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Effect of welding with trailing intense cooling on welding temperature
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Abstract: The Inconel 625 alloy surfacing temperature field was numerically simulated by ABAQUS software. A multivariate regression

WU Ze-bing! , WANG Fan2,

model of the cold source parameters and the cooling rate was established in combination with the response surface method. The main effect
and interaction effect of the cold source parameters on the cooling rate were analyzed. The results show that the cooling rate increases
gradually with the increase of cold source width, cold source length and cold source power, and the order of influence is: cold source
power > cold source width > cold source length. When the cold source width is 20 mm, the effect of increasing cold source length on
cooling rate is not obvious, and when the cold source length is at a low level, the effect of increasing cold source power on cooling rate is
relatively small.
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Fig.2 Schematic diagram of HPTIG surfacing process
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Fig.3 Schematic diagram of coordinate system transformation
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Fig.4 Definition and distribution of cold source
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Table 1 Level code and actual value of cold source parameters
Factor level
Factor

-1. 682 -1 0 1 1. 682

Cold source width/mm 13. 18 20 30 40 46. 82
Cold source length/mm 13. 18 20 30 40 46. 82
Cold source power/ 000 as00 2750 3000 3171
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Table 2 Experimental design and response value

Cold source parameter Cooling rate/ ( K/s)

Wimm  Lmm C/CWm2e N6 N9 N\2
K 1)
0 30 3171 28.7  239.1 2320 2191
0 2 3000 247.2 2380 230.2 2167
0 30 2750 5.1 2361 2284  214.2
0 30 2330 238.5  232.8 2260  209.2
0 30 2750 251 236.1 2284 2142
0 30 2750 2451 236.1 2284  214.2
7 3 2750 25,7  236.5 230.8  217.9
0 30 2750 2451 236.1 228.4  214.2
0 40 2500 243.6 2346 2285 2155
20 20 2500 247.0 2334 2276  208.3
0 30 2750 2451 2361 2284  214.2
B 30 2750 2386 2341 2285  20&2
30 13 2750 239.8  235.8 2295  210.8
0 47 2750 246.9 2363 2298  216.8
20 40 3000 243.3 2375 2301  214.9
N3 NG N9 N2
K S 4HIERAE A

Fig.8 Sample points for cooling rate calculation
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Table 3 Variance analysis table for the influence of cold
source parameters on cooling rate

Source Sum of square Mean square F-Value Prob
Model 158. 8 17. 64 874. 95 < 0. 0001
A-A 46. 99 46. 99 2329. 94 < 0.0001
B-B 17. 84 17. 84 884. 63 < 0.0001
c-C 49 49 2429. 76 < 0.0001
AB 2.24 2.24 110.83 0. 0001
AC 0.37 0.37 18. 34 0. 0078
BC 0.95 0. 95 47. 1 0. 001
Al 1. 64 1.64 81. 55 0. 0003
B2 0. 16 0. 16 8. 09 0. 0361
C2 6E-5 6E-5 3E-3 0. 9585
Residual 0.! 0. 02
Lack of Fit 0.1 0.1
F =0. 9887
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Fig.9 Influence of main effect
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Fig. 10 Interaction of cold source parameters

(b) cold source width ( IF) and cold source power ( P)

(a) cold source width ( IF) and cold source length (Z,);

(c) cold source length (L) and cold source power (P)
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