Table-1   Chemical compositions of the workpiece material [38]

C 
Si 
Mn 
Cr 
Mo 
Ni 
V 
N 

0.07
0.10
0.92
0.04
< 0.01
0.03
< 0.01
0.005

Table-2
Incident laser powers and on-times used in the experiments 

and the corresponding cooling rate parameters, C1 and C2, as 

determined from the numerical analyses.


Laser Power in Watt


1000
1400
2230

On-time (s)
C1
C2
On-time (s)
C1
C2
On-time (s)
C1
C2

0.15
94.816
166.17
0.15
105.98
179.16
0.15
18.007
145.15

0.65
19.848
159.99
0.65
20.218
184.52
0.165
16.016
144.27

1.15
23.789
232.77
1.15
27.923
277.99
0.180
14.224
147.22

1.65
30.887
306.58
1.65
41.344
388.11
0.195
10.802
141.78

2.15
43.286
407.81
2.15
56.702
520.94
0.210
9.4920
144.98

2.65
57.435
529.91
2.65
61.998
583.07
0.225
8.0715
145.03

Table 3
Predicted volume fractions (%) of the austenite decomposition products

in the fusion zone of the spot welds. The prior austenite grain size and the

cooling time, t8/5, of the cooling curve used in the calculations are also given.

Power

(kW)
On-time

(s)
t8/5
(s)
Grain Size

(m)
Model 1
Model 2





f (%)
w (%)
Martensite (%)
f (%)
w (%)
Martensite (%)

1.0
0.15
0.07
22
0
0
99
0
0
100

1.0
0.65
0.30
37
0
0
99
1
0
99

1.0
1.15
0.83
41
0
0
99
22
1
77

1.0
1.65
1.21
46
20
61
19
24
4
72

1.0
2.15
1.44
47
31
55
14
25
6
68

1.0
2.65
1.55
62
27
43
30
21
7
72

1.4
0.15
0.08
20
0
0
99
0
0
100

1.4
0.65
0.49
31
0
0
99
15
0
85

1.4
1.15
1.09
37
0
0
99
27
3
70

1.4
1.65
1.39
44
31
59
9
27
6
67

1.4
2.15
1.54
53
30
49
20
24
8
69

1.4
2.65
1.60
54
31
48
21
23
8
68

2.23
0.15
0.22
22
0
0
99
0
0
99

2.23
0.165
0.25
24
0
0
99
0
0
99

2.23
0.180
0.30
22
0
0
99
1
0
98

2.23
0.195
0.34
24
0
0
99
2
0
97

2.23
0.210
0.42
27
0
0
99
8
0
91

2.23
0.225
0.50
26
0
0
99
16
1
83
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       Fig.1    Temperature dependent thermal conductivity and specific heat of the material
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Fig. 2
Transverse section considered for the present analysis
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Fig.3
Schematic presentation of the ‘Double-ellipsoidal’ distribution of the laser 

beam.
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Fig.4
Comparison of calculated and measured weld pool width as measured on the

upper surface
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Fig.5
Comparison of calculated and measured weld penetration
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Fig.6
Variation of cooling rate with weld pool temperature for 1.0 kW laser power
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Fig.7
Variation of cooling rate with weld pool temperature for 1.4 kW laser power
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    Fig.8
Variation of cooling rate with weld pool temperature for 2.23 kW laser power
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Fig.9
Ratio of the values for heat flow parameters, C1 and C2, obtained using finite element 

analysis with those obtained from a simple analytical model
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