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Abstract 

The temperature field in every point of an homogeneous plate submitted to a moving heat 
source is obtained with a semi analytical method using Green's functions. This method is used 
to calculate the temperature field on and near the bead in laser welding and results are 
compared with the measurements obtained on one hand with an infrared thermography device 
and on the other hand with thermocouples located near the welding seam. The study was 
made with different plate thicknesses. The simulated and measured temperatures with 
infrared thermography on the welding bead concur at some distance behind the laser beam. 
The temperatures depend on the welding parameters and thus on the depth of the welded 
seam. It is therefore possible to control power and focus conditions in laser welding by 
infrared surface temperature measurement. 

1. Introduction 

In previous works temperature field in an homogeneous plate submitted to a moving heat 
source was determined with differents analytical models or different numerical modeling of 
the heat transfer. The analytical models related to moving heat source give a three 
dimensional temperature field for semi infinite materials or a two dimensional temperature 
field for thin plates. The temperature sources are either ponctual or specific energy 
distribution (for example gaussian sources) [1 a 10]. 

The semi analytical method used here gives a three dimensional field temperature [11]. 
The surface temperatures calculated in a plate are compared with experimental surface 
temperature measurements recorded by means of infrared thermography and thermocouples 
during laser welding. In this model the source energy may be provide all along or only on a 
part of the plate thickness depending on the depth of the experimental seam. 

2. Model 

The homogeneous slab is supposed infinite in both directions x and y, and with thickness 
L in the z direction (fig.l). 

Figure 1 : diagram of the mode] 
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Thernlal ~ilaterial p~.operties are assuined to be constant, the power density source is 
a s s ~ l n ~ e d  t o  \lave a gatisslan distribution in the x and y directions and is distributed over 1,' 
In the z cl~rection. 

The extc~.~ial exch:~nges are siiii~rlated with a heat transfer coefficient h, this assumption 
Iias n o  influences o n  the result because the main heat transfer is carried o ~ r t  inside the 
r~laresial alitl lhe r-ndi:rtive energy lost is included in the absorbed energy. 

Given tlie :ibove assumptiolis, the temperature field is described by the following set of 
ecl~ratio~is : 

(x - vt)' y' 
cr =Aexl, I for O<z<L '  and t > O  

2xrZlII 2r2 21-2 
with g =O for L' < z < I, ant1 t > 0 

31' - 1lo~lrld;rries coriditiolis : - k - + h l  [T - To] = 0 for z = 0 nnci t > 0 az 
a'r 

k - + 11' [T - TO] = 0 for z = L :tnd t > 0 
3 2  

'I '='I'oli)r x = + m ; s = - -  ; y  = + - :  y = - - ;  O < z < L a n d  t > O  
- Iliilial contlilion : 'I' = T() for 1 = 0 and -- < x < +- ; -- < y < +m ; 0 < z < L 

3. Solution 

I-1c;rr gcncs;~tion g is considerecl as the sum of heat ilnpulses of pc releasing their hear lo :I 

poi111 s',yt,z' ; I I  tinie I = T, ttien 

1-1 , 1 2 (x - VT) + y  
... sin13 I.' - - c o s p  L ' + -  [ Ill 111 Bill 

.r=o 

11 1 113 wllcl-c I I I = - ;IIICI I 17 = - 
k k 

'l'he cigcri \ ~ : I I L I ~ ~ [ J , , ,  are  lie solutions of :  tg kllL = 
Pm ( H I  + Hz)  

P , ~ ~ - H I H ~  

;inti llic ilolni : i\'(13111) = 

4. 15spe1-in~cnls ant1 results 

, >  I he X I I ~ I ' ; I C C  I ~ I I I I ) C ~ : I I I I S C S  :ire ~neasured with an infrared camera ATL 100 I-IGtl which 
sc;111s ;I Iiiic 37 111111 long an t i  1i:is :i scanning frequency of 100 Hz. 

'l'hc ~ I ~ c ~ . ~ i ~ o c o ~ i p l e s   re locatetl o n  ttie back face and irsed to ev:~luate the absorbecl energy 

(1) consitlcsctl ill the rnodel. 



The results are given for the surfiice temperatures on the welded bead axis, where the 
oxitlation surface state is nearly the same for a given material and a given coating gas. For the 
mild s~eel used, the infrared emissivity in  the range of 400 "C to 600 O C  was evaluated at 
E = 0,65 which is i n  good agseeinent with the literature. 

T h e  calculated :lnd recorded curves give the temperatures as a function of the disr:tnce 
behincl the laser beam. These graphs are only in agreement at a distance o f  the laser beam 
corresponding to the solified and oxidized bead surface and this distance depends on the slab 
thickness and welding parameters. Figure 2 corresponds to optimal welding conditions when 
the depth of the welded seam is egal to the plate thickness. Figures 3 and 4 correspond to the 
loss o f  20 % in  the depth o f  welded seam resulting from either a decrease in laser power o r  
moving of the beam point focus with regard to the sample surface. Values P give the incident 
power of the laser beam ant1 values df give the moving of the focus point from the optimal 
position, PZI is the absorbed energy and the welding speed. 

7 7 1 he given teniperatllres :ire the mean value of 100 recordings during the sample weltling. 

Sheet 0,7mm 

P=498W, Pa=241 W, df=Omm, v=Zm/mn 

---- calculated 
- - - recorded 

Sheet 3mm 

---- calculated 
- - - recorded 

I I I 

1'0 1'5 20 25  
I I I I 

1'0 1'5 2'0 2'5 
Distance d mm Distance d mm 

Figure 2 : c;~Icill;~~ed and recorded temperatures in optimal conditions 

T "C Sheet 0,7 mm 

---- calculated 
- - - recorded 

3 00 
I I I 

i b  1'5 2'0 2S 
Distance d mm 

---- calculated 

Distance d mm 

Fi~ure  3 :c;~lculated and recorcied Figure 4 : calculnteci and recorded 
tc111l)eraruses witli ;I laser power decrease. temperatures for focus point moving. 
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The agreement between calc~rlated and recorded temperatures is fairly goocl beyond the 
rneltetl xntl gas protected area ; for a distance corresponding to 5 mm for a 0,7 mm thickness 
plate ancl 10 Iiim for a 3 mm one. 

The stuclies o n  5 iilm thickness plates would be done beyond a distance of 15 to 20 nim 
behind the laser bean?. 

5. Conclusion 

The temperatures calculated with the given model are in good agreement with the infrared 
measured teinperat~~res and the temperatures corresponding to the optimal welding conditions 
are higher than the temperatures corresponding to a loss in the welded bead penetration. 

I r  seems possible ro control the laser welding penetration with superficial ternperlitlrres 
mesuremenl. 

This st~rciy has been done in collaboration with the laser service of the Methods Department 
from [lie " liCgie Nationt~le des Usines Renault ". 
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