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Analysis of Hot Crack and Welding Deformation during One-side Butt
Welding Using Idealized Explicit FEM

Tsuyoshi MIWA - Dr. Kei YAMAZAKI - Kensaku NISHIHARA - Dr. Masakazu SHIBAHARA

=B

AFTIlE, BALR S FEM 2 v 72 B 224 ¢ B O miR B AT 0 B X OB AT 2 8 L ™
BT CTlX, BTRIWNTHRAT 2O TAOMGES L EAR (2951 Xv) X7 Mz EimEngsERs
BEE LCEHMiL, SO E2RBEBBERELKTAILICLY, RFEFFEIC L 2 EiRE N ET IO Y1 &
AR Lz F72, BRI CIE, FHY 7=V 7 — 7 EHEE FCB™E) BXOKHNATY v ¥
YFE AR IR (HT-MAG™ ) 12k L CTEMEW Y A4 X LAXVOME 2175720 KN TEZEHTLZ &
12D, INEFTHETD > 72 KBBERTCTHo THLEEP OBREICEE TN TE L2 L 2R LT,

Abstract

This paper reports on the analyses by idealized explicit FEM of hot crack and welding deformation during one-
side butt welding. In the hot crack analysis, the incremental value of the plastic strain generated in the brittle
temperature range (BTR) and the temperature gradient vector have been evaluated as the occurrence index
of hot cracks. By comparing these with the results of welding experimentation, the validity and effectiveness
of the hot crack occurrence forecast by this analysis method have been examined. In the deformation analysis,
the actual structure size level has been examined for one-side submerged arc welding (FCB™ method) and one-
side tandem welding (HT-MAG™ method). It has been shown that the application of these analysis methods has
enabled deformation forecast at high speed and with high accuracy even in large-scale analyses, which hitherto

FEATURE : Prediction and measurement of microstructures and properties in materials

have been difficult.
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Table 1 Welding conditions

Welding current | Electrode | Welding

Electrode | Polarity Wire -arc voltage distance speed

FAMILIARC™

Leading | DCEP MX-100E 410 A-34 V
1.

(p1.6) 40 mm 250

FAMILIARC™ mm/min

Trailing | DCEN DW-1ST 240 A-24V

(pl.d)
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Electrode
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5 B hiE gz oI

Fig.5 Schematic illustration of one side tandem welding method
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@: Specific heat (102J/kgK)
@: Density (103g/mm?)
A : Thermal conductivity (102W/mmK)
: Heat transfer coefficient (10-5W/mmK?)

@: Yield stress (MPa)

#: Young’s modulus (GPa)

A: Thermal expansion coefficient (1077/K)
: Poisson’s ratio (10°7)
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Table 2 Analysis conditions of FCB™ and HT-MAG™

Leading Trailing Trailing Welding Total Number of | Number of
electrode electrode 1 | electrode 2 speed heat input nodes elements
FCB™ 1020 A-33 V 700 A-40 V [700 A-45 V| 800 mm/min | 6.99 kJ/mm | 1,300,605 905,554
HT-MAG'™ 460 A-32 V 250 A-28V — 600 mm/min | 2.14 kJ/mm | 1,257,447 963,202
I)isp]acementlo;' SZ (mm) HT-MAG™ Displacementio;' SZ (mm) HLMAG™
108 108 )
82 82
55 55
29 29
2 15,800 £ 15,800
-24 & -24 2
=51 -51
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Fig.15 Displacement of thickness direction after first pass welding
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Fig.16 Displacement of thickness direction after third pass welding
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Fig.17 Analysis results of angular deformation

z
yT X
0 Weld

T 200 f —— P o
mowi, | laesg E g [T oo
- ~N — . — Tangential line at x=0 (HT-MAG™)
Weld 14 200 5 100
ks 2y L5800 £ 50
Weld 1 =
= - 3,700 : 0
1 S .50
3,84 2 00
2.
12,000 | (mm) 0 4,000 8000 12,000

y=10,105 (third board center)

Position (mm)

18 W% ) ZEFIHHT #5 R

Fig.18 Analysis results of longitudinal bending deformation
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