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Effect of Laser Surface Hardening Factors on the Wear Resistance of
Medium Carbon Low Alloy Steel Surface-hardened by Using CO. Laser Technique

K.U. Park, Y.S. Roh, Y.H, Han* S.Y. Lee
Department of Metallurgical Engineering, Dong-A University
* Research Institute of Ship and Ocean Engineering, Korea

ABSTRACT

This study has been performed to investigate into some effects of the power density and traverse speed of laser
beam on the optical microstructure, hardness and wear characteristics of medium carbon low alloy steel treated by
laser surface hardening technique.

The results obtained from the experiment are summarized as follows !

(1) Optical micrograph has shown that finer lath martensite is formed and the amount of undissolved complex
carbides increases as the traverse speed increases under the condition of a given power density, whereas the
coarsening of lath martensite and the reduction of undissolved complex carbides occur with increasing the power
density at a given traverse speed.

(2) Hardness measurements have revealed that as the traverse speed increases, hardness values of outermost
surface layer more of less decrease under low power densities, but are uniformly distributed under high power
densities, also showing that they are uniformly distributed at low traverse speeds and more or less decrease at high
traverse speeds with increasing the power density.

(3) The effective case depth has been found to decrease from 0,26 mm to 0,17 mm with increasing the traverse
speed from 1.5 m/min to 3.0 m/min at a given power density of 25.48 X 10* w/cm? and to increase from (.20 mm
to 0.36 mm with increasing the power density from 19.11X 10° w/cm? to 38.22 X 10° w/cm’ at a given traverse speed
of 2.0 m/min.

(4) Wear test has exhibited that the amount of weight loss of laser surface hardened specimen with respect to
sliding distance at a given load increases with increasing traverse speed at a given power density and decreses with



increasing power density at a given traverse speed.
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Table 1. Chemical Composition of Specimen.

Speci. C|Si|Mn| P |S|[CriNi|Moj V|CulAl

AISI4140  [0.40[0.25]0.85(0.02{0.01}1,03([0.05|0.17{0.01{0.08|0.09




124/CO; 3lo|A %

oA dlolA Ew g Qlale) of i

RmGX=O.1 um ¢1L
T
{ !
—
Coln
1 |
1 l ! 9 ©
I ' -
S -
IR
016 |

Fig.1. Wear test specimen.
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Table 2. Characteristics of 4 kw Laser Resonator.
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Table 3. Esperimental Conditions for Laser Surface
Hardening Treatment.

Speci power density traverse speed
pectmen X 10*(w/cm?) {m/min}
AISI4140 19.11, 25.48 1.5, 2.0
31.85. 38.22 2.5, 3.0

MEBTREE 5%, 248 1992/125

[AE7] Hete] 3ol (optical microscope, Nicon
NEC-5)& A&3to] nasigic

2.8, HHATAIY

#olx ugleg =zAg ARe gdAE 44 4
) ANeEHE 0.3 pm EFelY F2(ALOs powder) &
Aol (polishing) & ¥ ©ul4& WAL A=A H7| (micro
-Vickers hardness tester, Matsuzawa KVK-E) & AH
ged 35 300 gold Ay AJIdozie FAY
(core)ell ol27]7x 0,05 mm 7tAez ZAs gt
AE &A F §a7% 87 o] (effective case depth)+ &
oFdozRe Hv=4509 ALAE veple FHol7t
AE A7l 2 AA s

2.9. O}2AH

w2 A1 Fig.3ol vebd vlel 2 Suzuki-type
¥ v}2 )8 7} (Suzuki-type wear testing machine, %%
TOYO BALDWIN A}, Model EFM-III-E) & At&-3t4
AA S, wtEAYEA AFHE o=l o] (emery
paper) #1200 &2 w}4™ ZE & Rm=0.1 m & ¥
A Add=ht ¥ &4 3¢ 2w A¥E ¢ %
2227 B4 A (chemical blance, 2¥~ Metter
2t, Model H-8)& AH&3le] vhRAIHAY) Agde F
Ag 27 AL BT A¥HE o, slolx 3y
A% Al APAE Aol nAFA ) FoH &
F(load) & 2.75 kg ¥ ©=lzz# %X (sliding speed) &
0.54 m/sec® UAIA o oluy A(sliding
distance) & W #A|A AYe & whatgio] Faid o}
FE o ASEE MA] Y b4 3R 259 A
g ¥ F AzAA AL AHEslo] =AY
o A A& st

surlace roughness
tesler

limer

RIPM. o
conlrolier{-

ullrasonic cleaner

elecironic balance

B S—

‘ ullrasonic cleaner
electronic balance

Fig.3. Block diagram of wear testing machine.
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Photo 1. Optical microstructures of AISI 4140 coated with black paint and laser-surface-hardened for different
power densities of (a) 19.11X10* w/cm?, (b) 25.48x10° w/cm?, (c) 31.85%10° w/cm? and (d) 38.22% 10
* w/cm’ at a given traverse speed of 2.0 m/min.
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Photo 2. Optical microstructures of AISI 4140 coated with black paint and laser-surface-hardened for different
traverse speeds of (a) 1.5 m/min, (b) 2.0 m/min, (c) 2.5 m/min, (d) 3.0 m/min with a power density
of 25.48 %10 w/cm®.
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Photo 3. Optical microstructures of AISI 4140 coated with black paint and laser-surface-hardened for different
power densities of (a) 19.11x10* w/cm?, (b) 25.48 X 10° w/cm?, (c) 31.85X10° w/cm? and (d) 38.22X10

3 w/cm? at a given traverse speed of 2.0 m/min.
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Photo 4. Optical microstructures of AISI 4140 coated with black paint and laser-surface-hardened for different
traverse speeds of (a) 1.5 m/min, (b) 2.0 m/min, (c¢) 2.5 m/min, (d) 3.0 m/min with a power density
of 25.48%10° w/cm?.
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ferent traverse speeds.
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Fig.9. Relation between weight loss and sliding dis-
tance of AISI 4140 coated with black paint and
laser-surface-hardened for different traverse

speeds with a power density of 19.11x10°w/cm?.
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Fig.10. Relation between weight loss and sliding dis-
tance of AISI 4140 coated with black paint and
laser-surface-hardened for different traverse
speeds with a power density of 31.85%10° w/
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Fig.11. Relation between weight loss and sliding dis-
tance of AISI 4140 coated with black paint and
laser-surface-hardened for different power
densities at a given traverse speed of 2.0 m/
min.
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Fig.12. Relation between weight loss and sliding dis-
tance of AISI 4140 coated with black paint and
laser-surface-hardened for different power
densities at a given traverse speed of 3.0 m/
min.
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