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Original Research Paper In this study, surface transformation hardening of AISI O1 cold work tool steel was investigated by use of a
Received: 20 October 2020 high power (1600 W) diode laser apparatus. In order to evaluate the effect of laser hardening, different output
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owers and scanning rates were applied and microstructures and phases were characterized, as well as micro-
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hardness and wear resistance were measured. The hardening treatment resulted in formation of a hardened
zone of about 2 mm depth and up to 10 mm width at the surface of sample. The microstructure of this

sKuer);;Vc?g?énsformaﬁon Hardening hardened zone was comprised of martensite and residual austenite; average surface hardness of the samples
AISI O1 Cold work Tool Steel treated under various set of variable parameters was 650 to 760 Vickers. Increase of heat input caused
High Power Diode Laser increase of residual austenite content and formation of coarse martensite structure so that the least hardness
Hardness was obtained for the sample processed by the highest heat input. Comparing wear resistance of laser hardened

Wear Resistance samples with traditionally quench-temper hardened and annealed specimens, it was revealed that the laser

hardening process improves wear resistance of hardened samples so that wear resistance of the samples
hardened via laser was about 10 times of the annealed ones.
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Fig. 1 a) High power diode laser image used in the present study and
b) Scheme of laser surface hardening process
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Table 2 Specifications of high power diode laser used in the present
study
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Table 1 Chemical composition of AISI O1 steel used in this
investigation
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Table 3 Parameters of hardening process and values of hardened width
and depth, laser power density and heat input for hardened samples
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Fig. 2 Hardened area geometry for all three samples 1, 2 and 3
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Fig. 3 Hardened area geometry for all three samples 1, 2 and 3
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Fig. 5 Microhardness profile of hardened samples in the direction of the
depth of the samples in terms of distance from the hardened surface
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the hardened area for all three samples.
Images a, c, e are related to optical mineralogy and b, d and are related
to electron microscopy. a) and b) sample 1, ¢) and d) sample 2 and e)
and f) sample 3
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Fig. 4 Microstructure
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Fig. 7 Microstructure of the heat affected area for hardened samples. a)
and b) sample number 1, ¢) and d) sample number 2, €) and f) sample
number 3. The areas marked with the box are most likely perlite
colonies.
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Fig. 8 Phase percentage of heat affected area for hardened specimens.
The expressions C, P and Mat denote the carbides, perlite and matrix

phase, respectively.
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Fig. 6 Average values of hardness of hardened and heat affected areas
for hardened specimens

Oyl e 5 et (o i blis e polie (Sl 6 JS
03 L;)LQZ.'}L.» L;Lasddyed 6‘)—.’

Solite X, e polie &)l )l Sl saikie gl
adilse (5,505 376) (25w 00 VL sl B saigas 5 33l
‘5\?:»..4 JJOLM B uch.: AW G)Lia?u.u Lgd.a.]awo ‘ja?u.u 6‘):
Sly &5 GaigSa 0,5 hadpe axl ol Jislags, 4 plgise )
(B sisai) o2 (53955 sleS oAVl o oS laiges
ot cde 4 g oadolml eaile b castwl wo e (i
g Cewl cadolml Coile godye sl S Sl
28] sal o Jade o yieS Gl)lo 3 Gaiged b oo yoxie
7S 63555 sloS polie slo 452 5 1 slaaigas sl Js
Lg ‘L.-.»JLG.O B o0l G)Lia?u.u 64.:~>L: ‘ja?u.u JJL)LO.O ‘AE;)%
Cotiwl 5B xS s ol ade g el YU 3 aiges
Sl sl T 5l e 52 5 1 sladigas (sl ouile il
YU o] el o el 3 saiges b dslie )5 5 3, Suibe
s L sleaisai jo i Ghalope S pu 5 (Sl o5
b anglio )0 ol 5, bl sbxl el a5 Canl 055 2
1 slodiges (ot Gialpdl el yol pod a5 00 3 (Gaiges
Ll 0%0;3 64.39‘).3 L: ‘L.-.»JLG.O )025
sban, @)l ) Sl gasl i glagw,» ol
TS5 )3 8 gy py5e sl a2 gl il
|y o (5 S sladiges )l 1 Slie saols Jluslog,
S ) St sasl salols 4l 4 g b ass o olis
395 el (6 S gaiilaie 5 3ol assl iale,S pelas |
U oo Lo (rre g 09 aalgs yiaS 55 ddhaie (pl 4 Ol >
&S ea)l5 syl as s vl 5l e sl sl o

5150k el soidinlxe diged 4wy slp 8 JSE o

20

Archive of SID.ir



Archive of SID.ir

O 9 (HSLidd HYlw yaol

9 R YA 33y 590 YL UlgS 83933 ) Jouwgs o glallxiul (5 ) S H31 ()9

O 3 9 2.1 LgL{bd.Jj.w 6‘).3 (;5 Cel 009 w.io )m‘éJ.m
g Cowl oo AISIOL 5LIT iols a0 Cusglie dgupe 40 yoeie
)| ).MM..u )_,‘)_, 10 ‘2 LQ")LAM’ 6439.4; 6‘).: &_A.AsLﬂA QA.)‘)S‘ U"‘
.;)9..1 03 J..ui 6449.«;
090l b e Gl Gl aeS 2 saised sl
O o ) Gl 4 Caglie op eSS g ol ool slasl iole
o 3 S 900 .o)lo 1 CDgas oA Lg)Li';;':.w Lglmd.jj.oj
S bl o)l 2 diges 5l 6smeS Linle 4 Cusglis
Cotiw] 5B 4 emie Siale ol [26] lsld o g (5,5l
AU GB ks (nl a8 e (59500 45 S5d e Cui ke @
Loy 5l o5 galll anyld lgie b 4 cal 25
50 S| 5 0o (5 S sladiges g1y . 0gu g0 aiSliis
3B el Ko g Clls D929 0dls (6, K5 gadlaie JLSle
5 oS bl Costle 5B 4 Glale 03] e ol
A (sloizad il plss g el Jole (a
sladiges lp (g .09)5 (S50l sUgei b amlia ;o 0nds
g0 a5 Jglae Jlisle 4 axg b 2 Gdiges il (5, KB
a3 sle a3l 5l oS 5 aS Cllls eald (6, K5 (gadlaie
@ly @Y Jeily o)l S5l (nl g a5 5 o]
pr 3l oS5 Gar el 03 il 4 Cunglie i3
Jeilty shls ()8 5 cojiyle) e 5B 5 (coxn)
sl a5 [27] cudl ciole Jule Jlie ,o oYL
009 2 (ig0d ol 4 Caaglia (o Vb Lol Jale o
Dol 4 Cuglin Lol muslSe ol aseive glp Jy ol
b ol 5l 65330 5 i )3l 5 636 Sldllas &
L aslio 10 2 sdiges Liolw 4 Cowglie 040 YU ol Judo

Dgdh patin 3 g1 sladiges

S S 4z -4
33 bawgs AISIOL Il o¥gd a6 K5 allas o) o
Jol> s =l cd 5 18 wndee YU olei (gogs0
0,8

sl 3y (69820 3wy xlans (g KB aiyl )b -
P g o 5,5l Bes bl 4 e daw gd
“L’d)f )-*A‘;-m 10 9 2 Sgd> ;o AW L5)L§ " S

oy le lails slls cnls (o St (gdilaie Lzl -

! Transformation-Induced Plasticity (TRIP)

21

ol Gl GlS colue 5 o)l lajls ws s (e
Sl olre Olsiear |l sad asine TS5 0 oS
85 ke le,S anld o ead sbl coiw] e
4>l 50 ) ean)l5 5B weje (keSS laiges ol
g, Pl 5 Ls il cle 4 w)ls &)l 5l sl
aalss YU (2o y3le Yaiml 5 codpy) YU (e b 56 2o
3 )5 5B YL ey Gl &S Glaiges sl g o
5o eaboll castwl e el a6, S5 (sa
ol oS 5 Vb (G b5l s 0 g 039 feS ale S
Slp oad ()85 sladises ol (ol amlic
Jyere 9l b5 bwg oad ()05 a3 ganlis
Jde 038,5 absul AISIOL 5, LIS Il oVgd (s S5
285 o 5%y 090 ply ead coyil saisel e
9 Ko cwl a6 St sladiges P (§odgde
Gigad 0dd o (6w sladige pox> ialS yolie
GrreS aed e LS 1) el Syl siges g ot L
e a5 ol oo ST (gaiges sl Lol 0 Caglie e
039 caSe yio duo 0138 oy aiges cpl slp e LialS

0/40 0.38

0/15 0.14

% 0104 0,076
2 0.03g 0:050

1 2 3 QT Anneal

$

dé}.oﬁ S G)]..o.m
Fig. 9 a) Volume loss amount of samples during wear test and b)
Coefficient of friction values of samples
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