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Abstract. A two dimensional (2D) transient thermal model with line-heat-sowa® developed by Finite Element
Method (FEM) for laser surface glazing of H13 tool steel using conmalesoftware-ANSYSL5. The geometry of the
model was taken as a transverse circular cross-section of cylindricanepeTwo different power levels (300W,
200W) were used with On2m width of laser beam and 0.15ms exposure tif@mperature distribution, heating and
cooling rates, and the dimensions of modified surface were adalllse maximum temperatures achieved were 2532K
(2259°C) and 1592K (1319°C) for laser power 300W and 200W raggigc The maximum cooling rates were 4.2%10
K/s for 300W and 2x0" K/s for 200W. Depths of modified zone increased with increasing laseerpFrom this
analysis, it can be predicted that for 0.2mm beam width and 0.1Bmexposer melting temperature of H13 tool steel is
achieved within 200-300W power range of laser beam in lasecewfazing.

1. INTRODUCTION

Hot worked tool steel like H13 tool steel is widely used in casting indastrdie casting tool. In order to
increase die life, surface treatment for enhancing surface propertiegémravear, fatigue) is essential |1
this respect, laser surface glazing (LSG) is an advanced and efficient technihgete,offers the best surface
properties by creating thin, hard and amorphous layer froreaiime material. For localized surface treatment, with
complex geometry LSG offers best performance without degradationlloplaperties of the specimen. This is
usedin surface treatment and repairing in aeronautics, automotive, bio isplaplications as well [5]. In order to
implement LSG process effectively, thermal modeling helps to perceive the relations betvegsmo-metallurgical
features such as temperature distributions, heating and cooling rates tiaimsformations, surface properties [2-9].
Although, some FEM modelling for other laser surface treatments wésdcant to predict temperature distribution
and optimize laser parameters, but laser glazing for H13 tool steel remainedun¢auished [9-13]. One thermal
model of LSG for H13 tool steel was done using point heat sodingelse CQ laser beamThe model basedno
analytical temperature model of laser melting process peetliciminal temperatures distribution, depth of molten
layer and heating and cooling rate % Some analytical modelling was done to predict melt pool georaetr8G
for ceramic materials [8].

In this work a FEM 2D thermal modelling was carried out for LSG of H13 tool steel. Theohidoing FEM
thermal model was to analyse exact thermal profile using experimental vathegparameters of LSG for H13 tool
steel. The thermal analysis generated from this FEM model will help to undkedstail heat transfer effects of
high density of laser heat source on materials and optimise the prmmessaeters to attain desirable surface


mailto:isratrumana@gmail.com
mailto:yindanqing@hotmail.com
mailto:drsumsun.naher@gmail.com

properties (hardness, wear resistance, fatigue, &ti3. model can predict the change in maximum temperature
with different laser power levels, beam width and exposure time dimengSG process. Depth of treated zone and
heating and cooling rates was also analyzed

2. MODEL AND METHODOLOGY

The simple cross-section of the cylindrical specimen having 1@mmeter was taken for 2D thermal model.
Laser beam was considered as a line heat source that means the lasex freatlifited over a line instead of a
point on surface. The schematic representation of 2D model is illustrated in FigThélpeam was irradiated a
perticular point on the circumference and then moved around it sbehat could treat the whole surface. Due to
the line heat source, a molten puddle of half circular shape is created.

Moving
Around

Laser beam

@ (b)

FIGURE 1. (a) Schematic view of 2D cross-section of cylindrical sample witr lasam (b) Meshed cross-sectional area of the
model

The element type set for 2D thermal model was PLANE 55. PLANE 55 ramles with single degree of
freedom which is temperature. Transitional meshing technique Wawédd to mesh the model in order to reduce
numbers of nodes and simulation time. The region near the circuncdeveas finely meshed so that the thermal
effects on surface due to laser irradiance could be analyzed more agcurhterest of the part was kept with
coarse mesh to reduce simulation time as depicted in Fig. 1(b). Thauotbker of nodes in this model wa873
The thermo-physical properties of H13 tool steel used in the model cauhe i table 1. Physical properties
above 2000 °C were kept constant. From table 1 it is obvious that the ¢hahgeno-physical properties are very
small after melting temperature (1454 °C). The data extrapolated from thless Yor each physical property did
not have significant effect on surface temperature in this work.

TABLE 1. Thermo-physical properties of H13 tool steel as a function of temperajure [8

Temperature Thermal conductivity Specific Heat Density
¢S (W m™K? (J kg'K™) (kg M)
25 28.6 447 7650
100 29.5 453 7650
500 35.39 519 7640
600 37.09 537 7550
1200 47.29 642 7100
1400 50.69 677 7000
1600 24.06 708 7000

2000 25 721 6900




The thermal model was solved as a transient analysis with timeistemlsen as 1x1Dseconds. The initial
temperature was set up to 208€ambient temperature before starting the process, when time te(holimdary
condition at which laser heat flux was set up at particular region over taeesuding Egs. (1).

V(_ kVT) = Qlaser (1)
In Egs. (1) k denotes thermal conductivity of the materiaks£QJs laser heat flux from laser beam ands the

vector operator. The heat loss due to convection and radiation of thedasemas ignored. The heat inputsQ
followedthe Egs. (2).
_x?
Plaserexp{ rozj

Qlaser = z
o (2)
In EQs. (2), Rseris power of laser beam, is the laser beam radius, o is the absorption coefficient of material for
laser light.The value of o for H13 tool steel was taken 0.3 from a previous study as the absorption of laser light is
very poor for this material [5].

3. RESULTS & DISCUSSION

Temperature distribution analysis from the thermal model after LSG twelpsderstand how much maximum
temperature achieved and the gradient of temperature over thicknesg. damupredict the heat affected region due
to laser heat. Fig.2 shows the temperature distributions after heatihgofalifferent power levels of continuous
laser heat source. The highest temperature for power 300W is 2538B°() which is796K higher than the
melting point (727K/1454°C) of H13 tool steeDn the other hand, for 200W laser power the highest temperature is
1597K (1324°C) which isL3K lower than the melting point. From this distribution it can be undedstat with
decreasing laser power from 300W to 200W the maximum tempedieneases from 2532K to 1597K. Moreover,
the optimised power level to reach melting pointL&G of H13 tool steel should be above W0Gor 0.15ms
exposure time and 0.2mm beam spot size. In the previous experirsmialit is also claimed thabf 249W
average power melting temperature has been attained for LSG of H13 tool steel [2].

Power=300W Power=200W
Beam Width =0.2mm Beam Width =0.2mm

Exposure Time=0.15ms Exposure Time=0.15ms

s st Tp = 1597 K

max. <2~

FIGURE 2. Temperature distribution after heating ®@t5ms (a) power 300W and (b) power 200W

Thermal cycle of heating and cooling was analyzed for two differeatdef laser power. Heating and cooling
rates predict phase transformation and the level of distortion of the matefiaks-témperature diagram after
heating and cooling for 300W and 200¥/showing in Fig. 3(a) and 3(b) correspondingly. In theserdgylA (on
surface), B(15um) and C(22.5um) represent heating and cooling curves at different depths from fheesuin Fig
3(a), the peak temperatures found for A B and C are 2532KK1aA8 1431K respectively for 300VFor 200W,
the peak temperatures are 1592K, 1353K, and 1145K for A, B, afleCheating and cooling rates calculated from
these graphis mentioned in table 2. It is observed that, heating rate increases frofilgs10 1x10 K/s with
increasing laser power from 200W to 300Whe cooling rates also increases from 25K to 4.2x10 K/s for
increasing laser power 200W to 300W. Therefore, a relation betwedingcoate and undercoolingyT, can be
developed form this table. Undercooling is the diffeedmetween start temperature and end temperature of cooling.



Higher peak temperature after heating gives greater undercooling and greserooling results in higher cooling
rate. Hencgthe cooling rate for 300W is higher than 200W. Furthermore, the critmtleisnal temperature lines
Ac; (Austenitic starts), Ac(Austenitic finish) and M(Martensitic starts) from TTT diagram of H13 tool steel has
been superimposed on heating and cooling curves in Figs. 3(ajBrno dredict phase formed after laser glazing
process 11]. The calculated cooling rates for both powers are much greater than the crittab aate of
martensitictransformation for H13 steel [2, 12]. Therefore, it can be predictedadftgphases like ferrite or pearlite
cannot form through the modified layer in LSG of H13 steel.
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FIGURE 3. Thermal Cycle (Heating and Cooling rate) at different depth from sui@cpower 300W and (b) power 200W



TABLE 2. Heating and cooling rate on surface (A curves, Fig. 4a anfbAbifferent power

Power 300W 200w
Rate of Heating, K/s 1x10 ox1(f
Maximum Rate of Cooling, K/s 42x10 2x10

(Temp range, K: 2532-1566) (Temp range, K: 1593-1148)

The depth of modified layer is correlated with temperature distribution ®&. 0$%ie area having temperature
above the melting point (1727K) was considered as molten zone. Similarly,atieeted zone (HAZ) was
accounted from temperature below melting point upto 790K where signifibange in phases occurs. Figure 4(a)
and 4(b) shows the depth of modified zone due to the laser irrad&t@00W and 200W power respectivefpr,
power 300W, the depth of melting zone&/.5um and that of for HAZs 30um, see Fig. 4(a) In Fig. 4(b), only HAZ
having depth 30um was found because temperature did not exceed upto melting poinwer peOW. Therefore,
depth of modified layer increased with increasepower level. The previous experimental study of LSG of H13
tool steel also showed that depth of modified zone increases with increasingdeagr level [2].

@ (b)
FIGURE 4. Depth of melt pool and heat affected zone (HAZ) (a) power 300\(t3rpower 200W

4. CONCLUSIONS

The 2D transient thermal model of laser surface glazing with line heat source wassfutlg developed. The
model prediad thermal distribution for H13 tool steel at power 200W and 300W for bedlth of 0.2 mm and
exposure time 0.15m3he maximum temperature found (2532K) for 300W laser poweralvage melting point
(1727K) of H13 tool steel. For 200W, maximum temperature (1591&Khat reach to melting point. The heating
and cooling rateincreased with increasing laser poweheTepth of heat treated area calculated from the model
was 1.25 times greatésr 300W (37.5um) than 200W(30um). A small molten layer of 7.5um depth was found for
300W. From this prediction, it is clear that the power level shouldhbmee 200W during LSG of H13 tool steel.
The developed thermal model can be further utilized to predict residual theressl, gthase transformations and
properties of modified surface layer of GS
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APPENDIX

Calculation of heating and cooling rates

The heating and cooling rate was calculated from the time-temperature PBigt #{a) and 4(b). In Fig. 4(a) and

4(b), temperature was plotted along Y axis and time was plotted along XFax calculating the rates of heating
and cooling the difference of temperature was divided by the diffedrioee. If the temperature difference would
be AT, and heating or cooling time would be t, then the rate, R would be as mentioned in Egs. 3.

R:Atl ®)



