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Computational Method for Transient Welding Deformation and Stress for Large Scale Structure
Based on Dynamic Explicit FEM*

by SHIBAHARA Masakazu**, IKUSHIMA Kazuki***, ITOH Shinsuke**** and MASAOKA Koji*****

In the analysis of welding mechanics, it is difficult to analyze large-scale structures because of welding-specific moving local nonlinearity.
In this research, the authors proposed a new numerical method for welding mechanics based on the Dynamic Explicit FEM. In the proposed
method, the temperature step is divided into hundreds of time steps as implicit FEM and the displacements are computed for each time step
based on dynamic explicit FEM until the whole system reaches the static equilibrium state. And, to achieve the static equilibrium state faster,
modified mass and damping matrix are introduced. The modified mass and damping matrix are based on the Courant condition and the vibration
theory, respectively. The proposed method and static implicit FEM are compared at the final path of multilayer welding of thick bead-on-plate
to verify vaidity and accuracy. The transient and residual deformation and stress distribution of the proposed method show good agreement
with those of static implicit FEM. In addition, the computing time and memory consumption of the proposed method are 1/12 and 1/40 times
shorter than those of static implicit FEM, respectively, in 243,243 degree of freedom model. It is found that the proposed method has an
advantage in large-scale analysis whose nodal points are more than tens of thousands.
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Fig. 14 Comparison of angular distortion between proposed method
and static implicit FEM.
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Fig. 16 Comparison of memory utilization between proposed
method and static implicit FEM.

600
2407

5300.0(5)

w
=3
=1

oling
oces:

|

c
400 F Heating Process !1*:« ess|

|

|

|

|

M ||"r'|r oo 'JJJ{J

: : ' N " L.
0 500 1000 1500 2000 2500 3000
Load Step

%)
=4
=]

353
=3
=1

Convergence Time Step

=
<

=1

Fig. 18 History of time steps for convergence.

BIABEMLTWBDIZ LT, REFETIZITITHE L &
STWBLIZENWaHhsH. HiZ, 81081HI M DETFIVIZEW
T, RETFIFHWNEME: FEM 021212500 1 OFHER;
MEGoTWBEIEDSDD.

Fig. 18 IZHipifi 13981 DIFEMTE T VI BT 5 LI ER T
v THVOPORTE TIZE LM AT Yy 78 EWMEX T
v TOMBRERT. 72, Fig 19IZHEAT v 7120 5
REPEREEELYRY. Fig. 18X V), RETHEOIULZ
TIELAEBMAT Yy 78, MEIESoBBICLN S
BOIELOXIEHDHHDOD, #2200 27 v TR Z
SNTEY, BIPFELICONTEOEDS LR hoTW
BT ENbhb. THXPOREMFE LT, BEHXZ M,
BENIRZ PVBLURETINZ MVO VA0, HgHE
BREIRTZ PV VAT AR RICTFM L7270,
MDD 1T O T, At L 2 B WEH RS X7 b
VHBREL LBNPOLTHBEEEZOLNSL. £72, Fig. 19 &
D, 2900A 7 v 7URIZWHER L 2o THBY, ZHLE
DOWEAT v FI2BWTIE, @FOBWEFHDE FEM 12X %
R A HE LREETH 5, KA 7 — VHBIEFICRVES
b, AR»S, REFEEZH VLI LT, MR
BOTHLIMERAT Yy 7H72 0 OPORE CTICE LK A
T v TR, 200 A7 v TREICHZONTWS Z LA
RATE5. ThiE, REFESRHMARICHS B0
Z, BMEZCLA2MEBMGOBTEZ TWELDTHY,
COZENSWETEX, BNBHEFEM 23EICL T3

1000000 —fF— Proposed method

=== Static Implicit FEM
—~.800000
) /
Q I’
.E 600000 s
=
2 A
g 400000 ’ 1

4
o 7 =
g 200000 - 12
O & ,rf
- ” . —

0
020000 40000 60000 80000 100000
Number of Nodes
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and static implicit FEM.
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