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Abstract

High power lasers provide a controllable and precise energy source in surface transformation

hardening. A careful control of the process is needed in order that the surface layer of the
material reaches the austenizing temperature, but that it does not melt. In order to to achieve
this the results of theoretical and experimental studies on the laser surface hardening of a medium
carbon steel are described.

A two-dimensional computer program, which can be used generally for the determination of
transient temperature distributions in welding and heat treatment, was established on the basis of
the finite element method. For the confirmation of the accuracy of the numerical analysis, a
medium carbon steel (SM 45C) of 5mm thickness was heat-treated with a 1kW CW CO, laser
machine, while the traverse speed and the distance from the focal point (defocused distance)
were varied.

Experimental and numerical results showed a similar tendency in correlations between the
hardened zone shape and the process parameters, With increasing beam spot diameter the width
and depth of the hardened zone increased for relatively small beam spbt diameters, but decreased
rapidly after reaching the maximum value, while with increasing traverse speed the width and
depth of the hardened zone decreased monotonously. Too small beam spot diameters are to be
avoided, since the surface melting would lower the surface hardness and produce an uneven
surface which may be unacceptable because of the possible requirement for subsequent machining.
It could be observed that for a given traverse speed and laser power input there exists a optimal
range of the beam spot diameter, which produce a large width of the hardened zone but no

melting on the surface.
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Fig. 1 Coordinate system for the analysis of laser
surface hardening
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Table 1 Chemical composition of the material

cOmp.[c }Si]Mn} P ] S { Fe
Wt%

0.45|0.26 | 0.73 | 0.013| 0.005 rem

Table 2 Specification of the CO, laser system
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N elPUL |1200W(CW) | Lens | znSe
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d J4R AREE Ans shzddolEs Fus
2R AE7 a9 ¥R gk vl & 404
AA =2 gko] o] fEm gl.eon, 73y (hardenability)
o] wj ¢ 3k 0.45%C ¢) SM45C & =73l 44
Azz A o A8 422 Table
vetd gla A el 243 Bud 4984 Fig
3ol ebiSiEdl, AEA R g wo]Ele] HFo
2 AISL 1042 9] #tE-& o slgieh,

AlS
E

3.2 AEEK|
1) Ag4=

a2l
ES

En¥al

728 S4¢ meld B waFuke] AL Augs B ol Tol] o] & o] WA W Al o) A= o
A8 A E wpa Aol A H4o| I SHFTR(F)AA A A LR Dae Woo QUASAR-1000
013 r 030

i
cal [ cal
cmsc A ) g-°c
k :“ ! Etfect of
I ¢— tltect o
on i ‘\‘//c -: tatent hedt—025
o ;
1
! ' i i
- ! \ H =
= ! i [ Y
£ 009 s — 020 &
z ! ] S
= i 1 O
g ] \ : -
hel ) — o
§ ’/’ \\ s ¢
el / \ Prad E
E 007 v S i o5 5
< - @
£ ~ / &
///
..-_//
05 J -10
00 0 500 1000 1500 °c 2080

Temperature, T

Fig. 3 Thermal conductivity and specific heat of SM45C (AISI 1042)



SM 45C 7] sl A 7B = ol

l;nnllnllnr I F Gg;sum l

il |

Mirror
[ LASER 1
F .
_Focusing —
Supply
«Ar Gas -shield
& Clamping

Scanning
System

Fig. 4 Schematic diagram of the laser system

oz d$TTY (F)Y FledTiol £45a gl
e, o] A8 peko] Table 2¢] HAHm A&
Mg Jel= Fig. 4] epu gleh

2 4d¥=zA

ol Aul g ol -3 44 9 EAASIAYAN JF

% uA e FHUGERAL el 29, Yoldix
2Rz AEEAze] A=, R3L FF 4w,
=gAE, =24 5% T Jdo, & A4
t o ol 44Es) 245 AnEdRe ARe W4
2 %2 Yol E 25 et 2e ARG gow 1
A7 =

237 emm

rZAg  emm

237k~ 9 % Ar, 20 1/min

BE G A4 B 24 4] a4

APAN 7 SM 45C 9 Eul-& o4 (grinding) 3¢ o
o, AL el oA skx] APE Lwle wol=
(bead) 7k8] o f5oll A& Fg& 7] YA A7
A 13 o] E Fi dlo|d WL zAEY
olwl & 4§ zAES Table 36| vehu giuh.

4. 3} & Jak
4.1 & §

L AT e A otzdst gl delAng 24

Table 3 Variables for LBHT on the ground surface

Vex
fd**

*V, : Traverse speed
** £y ¢ Distance between the workpiece top surface
and the focal point
+ : Workpiece top surface is below the focal
point
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, +6, +8 +10, +12, +15[mm]
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Fig. 6 Hardened zone morphologies

(a) Base metal

(b) Hardened zone

Fig. 7 Microstructures of the base metal and harde-
ned zone(Magnification: 400)
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Table 4 Measured depth and width of the laser surface hardened zone on AISI 1045
Td (Db) ]
\w 4(1.6) 6(1. 85) 8(2.1) 102.45) | 12(2.8) 15(3.5)
LB-power ‘ | 1
(W] !

- Ws | dm | Ws | dm ! Ws | dm 1 Ws | dm dm ‘ Ws | dm

[m/min] ] |
1000 | 1.05* | 0.20% | L11°| 0.25° | 1.20° | 0.25° \ 121]0.29 ] 066 [0.10]

o5 [1050 | 123% | 0.31 | 1.36° 13| Lset| 0.31° 1.45]0.25]1.50 [ 0.16 0.4 0.05

' ‘ ; L 1.41]0.19 | 0.55 ' 0.06
Average| 1.14 | 0.30 | 1.24 | 0.20 | 1.39 | 0.28 |1.33]0.27 | 1.19]0.15 | 0.50 | 0.06

' ‘
1000 0.99* | 0.21*| 105 | 0.23 | 1.05 | 0.25 |0.89 |0.21] 058|010, |
930 i 113 | oz | 13 | 025 | | | |
1.0 1 1050 1.14% | 0.28% | 1.23° | 0.24* | 1.40 | 0.29 |1.33]0.18|0.46 | 0.07 |
1.10* | 0.26* | 1.20°| 0.25* | 1.39 | 0.28 | 1.36|0.19
Average| 1.06 | 0.25 | 115 | 0.23 | 1.30 | 027 [119]019 052000 |
1000 | 08| o.18*| 0.04 | 021 | 065 | 018 [oarfou| o | o |
| ]

Lo | %30 | | ors o [ 0ss [o0s | | | | ]
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Average| 0.92 | 0.10 | 0.95 | 0.18 | 0.8 | 0.13 (063011 o] o] |

4.0 | 1000 | oe [0 | oa | 013 loef013] o o |

* Surface melting Ws : Width of hardened zone at surface (mm)
+ Possible surface melting dm : Maximum hardened depth(mm)
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