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 In this paper, the effect of high frequency induction welding parameters on the weld quality of welded 
pipes is studied. For this purpose, process parameters such as current, frequency and edge shape of the 
weld connection and their effects on the heat distribution are investigated. Experimental investigation is 
performed by using tensile test, metallography, and micro hardness. This reveals three regions with 
different grading and various thermo-mechanical treatments. The results show that the grain size 
decreases about 27 percents as the edge shape is improved. By conducting thermo-magnetic analysis, 
different current intensities and frequencies are evaluated in the creation of appropriate temperature 
distribution. The results show that with increasing the current and frequency, the heat-affected zone is 
expanded and other areas become smaller. The maximum increase of the average temperature in the 
weld edge, was about 42 percents from 1250 to 1500 amperes per unit increase of the frequency. Micro-
hardness test is used to detect micro-structural phases of the weld zone.By comparing the results of the 
metallography and micro-hardness tests, more uniform weld width was observed with modified edge of 
the in welded samples. The results represent 18 percents of decrease in the weld width of the modified 
samples in comparison with samples without edge preparation. 
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Fig. 1 Schematic of high frequency induction welding 
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Table 1 Mechanical properties of L210 carbon steel. 

(%)  (MPa) (MPa) 
 

37.6 340 446 L 210 or A 

2 L 210  API 5L [7]  
Table 2 Chemical composition of L 210 carbon steel [7]. 

Other Mn P S C 
Nb+V max0.06 0.9 0.03 0.03 0.22 

  
Fig.  2 Schematic of edge preparing in the experimental tests.   A) 
without edge preparing b) second preparing edge c) final preparing 
edge 
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Fig.3 Vee shape zone and inductor (up view). 
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Fig.4 model meshed with tetrahedral element. 
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Fig. 5 
Specific heat at different temperatures for structural steel [12]. 
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Fig. 6 Thermal conductivity at various temperatures for structural steel 
[12]. 
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Fig. 7 Relative permeability at various temperatures structural steel 
[13]. 
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Fig. 8 Temperature profiles of 4 points in the weld edge without edge 
preparing. 
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Fig.10 temperature distribution in the edge for second optimized edge 
for two power sets. 
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Fig.11 Temperature distribution in final optimized edge in 2 power 
sets. 
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Fig. 9 final improved edge shape derived from Isothermal diagrams. 
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Fig.12 Temperature profiles of 4 distance from the outer surface, in 
final edge preparation. 
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Fig. 13 Tensile test specimens based on ASTM-E8 standard for large 
diameter pipes. 
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Table 3 Tensile test results 
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(%)  
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398 
398  
388  
399  
395  
375  
340  

20.2  
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Fig. 14 Comparing the results of yield strength and ultimate strength in 
a different edge preparation. 
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Fig. 15 Comparison of the elongation of the sample 
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Fig. 16 Cross-section of the weld and 4 difference zones. 
1. Base metal 2. Thermomechanical zone 3. Heat affected zone 4. 
Fusion zone 
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Fig.17 Micro structure and texture of the weld 1) thermomechanical 
area 2) Center of the welding line. 
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Fig. 18 uniformity comparison of weld's width in several edge shapes A 
and B) without edge preparing B) second preparing edge C) final 
preparing edge   
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Fig. 19 Comparison of experimental and simulated weld width for 
improved edge of the end.  
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Fig. 20 comparison of experimental results of weld width in different 
edge preparation. 
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Fig. 21 A comparison of simulation results of weld width in different 
edge preparations. 
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Fig. 22 Comparing the effect of increasing of the frequency and current 
intensity on the temperature gradient and temperature in 4-point of the 
edge in the thickness direction of weld. 
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Fig. 23 Comparison of average temperatures generated at the edge, at 
different frequencies and current intensity. 
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