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Abstract

Pipe welding is used in various ranges such as civil engineering and ship building engineering. Until
now, many technicians work for pipe welding manually under harmful, dangerous and difficult conditions.
So it is necessary to install automation process. For automation pipe welding, relation between welding
parameters & bead shape should be considered. Using this relation, bead shape could be expected from

welding parameters. FCAW was used in this study.

Instead of pipe workpiece, fillet joint plate is used,

which were inclined 0,45,90,135,180 degree. By analyzing between welding parameters (current, welding
speed, voltage) and bead shape parameters with non-linear multiple regression, bead shape parameters could
be expected. Piecewise Cubic Hermite Interpolation was used to expect smooth curved bead shape with
bead shape parameters. From these processes, bead shape could be expected from welding parameters.

Key Words : Bead shape, Welding parameter,

Hermite interpolation
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Fig. 3 Schematic of pipe weld experiment with
different welding positions
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Table 1 Orthogonal array Z,(3x3) of experiments
for a given position

No cur WS vol
(Ampere) (mm/min) (Volt)
1 200 180 20
2 200 240 24
3 200 300 28
4 230 180 24
5 230 240 28
6 230 300 20
7 260 180 28
8 260 240 20
9 260 300 24
¥ cur © current(A), w.s : welding speed(mm/min)
vol : volt(V)
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Fig. 4 Bead surface profile with specific parameters
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V= cur® < w.s" x vol” 4 Table 3 ANOVA of mathematical model
b0 ’ bl’ b2 : coefficient Bead F-ratio for different position
geometry 0 45 90 135 180
2 (4)E 71~ FEHoZ ) AlFe e HiAI) L1 214.8 | 1687.26 | 130.9 | 179.22 | 238.38
A7) wrgko & ukES Eg oaly) Telnat et A L2 238.13 | 222.1 | 373.73 | 337.78 | 376.35
_ 4.37 1 01 | 408. 1183.
2 200 bl b2)S Ta 2 9tk A(4)d] T T 334.37 | 573.13 | 305.0 08.03 83.07
sz Agar] S e EA Zeowel SAS7} H1 68.58 21.9 28.55 | 12.73 | 43.48
Ars 2% ° H2 5.19 9.05 4.97 5.9 89.21
AHEE T Al 84 W R vt ol & fIL1 5.1 | 174.37 | 54.64 | 218.71 | 28.53
MY 218 AL ¢ AArt Table 3 Al ZHzke] H 211 11.34 | 2218 5.19 5.21 5.1
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Table 2 Estimated regression coefficients of mathe-
matical model for bead geometry para-
meters

Y= cur® xw.s" xvol”

L1 L2 T H1 H2 f1L1 f2L1
b0|1.1936 | 0.8583 | 0.8855 | 4.8638 |-0.6061 |-0.1678 |-1.9924

b1|-1.3573|-0.6761|-0.8994| -4.6397 | 0.5543 | 0.1916 | 1.5474
b2|0.9804 | 0.3227 | 0.5745 | -0.5527 | -0.2711 | -0.1343 | 0.2095
b0| 1.2365 | 0.2466 | 0.5706 | 1.1369 | 2.2036 | -0.111 |-0.0145
b1|-0.5969|-0.1173|-0.2913|-1.8613 | -0.693 | 0.0182 | 0.2511
b2|-0.4486/ 0.3592 | 0.0201 | 1.2418 |-3.0363 | 0.028 |-1.0882
b0|0.788710.8061 | 0.7491 | 0.7713 | 2.5127 | 0.2617 | 3.9586
b1|-0.668 |-0.3373|-0.5185|-0.3807 | -1.6981 | -0.2959 |-2.2009
b2|0.4197 |-0.1992| 0.1095 | -0.6262 | -2.274 |-0.1336 |-4.1685
b0|0.7818 1 0.7937 | 0.7086 | 0.0513 | 1.4198 | 0.1407 | 0.8147
b1|-0.6485|-0.3645|-0.4566| -0.1664 | -1.882 |-0.1784 |-1.2496
b2|0.4006 |-0.1969| 0.0343 | 0.3504 | 0.1596 |-0.0859|-0.1576
b0|0.6572| 0.606 | 0.5709 | 3.2087 |-1.1879| -0.239 | 0.1005
b1|-0.6447|-0.2504|-0.3927| -1.3419 | -4.9366 | 0.7045 |-5.1446
b2| 0.65 |-0.0475|0.1915|-3.4507 | 9.5475 |-1.0751| 7.7663
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Table 4 Result from experiments

Input value Output value

No | cur | w.s | vol |angle| L1 | L2 | T | H | H2 |f1L1| f2L1

1 1230(240| 24 | O |9.49|7.51|5.32| 0.6 |0.37(0.63| 0.17

2 [230(180| 20 | 135 | 8 [6.38]5.01]1.95]0.03|0.45| 0.05

3 1200(240 | 28 | 180 [8.32|6.04|4.86| 0.1 {0.28]0.26| 0.16

Table 5 Result of predicted value using regression
model

Input value Output value

No | cur |w.s|Vol |angle| L1 | L2 | T | H1 | H2 |f1L1]| f2L1

1 1230(240| 24 | O |8.74|7.3(5.54/0.48]0.33/0.74| 0.18

2 1230 (180 20 | 135 [8.046.26/4.88|1.59(0.21|0.52| 0.06

3 1200 (240 28 | 180 [8.295.37|4.53/0.16(0.22|0.31] 0.11
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Fig. 6 Comparision experiment with piecewise
cubic hermite interpolation which use
experiment data (260A 240mm/min, 20V
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Fig. 7 Comparision experiment with piecewise
cubic hermite interpolation which use
experiment data (260A 240mm/min, 20V
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Fig. 8 Comparision experiment with piecewise
cubic hermite interpolation which use
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in 135degree)
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Fig. 12 Comparision of experimental picture with
Piecewise Cubic Hermite Interpolation
which use non linear multiple regression
(200A 240mm/min 28V in 180 degree
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