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Abstract

The effects of root gap on welding residual stress and deformation are dealt with the multi-pass
weldment with three kinds(0, 6, 30mm) of root gap by F.E.M common code, and then compared with
experiment data. In this analysis, an 100% ramp heat input model was used to avoid numerical
convergence problem due to an instantaneous increase in temperature near the fusion zone, and the
effect of a moving arc in a two dimensional plane was also included. During the analysis, a small
time increment was applied in a period with instantaneous temperature fluctuation while a large time
increment was used in the rest period. The residual stress is distributed as symmetric types and
maximum value is also equivalent when the weldment with Omm and 6mm root gap is welded. In the
case of 30mm root gap welding, the distribution of the residual stress extends over a wide range as
asymmetric types due to the built-up weld, and most of the residual stress is biased in the side of a
built-up weld part. In case of Omm gap welding and 6mm gap welding, a little angular distortion
occurs, but the level of deformation is small. When the weldment with 30mm root gap is welded, the
angular deformation of the asymmetric types, however, occurs larger than the other specimens. The
experimental and the analytic results show good coincidence and indicate that the welding residual
stress and deformation distibution of 30mm root gap specimen may be asymmetric and the
amplitude is larger than those of root gap specimen under standard.
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Table 1. Comparison between analytic and
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Root Gap Anal st(iacc)Time Re%;egme R.T/A.T(%)
0 mm 17120 8560 50%
6 mm 18830 9415 50%
30 mm 60160 24064 40%
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Table 2. Welding condition and heat flux of Omm root gap specimen.

Inter’ Total width of deposited Surface flux
Pass No. | Ampere Volt Temp (¢)| " EI(J) bead elements(cm) (J/cm® sec)
1 220 26 Amb. 4576 1.14 4014
230 27 94 4968 1.8 2760
210 27 66 " 4536 2 2268
Backgouging
4 190 26 45 3952 1.2 3293

Table 3. Welding condition and

heat flux of 6mm root gap specimen.

Inter Total width of deposited Surface flux
Pass No. | Ampere Volt Temp (C) nEI(J) bead elements(cm) (J/cm? sec)
1 210 26 Amb. 4368 1.25 3494
2 230 27 114 4968 1.9 2614
3 230 29 111 5336 2.3 2320
4 210‘ 30 42 5040 2.6 1938
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Table 4. Welding condition and heat of 30mm root gap specimen.

Pass No.| Ampere | Volt | {10 | nEI() | bt MU O S0sd | O et soc)

1 180 26 Amb. 3744 1.476 2536

2 180 27 123 3888 0.94 4136

3 200 27 72 4320 1.258 3434

4 200 27 89 4320 1.14 3789

5 200 27 120 4320 1.35 3200

6 200 27 128 4320 1.05 4114

7 200 26 133 4160 2.4 1733

8 200 26 87 4160 2.6 1600

Grinding

9 180 26 68 3744 1.04 3600

10 210 28 162 4704 0.733 6417

11 220 28 135 4928 0.733 6723

12 220 28 75 4704 0.95 5187

13 210 28 63 4704 0.95 4951

14 210 28 110 4704 1.17 4020

15 210 28 120 4704 1.17 4020

16 210 28 60 - 4704 1.2 3920

17 210 28 103 4704 1.2 3920
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Fig.4 Thermal cycles at various locations of each weld specimen by analysis.
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Fig.5 Thermal cycles at 84 node of each weld specimen by analysis and experiment.
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Fig.6 Residual stress distribution obtained by
analysis and experiment.
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Fig.7 Displacement through thickness
direction by analysis and experiment.
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