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Using process-mechanics integrated welding simulation and in-situ
observation techniques, we have successfully quantified the strain behavior during the melting and
solidification process in the trans-varestraint test, and also evaluated strain behavior at the
microstructural level using numerical simulations based on the phase-field method. Strain
concentration behavior that may contribute to crack initiation was suggested in these
investigations, and a good correspondence with the results of in-situ observation technique was
confirmed for the former. In addition, by systematically evaluating the effects of welding
conditions on strain concentration behavior, we clarified the welding condition factors that
dominate strain concentration and proposed a method to evaluate the degree of strain concentration
in a unified manner, and demonstrated the usefulness of this method.



@

@

@

150A

0.1cm/min

t(2R+1)

2)

1)

3)



Calculated strain, %

w
o

N
o

-
o

3(a)

3(b)

4)

5)

1
Ecal
/‘+
. e
e
L .
+ e=t/2(R+t)
0 10 20 30 40
Nominal strain, %
@

3

2
30
o Ere
o\' /.@
20} o
*a A
8 O>/-/
% 10 B ./'/
i =t/2(R+t
- T
0 B it i
0 1.0 2.0 3.0 4.0
Nominal strain, %

(b)



200 pm G = 492 K/cm

10°

alue at JPFRS (Cell1 /alue at 371 143 (Cell: 1

e 1R

T_>X 66 pm

t=0.18(s) t=0.19(s) t=0.2(s)
4
@
q
v a/v a/Vv Ady 6
7 7
E 1=180[A], v =14 [mm/s] £
°F / 8 8 °F 8 8
50 e 5¢
afb 5 8 4F g \
E E R 1 =180 [A], v =14 [mm/s]
”q> 3 s \ °q> 3L \
) F 1= 140 [A], v =14 [mm/s] 5 E 7‘ I'= 140 [A], v =14 [mm/s]
E o T =1500[°C] F =100 [Al,v=12 [mmis] °© T =1500[°C]
1¢ o T=1400[C] 14 o T=1400[°C]
F 1=100 (Al v=12 [mmis] © T = 1300 [°C] g e T=1300[C]
0F o T=1200[C] 0F o T=1200[C]
I R RO AR BRI DR B T N R AN S R
0 100 200 300 400 500 600 0 100 200 300 400 500 600
aiv g/
@ ©)
5

6)



W. F. Savage and C. D. Lundin: The Varestraint Test, Welding Journal, 44(1965), p. 433s-442s.

S. Okano, M. Tanaka, and M. Mochizuki: Arc Physics Based Heat Source Modeling for Numerical
Simulation of Weld Residual Stress and Distortion, Science and Technology of Welding and Joining,
16(2011), p. 209-214.

K. Kadoi, A. Fujinaga, M. Yamamoto, and K. Shinozaki: The Effect of Welding Conditions on
Solidification Cracking Susceptibility of Type 310S Stainless Steel during Laser Welding using an In-
situ Observation Technique, Weld World, 57(2013), p. 383-390.

S. Yamashita, S. Okano, M. Mochizuki and K. Saida, Quantitaive Evaluation of Augmented Strain at
the Weld Metal During the Trans-Varestraint Test, Weld World, 65(2021), 2013-2021.

18 2022  pp. 549-552.
S. Yamashita and K. Saida, Interpretation of Evaluation Indices based on Solidification Cracking
Behavior by In Situ Observation in trans-Varestraint Test, Weld World, 66(2022), pp. 341-349.



S. Yamashita , S. Okano , M. Mochizuki , K. Saida 65

Quantitative Evaluation of Augmented Strain at the Weld Metal During the Trans-Varestraint Test 2021

Welding in the World 2013-2021

DOl
10.1007/s40194-021-01152-w

2021

234

2021

2022







