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ABSTRACT: In this research work the Welding technology that implements high frequency contact welding process (HFCW), is presented 
as a method for automatic steel pipes production. The pipes produced by the HFCW are meant to be used for natural gas transportation. 
X60M steel coils with thickness of 6.5 mm are used as a raw material. The outer pipe diameter is φ508 and the length is 12000 mm. The 
preliminary welding procedure is based on the personal experience, technical knowledge and the expert judgment. A special attention has 
been paid to the most important welding parameters such as: current frequency, voltage and welding speed. After the welding was finished, 
an additional heat treatment (normalization) of the welded pipes (joints) was performed at the temperature of 9000C. 
In order to justify the proposed welding technology a complex analysis is applied. The first analysis was the chemical analysis of base metal. 
The next was the nondestructive testing consisted of a visual inspection, and ultrasound testing of the pipes. The destructive testing was 
consisted of tensile testing, bend testing and the hardness measurement. Besides the analysis of the micro and macro structure of the welded 
joints, a metallographic analysis is performed as well. Moreover a hydrostatic test and a flattening test were performed as an integral part of 
the entire testing process. The test results confirmed that the pipes produced with the predicted welding parameters completely fulfilled 
standard requirements. The manufacturing process for the pipes for natural gas transportation is ready to begin. 
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1. Introduction 
Over the past few decades’ severe demand were placed to the pipes 
manufacturer with respect to the development and processing of the 
material for the pipelines. Generally longitudinally welded steel 
pipes are used for gas and oil transportation because of the high 
safety and as an economical method of manufacturing. Because of 
the conditions where the pipes are used such as high ground 
pressure, they must possess high strength and toughness [1]. 
More than eight millions tons of steel pipe are produced in the 
world every year. Most of them are produced from standard steel 
grades. The bigger challenge for the pipe producers is the 
manufacturing the pipes from X60, X70 and X80 which on the 
other hand requires special efforts and measures [2,3]. 
High frequency tube welding is one of the most forgiving industrial 
processes nowadays, and it is possible to produce acceptable tubing 
for most purposes. High frequency welding is a form of electrical 
resistance welding (ERW). A voltage is applied (HF contact) or 
induced (HF induction) across the edges of the open tube just prior 
to the point of closure. This voltage causes a current to flow along 
the edges to the point where they meet, causing rapid heating of the 
metal. Pressure is applied by the weld rolls, which forces the heated 
metal into contact, forming a hot diffusion bond. The pressure also 
forces the molten metal and any impurities out of the weldment [4]. 
The only real difference between high frequency contact and 
induction welding is that with contact welding, the voltage is 
applied directly to the strip edges by means of sliding contacts, 
whereas in the case of induction welding, the voltage is induced by 
the magnetic flux surrounding the coil. The reason for using a 
higher frequency is that in the case of induction welding, it is 
desirable to keep the size of the coil reasonably small. The higher 
the frequency, the less flux is required. The higher frequencies also 
affect the behavior of the current that flows in the “vee”. As the 
frequency is increased, the current tends to concentrate closer and 
closer to the edges of the strip. This is partly due to the “skin effect” 
which causes the current to flow on the surface of conductors at 
high frequency, and partly due to the “proximity effect” which 
causes the current on the adjacent conductors to concentrate at the 
adjacent surfaces. Both of these effects are caused by distortion or 
interaction between the magnetic fields associated with the current 
flow [5,6]. Frequencies used for tube welding are in the range 
between roughly 100 kHz to 800 kHz, with lower frequencies being 
used for large, heavy wall tube, and the upper range being used for 
small, thin walled products, especially those using nonferrous 
material. The current that flows along the edges of the strip to the 
apex of the “vee” heats the strip to the welding temperature. The 
current will also tend to flow around the inside circumference of the 
open tube. This heats the entire tube, and does not contribute to the 

welding process. Thermo-mechanical control process (TMCP) is 
one of microstructural control techniques, combining controlled 
rolling and controlled cooling, to obtain excellent properties of the 
steel plates, such as high strength, excellent toughness and weld 
ability [7]. The controlled rolling and the controlled cooling are to 
satisfy the high strength and high toughness requirements, which 
could only be achieved conventionally by off-line heat treatment. 
Located close to the mill, the practical operation type also gives an 
opportunity for higher productivity and shorter production time that 
are always demanded in industrial products [8]. 
The large-diameter steel pipes are produced by high frequency 
seam-welding followed by induction-assisted heat treatment. The 
pipes for oil and the gas transmission are made from low-alloy 
steels designated X60, X65, X70 etc. depending on the strength and 
toughness required and the intended application. One of the 
methods of fabricating pipes from these materials is by high–
frequency contact seam–welding [9-11].  
The toughness of the line pipes is paramount in their suitability for 
application. The joint resulting from the contact welding is quite 
narrow, with a central 2 mm wide region, but it also represents a 
source of weakness. That is why the welding process is immediately 
followed by induction heat treatment. The intention of the latter is 
to refine the microstructure by reutilization at a lower temperature 
[12]. 
One of the TMCR are the alform series i.e. thermo mechanically 
rolled, weld-able and bendable fine grain structural steels. The 
plates made of these steels combine the good toughness properties 
of the thermo-mechanically rolled fine-grain steels according to EN 
10025-4 with the excellent cold forming properties of the cold 
forming steels according to EN 10149-2. The alloying concept 
provides very low carbon contents and low carbon equivalents, 
which aims to a very good weld-ability. In particular, the high-
strength grades provide special advantages in areas, where weight 
the savings are of a great importance. Although the heat–treatment 
improves the toughness of the welded region, the increase is not as 
large as might be expected from the reduction in the scale of the 
microstructure [13].  
Therefore the basic idea of this research work is to verify the 
proposed welding technology (using HFCW process) for production 
of the steel pipes (for natural gas transportation) made of micro 
alloyed steel X60M. 
 

2. Material and experimental 
Raw material 
The raw material used (steel coils) for the pipes production was 
micro alloyed steel with designation X60M PSL2. The designation 
of steel is according to API 5, 45th Edition/ISO3183. Explanation of 
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the designation is the following: X means steel for pipe production 
according API. Digits 60 ksi concern to yield strength of the steel 
i.e. to 420 MPa. M means that steel is produced by thermo 
mechanical rolling process. PSL refers to the product specification 
level where PSL2 provides a more extensive chemical composition 
complete with a mandatory minimum. The chemical composition 
and mechanical properties of the raw material are given in the tables 
1-3. 
 
Table 1 Chemical composition of the raw material measured and according 

API standard requirement 
El.% Measured Standard 
C 0.074 0.12 
Si 0.184 0.45 
Mn 1.17 0.16 
P 0.012 0.025 
S 0.004 0.015 
Cu 0.0233  
Cr  0.024  
N 0.007  
V 0.0403  
Nb 0.0357  
Ti 0.0111  

 
Table 2 Mechanical properties of the raw material and weldment 

Tensile test 
 Rp0.2 Rm A% 
BM 527 588 32.7 
WM 530 584 - 

 
Table 3 Impact toughness of raw material weld metal and HAZ 

 Charpy V-notch, 00C 
 1 2 3 Av 
BM 210 208 207 205 
WM 190 180 165 179 
HAZ 203 200 185 196 

 
Table 4 Thypical parameters used for welding of HFRW 

Welding 
parameters 

Values 

Welding speed 
(m/min) 

22 

Voltage (kV) 14,3 
Current  
intensity (A) 

23-24 

Current 
Frequency Hz 

400 

Generator 
power kW 

600 

Voltage index 57-58 
 
The raw material used for the steel pipe production was in a form of 
coils. The coils had to be exact width-ness in order to allow the 
proposed diameter of φ508x6.5 to be achieved. The coils are 
delivered to the starting point of the technological line (Figure 3a) 
from the store. (Figure 1). Then the coils are moved (Figure 2a) to 
the technological production line by cranes. The round shape of the 
pipe is achieved with the rolling mill technology where the rolled 
strips are formed into a circular cross section by funnel 
arrangements of rolls. The size of the rolls is chosen as per the 
diameter of the pipe and the thickness of the material. (Figure 2b) 
The pipes are then welded implementing the electro resistance 
contact welding process. (Figure 2c.) The beginning of the pipe 
welding process and the V-wedging are given in (Figure 3b). The 
parameters of the welding wedge play a very important role in 
terms of the quality of the welded joint. The softened and melted 
edges of the pipes are connected by the pressure of the squeezing 
rolls (Figure 3). The excesses material and impurities are squeezed 

out on the inner and the outer pipe surface. (Figure 4). The removal 
of the material (slag) is performed with special knifes located on the 
inner and outer side of the pipe. After the excess material is taken 
off, the welded pipes are cut in the length of 12 meters. A circular 
mechanical saw is used for cutting the pipes. (Presented in Figure 
2d). 
 

  
a                              b 

  
c                              d 

Figure 1(a-d) Production of steel pipe from the raw material API X60 steel 
a. Store for raw material b. involving raw material in the 

production line c. welded pipe d. cutting of the pipe 

 
As is shown in the figure 5, the welded pipes are then additionally 
exposed to a heat treatment (normalization) in order to improve the 
properties of the welded joints (relaxation of stress, 
microstructure…..). Normalization is performed at the temperature 
of 900 0C by 6 inductors. The width of normalized layer is about 20 
mm. 
 

    
                        a                                   b  
Figure 2 a Technological line for contact welded pipes production b. final 

forming of pipe before  welding b. formed pipe before HFCW 
 

  
                                     a                      b 

Figure 3 Electro resistance contact welding of pipes a. Contactors b. 
Welding start point and V-wedge 

 
 

 
Figure 4 Pipe  with excess material (slag) 

 

 
Figure 5 Induction heating of weld with 6 inductors 

 
Evaluation of the preliminary welded pipes 
Many complex testing and evaluations were performed in order to 
confirm quality of the welded joints. A welded pipe was subject to 
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hydrostatic testing under the pressure of 10 bar for period of 10s. 
There was no leakage after the testing. For the flattening test, two 
segments of 200 mm were cut and tested under pressure. Position of 
the welds during the testing is shown at (Figure 6). Applying the 
pressure to the segment last until the opposite sides of the pipe 
touch each other. No defect like cracks were detected during testing. 
 

 
Figure 6 Flattening test of pipe segments 

 
A visual inspection was performed as well in order to detect surface 
defects or the geometrical misalignment of the pipes edges. The 
testing was performed as per the BS EN ISO 17637:2011, and no 
any defect were detected. 
From the tested pipe specimens were cut for mechanical testing. 
Transferal tensile testing of the welds was performed according the 
EN ISO 4136. Another three specimens were prepared for the 
perpendicular tensile testing of the welded joint. The result are 
given in (Table 2). During the all tests the breakage of specimens 
was out of the welded joint. The obtained testing values are almost 
identical with the base metal properties. 
The bend testing was performed according to the EN ISO 
5173:2010+A1:2011 standards. The results of testing are given in 
the (Table 5). As a result the all tested probes fulfilled regulation 
requirement. 
 

Table 5 Results of bend testing of wedded joint 
Nr. Type of 

test 
Dimension 

of 
specimen 

Bending 
angle 

Results 

1 TFB 6.5x30 1800 good 
2 TFB 6.5x30 1800 good 
3 TFB 6.5x30 1800 good 
4 TRB 6.5x30 1800 good 
5 TRB 6.5x30 1800 good 
6 TRB 6.5x30 1800 good 
7 LRB 6.5x30 1800 good 
8 LFB 6.5x30 1800 good 
9 SB 6.5x6.5 1800 good 
10 SB 6.5x6.5 1800 good 

 
Meaning of the abbreviations is the following: 
TFB – transferal face bend, TRB – transferal root bend, LFB – 
longitudinal face bend, LRB – longitudinal root bend, SB – side 
bend. 
 
The impact toughness testing was perfumed according to the EN 
ISO 9016;2012 and  EN ISO 148-1:2010. Besides the base metal, 
the weld metal and HAZ were tested too. The results from testing 
are given in the (Table 3). Impact testing was performed at 
temperature of 00C. It has to be point out that approximation of 
obtained results was performed. The reason is that nonstandard 
Chapy specimen were used because the thickness of the pipe was 
6.5 mm, which is nonstandard. The charpy specimens has to be with 
thickness of 10 mm. 
Macrostructure of HF welded joint is presented in the (Figure 7). 
On the same specimen was performed hardness testing according to 
the EN ISO 9015-1.  The hardness testing was performed across the 
line parallel with the welded surface. Vickers method (HV10) for 
hardness measurement was implemented. The highest hardness was 
noticed in the weld metal and the lowest in the base metal. As per 
our expectations, the normalization lower the hardness of the 
welded joint. 
From the macro photo can be clearly seen characteristic area in the 
welded joint. In the middle of the joint is the fusion line after that is 
HAZ and the base metal which does not suffer from welding heat 
input. No allowed welding defects are detected. It can be seen that 

the flux i.e excess material is formed during the welding. As can be 
seen from the macro photo suezeed metal is cut (removed). 
Typical welding defects which can be formed during HF electric 
welding like cold laps, entrapped inclusions, cold weld, open weld, 
cross weld, cracks in the weld porosity cracks in the welding zone.  
 

 
a 

 
b 

Figure 7(a and b) Macro photos of welded joints 
 
Microstructure of the base metal is presented in the figure a. It is 
fine grain ferritic-bainitic. The fine grain HAZ zone can be seen in 
the (Figure 8b). Both microstructures are very similar. Deformation 
of the microstructure as result of the pressure of the forming rolls 
can be noticed in (Figure 8b). The fusion line co- called ferritic line 
is given in the (Figure c), where can be seen that the microstructure 
is coarser. As a dominant microcounstituent in this area is block 
ferrite. 

    
     a                                    b 

 
c 

Figure 8 (a-c) Microstructure of the welded joint 
  

3. Discussion 
The experimental welding was performed as per the previously set 
parameters, based on the technical knowledge and the experience 
from the similar application. After finishing the experimental 
welding, an additional heat treatment (normalization) is performed 
on the welds of about 20 mm wide.  
A variety of measures are taken to ensure that the finished steel pipe 
meets specifications. In order to check the properties of the pipes 
very complex mechanical, chemical microstructural and 
technological testing and evaluation were performed. (Mainly 
according the API 5L standard). The quality of the raw material was 
checked before the welding stars and was done exactly as the 
regulation required. The visual inspection showed that there were 
no geometrical defects of the pipe or of surface welded area. The 
automatic ultrasonic testing was done directly in the production 
line, and didn’t detect any volumetric welding defects.  The 
hydrostatic test of the pipe at the pressure of 10 bar/10s didn’t show 
leakage in the weld or any visible cracks. The flattening test of the 
pipe segment, 200 mm wide didn’t reveal any defects in the welded 
joint as well. The hardness test showed that the max hardness is in 
the WM, slightly better hardness was measured in the HAZ and 
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normally base material showed the lowest values. On the contrary 
the measured impact toughness values were quite opposite so the 
best values has the BM than the HAZ and the lowest value has the 
fusion line. However all the values are much higher than the current 
standards require. The tensile testing showed that the results are 
similar to those of the raw material, no matter the breakage of the 
probe was always in the base metal. 
 

4. Conclusion 
This report shows that the welding technology implementing high 
frequency contact welding process (HFCW), is a  suitable method 
for automatic steel pipes production. During the research process a 
special attention was given to the key parameters which affect the 
quality of the final product. Numerous tests and valuation of the 
results was conducted in order to define the key parameters and 
their values.  
The results showed that X60M pipes manufactured with high 
frequency contact welding process (HFCW) meet the requirements 
of the API 5L standards. Therefore the manufacturing of the pipes is 
ready to begin. 
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