 passes, more equiaxed and finer grains are obtained in the sample with 

height/width ratio of 2. Hardness of pure copper increases significantly after CCDC, and the hardness value of the sample is higher with 

height/width ratio of 2. 

Key words: cyclic channel die compression; height/width ratio; effective strain; microstructure; pure copper 

 

Corresponding author: Shi Fengjian, Ph. D., Associate Professor, School of Material Science and Engineering, Jiangsu University of 

Science and Technology, Zhenjiang 212003, P. R. China, E-mail: shifengjian@126.com 

 


