
�������� ��	
�����

Numerical simulation and experimental investigation on the induction harden-
ing of a ball screw

Huiping Li, Lianfang He, Kang Gai, Rui Jiang, Chunzhi Zhang, Musen
Li

PII: S0264-1275(15)30343-9
DOI: doi: 10.1016/j.matdes.2015.08.094
Reference: JMADE 502

To appear in:

Received date: 20 May 2015
Revised date: 11 August 2015
Accepted date: 19 August 2015

Please cite this article as: Huiping Li, Lianfang He, Kang Gai, Rui Jiang, Chunzhi
Zhang, Musen Li, Numerical simulation and experimental investigation on the induction
hardening of a ball screw, (2015), doi: 10.1016/j.matdes.2015.08.094

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.matdes.2015.08.094
http://dx.doi.org/10.1016/j.matdes.2015.08.094


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

 1 

Numerical simulation and experimental investigation on the induction hardening 

of a ball screw 

Huiping Li 
a *

, Lianfang He 
a
, Kang Gai 

a
, Rui Jiang 

a
, Chunzhi Zhang 

a
, Musen Li

 b
 

a
 School of Materials Science and Engineering, Shandong University of Science and 

Technology, Qingdao 266590, PR China 

b
 Key Laboratory for Liquid-Solid Structure Evolution & Processing of Materials of Ministry 

of Education, Shandong University, Jinan 250061, PR China 

Correspondent author: Huiping Li, School of Materials Science & Engineering, Shandong 

University of Science & Technology, 579 Qianwangang Road, Huangdao, Qingdao, 

Shandong 266510, PR China. Tel: +86-532-80681145, Fax: +86-531-86057920, E-mail: 

lihuiping99@163.com 

Abstract: To improve the distribution of the hardened layer and avoid potential defects, the 

effects of induction hardening parameters on the hardened layer were researched using the 

finite element method (FEM). A FEM model of single coil induction hardening was built, and 

temperature curves on the surface region of a ball screw were attained by numerical 

simulation. The hardenability and phase transformation of 55CrMo steel were researched by 

experiment. The simulation and experimental results show that the temperatures Ac1 and Ac3 

rise with increasing heating rate. Non-uniformity of temperature at the groove region can lead 

to non-uniformity of austenitization and hardness. High temperature can result in cracks, 

coarse grain size and overheating defects at the groove tip. Martensite produced during 

cooling transforms into tempered martensite due to the residual heat, and the remaining 

austenite transforms into martensite at a low cooling rate. A 5010-type ball screw cannot 

attain a hardened layer with the thickness of 2.5 mm at the groove bottom without defects at 

the groove tip by single coil induction hardening. Multiple induction coils with a certain gap 

would be helpful to improve the uniformity of temperature and hardness. 
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1 Introduction 

The ball screw is among the most important functional parts in high-speed CNC machine 

tools, and the main form of damage to ball screws is contact fatigue wear. To maintain 

precision and prolong the useful life, it is necessary to improve the hardness distribution of 

the hardened layer of the ball screw [1-2]. At present, induction hardening is the most useful 

method to improve the mechanical performance of the ball screw. Some researchers have 

used a coating magnetizer [3], multiple coils or a tilted coil [4] to improve the uniformity and 

depth of the induction hardening layer for the ball screw. 

Induction hardening is a surface treatment method in which a metal part is heated by 

induction heating and then cooled in a quenchant, such as water, oil or high-pressure gas. 

During induction hardening, the quenched metal undergoes a phase-transformation of 

austenite to martensite, and the hardness of the quenched part increases. The induction 

heating process uses the principle of electromagnetic induction to heat the surface layer of a 

work-piece. By placing a conductive material into a strong alternating magnetic field, 
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