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Analysis of Electromagnetic Field and Temperature Distribution around
Narrow Gap in High-frequency Resistance Welding of Steel Pipe
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When a narrow gap was formed under appropriate welding conditions in the steel pipe manufacturing process using high-
frequency resistance welding, temperature distribution was analyzed to predict the length of the gap. Assuming the length
of the gap from the apex point to the welding point at an applied voltage, and calculating the temperature distribution
around the gap, the length of the gap with an appropriate fusion width at the welding point could be estimated. Along with
this, the current density and magnetic flux density distributions that appeared in the narrow gap were obtained according to
the change in the applied voltage, and the distribution shape and size of the electromagnetic force acting on the gap were
also predicted. The current density, magnetic flux density, and electromagnetic force gradually increased along the narrow
gap, showing the maximum value at the welding point. In the temperature distribution in the narrow gap, the surface of the
front end began to melt at an appropriate applied voltage, and the melting width was the largest at the welding point. As
the applied voltage increased, the narrow gap became longer, and the appropriate gap length appeared in proportion to the
applied voltage.
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Fig. 1 Schematic drawing of high frequency resistance welding process
of steel pipe [4] (Adapted from Ref. 4 on the basis of OA)
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Fig. 2 Geometric model and solution domain for electromagnetic
FEM analysis
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Fig. 5 Distributions of current density and magnetic flux density at
strip edge
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Fig. 6 Current density and magnetic flux density from V-area to
weld point along end of strip edge with change of input
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Fig. 7 Current density and magnetic flux density from V-area to
weld point along end of strip edge with change of narrow-
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Fig. 9 Electromagnetic force in axial direction acting on surface of
narrow gap at welding point
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Fig. 11 Temperature distribution at welding point with change of
narrow gap length at constant voltage

LrHIE Holu 9t}

53] #A %Y %Eol 0.4 mm %
Zdolof tigh EHE
27t g5kl FAH %%j% ZHE A ‘%@2&
W o=, ERY] oY, sHi= AEH Y LHE&O
S st 3 A=A e £ S AS55l
A Hart af Utk 74o) dol7t AA| A7 Zf-ollAl
|85%o] ¢ —a—?ﬂ UeRar gith o]= 17k Y Z%?;oﬂ
alo] AR ARV dolA AudArt Zrtela AR s
QIgk Axto|ct. A G oS A §5FHoE 7}&3@
AL gh iAol A, QI7FHSe] otdsE 7Y do|rt o Zojxl
AAeNA AATE §5Fo] Yehhe AS o o ok ol2gt
LBy Ao aH A AQoA U EL 7= YR
7 dolg A5 4= A =t

Table 1-> QI7PHSE W3tol| whet, dJoj= 74 Hol& wskst 7
T, SRR FAYEF LAY &85 Zo] H §8F
¢l 0.4 mmof] 3 AaHE vehd 7] Zolo| A9 Aut AutE
wola girk. Mghe] gobdas 24 §8%o] vehte 3 4

v

=
o7} Z7heke & 4 Glck.

ﬁ

l:l A
T &=
ol

l° l:M o>“

éé

o

Table 1 Width of welded zone in mm at the center of thickness

Gap length

(mm]

0 5 100 15 20 25 30 35 40

Voltage
[Vl

240 0.40 033

245 0.40 035

250 0.42 0.38

255 0.47 0.40

260 050 041 0.34

265 0.43 035

270 0.46 0.36

40

Gap length, mm
o] (O8]
[} (=)
'y

—
(=)
T

0 3 | 1 1
235 245 255 265 275
Input voltage, V

Fig. 12 Predicted narrow-gap length with change of voltage for
optimal welding
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