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Abstract: The objective of this research was to study the parameters influencing the penetration performed by 

a welding robot by Gas Metal Arc Welding (GMAW), a material used was ASTM A 36 carbon steel 6 mm 

thick, type of welding rodER 70S – 6, diameter 1.2 mm, to produce butt welding workpieces without notch to 

comply with ISO 15614 – 1 by using 100% carbon dioxide gas as a shielding gas, welding wire angle 90 

degrees at the extension of the tip of the welding wire 10 mm. The movement of the welding head was in a 

zigzag pattern (Trapezoid). The welding currents were adjusted into 5 parameters, namely 190, 200, 210, 220 

and 230 amps and the welding speed was adjusted into 3 parameters: 0.30, 0.35 and 0.45 meters per second. The 

experiment was done by welding the workpiece 3 times, each time 5 conditions, total 15 conditions, once 

completed, the specimen underwent visual testing, dye penetrant testing, tensile testing, flexural testing, macro-

structure testing by measuring the volume of deep penetration and hardness. The test results found that the 

specimens that have undergone the visual testing and the dye penetrant testing, the size of the weld convexity 

was within acceptable limits. Factors influencing the physical appearance of welds were dependent on the 

welding current, arc distance, weld speed and the length of the wire ends. Parameters influencing deep 

penetration when measuring penetration depth and testing strength values were compliant with standards. 

However, there were notches on some specimen due to incomplete deep penetration. 
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I. INTRODUCTION 
Currently, Thailand has given importance to the industries of the future (New S – Curve), such as the 

robot industry. The robot is highly accurate and precise in its operations so it can improve work efficiency. The 

welding industry has therefore increasingly applied robots to its operations, especially applicable to the shielded 

gas metal arc welding process because of its fast and efficient welding. [1]. Difficult access of the welding gun 

results in incomplete penetration as shown in Figure 1 or incomplete fusion occurred on the side of the weld as 

shown in Figure 2 [2]. 

 

 
Fig.1 Incomplete penetration [3] 

 

 
Fig.2 Incomplete fusion in a weld produced with gas metal arc welding [3]. 
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With regards to the above problems, the researchers had an idea to study the parameters that influenced 

the deep penetration of the workpiece by welding robots, therefore researchers had conducted literature reviews 

in related topics. According to a research study by Treenet Yingsamphancharoenet al. [4]. "Study on the 

influence of shielding gas on deep penetrating rate in shielded gas metal arc welding" found that carbon dioxide 

as a welding shielding gas provided the best deep penetration outcome compared to other shielding gases. 

Subsequently, further research was conducted by Paiboon Hanmon [5].“Study of heat influences in welding that 

influences the depth, width, height and heat-influencing area of stainless steel welds by MIG welding” the 

results of the test revealed that when the workpiece was heated up, the width and depth of the test specimen was 

larger. As a result, the depth of penetration of the workpiece increased. According to a research study by 

Mingjun Zhanget al [6].“Optimization of deep penetration laser welding of thick stainless steel with a 10 kW 

fiber laser”. The results of the journal show that the focal position is a key parameter in high power fiber laser 

welding of thick plates. According to a research study by Seiji Katayama, et al[7]. “Full penetration welding of 

thick high tensile strength steel plate with high-power disk laser in low vacuum”. The results of the journal 

showed the essential variables of laser welding of thick high – tensile strength steel plates. They had been 

producing the sound welds without defect. 

Most of the research studies in the past were studying the variables that influenced the deep penetration 

by using a human welder or semi-automatic welding machine, but few studies had investigated the parameters 

that influenced the depth of welded joints performed by welding robots. The researcher therefore came up with 

an idea to weld carbon steel workpieces of ASTM Grade A36 with a thickness of 6 mm, butt welded to the 

workpieces with a KUKA robot, in order to know the parameters influencing the weld completeness and to test 

the mechanical properties of the welded workpiece. The results of the study of the parameters can be used to 

further develop in teaching and learning and aid in the industrial sector in the future. 

 

II. DESIGN AND EXPERIMENT 
A. Tools and equipment 

The instrument used in the experiment was a KUKA welding machine model KR 8 R1420 arc HW and a 

welding machine Fronius model TPS 500i, which had specific features that could be used for many functions as 

shown in Figure 3. The functions used to weld was Universal function, and then adjusted the welding system  to 

root to generate deep penetration occurred in the root area. Welding of workpieces must have a workpiece 

clamping device, workpiece clamping device for welding was designed as shown in Figure 4 

 

 
Fig. 3 The KUKA welding robot and the Fronius welder usedin the experiment. 

 

 
Fig. 4 Holding jigs for the welding work piece 

 

B. Experimental preparation 

1) Took carbon steel ASTM A36 grade, thickness 6 mm, then cut the workpiece by CNC HVR cutter, 

ERMAKSAN brand, width 85 mm., length 350 mm. according to ISO 15614 – 1 standard as shown in Figure 5. 
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Fig.5 CNC machined ASTM A36 carbon steel dimensions. 

 

2) Prepared the workpiece surface of the cut carbon steel before welding by polishing the workpiece as shown in 

Figure 6 and leave a distance of 1 inch from the edge of the workpiece throughout the length of the workpiece. 

 

 
Fig.6 Surface preparation before welding by cutting the weld surface 1 inch away from the edge 

 

3) The workpiece had been pre-surfaced. Welded the workpiece at the start and end of the workpiecein order to 

prevent the welding workpiece at the end point to cause separation. Therefore, weld the workpiece from the 

edge to 10 mm on each side, leaving a gap of 2 mm. as shown in Figure 7. 
 

 
Fig.7 The distance of the joint and the clamping of the workpiece 

 

4) Took the work piece that had been welded to attach to the workpiece clamping jig. Then measured the length 

of the end of the weld wire with a length of 10 mm. as shown in Figure 8 to proceed to the welding process. 

 

 
Fig.8 The protrusion of the end of the welding wire, the length of 10 mm 

 
C. Experiment 
1) Welded the work piece by inputting the welding command through the Teach Pendent by inputting the 

command to move the welding head from the beginning to the end of the welding length by providing a welding 

head zigzag movement and using 3 levels of welding head movement speed, data was sent from the Teach 

Pendent to the control cabinet for processing, and sent the result to the welding robot to weld the workpiece 

according to the command. Then set the welding to be 90 degrees toward the welding workpiece. After that 

turned on the welding mode, press and hold the Enable Switch button and press the Run button, then the robot 

started welding the workpiece as shown in Figure 9. 
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Fig.9 The welding performed by the robot 

 

2) Took the work piece that had been successfully welded to check the welds. Both non-destructive and non-

destructive inspections were examined. Non-destructive inspection was examined by visual inspection and dye 

penetrant testing. Visual testing was undergone to check defects in the surface of the weld. The width and 

convexity of the weld were shown in Figure 10. The dye penetrant testing was to detect cracks in the surface of 

the weld as shown in Figure 11. 

 

 
Fig. 10Visual testing 

 

 
Fig. 11 Dye Penetrant testing. 

 

For destructive inspection, tensile test, flexural test, and macro structure test were performed. Therefore, 

the finished and cold-welded specimens were cut into test pieces according to ISO 15614 – 1 as shown in Figure 

12. Test specimen number 2 was prepared in accordance with ISO 4136 for tensile testing. The size of the 

tensile test specimen was shown in Figure 13and used for the tensile test. 

 

 
Fig. 12 The specimens were cut for destructive testing. 



International Journal of Latest Engineering Research and Applications (IJLERA) ISSN: 2455-7137 

 

Volume – 07, Issue – 09, September 2022, PP – 58-66 

www.ijlera.com                                2022 IJLERA – All Right Reserved                                  62 | Page  

 
Fig. 13 Tensile test specimen size 

  

Later, the flexural strength test was performed. Specimens No. 3 and 4 were tested, then prepared the 

surface of the specimen for flexural strength test as the size shown in Figure 14, 4 pieces for flexural test at the 

front surface of the weld, 2 pieces and 2 pieces on the root side of the weld. Then the specimens were brought 

into the machine and tested the bending force by placing the specimen for bending as shown in Figure 2.14. The 

specimen after the flexural test was shown in Figure 15. 

  

 
Fig. 14 Size of flexural strength test specimen 

 

 
Fig. 15the test specimen flexural strength test 

 

 
Fig. 16 The test specimen undergone the flexural strength test 

 

Later, macro-structure testing was performed. Specimen No. 1 was performed and cut into size as shown 

in Figure 16. The specimen was polished with sandpaper and felt, and then the test specimens were brought to 

undergo acid etching for viewing the macro structure in order to measure the percentage of deep penetration of 

the test specimen as shown in Figure 18. 

 

 
Fig. 17 Macro-structure test specimen size 
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Fig. 18 Measurement of the deep penetration rate 

 

III. RESULT AND DISCUSSION 
A. Visual testing results 

When welding work piece was finished and preliminarily inspected by visual inspection for any defects 

and physical characteristics of the weld. The physical characteristics of the weld were checked for defects that 

might occur in the MIG/MAG welding process. The main defectswere edge milling, non-filled weld defects at 

the weld front and root area of the weld, weld cavitation formed on the weld surface, etc. The physical 

characteristics examined are shown in Figure 19 

 

   
Fig.19 Physical characteristics examined with Visual Testing 

 

Visual Testing was carried out to measure the convexity of the weld on both the weld surface and the 

root area of the weld with an automatic weld gauge. Characteristics of the measurement of the convexity of the 

weld as shown in Figure 20 

 

 
Fig.20 Characteristics of measuring weld convexity with automatic weld gauge 

 

Measurement of the convexity of the weld at the surface and root area of the weld and the velocity of the 

weld head at different current values. The result of the relationship was shown in Figure 21 

 
Fig.21 Relationship between welding head movement and weld convexity at 3 different welding currents 

 

The results of the inspection of the defects and the physical characteristics of the welds by visual testing 

showed that the weld workpiece exhibited incorrect toe weld angles along the edge caused by milling. Milling 

depth was measured in accordance with ISO 5817 at a level B inspection intensity within acceptable values. On 

the root side of some welds, there was incomplete deep annealing on some parts. This was a result of 
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insufficient heat energy entering the workpiece. And the relationship between the current and the welding speed 

of the workpiece with the aforementioned defect was inconsistent and specimens that had been inspected by 

visual testing were then proceeded to dye penetrant testing. 

 

B. The results of the dye penetrant testing 

Dye penetrant testing were to inspect notch occurring on the surface of the weld as shown in Figure 3.4. 

 

 
Figure 3.4 Dye penetrating testing 

 

As a result of the penetration test, it was found that not all specimens were defective, and some 

specimens might have indication marks. But since the location where the indication marks were found was not 

the location where the specimen was taken to be tested, the mechanical properties were not taken into account. 

Therefore, the aforementioned specimens were taken for destructive testing. Destructive testing performs tensile 

strength tests, flexural tests, and the depth of the specimen was measured. The details of the test results of each 

of the aforementioned methods were in the next section. 

 

C. Tensile test results 

The tensile strength test was the average value of the repeated tensile strength test 3 times using 3 

welding currents, 190 amps, 200 amps and 210 amps respectively. Three welding head movement speeds from 

different current were used, namely 0.30, 0.35 and 0.45 meters per minute, which resulted from the tensile 

strength test value as shown in Figure 22 

 

 
Fig.22 Comparison of the tensile strength of the welding workpiece at 3 welding robot speeds and3 welding 

currents. 

 
The results of the tensile strength test found that at a welding current of 210amps, a speed of 0.35 meters 

per minute, the highest tensile strength was 522.85 newtons per square millimeter, followed by a current of 200 

amps and 190 amps respectively due to the large amount of heat entering the workpiece and the low cooling rate 

of the workpiece. As a result, the grain size was enlarged and the strength value decreased. 
 

D. Flexural test results 

Flexural test of specimens using welding current and welding head moving speed with 3 different 

currents was performed, it was found that there were no defects with welds that have been bent. There was an 

area on the root side of the weld where the notch occurreddue to incomplete deep annealing defects. As a result, 

when bending the workpiece, there was a torn at the work surface, as shown in Figure 23 

 

  
a. Workpieces that had been bent at the front b. Workpieces that had been bent at the root side 

Fig.23 Characteristics of the workpiece surface undergone the flexural test on the front and root side of the weld 
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E. Penetration Depth Measurement Results 

When the specimen has undergone acid etching to see its macro-structure, the depth of measurement 

values obtained for all 9 conditions were shown in graph as shown in Figure 24. 

 

 
Fig.24 Average depth of penetration of welds in 9 conditions 

 

From Figure 3.7, when measuring the weld depth under all conditions, it was found that as the moving 

speed of the welding robot increased, the depth of weld rate of the weld decreased. Because ofthe heat energy 

entering the workpiece at one unit of equal length,the faster or higher the moving speed of the welding head, the 

less the heat energy entering the workpiece, so the amount of deep melting of the workpiece will be less. 

 

IV. CONCLUSION 
According to the research result ofthe study of the influence of variables influencing deep penetration 

with welding robots, research results can be summarized as follows: 

1. Analysis of welding parameters influencing deep penetration by visual testing of the physical 

characteristics of welds and defects revealed that the factors influencing the physical characteristics 

of welds and defects depended on Welding current, arc distance, welding speed extension distance of 

the end of the welding wire. 

2. Analysis of welding parameters influencing deep penetration by analyzing the physical 

characteristics of welds by dye penetrant testing found that some welds have edge etching at the 

work surface due to welding current adjustment. The high value and the moving speed of the 

welding head were not fast, causing the wire feeding to be slow. 

3. Analysis of welding parameters influencing deep penetration by tensile strength test, it was found 

that the test specimen gave the tensile test result in accordance with the standard. 

4. Analysis of welding parameters influencing deep penetration by flexural strength test found that 

some test specimens had notches, caused by incomplete deep penetration of the workpiece. 

 

V. SUGGESTION 
1. There should be Run-in and Run-Out tabs before welding in order to reduce defects that occur in the 

weld at the beginning and end of the weld. 

2. The work piece clamping device should be designed to have at least 4 clamping angles to prevent 

bending of the welding workpiece. 

3. There should be a study of how the distance of the tip of the welding wire of different lengths 

influences the different depth of penetration. 
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