
� 47� � 2� ��������	                                Vol.47, No.2 

2018� 2�                        RARE METAL MATERIALS AND ENGINEERING February 2018

�����2017-02-23

���	�����	
�����2014B090901029������������JCYJ20140417115840280�


���� ����1990 ������ !"#�����$%&'��(��� �� 518055�)*+0755-26036382�E-mail:

zhangshuonwpu@163.com

��������	 GCr15 
������

� �

1

����

1

�� �

1

��	


1

����

2

� �

3

��	�

1

(1.  !"# �����$��� �� 518055)

(2. ���,-./0123��� �� 518000)

(3. 456789:0123�456 ;<6 157013)

� ��=>?@AB GCr15CDEFGHIJKL>MNO)P���Q>M)NOR@AB GCr15EFGSMT

UVWXYZ[�=NO)PT\]^�_FG`aCbZcdefaZcgfhij:klmnopqrsWR>

?@AB GCr15 CDEtu�NO)PT)vwSxyz{|}xyM~�-������t=�s�fz����

����AxY��>&'ZcwS��M`�0x���FGL9SMW

����NO)P�wS���FG`�GCr15CDE

�������TG501.3 ������A �����1002-185X(2018)02-0574-07

����� GCr15���	
�������

�������������������� !�

�"#$%&'(�)�*+,-./01234

[1]

5

67�89:	
����;��<��=+�)>

?5���*@ABC=+��DEFGH

[2]

�IJ

K=+LM�=+�)NOPQ���%!�RS 9a

O�A9>T=+�LM5��� GCr15�U=+V

4WX7'C=+�67'C=+YZ;%[\'(

]^_`%'Cabcdefghi5�'C=+j

k�lmnopq�r�LM�:jstu�vw�

xy��BC

[3,4]

)/0�'C=+jz�	
=+

{_�|��}��YZ�d~������BC�

S���=+�i���

[5-8]

5 

lmn�)����*��LM=+-./01

2����345*�����������Y3

[9,10]

�4��)���������������LM�

���)����T��LM�=+�)

[11]

5Xu��

�v �)����)�¡; AZ31 ¢£@¤¥¦,

���"�§¨/��	
{_�©ª«����

�¤¥¬®¯°�±²

[12]

5³´µ�ª«���

¶¡;·¸¹º�»¼½¾�§®¯±²�¿±���

¶���������/0}ÀÁ�½Â¼Ã

[13]

5

Qin �Ä4����Å¥@ALM��ÆÇÈ�ÉÊ

Ë¦Å¥�����ÌÍnÅ¥½ÂÎÏQ��Ð

Ñ���/0�Ä�ÒÓ%�Ô%ÕÔ�)

[14-16]

5 

`_��Ö����349@ALM�¤¥%×

Ø+ÙÚ�67c9���349BC=+���Û

ÜÝÞ�ß Wang ���à���c 304 áâ�B

C�)�ãä

[17]

�c9BC	å��æ������

��çAèé5��ê«ëÖ����349���

GCr15 ����BC¦,�Nìà����c:BC

�)�ãä�Ó�ª«�����BC)��Y��

T=+LM�BC�)5 

��������

«ëLMS��� GCr15�:ÕÔ�Ní	 1 î

ï5LMðñSò� 15 mm�Ñ� 200 mm5*��

���BCóôõ�ö����÷Ó�	
��S 60

ø2 HRC5 

�����BC«ë**ùú�Å¥ CJK0632û

üý�ö5þ 1 S�����BC+��Óï�þ�

:Úr��r��ûü�²����	
÷Ó�¶�

�����Ë¦r���BC¦,Ú89r���

��r����	
�������K=+��	
 

 

 !""GCr15#$%&� 

Table 1  Chemical composition of GCr15 steel (ω/%) 

C Mn Cr Si S P Fe 

0.95~1.05 0.2~0.4 1.3~1.65 0.15~0.35 <0.02 <0.03 Bal. 
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Fig.1  Schematic diagram of the electropulsing assisted 

cutting process 
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Table 2  Electropulsing parameters during electropulsing 

cutting process 

Specimen No. Electropulsing tempering Electropulsing cutting 

1 � 0 

2 � 

Frequency: 500 Hz,  

Maximum current 

density: 9.60 A/mm

2

 

3 

Frequency: 500 Hz 

Maximum current density: 

9.60 A/mm

2 

During time: 120 s 

Surface temperature: 180 � 

Frequency: 500 Hz, 

Maximum current 

density: 9.60 A/mm

2
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Table 3  Comparison of cutting power of the lathe spindle N

q

, 

cutting torque M and main cutting force F

z

 

Sample 

No. 

Cutting power, 

N

q

/kW 

Cutting torque, 

M/N·m 

Main cutting 

Force, F

z

/N 

1 0.087 2.073 276.46 

2 0.077 1.841 245.45 

3 0.065 1.550 206.70 
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Fig.2  Temperature distribution in cutting process: (a) sample 1, 

(b) sample 2, and (c) sample 3 
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Fig.3  Comparison of maximum temperature and average 

temperature 
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Fig.4  Effect of electropulsing parameters on surface roughness 
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Fig.5  OM images of surface morphology and 3-dimension 

surface morphology images of GCr15 steel specimens: 

(a) sample 1, (b) sample 2, and (c) sample 3 
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Fig.6  Microhardness distribution along the depth from 

the sample surface 
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Fig.7  Microstructures of the samples along the depth from surface: (a) sample 1, (b) sample 2, and (c) sample 3 

 

 

 

 

 

 

 

 

 

 

 

 

 8  DEFG?@ 

Fig.8  Wear curves of inserts 
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Fig.9  Comparison of tool wear morphologies for sample 1 (a), 

sample 2 (b), and sample 3 (c) 
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Abstract: Electropulsing was introduced into the cutting process of the high-frequency quenched GCr15 bearing steel. The effect of 

electropulsing on cutting properties of quenched GrCr15 steel was investigated. Results indicate that the main cutting force, axial 

roughness on machined surface, surface microhardness and tool wear significantly decrease under the effect of electropulsing. For 

high-frequency quenched GCr15 bearing steel, the electroplasticity effect and Joule heating effect can accelerate the movement of 

dislocations; thus the material is tempered at a lower temperature and in shorter time, and the plastic deformation ability and the cutting 

properties of GCr15 bearing steel have a remarkable improvement. 
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