
� 49�    � 9�                               ��������	                                   Vol.49,    No.9 

2020�      9�                     RARE METAL MATERIALS AND ENGINEERING                       September  2020 

 

�����2019-08-25 

���	����	
��
 (51775249); �������������������� (201910289061Y) 


��
� !"#$#1977��#%&#'()#��
*��+,
�-./�0#�� 1� 212003#E-mail: shifengjian@126.com 

  

��������	
��
������� 

��� 

 

���

1,2

����

1

���	

3

�
  �

1,2

��
�

4

����

1,2

��  �

1

 

(1. ��
*��#�� 1� 212003) 

(2. +,
�-./��2�3(�4567#�� 1� 212003) 

(3. ����#�� 1� 212013) 

(4. ��
8�9:;<=>?@A#�� BC 213376D 

 

�  ��EFGHIJKLMNOPQRSTUVWXYZ[�NQ\�]^_`aEFGH.bVcdefgh\

ijkl>?m-�33nopqVrstuv�]^wxyOPGHNQz/{|}~����V`a\p���#

GH�V���N��L��#�]^��#���GH�����NS�������\1��GH�#���H�#

��]^��#���H�V/���c\3 ��NQ�Q�v��NQ�#OP�]^��#NQ���\12 ��

GH�#�]^  2VOP��¡�¢{£¤\GH�xyV¥��¦§�#�]^  2VOPGH�¥�¨¡�\ 

����EFGH©�]^©���N©|}~�©xy 

�������TG316.3        ������A        �����1002-185X(2020)09-3170-07 

 

��������	
��
��������

�������������� !"�#����
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(equal channel angular pressing, ECAP)
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(high pressure torsion�HPT)
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[̂ _`a (accumulative 

roll bonding, ARB)
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[RbZc(multi-axial compression, 

MAC)

[6]

W*defZST (cyclic channel die com- 

pression, CCDC)ghij99"���� �kl�

���

[7-9]

�mn>?Sopq[rstu[./�i

vWwx* 

defZyz{| 1 }~���6��?	�1

������b����� H×H����� H×H×W

��h������1��(�h X t���� H)�

�h�����?��*Z��Z���� Y�� �

�I¡¢£¤*¥¦5_§.¨©��h Z����

H ZI W�./ª�h/«¬��­®§.�¯°i

j&e./j_^±9�:.*defZ2²6^_

�W³:.i�´µ(1)¶·

[2]

¸ 

2

ln

3

H

n

W

ε

 

=

 

 

                       (1) 

µ6�n�fZ¹º�H��h�A�W��h»A�

H/W¼��h�»½* 

¾¿[10]½Q�WX@YZ[�Z\]j�de

fZÀÁ�ÀÂ�EÃ� �ÄÅdefZÆQ�WX

@YZ�3ÀÂ6<=±Ç�BÈ��*Kundu W

[11]

�OPÄÅÀÂ�� :Éj�:.ÊËÌÍ�§Î

ÏÐ�Ñ�Ò+,-�./tÓ./Â��ÔÆÕ*

Parimi W

[12]

12defZÖ×�>?JFB���

Â*GuoW

[7]

3 350 �� AZ31Ø%ÙÚÛ� 5�¹d

efZ�%ÙBÈ"�I 5.2 µm�ÜÝÞA¬ßàË

á��*�´µ(1)iâ��h�»½#ãäq�¹.

/²A�åæ¯ç�mq�¹./²Ai�ãä./

ª���� ���*Nakashima W

[13]

OP�§g1

�è@�ÀÁWX@YZ� �ãä��ÔÄÅ�1

�è@�Ç�q�¹./²A�9��éêëÊ<=

>?9@ABC�!"B� *Flausino W

[14]

ìíR

�¹Ç:.(î�¹:. 0.075)�ÀÂÚÛ�Rï 48

¹R�ðñ��ÔÄÅBÈ��½q�¹9:.ò9�

ÜÝÞAó*ôõOPöÅ��¹./�9Ç���

� Ñ��?	æãä*¯°�÷SsjÀÂ��ø� 



� 9�                              !"�ª�]^wxyOPEFGHz/�«~���V`a                    ¬3171¬ 

 

 

 

 

 

 

 

 

 

 

 

­ 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 
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­ 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 
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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 
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