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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 
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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) 

 

��d/=+¦,÷9áqQ<���±r����

'(789��ñB'(�­¶�0r��óüK4

ååñý�n�BCù�!�o�£Â���1 à

hi�³ù ·5*³ù¬þ±BCÚ�ù`(��

N�8�`�
�à}Shi�Ï(5*'=���

�¬�íþ 9bîï�*����Y3��4��+$

	
����)�����¶I����²Ð���

¬­Y3�d/BC"�¡;�r��3�-Ú,�

a 

b 

c 

0 20 40 60 80 100 120 140 160

0.0

0.1

0.2

0.3

0.4

0.5

V
B
/
m
m

Cutting Time/s

 Sample 1

 Sample 2

 Sample 3

�

�

a 

b 

c 

100 µm 



� 2'                            (  )*+�,����-./ GCr150��1,$%&                          �579� 

�o�¡;���r�'(,�
xBC±����

�5�[�*þ 9a � 9b Ú�r��l�BCùrl

�1 �Æ¸¹ ·�r�¤�'(á¿����r

�Ì�BC�BCù�s��BCù�l�=+	


÷�+$LM=+�Õhi��BCùÊ0�3��

9�BCù��=+	
÷BC¾����9º=+

	
�î¶�BCù²Ð�'(�
�BCù}=h

i5c9�ö���%���W�íþ 9cîï�89

�W	
�������BC���¡;�BH��

���1±��°±BH��ór
�PQ
��`�

r�Ê0�3�¡;���r�'(,�
:s¤�

W�>`���ß1 �Æ'(�Æv ³ù ·5

689BH�ór
�PQ
��`�
�ór
Ê

0
`�ÃÄ�Ì(�'(,��
Shi5 

��������

1) *��������Y3���\Y3� 

¿�4��+$	
����)�������BC

�¡; 13%	
5 

2) +$	
RS��	
���Õ�BC��

Õ®¯�ê4��*������4��BC¬+$

�	
{_�����=+�ÕY��/0����

�	
RS� R

a

8 1.26 µm¡� 0.96 µm�=+�Õ

Y�¡; 41%5 

 

����    References  

[1] Chen Kangmin(HIJ), Zhang Qiuyang((KL), Li Xinxing 

(MNO) et al. Rare Metal Materials and Engineering(���

����	
)[J], 2015, 44(6): 1531 

[2] Shi Zengmin(PQJ), Zheng Yong(R S), Feng Ping(T �). 

Rare Metal Materials and Engineering(�������	


)[J], 2007, 36(S3): 26 

[3] Tang Linhu(UVW), Huang Jianlong(XYZ), Gao Chengxiu 

(�[\). Manufacturing Technology & Machine Tool(]^_

`�ab)[J], 2011(11): 130 

[4] Tang Linhu(UVW), Huang Jianlong(XYZ), Gao Chengxiu 

(�[\) el al. Manufacturing Technology & Machine Tool(]

^_`�ab)[J], 2012(1): 112 

[5] Cui Bodi(cd�). Machinery Design & Manufacture(aef

g�]^)[J], 2013(7): 150 

[6] Zhang Yuzhou((hi), Gong Zhijian(jkl), Yan Yonggang 

(mSn). Journal of Qingdao Technological University(op

q	rsst)[J], 2009, 30(6): 103 

[7] Zhu Xuechao(usv), Shen Liping(wx�). Manufacturing 

Technology & Machine Tool(]^_`�ab)[J], 2009(12): 

31 

[8] Liu X L, Wen D H, Li Z J et al. Journal of Materials 

Processing Technology[J], 2002, 129(1-3): 217 

[9] Troitskii O A. Dokl Akad Nauk SSSR[J], 1963, 148: 332 

[10] Wang Shaonan(yz{), Tang Guoyi(U|}), Xu Zhuohui 

(~��) et al. Rare Metal Materials and Engineering(��

�����	
)[J], 2010, 39(11): 1997 

[11] Tang G Y, Zhang J, Zheng M X et al. Materials Science and 

Engineering A[J], 2000, 281(1-2): 263 

[12] Xu Z, Tang G, Tian S et al. Journal of Materials Processing 

Technology[J], 2007, 182(1-3): 128 

[13] Tian Shaoquan(���), Xu Zhuohui(~��), Tang Guoyi 

(U|}). Transactions of Materials and Heat Treatment(�

���qst)[J], 2006(6): 103 

[14] Qin R S, Samuel E I, Bhowmik A. Journal of Materials 

Science[J], 2011, 46(9): 2838 

[15] Qin R S, Rahnama A, Lu W J et al. Materials Science and 

Technology[J], 2014, 30(9): 1040 

[16] Rahnama A, Qin R S. Materials Science and Engineering 

A[J], 2015, 627: 145 

[17] Wang H, Chen L, Liu D et al. Materials Science and 

Technology[J], 2015, 31(13a): 1564 

[18] Kondratenko K, Gouskov A, Guskov M et al. Mechanisms 

and Machine Science[J], 2015, 23: 929 

[19] Liu Fei(� �), Xu Zongjun(~��). Machine Design & 

Research(aefg���)[J], 1988(6): 14 

[20] Wu Wenge(��� ), Xin Zhijie(�k� ). Metal Cutting 

Theories & Tools(�����q�DE )[M]. Beijing: 

National Defence Industry Press, 2009: 46 

[21] Tian Xue(� �), Liu Jinxu(���), Li Shukui(M��) et 

al. Rare Metal Materials and Engineering(�������

	
)[J], 2016, 45(1): 202 

[22] Zheng Jianyi(RY�), He Wen(� �), Shi Yanbin(���). 

Journal of Zhejiang University, Engineering Science(��r

sst�	s )[J], 2012(8): 1407 

[23] Huang Jinliang(X�¡), Cao Xingguo(¢£|), Sun Wan- 

chang(¤¥¦). Development and Application of Materials 

(��§¨�©ª)[J], 1996(11): 24 

[24] Liu X L, Wen D H, Lin Z J et al. Journal of Materials 

Processing Technology[J], 2002, 129(2): 200 

 

 

 



�580�                                           �������	
                                           � 47� 
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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. 

Key words: electropulsing; plastic deformation; cutting force; GCr15 bearing steel 
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