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A Study on the Numerical Analysis of Magnetic Flux Density
by a Solenoid for MIAB Welding

Dong-Hyeok Choi*, Jae-Woong Kim**

ABSTRACT

The MIAB welding uses a rotating arc as its heat source and is known as an efficient method for pipe butt
welding. The arc is rotated around the weld line by the electro-magnetic force resulting from the interaction of arc
current and magnetic field. The electro-magnetic force is affected by magnetic flux density, arc current, and arc
length. Especially, the magnetic flux density is an important factor on arc rotation and weld quality.

This paper presents a 2D finite element model for the analysis of magnetic flux density in the actual welding
conditions. The magnetic flux density is mainly dependent on gap between two pipes, the position of coil from
gap center, exciting current, and relative permeability. Thus, the relations between magnetic flux density and main
factors were investigated through experiment and analysis. Experiments were performed for the steel pipes(48.1mm
0O.D and 2.0mm thickness). The analysis results of magnetic flux density reveal that it increases with increasing
exciting current, increasing relative permeability, decreasing distance from gap center to coil, and decreasing gap
size.

It is considered that the results of this study can be used as important data on the design of coil system and
MIAB welding system.

Key Words : MIAB Welding(X}7]+ %o} @) 7] £4), FEM(#3r9.4-1), Electro-magnetic force(dx}7]149),
Magnetic flux density(*H4: U ), Relative permeability(H] 5 AH&)
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Table 1 Experiment and analysis conditions of the main

factors
Exciting current
Interval L{mm) Gap Lg(mm)
1(A)

1.0 10 15
1.5 20 2.0
2.0 30 3.0
| 40 4.0
S0 5.0
6.0
7.0
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Fig. 9 Magpetic flux line according to the interval
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4.3 To|= Alo] SAjol| mE XYL
2@yl A ek 4 el sho] L ato] H (L7t
wgh o o} E Elfi*lfl*”* A7 E L ]y

AHL ok s v A Fa3t °11}r s

uh mrebA Al &3 A sl Alo] Bl i

wEo] okt A Ao wet L+t’rL’r‘~

o) 5AE wobs] e EHFAE ol &8 &

AsAh Fig 10 L 238 wojsFEu
gl Ale] EA7L FE&TF AHUEe] Ak

o] F7kete A& B 4 Ak E go|X A 9

B I oA &}

J

A% 2 o] T FEajo] ube}
Aoz & zold Hoj} wo]X T npg Ry
o RHE Agrt A4 E AEHUE o] Apoje

#ashe S el ok

79

800 T T T
.0 o La20mm
M L =3.0 mm
— Y v e v =
2 oafve "l s L=40mm |-
Z we i o L,=50mm
AN BORRRE e
o) * * L ] AE—.I'I'IIII
<
; 800+ © : ! i L -
] $:
@ ;‘
P-4 | 3
- i
s Vi
400 1 4 1
) 5 10 15

Distances from outer surface of pipes (imm)

Fig. 10 Magnetic flux density distribution according to

the gap(l-=2.0A, L=10mm)

go] T A ol AEUE FHE HA
A ol Avjnc solx rte] Fajrt F&
AR FHol Hrbwskdvh AA &84 B
FEE 1.520mmolth Wb ol ofzr} E
&= dho]x EA| 9} shol i S A B3
24 B/bsd ASUE gy ko stelT FA u}
ZaHUoRRE Ao BE AHHE WIls §
22 My o] &&] A&zl o] H(simulation)dt
Atk Fig. 11, 128 EA47F 2442 1.5, 2.0mm ¥

Mg AR g & g ko] AEHTER
x| 9} spo]i tfeA AR 9} UK A&
T A Az R zloly A3 A, s}
o|3 Ato] FEARS} & , el AREF A
wa) o oghe Ags] 4 T Utk oA
A opAZ A FIFE Aoz AtmEr)
Fig. 132 TSt slo] X Ato] FAl Aol u}
Al gpo]x FARED o pye] LUk ¥
EEALES vEpdL, o] Ff REo) zl&En
Hstel 71&719F AHEdEe] Hughd slo]L A}

of HAZt F&4E F7hHE AL FAW 5 9
o},

2l
e}

oo

B2
b mlo N

E_‘

44 HI S }gon
ore] W4s

o}



HEY - A4S B2FLTYEEA AigY #HA2s

Magnetic flux density (G)

X
-15 -10 -5 0 5 10 15 20

Distances from outer surface of pipes (mm)

Fig. 11 Result of analysis according to the
exciting current(L,=1.5mm, L=10mm)

Magnetic flux density (G)
8
3
T

L
-15 -10 -5 0 5 10 15 20

Distances from outer surface of pipes (mm)

Fig. 12 Result of analysis according to the
exciting current(L,=2.0mm, L=10mm)

900 L] T T T T T
¥ | o Le20mm 1
L;'J' 70F | —o— L=4.0mm 1
£ eof ~0— L,=6.0mm 4
g
3 sl E
Z a0l 4
=
2 300 E
-1
g 20 4
50
o
E 100 -1

ol GGoHES T

100 L L L ) s L

-5 -10 -5 [ 5 10 15 20

Distances from outer surface of pipes (mm)

Fig. 13 Result of analysis according to the gap
(I=2.0A, L=10mm)

A3 de Ba g AHUEol AgE v[xE Az}
ojt}, &, @ v FE(relative permeability)
o] F4% oatmo]A LAE xFo] do]LF
HEE] ] W zpdo] o)X Aol Faje]
A, meba gho] 3 Aol EAE FEEHE A
Lo gk ujFEAEe] dFgS dotstr] 9
T4 HARAG ol g3 Mg AU, L
Z

#% Fig 149 VAL

—O— Rel. Permeability=2000
—O— Rel. Permeability=1500
—o— Rel. Permeability=1000
—o— Rel. Permeability=560
—<— Rel. Permeability=400
—O— Rel. Permeability=300
Rel. Permeability=200 T
—+— Rel. Permeability=100

Magnetic flux demsity (G)
&
T

7713 N YO S W Y T ST Y VOO Y NI S S S NV W O B 3
-5 0 5 10 15 20

Distances from outer surface of pipes (mm)

Fig. 14 Magnetic flux density according to the relative
permeability(I=2.0A, L=10mm, L,=7.0mm)

oA & ghol B EAE] 20009 A
200714 ¥ A§ o] Alo] EAjol FAE
= AEd o] i3 vjEAEY E g B F
ola, BjEzkgo] 1002 2%, 2003 H]iﬂﬂ ar
Hog A&EYUE gho] Wol 4% AL & + ¢

L= S = E B Sl Bt I 3 B]—[—Z]—-gr,] oqgke
doimon ol Fa WMEE 2n AL A @
F ek
5. gE
MIABS RS 59 o2 el Bad 4

ATeAE
Admm, T4 2mme ©4& 7&%% ggoe=
X Alo] Aol BAE = AEHUL gk

GG AN 48 Bo 24



HEd - HAS - LA AlsE A2z

Au. 10 ARLe o gk Threadgill and J.A. Wright, "The Magnetically Impelied
D AMELS dug £ s MIABEH & 239 Arc Butt Welding" Welding Jounal, Vol. 58, No. 11,
feted ANRAS FEIHUCD. HMEL pp. 17-27, 1979.
M AEE 8 AEsERe IS v 4. Shuzo MORI and Katsuhiko YASUDA, "Magnetically
F2 <xEg MA HA SR 8w Impelled Arc Butt Welding of Aluminum Pipes,”
ou o A & UAFE RE B F AU Transaction of J.W.S, Vol. 21, No. 1, pp. 3-10, 1990.
2) 3ok AR dg ojgoay Hda §HE 5. Tsugihiko Satoh, Joichi Katayama, Seiji Ioka and
Add F3 Ert5d AE5UE dis Fa ® Masahiro Otani, "An Experimental Study on
FEo FEgE vetsiglv) Rotating Behavior of Arc during Magnetically
3) A F b gho] X Alo] F A %/}JOE’V_—‘}LH s Impelled Arc Butt Welding,” Journal of J.W.S,,
A7bx] Ag) Z1g)al @o]X Alo] At ol Vol. 8, No. 1, pp. 71-77, 1990.

B HA )= A4S # s _guﬁl oz} 2
Aggoy F ARA{FI FUHEFE o2
Aol zxﬁ—?g_@_i Bel 524741 A7t 7
-2 glo] L Alo] Eafe] HAHE whAue
W 74k 53] sholiL Alo] HAf
G4 A5U S Frhekal, sto] X
159} AR ALUE 2h= o) 7K
e 4 At
2bgof upehA ApEU R dEkE o
ol WP FQ WETe] JPun)
% = At
H°l zpddbAl 9l R o
Z1e]al MIABS A A dAel d
7]5 AsE AA s

o
W ooy Ibr ‘l

1110

4)

_Nﬁ,rﬂ
_0‘39‘

o rL' 4

LT N TS R S O
rlo
P

5)

‘
o
o
1>"E‘

o
G-\-

fo
I‘Q‘—(im

% 7|

o] =& 2000 % F I 214 ¢ st
A A=A+

uZ!_

g3l

1. Kenji Tagaki, Fumiho Arakida, Hideaki Miyamori and
Mikio Ozawa, “Arc Rotating Phenomena in Rotating
Arc Butt Welding of Steel Pipes,” Journal of JW.S,
Vol. 4, No. 2, pp. 305-311, 1986.

2. KI. Johnson, R.C. Crafer and D.A. Edson., "Advances
in Laser and MIAB Welding Technique," Welding
Journal, Vol. 62, No. 2, pp. 15-20, 1983.

3. KIL Johnson, AW. Carter, W.O. Dinsdale, P.L.

81



