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Electro Magnetic and Heat Conductive FE Analysis on High Frequency Tube Welding Process

Takatoshi OKABE, Kazuhito KENMocHI and Kei SAKATA

Synopsis : A three-dimensional high frequency tube welding heat model has been developed by using electro magnetic and heat conduction finite ele-
ment methods. Eddy current density distribution at a static state is calculated by means of a frequency response analytic law. Heat transfer in
the tube circumferential and longitudinal direction is calculated with heating and cooling. This model is verified by experiments with labora-
tory-scale electric resistance welding mill. The analysis has good agreement with the actual measurement. This model can satisfactorily sim-
ulate the eddy current density distribution and the temperature distribution in the high frequency tube welding. The influences of welding fre-
quency, welding speed, and magnetic permeability of impeder on a temperature distribution of a tube are quantitatively clarified.
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Fig. 1. Manufacturing method of ERW tube.
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Table 1. Analyses conditions. Magnetic field analysis

i A three—dimensional analysis model f
Conditions Condition 1 Condition 2 T
Outer diameter (mm) 150 60 ‘ Coil Cur‘[ent input |
Wall thickness (mm) 35 25 | Magnetic field analysis |
Welding speed (m/min) 20~100 5.0 [ Eddy current density distribution |
Maximum temperature (°C) 1520 1520 | Re-arrange regularly as a function of time and position I
V-shape angle ( °) 3 3 Heat conduction analysis |
Frequency (kHz) 10~300 250 l A minute volume 3-dimensional heat conduction analysis model I
Relative permeability of tube 1 1 Heat conduction analysis
In heat conduction analysis, welding phenomenon is simulated as
Cross section area of impeder (mmZ) 1200 500 minute volume units move in the welding direction
i
Relative permeability of impeder 200 200
Maximum temperature ¥
Inner diameter of work coil (mm) 170 80 No Melting point ~Melting point+1
Distance from work coil to weld portion (mm) 180 140

Fig. 3. Analysis flow of electro magnetic and heat conduc-
tion FEA.

Work coil

Table 2. Analytic tools.

Impeder Analysis step Analysis tools
Magnetic analysis pre—post processor JMAG-studio
Magnetic analysis solver JMAG-works
. Original Model
Eddy current pick up Fortran program
Original Model

Eddy current re-arrange Fortran program

Heat conduction analysis pre-post processor | MENTAT

Fig. 2. Outline of electro magnetic analysis model. Heat conduction solver MARC
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Table 3. Physical properties value of heat conduction
FEA

Specific heat | Thermal conductivity | Electrical resistance
Temperature (°C) (J/kg*K) (W/m*K) rate (m* i Q)

0 469 59.4 0.12

200 519 53.6 2.54

400 594 447 464

600 745 36.0 1.50

700 854 318 9.50
750 1138 29.7 10.1
800 962 285 10.6
900 812 26.7 113
1000 653 21.1 11.7
1100 661 30.0 12.0
1200 661 29.7 12.2
1300 669 29.7 125
1500 753 34.3 13.9
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Fig. 5. Cooling curve of welded seam temperature.
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Fig. 12. Effect of frequency of welder on the coil current.
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Fig. 13. Effect of welding speed on the coil current.
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