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Development of 3D Finite Element Method for Hot Cracking Using Interface Element and
Its Application for Pear-shaped Bead Cracking Under Narrow Gap Welding*

by SHIBAHARA Masakazu**, ITO Shinsuke***, SERIZAWA Hisashi****,
MASAOKA Koji***** and MURAKAWA Hidekazu****

The objective of this research is to develop a 3D finite element method (FEM) for hot cracking using temperature dependent interface
element. Proposed method can predict the formation and extension of hot cracking. It includes Iterative Substructure Method (ISM) which can
reduce the computational time with keeping high accuracy.

In this study, proposed method is applied to the problem of pear-shaped bead cracking under narrow gap welding. The applicability and the
validity of the method are verified through serial computations. The computed results show that proposed method can simulate pear-shaped
bead cracking and surface cracking which are distributed along the longitudinal cross section in welding line. Additionally, it is found that when
the weldment is penetrated to the back of plate, pear-shaped bead cracking is difficult to form. The computational speed of the method using
ISM increases by about 7 times faster than the method which doesn't use ISM.
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Fig. 1 Photos of pear-shaped bead cracking.
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Fig. 2 Stress-opening displacement curves of interface element.

—J, RT3 Vo DOFEINHIOES IZB T A% dé/dd,
T&b%,

_99 _4m r_onﬂ_ % e
% %‘K%+5] [%+5 @

(&, FINFKENAEH§ 2 Bififis 72 ) of G2 £b L,

DRHZHAIR D 72 ) DFEE N3 Ko, L b, Thbb,

n+l 2n+l
(e} (T) — 4_}41 n_-'—] T —_ n+ 1 N TR (4)
T [ 2n+1 2n+1

ZIT, o, 3ZOBRBOMEEICBITLMAMELRL,
NEENRMRELITERZ LTS, T2, 0,252 5%
MRS FRAEMES LR LIZT 5.

RIZ, FOER S EREIRT o DBERE Fig. 2 1283, [
FIZREND LI, 3T ENRTA=FTHY, r,dKE
WIRFIZIE, RSN T ABOROZMAREL 252 L
DB,

ST, RELANVF—y PREREELZRT EREL
T, BTIRIAEIRZEH LD DA Fig. 3 Th5H. BTRILE
M &, MR EEE R MEAL 3 2 I TH % il bin
AR L, AT, ZomERILE DYHIcE S 2,
BTR IZBWTHEOBERIE o, KR EEs, LY K& L,
ENDRET LML D S, Thbboso, EIREL.
% B, Fig. 3 O¥H O BTR MR, 1300C~1450T T
5.

23 BRECFEREBEROMENY MU ERIMTS]
A T3 B ARAE R S R D E A S bV & EIPEATS

15
. B T R
. - >
& : . |
= 10 i Yield stress (o) | 4
|
5 |-————f———"—————-— \
) \
> 5L I 1
5 I 4 1
I Interface :‘
T : strength (o ) 1 ,‘L _____
s L
1300 1450

Temperature (°C)

Fig.3 Temperature dependent yield stress o and critical stress o of
interface element.



WEgY S XHE 527 % (2009) 45 1 & 83
OBEHIZOWTHHAT S, BEKRGFRAMBEZORT V¥ L HFRANERLENR DY, ZoOFHE, FEICHEE

YNVIANF—Us(u) 1, FERT > T v VBEE OO, T)
DT E LTRATEZ NS,

Us(.T) = [G(8.T)dS" ovrvvremvmsemsnmssnsisisiscs 5)

2T, [dsT i, REEROERHICOVWTORMGEEDT.
S50, HIAAEN, W, FIEM A Au, AT, AJZEAL
L7ZREDRT Y Vv VIR NVF —% Uiy + Auy, THAT) &
L, 2hzAy, ATIZOWTT—I— Bl 5L, KA
HoNns.

Us(ug+ Aug. T + AT) = [¢(8 + AS.T + AT ds"

_pas 4 (2290 1, 90 00 1 nne yast
=108+ (5 (50) + 3 e AT Aug s "
dp 3% 96 00

95°  9°&T a0 ou

+%J( AT){Aug}"{ } {AuS}dS + HO.T

Z2T, HiMENMMOICHETYT A - RIHE REHEZZNLTR
RDOEHIZFELDDE, RADPHOND.

29,05 . 90 35

I(Ei§{éﬁj} aaaT{5;;} AT){Auj }dS* = —{f}"{Auj} ...(7)
1,9% 9% 108,98 1o e

21 Gat g AT (G G A est ®
=1/2{Aug} [K{Aug}

X oT, REERGERRMELZOMENZ MV (£} &MY
H K] &, —REBIVC-REOREELTERDOENS.
j‘&b%?

3 35 . P 98

{f}:_j(a_a{a_uo} +8&T{au0} ATHS® covvenenininenenes 9)
_j 90, 09 98 110981 4ge i,
KI=1Gs T Mo, (u, %S 1o

3. REVYTANS7Fv—k (ISM)

BHRHLE, BED O I~ IR D A DB E
BOMRERGAER WY X ) IR 2R3 [RITYIE
MIME] ZHLTWAEZZLILENTEL., ZDLH %
W% FEM T2 X D BT 256121, BITETVoOXR
R OEIHEIRE ST b LM HIR TH L ICHED S
¥, EFNEREIEREMEE L TRLEND Y, FHE
FE OB RIZEDR > T L00HIRTH 5. 22T, HRl
RUEAE 0 R IR o iRV IR GRIERUE SR % Q,
L L, ZoMoIERIEEOT WV HER (55IEMIE IR % Q,
ELEE, SIERMIBHEEQ, 1B VT, FY ADHEEREI

FNW KR 2 8 5720, FiEHEZoOEME W
HIRY BT HHICE VEMRORALZ EB L 7200 IE
HT AT 7 F ¥ —1 (Iterative Substructure Method (ISM))
THbH. KWL TIX, ZRICHER SRS AT P20 A8
TANT 7 F v —ERBATHHILD, FHEOKIGZ K
MM 2 EZH L7z, SROFEIZE W T, §iloIERIE
HIRQ,DEFRE LT,

1)200C L EDEF
F 7213,

2) 100C 2L k0 WAL T DB
LR LT,

RIZ, KRELBETRENDBEENLFNET IV (Fig. 55
W) ZHWCEMERM O L L7z E% Fig. 4 ISR7.
K ORRIIIES 7 A S 7 Fy —FEEEALTHWRW
BEoREREMERLTBY, £, BALZEEGOH
B EZRLTWA, T2 TIE, EHEH, MAB0ES 4
Y OFFENTE T IV L CEEmIRENEATE 2 #A L,
BRI 2L L. 2B, Rhorisnd s
ALTWA. ALY, SMEEsKEvizys, mHOFHE
R OZIIKE 2D, FWisnt 22021 o528V T,
ZOEIIK TR HZEFMHERTE S, F72, CHMIOR
ENTWLHEY, KEYTANS 7 F ¥ =08 ADHE
IR ST, £, B, X 5ICIZEIVIREICE B TR
BIFIC—83 22 L 2R L.

DEoOBEHCEY, HEYTA NI 7 F ¥ —E2BAT
52 LT, MELMELRSHAEPEHTE LT L2 HER
LD TUBROFEICBNTIE, KEYTANT 7 F 5 —
FREAL 3 RouEEERANET 2 ET L2 2121
7z.

4. BINET IV KUBIRESG
3 RIOCHE % i E AT IE O BRI D v TRES 5 5 72

OIZ, PRPAGHEHMRT 2R e L, S IR
T OEBIIOWTHRY L7z, BICHWERZSHNZ

1000000 e
—O—1ISM e

-A--Ordinary method /

800000

600000} ‘ ]

400000} S

T
N\

e ]
LA:”:J/

0%9-@ 5000 10000 15000 20000 25000
Number of nodal points

Computational time (sec)

200000}

Fig.4 Comparison of computational time between ordinary method and
Tterative substructure method (ISM).
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Table 1 Influence of heat input Q and welding speed v on formation of hot cracking (r,= 0.025 mm).

Heat Input O (kJ/mm) B :Cracked area
1.09 1.25 1.41 1.56
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Fig.8 Deformation after complete cooling in cross section of x/L=0.83
superposed on the maximum temperature distribution (Q=1.56
kJ/mm, v=10 mm/s, ,=0.025 mm).
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Fig. 9 Deformation with surface cracking (Q= 1.56 kJ/mm, v= 10 mm/s,
r=0.025 mm).
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Fig. 10 Maximum temperature and crack distribution (Q= 1.41 kJ/mm, v= 15 mm/s, r,= 0.025 mm).

Table 2 Influence of heat input Q and welding speed v on formation of hot cracking (7,= 0.005 mm).

Welding speed
V (mm/s)

Heat Input O (kJ/mm) B :Cracked arca
1.09 1.25 1.41 ] 1.56
e L] - - | |
N e =

L
| e
L o

(0<x/L <067 :Nocrack)

Table 3 Influence of heat input and welding speed on formation of hot
cracking (r,= 0.025 mm).

Heat Input O (kJ/mm)

1.09 1.25 1.41 1.56
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Table 4 Influence of heat input and welding speed on formation of hot
cracking (r,= 0.005 mm).

Heat Input O (kJ/mm)

1.09 1.25 1.41 1.56
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Table 5 Influence of scale parameter r, on hot cracking (Q= 1.41
kJ/mm, v=5 mm/s).

Scale parameter

ro (mm) B : Cracked area

0.005

0.015

111

Thermal expansion ratio

0.025

0.035

xL: 0.67 0.83 1.00
L 1

(0< x/L<0.67 No crack)

Table 6 Influence of BTR on hot cracking (Q= 1.41 kJ/mm, v= 15
mm/s, r,= 0.025 mm).

BTR (°C) B : Cracked area
1100-1450 -
1200-1450 i
— L
1400-1450 -
xL: 0.67 0.83 1.00

(0= x/L <0.67 Noecrack)
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Fig. 11 Temperature dependent thermal expansion ratio.

Table 7 Influence of solidification contraction on hot cracking (Q= 1.41
kJ/mm, v= 15 mm/s, r,;= 0.025 mm).

Solidification

: Cracked ares
conlrachon M, M, m ¢ =

0.0

0s
1.0
36
xAL: 0.67 0.83 1.00

(0= x/L <0.67 No crack)

Table 8 Influence of aspect ratio of penetration on hot cracking (Q=
1.41 kJ/mm, v= 15 mm/s, r,= 0.025 mm).

Aspect

ratio of Max. temp. B : Cracked area

0.83 1.00
L

(0< x/L <0.67 :No crack)
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