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Effect of Various Factors on Solidification Crack under FCB Welding

by Satoshi Kon

Abstract

In this study, to predict the formation of the hot cracking, numerical approach using Idealized Explicit FEM is employed. It is well know that
the accuracy of the temperature distribution significantly influences the welding deformation and stress. To obtain accurate temperature
distribution, multi-electrode heat source model is introduced and the accuracy of the temperature distribution is discussed by comparing the
analysis and measured results. The formation of hot crack is discussed based on the plastic strain increment which occurs in Brittleness
Temperature Range (BTR). The influence of various factors on hot cracking is investigated based on experimental results and analysis results.

Consequently, it was found that the accurate temperature distribution can be obtained by heat conduction analysis considering multi-electrode
FCB welding heat source. In addition, through the computation of the formation of hot crack using BTR plastic strain increment, it was found that
the larger tensile BTR plastic strain increment is generated at the backward of tack welds.
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Fig. 1 Schematic illustration of FCB welding process.
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Fig. 2 Schematic illustration of relationship between High
temperature ductility of alloy and loaded strain in
cracked / no crack case.
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Fig. 4 Temperature dependent physical constants.
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Fig. 3 Schematic illustration of plastic strain increment in
BTR during cooling.
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Fig. 6 Transient temperature distribution.
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Fig. 8 Shape and size of test specimen for
FCB welding.

4. BTR Bi& 0§ #1854 & ALV = RE BN 5l

AIREIZIBWT, ZEBERE T V& AW BB R T
DOFYHEER LT, RETIE, HALBARE FEM 2 AV
T BATHIBVESRAT & /MU EBR IR T VIZE A L, BEERh
DFERA T = X BB LOFHK T OB OV TRFHEIT
9.

4.1 BWETILE XUBHES

FENTIC W EE S EIX & Fig. 8 (2T, BEHRYENT
TRBER T I (X5 AT 48 Syl L L, B 7 mNc i(ﬁ?ﬁ*fﬁ
RN AR /\%Jé‘%ﬁﬁ L7c. HiAs, BEREIENE
128,056, 25174 ThDH. BHAeMEIT 45, YRHETL
— 7= A AT 3mmé L RO EITZE S 60
mm, @ EE 6 mm, AT ERE 300 mmé Uiz, RER{K~T
I, K& 1200 mm, 2F6E 300 mm, AE 20 mmE L7z,
TORE &L, ERELALVCHIAERAGERTEEME
E LTS, AT AWM BHIRTE
it BTR% 1300°C7>5 1450°C 150°CE L7=. 3 EMi

WX DFCBIA#EITHo> b0 & L, 1 EGHE, 2 &ME, 3
FBRE AZZNENL, T, T2 & EFTDH. BEEFEIIL-TI
W% 35mm, T1-T2 [fl% 120 mmé& L7=. £7-, ABET
3 EEMR T 4038 JImm & L, ¥EEEH A 1E 600 mm/min& L7z,
AT, UETRUZEMEEZEARSEME L, BERIN
KB LIET B W THRFAEIT-7-.

4.2 BEBANRE A H =X LOKRE

0.0036

0.0012

-0.0012

___________

(c) T=91.0 (sec)

0.0060

& IR T (k) & L7z,

MO05-3

Wk 26 EE &R - Acami E4E (2015 A2 2 A)

st

(a) T=49.0 (sec) (b) T=52.5 (sec)

(d) Maximum temperature
distribution.

(c) T=61.0 (sec)

Fig. 7 Transient and maximum temperature distribution on
transverse cross section near welding line.
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Fig. 9 Distribution of plastic strain increment in BTR near welding line.
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Fig. 10 Plastic strain increment in BTR along line C-C’. (z=3 mm)
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Fig. 12 Time history of rotational distortion and plastic
strain.
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Fig. 11 Mechanism of solidification crack.
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Fig. 13 Temperature history of rotational distortion and
plastic strain.
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