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Abstract

This study targets to make clear the connection between MS (Martensite start) point and welding shrinkage.
We approved that a Martensite-transformed weldment may not yield state under low MS point, but also
admitted the limitation of numerical calculation by inherent strain approach or thermal strain approach.
Therefore, new thermal strain formulae during cooling stages were made. As a thermal strain is obtained
by integrating thermal extension coefficient, a constant of integration should be decided. In our suggested
formulae, the origin was based on totally remained austenite, and added strain from volume changes in
Martensite transformation was based on totally transformed ferrite.

Through the suggested methodology, It is verified that an MS point under a critical temperature can let
weld shrinkage relax and the critical value can be obtained. For supporting this process, 15 weld-consumables
were made, were tested by fillet type and were measured. As a result, a positive correlation between MS
point and level of weld-distortion was obtained, but it was rather weak.
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based on 3-bar theory
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Fig. 1 Thermal cycle at temperature-stress axes
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Table 1 Chemical compositions & MS points of weld material for experiments
c Si Mn Cu Ni Cr Mo Nb Y Al Co Ms
E70-T1 | 0.040 0.550 1.580 0.020 0.010 0.03 0.020 0.010 644.5
1 0.040 0.640 0.940 2.820 4.07 0.030 0.020 0.030 478.5
2 0.055 0.250 0.240 3.150 12.24 0.019 289.2
3 0.056 0.490 0.910 0.017 0.020 2.11 0.950 0.017 0.011 572.0
4 0.043 0.460 1.310 0.010 2.620 5.58 0.001 0.020 448 4
5 0.049 0.303 0.683 0.007 0.701 2.43 0.017 0.007 0.011 0.004 583.6
6 0.055 0.200 1.150 3.220 11.91 0.019 284.9
7 0.022 0.550 1.510 0.028 3.200 12.24 0.011 0.035 286.0
8 0.040 0.336 0.488 0.045 4.496 10.76 0.437 0.051 281.4
9 0.048 0.536 1.386 2.604 4.16 0.037 0.022 0.035 0.017 0.011 473.9
10 0.098 0.706 1.699 2.954 5.02 0.034 0.023 0.036 0.024 0.012 394.7
11 0.071 0.490 0.420 0.019 0.019 4.57 0.420 0.013 520.4
12 0.050 0.570 0.430 0.027 4.310 11.48 0.480 0.035 254.9
13 0.055 0.240 0.230 2.090 6.05 0.013 464.6
14 0.053 0.240 0.250 4.120 12.13 0.019 267.9
15 0.055 0.500 0.500 0.016 5.510 6.75 0.006 0.020 343.6
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Fig. 7 Specimen for weld-distortion experiments
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Table 2 Experimental results of weld distortion

based on 3.5mm| based on 5.0mm
leg length leg length Average
6t 8t 6t 8t 10t
E70-T1 1
1 0.897 | 0.506 | 0.832 | 0.700 0.733
2 0.829 | 0.673 | 0.967 | 0.722 0.798
3 0.927 | 0.767 | 0.943 | 0.737 0.844
4 0.827 | 0.805 | 1.073 | 0.758 0.866
5 0.803 | 0.669 0.882 | 0.648 | 0.751
6 0.963 | 0.772 0.951 | 0.692 | 0.845
7 1.110 | 0.862 0.973 | 0.650 | 0.899
8 1.017 | 0.845 0.798 | 0.699 | 0.840
9 0.940 | 0.889 | 0.867 | 0.815 0.878
10 0.984 | 0.948 | 0.875 | 0.822 0.907
11 0.808 | 1.002 | 0.662 | 0.685 0.790
12 0.767 | 0.797 | 0.877 | 0.682 0.781
13 0.948 | 0.996 | 0.850 | 0.825 0.905
14 0.886 | 0.789 | 0.815 | 0.696 0.797
15 0.789 | 0.784 | 0.821 | 0.648 0.761
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Table 3 Contribution of each region about distortion
mode

3.5mm leg 5.0mm leg
length length

6t 8t 6t 8t 10t
bead 43.2 | 41.2 | 57.3 | 44.8 | 434
base 56.8 | 58.8 | 42.7 | 55.2 | 56.6
bead 32.2 1 344 | 277 | 34.0 | 36.0
base 67.8 | 65.6 | 72.3 | 66.0 | 64.0

Contribution

Bending

Shrinkage
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