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An Analytical Solution for Transient Temperature Distribution in Fillet Arc
Welding Including the Effect of Molten Metal

Seon Kook Jeong® and Hyung Suck Cho™
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Abstract

This paper presents an analytical solution to predict the transient temperature distribution in fillet
arc welding including the effect of molten metal. The solution is obtained by solving a transient
three-dimensional heat conduction equation with convection boundary conditions on the surfaces of
a plate, and mapping the infinite plate onto the fillet weld geometry with energy equation. The
electric heat input on the fillet weld and on the infinite plate is assumed to have a combination
of two bivariate Gaussian distribution. To check the validity of the solution, FCA welding experiments
were performed under various welding conditions. The actual isotherms of the weldment cross-sections
at various distances from the arc start point are compared with those of simulation result.

o2 ge Atgrgol 7iFsta o
.M 8 agste] £49 AF3E ZA a7H fioh
A5HE diME $4 3RS olsirt Basdi
olz &4 M T FFY HollMe gol £3 F Hleg o YL FFS diwste F
ArgslE ZAoth ey ob=e A A3 ¥ & AEsE @vh 2y §3 49 53E &9
a3 §avbae g dE: oz <lste g z F4 ofFo) mde FAo ojy¥x EF F3A
z7o] o ¢ dotatm EF 1Ee] Aol 2FE AL AU AMAIel ayHoR FHY B

+ 339, AMNARZAG 7)AH
» 339, dFHE7ed JATHH

260



o)

,d
e
MY
olo
i)

RUEARY, e
Wz ot ojgn. awAw §4 F uE
9Eg A28 & Qe dfMEE e 254
9]

Aol AojAl Bz §83H4 AL

Fo 84 ¥yl SHATSol

AEHAT, 1 o) F
g8 =<3,
FEHY FER _1_3% e 3=

dev EA A A e Ao Alx
o] mdojt Sz HH sl AbRE} o=
2Agsict, 12)5te Eagerd Tsal’s o] 53t
BAEE U3t W 23 FAY T3 3o
A Fe dele 2E BXE o2deE A4S §&
ok 2eht o) de wk 28 TAge 1A o
ol gk HollMeE 27 F1 E3| oW Bl=
&2 dSe] Ertestan

a2l8te] Boo'w 33 EREWA A 2A ®
ANXe FHAZAE H&dd {3 T
P A o]Fdts BE I soAe &%
A5 F = 4 e Tk
ool FE W& Ha Yoo v
S0 &% ot} vl=g¥e vy gy &
3 FABRY Alde) 2 2ol 4 AEL 1)
$ AgAolt) Az 7t Fo] o]RHE £HL
gy gHelth 249 49 H4 &HF 839
8oz i Yfo] BuEYY. aoz
FHEHAN &H ¥ o= A 2 By
L5 FXE 28 £ I A2 e A
o] vj9 Hgs3jg

azjdte] AT Jeong® Cho'es HWREHEI}
ol Hlsta] slsleta Aol Byali ofzg
TEXE oesha 428 FE3r 9ty »ag
HAlol ota REE IHBYFEEZ MG
a8 oleldt B X dHo] £HAS o) o) %s
3 TS §3 HBMY ex ByE 7
Ae MY E °55}9\i‘4 agn 794
Sia %%%d Atole] At E T e
AP ElE F vk °§@1°ﬂ*i94 YAEFo] 5d
stoin 7?@3}&1 2239 #AE Tyt o A}
BFTE olgdle HaoM T &L BYES
B gHoR Ao g o HIPYFRIEE

Sz r e 4o

oo [ IO b

bl
=
5+
=]
A

ki
X

a3

ey

S SR <A

KBIRER G, £13E H3%E, 19954 97

A% A4 A m 17
A olgte 24 BolMd 78 T WlgH
o 2R ¥EE FT 4 A HU

drolie §A4 S35 4y

ik 1846}11°‘°P S35 9 do3k
= ] 9.747} FAstgT. 2nz 2 @
HellMe] &5 EIE gygzygon
SR ?1—“:— *H}‘E}—’FS’% A A A o &2tg2 o)
EME sty

a2lu Mo HEHE dEFEr] gstd £
A7L 2L T A7del dAgHo ety £ Hx
e HEAIIHA 488 slgen &4 AAA
A ARG Ao T o] gHdM ulzo A

< H4e A Adsh vlwaAc o] A &
T 2 A9PT Yol Yad T FnE
BoFg 9l

2. 3 2R nx MEfoiMe 25
2x

21

ZAgt £HEX g HF8A= Fig 13 2ok
Aq71A X, ¥, Ze 2A EFEAY 9FH 1A
ZHEAN, x, y, 22 k2 FA, (X, ¥, O]

Natural
convection

Weld progression

/ Electrode

Arc conter X g
C (Xa,Ya,0)
h y
z Boa
y \j
o Forced
P convection
0 Y
Weldment
H
Natural
convection

Fig. 1 Coordinates of the weldment for analysis
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Table 1. Physical properties of the weldment

PROPERTY NOTATION(UNIT) WELDMENT
Thermal conductivity K(W/m°K) 303
Specific heat c(/Kg°K) 752
Density p(Kg/m®) 7860
Forced convection heat coefficient 4 (W/m*°K) 50
Natural convection heat coefficient 4, (W/m*°K) 18

Table 2. Welding condition

CONDITION NOTATION(UNIT) VALUE
Welding current A 240
Heat input W 7200
Gun travel speed mm/sec 5
Contact tube to workpiece mm 20

Table 3. Chemical composition of the weldment

C Mn Si P S
0.15% 1.3% 0.35% 0016%  0.007%
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Fig. 6 The heat of molten metal is assumed as a
Gaussian distributed heat source and apply on
the plane which across the centroid G.

Molten
metal

Fig. 7 Temperature distributions for various heat ap-
pling position{distance from arc start point @ 3
5mm, arc efficiency : 76%, current . 240A, vol-
tage : 30V, travel speed : 5 mm/sec)
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