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A Study on the Residual Stress of AISI 4140 Formed during
Surface Hardening Treatment by using the CO, Laser Beam

K.W. Park, J.B. Lee, Y.H. Han", S.Y. Lee
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 the microstructure, hardness and residual stress of AISI 4140 treated by laser surface
hardening technique.

Optical micrograph has shown that large martensite and a small amount of retained austenite in
outermost surface layer and fine lath martensite in inner surface hardened layer are formed under the
condition of a given power density and traverse speed. Hardness measurements have revealed that as
the power density increases at a given 2.0m/min of the traverse speed, the maximum hardness values
of outermost surface hardened layer is increased from Hv=635 to Hv=670. X-ray analysis for residual
stress has exhibited that low compressive residual stress values are obtained in center point of the
cress section of surface hardened layer with in mid point between the edge and the center point, about
1.5mm from the center point, due simply to a difference in self-quenching rate. It has been shown that
the higher the power density at a given traverse speed and the olwer the traverse speed at a given
power density, the more the compressive residual stress values are increased due to an increase in the
input heat of laser beam.
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Table 1. Chemical composition of specimen.
(wt.%)

C Si Mn P S Cr
040 | 025 | 085 | 002 | 0.01 | 1.03

Ni Mo Cu \Y Al

005 | 017 | 0.08 | 0.01 | 009

2.2 goimg :

dutR oz FEEW #HolA HlgE FAA
90% o1 wkALE 7 10% wm|uke] 23] A& ofe] v
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Ra=1-R (1)
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Table 2. Characteristics of 4«W resonator.

GAS FLOW Three-axis perpendicular
: intersection flow type
Resonance Discharge type DC D;scharge
type Co it He:Ny/O,:CO;
MPOSTON | _53.9:08.3:28
GAS
Volume of
consumption 851 /hour
Power Rating power 4000 watt
charac- | Power wave CW
terishics  { oy apility + 2%
Beam Mode multi mode
charac- | Beam diameter 4] mn
terostocs Radiation angle 3 mrad

/

LASER beam

i
beam diomeler,Do:4imm |
i
!

mechanical axis —————1+—
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focal lengthl=center dislance):127mm,L

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

(wt.%)
power traverse | defocussed
specimen density speed beam
(w/ew) | (m/min) | diameter(mm)
AISI 4140 4076, 6114, |1.5, 2.0, 50
8153 2.5,

2,5 #Hold =5 F

oA vl o FARE AlH BHASR | vz
22 Aasls] A8 2% nital 2 FAA17] F B
v] 7 (optical microscope, Nicon NEC-5)& A}-8-8}
of gEsien & AFSH] A7l 4 |
A B3RO vl2dAlolEL] mM A S #F

7] Y&l FALA 2@ 0] A (scanning electron
microscope, HITACHI, 82400)-& At&-38tt}.
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Vickers hardness tester, Matsuzawa KVKE)&
Alg-sta] 31 300ges ndla AR Heldw
o B2 RE] FAR o277k 0.05m Ao =
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Qo AR E A7 3= o] (effective case depth)2
A3kt

o
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B AP AHE 2/ $%7]= Fig. 20 vet
QA ule} Zo| X-4 3™ (X-ray diffractometer) S
o] 2% ¥ &H7](X-ray residual stresses
measurement, RIGAKU, MSF-2M)o|¥] A H-& zt
A (goniometer) 3hte] ©x| 2ol DAYAIA 33
3 & A= 1(alignment jig) 2 AHe| 2 ¢ Wk

Fig. 2 Experimental set upusing measurement system of residual stresses.
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Table 4. Specification of X-ray residual stress
measurement

optical system : parallel beam method

focus-to-sample distance : 110mn
goniometer | filter(for Kf) : Ni

setting system : optical reflection system
datum point : 6=170°, ¥=30°

target : Cu
X-ray tube | output : max. 30kv, 10mA
effective focus @ 4 x4m

29 scan system : step scan

controller | 20 feed speed : 64° /min
¥ presrtting : 0° ~30" in steps of 15°

tube voltage : 30kv

diffractormeter
circle

X-ray
tube current : 8mA
enerator
g stability : +0.1%
- e ’
/// o~
AN

%counter

(b) ¥ =¥

Fig. 4 Use of a diffractometer for stress measurement
(Ns=normal to specimen surface, Np=normal to reflecting planes)
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Fig. 5 Optical microstructures of AISI 4140 coated with black paint and laser surface hardened
for power denesity of 8153w/aw and traverse speed of 2.0m/min. :
(a) outside hardened zone, (b) inside hardened zone and (c) substrate.
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Fig. 6 Relation between hardness and depth
below surface of AISI 4140 coated with
black paint and laser surface hardened for
different traverse speeds with a power
density of 6114w/ew.
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Fig. 7 Relation between hardness and depth
below surface of AISI 4140 coated with
black paint and laser surface hardened for
different power densities with a traverse
speed of 2.0m/min.
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Fig. 8 Relation between hardness and depth
below surface of AISI 4140 coated with
black paint and laser surface hardened for
different traverse speeds with a power
density of 6114w/cm.
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Fig. 9 Scanning electron micrographs showing the center zone (A) obtained in AISI
4140 laser-surface-hardened for different traverse speeds of (a) 1.5m/min,
(b) 2.0m/min. (C) 2.5m/min at fiven power density of 4076w/cn.
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Fig. 10 Scanning electron micrographs showing the hardened zone (A.B,C) obtained in
AISI 4140 laser-surface-hardened for traverse speed of 2.0m/min and power

density of 4076w/cw.
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Fig. 11 Relation between longitudinal residual
stress and distance from surface center of
AISI 4140 coated with black paint and
laser-surface-hardened for different traverse
speeds with a power density of 6114w/cw.
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Fig. 12 Relation between longitudinal residual
stress and distance from surface center of
AISI 4140 coated with black paint and
laser-surface-hardened for different traverse
speeds with a power density of 8153w/cm.
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Fig. 13 Relation between longitudinal residual
stress and distance from surface center of
AISI 4140 coated with black paint and
laser-surface-hardened for different power
densities with a traverse speed of

2.0m/min.
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Fig. 14

Scanning electron micrographs
showing the center zone (A)
obtained in AISI 4140 laser-
surface-hardened for different
power densities of (a) 4076w/
aw, (b) 6114w/cw, (c) 8153 w/em
at given traverse speed of
2.5m/min.
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