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Study on the Wear Resistance of Gray Cast Iron
in Laser Surface Hardening
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Department of Metallurgical Engineering, Dong-A University
*Study Circle for Laser Material Processing, KIMM

ABSTRACT

This study has been performed to investigate into some effects of power density and traverse speed
of laser beam on optical microstructure, hardness and wear characteristics of gray cast iron treated by
laser surface hardening technique.

Optical micrograph has shown that large martensite and a small amount of retained austenite
appear in outermost surface layer with fine martensite in inside hardened zone. Hardness
measurements have revealed that the range of maximun hardness value is Hv=650+15 and as the
power density increases and the traverse speed decreses, the depth of hardened zone increases due to
as increase in input power density. Wear test has exhibited that wear rasistance of laser surface
hardened specimen is superier compared to that of untreated specimen under the condition of same
load at a given sliding distance, showing that absorption results of an wxidized substance due to a
heavy abrasion appear in untreated specimen. The amount of weight loss of laser surface hardened
specimen with respect to sliding distance at a given load decreses with increasing traverse speed at a
given power density and with increasing power density at a given traverse speed.
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Table 1. Chemical composition of specimen.
(wt.%)

cchH

Temperature CT)D

specimen C Si [ Mn | P S

gray cast iron | 3.45]2.10]0.40]0.10] 0.09

specimen Cr | Ni { Mo | Cu

gray cast iron ] 0.06| 0.08| 0.05]0.10

Rmax = 0.1um @14
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Fig. 1 Wear test specimen
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Fig. 2 Quenching and tempering cycles for the
standard wear test specimen made of clod
work tool steel(JIS SKD11).
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Table 2. Characteristics of 4«¥ resonator.

GAS FLOW 4] | 3% 23 37Y
¥ % A % 4| DewA
w4 Z A | He:No/0.:C0.=53.9:28.3:2.8
GAS
A¥ g | 85! /hour
3 4 & 7| 4000 watt
29 =
&4 ¢ ¥ I|cw
¢ A E|£2%
LA = | multi mode
H| ¢
NEEEEIE
TCle A4 72| 3mrad
LASER beam
parobolic micror |
beam diameler,Do:4imm
mechanicol axis

focal lengihi=center distance)127mm.L

focat point \
. N .
. . ’S: focal point heigh!.z
{ 1
{work piecej
X-Y TABLE
v L

&

/' 4* reflection mirror

oplical axis ‘

defocussed beam diomelerd

Fig. 3 Experimental set up using parabolic mirror.
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Table 1. Chemical composition of specimen.

(wt.%)
power traverse| defocussed
specimen density speed beam
(w/ew) | (m/min}| diameter(nn)

1911, 2548,(1.5, 2.0,

gray cast iron 2.0

3185, 3822 2.5, 3.0

2.4 #o|d =3

glo|A] vl o2 FAME AlH EAASR2 vlMz
A& BFs] A 2% nital2 FAA70 F FEH
v} 7 (optical microscope, Nicon NEC-5)& AF&-3}

o BABA Y AFFF-EHY A7io] &g v
v U735 nl2dAtol B9 niAz3 g 3]
7] Y&l FAFAA 0|7 (scanning electron micro-
scope, HITACHI, S2400)-& A}8-8}sit}.

25 ctHAEr: Alg

dio]A Blgleg AL AW dARE &
A A BEHE 0.3m G0 B22 A el(polish-
ing)¥ ¥ vla wAHA BEAY 7l (micro Vickers
hardness tester, Matsuzawa KVKE)& A}&3l
&% 300ge.2 nAsta A HFABozHE
FA o) ol27)71A] 0.05m tAo s Z2R3Ych,
A= 5 ¥ #R7sRe ARt AlHe] HlER
o258 Hv-45098] FJ=Xg Jehle dol7x &
f #7383} o] (effective case depth) 2 473 814}

2.6 ol2AlH

tEAIYE S Fig. 49 Jebd upe}l 22 2291y
u} R AV 7] (Suzuki-type wear testing machine,
TOYO BALDWIN, Mode! EFM-I-E) & A}&-3}]
AA AT tRAIEH AEHE vl sHoly
(emery paper) #12002.2 v}aH ZTE Rm=01
mZ FAEHA FEAntd T FA] 383 255 A3
< ¥ F J=AA 3% HF (chemical blance,

" Metter. Model H-8)& AHg3lo] mtmA|gde] A%

M

REM. ~t------ N
controller  [“TppMsensdr

surface roughness
tester
shaft i
dead ulirasonic cleaner
weight T
electronic balance
A N—

I r‘—
 |speci ,
dl 1]7™" |ultrasonic cleaner

electronic balance

Fig. 4 Block diagram of wear testing machine.
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Fig. 5 Optical microstructures of gray cast iron coated with black paint and laser surface
hardened for power denesity of 3185w/cm and traverse speed of 2.0m/min.
(a) outside hardened zone, (b) inside hardened zone, (c) substrate
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Fig. 6 Relation between hardness and depth
below surface of gray cast iron coated with
black paint and laser surface hardened for
different traverse speeds with a power
density of 191 1w/cw.
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Fig. 7 Relation between hardness and depth
below surface of gray cast iron coated with
black paint and laser surface hardened for
different traverse speeds with a power

density of 3185w/cm.
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Fig. 9 Relation between hardness and depth
below surface of gray cast iron coated with
black paint and laser surface hardened for
different power densities with a traverse
speed of 3.0m/min
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Fig. 12 Relation between weight loss and sliding
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Fig. 13 Relation between weight loss and sliding
distance of gray cast iron coated with
black paint and laser surface hardened
for different power densities with a
traverse speed of 3.0min.
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Fig. 14 Optical microstructures showing wear surface at 2000mn of sliding distance for the following
different traverse speeds at a given power density of 3185w/em to compare with an
untreated specimen. (a) untreated specimen, (b) 1.5m/min, (c) 20.m/min, (d) 3.0m/min
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