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A Study on Characteristic of Residual Stresses in a wind Tower Using the
Tandem Circumferential Welding Process

Kim Ji Sun*, Kim In Ju

Abstract

This research proposes FEM analysis for Tandem welding process used in wind tower and predicts optimal welding process
to improve the stability of welded structures. Three dimensional elasto-plastic analyses are employed to evaluate
thermo-mechanical behavior of residual stress and deformation during Tandem welding for different distance between two
touches. To confirm the thermal distribution, Goldak’s ellipse heat source model and the real size wind tower pipe model
are utilized. Four different analyses are being performed, where in each case the distance between two electrode torches
is being changed and residual stress and welding deformation are predicted. Depending on base material state, each case
is divided into: Liquid (100mm), Austenite+Liquid (200mm), Austenite+Cementite (400mm), Pearlite+Cementite (800mm).

Key Words : Tandem welding (SFe-8-74), SAW(F3-8-4), Residual stress(¥H5-3-2)), Electrode distance(=={F7|2]), Wind tower(ZZERY)
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Fig. 1 Production process, the specimen

i
7(4
H

e
;S u];\ﬂle 44-x4oﬂ/qb x]x} Jﬂa}o]

T vlEe] g glen,

?94 7174] 4 54 ‘ﬂﬁ}Oﬂ WOH
L Trol|A 7M4 QE= /ﬂxlg

E(Alcular femte, AF)_J
o|EX Hz}o]E =7} UE(Needle)F A
H WollAl EF2lskA wielEo] A= Ee] 4
weave) 0.2 ¢]5] Q7] wjtolct. ofe} 7ro] A2 43 9l
At mjAler 247 A7) whizel 344 w+E el X 1%%
e Ao oA Qo B oo A Feetglo] A-eH
7 A=e) dofl o3t 244 #ste] wE 7] A A A
SRR il Alg) B9 B0l mAjo] 22 4

e & Eoke] Tl whE V1A AAE HESH

o
ae

~
1.

L2
S =
=

'FL
iE
2 o
=

=
Bl
[e:]
IS

(AJ
nL
<
=
o
oo
o



AR - o
THERMAL ANALYSIS ¥
Thermal Iwunﬂ:r',- conditions ‘ so FINITE’.E!:E!E?:"ODEL
s Roprrmie] Mashing parameter Heat flux
l (watt m™)
THERMAL POST el
PROCESSING
Tempersture fields THERMAL
ANALSYS
SEQUEL STRUCTURAL
ANALYSIS TANDEM WELDING
Thermal boundary conditions €— CONDITION
Mawng heat source Electrode distance of each case
Non-dnear matenal
STRUC TURAL POST
PRODESSING EXPERIMENT OF
Thermal boundary conditions WELDING USING
Moving heat source REAL CONDITION
Non-linear matenal
= 7 =] = = O] & ]
P2 TASIE. o] T Ao e el we 67)
Fig. 3 Overview of thermo-mechanical simulation approach ~

WA Ak el AR,
g Avjs) Ho, 2
1 2.3h9ich. olefgt v]

o
.| of
oxl FP,E

L

ket
-0,

o=
w4
o o

B wd ol

Ay
B[S
o,
>
g
)
o,
(R
e
o,
oo

)

ME 2 ok -4 ofd dlo op |o
ox i oxt
o,
2
oSt
w
2
e
=
Do
o
)
s
e
e
o,
oo
st
olo r

A& 1960 tfj o] Rosenthalo] #]
Lolo] AL 42345k o] A dY(Line heat source),
2214, 32 Gaussian FY 5o AQtE of iAo o] &[]
o}, Goldako] A|okgh o] mEle HR(A), AH(V)e] o5k &
w3 W& (power density)S 4224 0 & e Aolch A
Qe AFH(ASE AM(V), TLejil ofH Bg(n) B X = ¢
sl
Q=AW 1)
E2h, A9 84 Wik(g, )= Y drR AutEo] H 4

8
et

X7
0 (X.V.2) = LV)= G (X, ¥:.2) @)
Fig. 4%} o] 75 RS A9le] HUES F A9 T

940

HT o) ofl
o = e

ool $AUES Uehul, o8 SRR 3Y 4
UeRE. b X2 S UG e, ok 9 2ol
SRS

A9 GAYLE The3t 28 4 3oz BHE 4 otk

Auy 49 84 uE

3x 3y 3z
_ 6v3nQp Gy )
i ﬁ\/;afbc
Ty A9 §4 UE
C6VEnQr, Gy @

! ﬁ\/;afbc

ol7]A, Q=Avy olH, f,+f. =2 oJth

3.2 TR mE DR AEHHS|

339 wES Fa) 4] AeTT U 44 A A8
olAE ol Ao HEE= FYE w5t oA AukE &
o mAje] s Seleklnh MAlE A A 9 ke
utet Aef7E W3k s Ho SYEA7F S-S A o
mAo) g 47HA] FeE REsto] §4jo] Y uho]zo
AR QAE vastalat skelck. GHY o4 st
OhA 2Ldsto] wE AH329 7|AIA B/ WSk 2elst
olth. Fig. 5~62 9449 a4 2 d-ghaisjAo] dagh &4

A ue e gl
4 = -&(Conductivity), H] H(Specific heat), ‘U =(Density).
El

7<= (Young’s modulus) F-0}<5-H|(Poiss- on’s

S 3 4 A|4>(Thermal expansion coefficient), 3}& 7}



TA|AH

JolI

t3[X| Vol.21 No.6 2012. 12.

=+=Density (1e-3 kg/m') ~#-Specific heat (1e-2 Jkg/T)
~#~Heat conductivity (1e-1 J/im/sec’s) ==Enthalpy (18-9 J/m*)
=+#=Fim coefficient

12.00
10.00
8.00 |e—s
6.00
4.00
2.00

0.00 °
0 500

Value

.
- ik

1000
Temperature (C)

1500

Fig. 5 Thermo-physical properties of AH32
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Fig. 6 Thermo-mechanical properties of AH32
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Fig. 7 Plate model of AH32

Fig. 8 Thermal distribution of AH32
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Fig. 9 The division of electrode distance according to base metal
state after lead torch welding

Table 1 Welding analysis cases of tandem welding process

Analysis Material state Distance from Time from
condition lead torch lead torch
Case 1 Liquid 100mm 20sec
ite +
Case 2 Aust.em.t ¢ 200mm 40sec
Liquid
ite +
Case 3 Austemtﬁ: 400mm 80sec
Cementite
Pearlite +
Case 4 . 800mm 120sec
Cementite
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