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The Effect of Pulsed Magnetic Field on Friction and Wear Properties
of High Speed Steel Tool Materials
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Abstract: The effect of pulsed magnetic field on the friction and wear mechanisms of high speed steel
( HSS) cutting tool material WOMo3Cr4V is investigated. The wear rate friction coefficient and surface
morphology of HSS material are detected under the different conditions of magnetic field strength fre—
quency and magnetization time in the pulse magnetization friction experiments. The experimental results
show that the pulse magnetization treatment results in the improved wear resistance of HSS the reduced
friction coefficient and the flat friction surface topography. Especially in certain parameters of pulsed
magnetic field the effect of HSS magnetization treatment is better with a lower coefficient of friction and
better wear resistance. The comparative analysis of microstructures before and after magnetization treat—
ment shows that a large number of dispersed carbides in the material are separated out after magnetization
treatment. Dispersion strengthening is the main mechanism of pulsed magnetization treatment to enhance
the wear resistance of the material.
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Tab.1 Chemical composition of HSS W9Mo3Cr4V

C Cr Mn W
/% 0.84 4.00 0.25 0.27 2.96 1.42 9.00
10 N

60 m/min.



906 36
N L a
° 27 V(R*=(R-a)?) =L (2)
2 ° 8w’ Ra —4ma’ =17, (3)
a<R
12
~———, 4
TR (4
(4) (1)
L L
= (1- ). 5
64w R\ 247°R’ (3)
L* L
Am=pV~PE (1 - ). 6
, TP e R\ T 4R (6)
Fig.2 Pulsed magnetic treatment system 360 m
Keyence VK400
2 L 4 .
Tab.2  Singledfactor experiments conditions (6)
3 o
H/(kA*m™") 10 50 100 150 200
f/Hz 10 30 50 100
t/s 5 120 420
1.2
HSS
3 o
HSS R p
L a
z 4
Fig.4 Measurement of circumference of pinwears area
R/ JEL 2
2.1 HSS
% @ 5 HSS
> 0
0 5 HSS
0 0 ~200 kA /m
v
38.6%. 5~
3 420 s HSS
Fig.3 Schematic diagram of wear loss of pin
a 5s. 0 ~30 Hz
V= f m R -(R-7) dZ=tm(3Rd -a’).
0 3 ;
(1) 30 ~ 100 Hz



907

5
0.03 67
4 - RHEfL
o
\g’f 0.02{— { é ,
ilﬁ ’_‘\‘\"\0\_3 @ 651
= R -
#2 001+ —— I 360 m 2
- FEE KT 720 m =
—a BEFECTE 1 080 m € 64p
0 10 50 100 150 200 3 ‘ | ‘
H/(kA -m™) 0 100 200 300 400
() WESASRIE HI(A - m™)
(a) Magnelic field intensily
0.03‘ 6
) \ Fig. 6 The effect of pulsed magnetic treatment
2 0.02f
31\% 4 on Rockwell hardness
e \‘,/,___,__,————0
£ 0.01F —— BEEK 360 m
- K ET720m
—— FEHEKE1 080 m
0 5 120 420
. HSS
(b) @A) 1Al °
(b) Magnetization time
0.03 0.6 -
4 —-— @E}?k ﬁ 360 m
0.5- - @Tﬁ%fﬁ)ﬁ 720 m
w g0k \ 8 —— FEHERE1 080 m
1 4 g 041 A
iy f & 1
e 001F —— FEPE K 360 m " 03l
- K E 720 m
—— FEREK 1 080 m 02 ] . . .
0 10 30 50 100 o 10 50 100 150 200
Iz HI(kA-m)
(¢) Magnetic field frequency (a) Magnetic field intensity
0.6
- ﬁ%}?ﬁ)—g 360 m
5 HSS 0.5 —— EE 720 m
Fig.5 Effects of magnetic treatment parameters = e PR 080 m ]
e
on wear resistance of HSS e 04
%
14 0.3
0'20 5 120 420
tls
(b) AL I TR]
HSS (b) Magnetization time
0.6 - =
0 —— FEBEK T 360 m
—u— FERCR Y 720 m
HSS 2 — K JE 1080 m :
HSS g 0.4
£
0.3
o 6 HSS
0'20 10 30 50 100
Lz
HSS : (0) B
2.2 HSS (c) Magnetic field frequency
7 7 HSS
45" ° Fig.7 Effect of magnetic treatment parameter
7 HSS on the friction coefficient of HSS

2.3

HSS



908 36
HSS ( o(b) )
8( a) 8(b)
0 8 0
HSS 5
HSS
9
Fig.9  Friction experiment
( EDS)
o 10
EDS &
10( a)
8 HSS 0.Fe.W.Mo.Cr
Fig. 8 Morphology of HSS frictional surface 5.59%. 10( b)

9( a)

HSS
8.13%

HSS o



909

2.4

10 HSS
Fig. 10

11

12

SEM and EDS photography of
HSS frictional surface

HSS

HSS

HSS

11

Fig. 11  Effect of pulsed magnetic treatment

on the distribution of carbides

o

12( a) 12( b)

12( a) 12( b)

HSS

o HSS

HSS



910

36

12
Fig. 12 Effects of pulsed magnetic treatment

on the carbide morphology

HSS N
o : HSS

HSS

HSS

HSS

HSS

( References)

1 Miller P C. A look at magnetic treatment of tools and wear surfaces J .

10

12

13

14

Tooling and Production 1990 55(12) : 100 - 103.

Batainech O Klamecki B Koepke B G. Effect of pulsed magnetic
treatment on drill wear J . Journal of Materials Processing Tech—
nology 2003 134 (2) : 190 - 196.

El Mansori M Pierron F Paulmier D. Reduction of tool wear in
metal cutting using external electromotive sources J . Surface and
Coatings Technology 2003 163:472 —477.

Mansori E M Lordache V Seitier P et al. Improving surface wear—
ing of tools by magnetization when cutting dry J . Surface and
Coatings Technology 2004 188:566 —571.

Hiratsuka K Sasada T Norose S. The magnetic effect on the wear
of metals J . Wear 1986 110(3) :251 —261.

Hiratsuka K Sasada T. Wear of metals in a magnetic field J .

Wear 1993 160( 1) : 119 - 123.

Mansori E M Paulmier D. Effects of selective transfer on friction
and wear of magnetized steel-graphite sliding couples J . Applied
Surface Science 1999 144:233 —237.

Chin K Zaidi H Mathia T. Oxide film formation in magnetized
sliding steel/steel contact: analysis of the contact stress field and
film failure mode J . Wear 2005 259( 1) : 477 —481.

Stolarski T A Makida Y. Performance of lubricated sliding contact
in magnetic field J . Tribology Letters 2012 46(2) : 113 —121.

D . : 1999.

JIAN Xiao-gang. Exploration the effects of DC static magnetic
field on the ferromagnetic material dry sliding friction and wear

D . Shenyang: Institute of Metal Research Chinese Academy
of Sciences 1999. (in Chinese)

45
J. 2010 39(8):17 -18.

WANG Xiudi SHANGGUAN Bao ZHANG Yong—zhen et al.
The wear properties of 45 steel under DC static magnetic field
conditions J . Thermal Processing Technology 2010 39 ( 8):
17 - 18. (in Chinese)
Wei Y Zhang Y Chen Y et al. Impact of material permeability
on friction and wear properties under the interference of DC stead—
y magnetic field J . Tribology International 2013 57 ( 1):
162 -169.
Jiang J Tian Y Meng Y. Role of external magnetic field during
friction of ferromagnetic materials J . Wear 2011 271( 11):
2991 -2997.
Tang F Lu A L Fang HZ et al. Effect of magnetic treatment on
magnetostrictive behavior of HT70 steel J . Materials Science

and Engineering A 1998 248:98 - 100.

J. 1999 35(6): 577 - 580.
DONG Xiangdin JTIAN Xiao-gang BI Hong-yun et al. Effect of a
magnetic field on sliding friction and wear of medium carbon steel
J . Acta Metallurgica Sinica 1999 35(6) :577 —580. ( in Chi-

nese)



