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A B S T R A C T  
 

 

Tungsten inert gas (TIG) welding process is one of the complex production methods. The reason is the 

drastic changes in the metallurgical structure of welding parts due to the heating and cooling cycle during 

welding. These changes cause various metallurgical and mechanical defects of the parts and weaken the 
mechanical properties of the parts. Many parameters in welding have different effects on the quality of 

welding parts. To create a suitable weld, it is necessary to identify the effect of these parameters and to 

be able to estimate it and select the appropriate and optimal conditions. Accordingly, In this study, an 
experimental investigation were conducted on determining the mechanical characteristics of the pieces 

through variation of three main welding parameters including advance speed, welding amperage and 

preheating temperature.  Due to the difficulty of changing the rate of advance speed in manual welding, 
a robotic welding arm was designed for welding 316 stainless steel in the current paper, in which a 

microcontroller tuned the speed and welding length. By collecting the practical data, the effect of the 

input data (advance speed, welding amperage and preheating temperature) investigated in durability and 

strength of the joints. In other words, the tension and durability of the joints for stainless steels are 

proposed for various welding parameters to enhance the optimal conditions based on the experimental 

results. In samples with low advance speed, in addition to increase the solidification time, the coarseness 
of the structure and the burning of the edges of the welded parts due to the low speed and high amps, 

reduce the tensile strength. Also, the results showed that by increasing the amperage, the strength of 

welding parts decreases due to the burn defect of the plate edges, which can be minimized by increasing 
the welding speed and reducing the effect of extreme heat on the edges. Finally, by analyzing the effect 

of the input parameter on the output, the best conditions of the adjustment parameters in butt-welding 

were acquired among existed samples for welding 316 stainless steel. 

doi: 10.5829/ije.2021.34.02b.30 
 

 
1. INTRODUCTION1 
 
Newly, there has been a regular shift from merely 

theoretical to applied research, especially in the field of 

information processing, and for issues, which are 

complicated or have no clear-cut solutions. Hence, there 

has been an increasing interest in the theoretical 

development of intelligent dynamic systems of free 

models, which are based on experimental data. Now, the 

Unmanned Flexible Manufacturing System (UFMS) is 
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growing without human presence [1]. For this reason, 

different sensors are required to control and gain 

information from process conditions. Nonetheless, the 

information on these sensors must be processed in some 

ways, and decisions must be made to control and 

supervise the process.  Hence, the decision-making unit 

must be a sort of intelligent system [2]. In other study, the 

deposition ratio of welding bead for gas arc of SS316 

optimized by the Taguchi method [3]. Their results 

showed the efficiency of the optimization method in 
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welding process. The control factors of the tungsten inert 

gas welding and its penetration for the thin layers were 

presented in literature [4]. In addition, the activated 

tungsten inert gas (ATIG) welding procedure was 

optimized for ASTM/UNS S32205 DSS joints to 

enhance intended aspect ratio [5]. 

The welding process is considered one of the complex 

production methods [6]. In some researches, the effect of 

welding parameters on joint quality were investigated [7-

9]. Halimi et al. [7] have investigated the effect of 

welding parameters such as speed and power on 

dissimilar pulsed laser joint between nickel-based alloy 

and austenitic stainless steel AISI 304l. Findings showed 

that the highest-quality none-similar joints could be 

achieved by optimizing the proposed welding parameters 

[7]. Saeheaw [8] represented that the length of joining of 

very dissimilar material increased, by using a ring weld 

path, assist the achievement of sufficient joint strength 

and findings in efficient application of the restricted area 

accessible for welding performance. In addition, welding 

speed on characteristics of the welding and joint of 

dissimilar parts discussed by Langari and Kolahan [9]. 

The parameter analysis including the speed and rotational 

rate, microstructure, defects, and mechanical properties 

of aluminum alloys joint in welding. Kurt and Samur, 

[10] have estimated the mechanical characteristics of the 

TIG welded joints for a determined set of input 

parameters. In proposed study, microstructure evolution 

and mechanical properties of 316 austenitic stainless 

steel (SS) jointed by tungsten inert gas (TIG) welding by 

using 308 stainless steel filler wire were examined. In the 

closest research to the present study, Kumar et al. [11] 

have focused on the optimization of the procedure 

parameters of TIG joining procedure. Applied material in 

the proposed research is AISI 304 . It was concluded that 

the current is the most influential parameters in case of 

tensile strength as indicated by response value graph 

[12]. One of the substantial methods of welding is the 

TIG method and, as mentioned, one of the main 

disadvantages of this method is that in this method, 

welding is performed manually [13]. On the other hand, 

since the welding process is done manually, the initial 

speed parameter and distance between the tips of the 

electrode to the workpiece cannot be kept constant and 

measured accurately. Moreover, since the speed of the 

welding operator’s hand is not stable, the welding is not 

carried out uniformly and the quality of the welding is 

reduced [14].  

In this research, a smart mechanical arm will be 

designed and built for tungsten electric arc welding, in 

which a microcontroller controls the welding speed and 

distance advanced. Assessing the impact of the welding 

input parameters on tensile strength for 316 stainless 

steel, which is one of the most widely used metals in the 

food industry, and its welding requires high skills. Hence, 

initially, a 316 stainless steel sheet with a thickness of 3 

mm will be prepared in the dimensions of 3*60*250 mm 

according to the Minitab design of experiment (Taguchi 

optimization). To carry out and determine tensile tests 

with different Amp parameters at three levels of 

90,110,120 amperes and four levels of advance speed of 

1, 2, 3, 4 mm per second and three preheat temperatures 

of 120,180 ˚C and ambient temperature, the welding 

process is performed by a smart mechanical arm. To 

build this mechanism, closed-loop control will be utilized 

by embedding the shaft encoder in the mechanism axis, 

in a way that its speed can be controlled online via 

computer at the beginning of practical tests as desired. 

Next, the welded joints are prepared and examined to 

carry out investigations and tensile tests, and the 

mechanical properties of the welded joints will be 

practically measured. The input variables are current 

intensity, torch advance speed, and preheat temperature. 

The output is also the tensile strength and distortion of 

the welding joints 

 

 

2. RESEARCH METHODS 
 
2. 1. Designing an Automatic Welding Arm             The 

welding quality of the tungsten arc welding process is 

higher than other processes due to its high reliability, 

cleanliness, and high weld strength [15]. The quality of 

the weld depends to the initial input variables of the 

welding [16]. In this survey, to assess and control the 

impact of speed parameters on the mechanical properties 

of welded joints in the tungsten arc welding, a welding 

arm was designed and made on AISI 316 stainless steel 

with a thickness of 3 mm. After designing and 

manufacturing the mechanical parts according to Figure 

1, the components of the electronic speed control by 

installing the Shaft Encoder EN50S8 in the DC motor 

shaft with 110v power supply and with the aid of an 

ATMEGA8 microcontroller, which is from AVR family, 

was manufactured to control the speed and distance. To 

calculate the speed and distance advanced in the 

automatic arm, it is assumed that with each rotation of the 

mechanism, the automatic arm will advance a distance 

equal to the circumference of the wheel according to  
 
 

 
Figure 1. Mechanical components of the automatic arm of 

the gas tungsten arc welding 
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Figure 2. Therefore, by multiplying the wheel 

circumference by the number of turns per unit time, the 

distance that the mechanism advances per unit time can 

be achieved . 

Shaft encoder generates 2500 pulses per each turn of 

DC motor. Given Equation (1) and the diameter of the 

wheel (di), which is 67.034 mm, the course length (L) at 

each turn is 210.478 mm. Using a 1.800 gearbox, and 

considering that each turn of the wheel requires 800 turns 

from the DC motor shaft, and also that the shaft encoder 

produces 2500 pulses per round; hence, for one turn of 

the wheel, the output of shaft encoder will be virtually 

2,000,000 pulses. By dividing course length by number 

of shaft encoder pulses, the rate of motion (RoM) of the 

automatic mechanism at each pulse is obtained according 

to Equation (2): 

L=di×π (1) 

RoM= L/number of pulses 

RoM =210.478÷2000000= 0.00010521 mm/pulse 
(2) 

Therefore, in order to convert the rate of arm movement 

at each pulse to speed, it is enough to set time to 0.00001 

through adjusting the microcontroller, according to 

Equation (3), in which V indicates the torch advance 

speed. That is to say, the microcontroller can evaluate and 

control all calculations, including distance and speed, 

according to the transmitted pulses and their number. 

V=X/t (3) 

The speed control system of the automatic welding arm, 

by pulse width modulation method (PWM), implies 

changing the correlation coefficient of a signal in order 

to send information to a communication channel or adjust 

the amount of power sent to the load. Pulse width 

Modulation, or PWM, is a signal that can be generated 

from a digital IC such as a microcontroller or timer 555. 

The output signal is a pulse train, and these pulses form 

a square waveform. In other words, at any given time, the 

wave will be in the high or low position. In this way, 

according to Figure 3, it should be adjusted using the 

feedback obtained by sending the pulse by the shaft 

encoder and converting it to the speed unit and comparing 

 

 

 
Figure 2. Wheel designed for automatic arm movement 

the speed set in the software with the aid of computer and 

PID routine (proportional–integral–derivative) to 

achieve the desired speed. After attaining the actual speed 

of the automatic arm movement, which is performed 

10,000 times per second (due to setting the time of micro-

measurement on 0.1 ms), the results obtained are 

delivered to the PID routine, and after carrying out the 

necessary software calculations, PWM is instructed to 

reduce or increase the speed to the desired speed and limit 

with the pulse width modulation method. This value is 

based on a unit of 0.1 mm/s and can be defined from 0.1 

mm/s to 25 mm/s. The connection between the controlled 

automatic welding arm and the computer is done through 

RS-232. 

The circuit was then printed using the Protel 

electronic circuit design program. 

 

2. 2. Welding and Preparing Samples         After 

manufacturing an automatic arm, to begin practical tests, 

to optimize and reach the best possible results with the 

least number of tests, designing experiments was 

performed using statistical and optimization techniques 

by RSM method and of Box-Behnken type in Minitab 1.5 

software [17]. The experimental factors and test levels 

were conducted according to the order and conditions 

mentioned by this software in four modes of torch speed, 

three current intensity modes, and three preheat 

temperatures according to Table 1. In this survey, AISI 

316 stainless steel with a thickness of 3 mm was applied 

and the steel parts were examined for chemical analysis, 

which is presented in Table 2. The samples after welding 

by the automatic arm is shown in Figure 4. Welding of 

joints in the dimensions of 60 × 250 mm was performed, 

according to Figure 5, through utilizing argon shielding 

gas with the double-sided torch to further protect the 

molten pool of the welding area from atmospheric 

factors. 
 

 

3. RESULTS 
 
3. 1. Experimental Sample Preparation for 
Distortion               Distortion and deformation are some  
 

 

 
Figure 3. Double-sided torch to further protect argon from 

subsamples 
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TABLE 1. Design of experiments in Minitab software 

Preheat temperature (0C) current intensity (A) Advance speed (mm/s) Experimental samples 

180 130 4 1 

25 90 1 2 

180 130 1 3 

25 90 4 4 

25 130 3 5 

180 90 2 6 

180 90 4 7 

25 130 1 8 

120 90 3 9 

25 110 2 10 

180 110 3 11 

120 110 1 12 

120 110 4 13 

120 130 2 14 

180 130 3 15 

180 130 2 16 

25 90 2 17 

25 110 1 18 

 

 
TABLE 2. Results of chemical analysis and its comparison 

with the standard 

Element Min Max Available 

C 0 0.080 0.075 

S 0 0.030 0.025 

p 0 0.045 0.042 

Mn 0 2.000 1.160 

Si 0 0.750 0.479 

Ni 10.00 14.00 10.110 

Cr 16.00 18.00 17.771 

Mo 2 3 2.133 

N 0 0.10 0.043 

Co 0 0 0.030 

Cu 0 0 0.090 

 

 

of the significant issues caused by the expansion factor, 

the amount of contraction in the solid state, the design 

error, and the welding operation technique. During 

welding operations, due to the application of local heat 

flux to the weld and the cooling rate of the welding site, 

the contraction, that was supposed to be distributed 

throughout the part, will inevitably be reduced to the 

same range. Moreover, if this contraction is in a place that 

 
Figure 4. Samples after welding by the automatic arm 

 

 

is geometrically angular, it will lead to angular distortion 

according to the schematic Figure 6. Angular distortion 

was measured using a profile projector (Figure 5). The 

obtained results are summarized in Table 3. 
 

3. 2. Preparation of Tension Sample               316 

stainless steel samples, after welding by an automatic 

arm to perform tensile tests in accordance with EN895 

standard of the DIN standard series, were initially milled 

using milling machines according to the dimensions of 

Figure 6. Then, sandpapers to reduce the stress 

concentration sanded their edges and surfaces. Finally, 

they were prepared according to Figure 7.  

The mechanical properties of metals, including elastic 

reactions, are due to the application of force or the 
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Figure 5. Profile projector device 

 
 

 
Figure 6. Dimensions of sample preparation according to 

EN895 

 

 

 
Figure 7. Samples prepared for practical tests 

 
 

relationship between tension and their relative length 

change. Tensile strength is the maximum tensile force 

that the body will withstand before failure. To investigate 

the mechanical properties, ZWICK tensile tester 

according to Figure 8 tested the prepared samples. The 

results obtained are shown in Table 3. During the tensile 

test, it was observed that all test samples were broken 

from the weld site, which is a testament to the correctness 

of the samples based on the standards . 
 
 

4. ANALYSIS AND DISCUSSION 
 

Given the repeatability of the results of practical 

experiments is essential, the repetition of the experiment 

was conducted for some samples. After securing the 

repeatability of the test results, its values are listed in 

Table 3. 

 

4. 1. The Effect of Advance Speed on the Distortion 
of Joints              Figure 9 indicates the impact of speed 

on the distortion of welding joints (samples 1, 3, 15, 16 

and 12, 13 according to Table 3) in the same conditions 

of temperature and initial amperage, in which by altering 

the advance speed of the torch, its effect on the output is 

investigated. The results of the samples’ analysis 

demonstrate that as the advance speed of torch increases, 

the angular distortion rate of the welded joints decreases . 

 

4. 2. The Impact of Welding Current Intensity on 
Components Distortion            Figure 10, which 

assesses the impact of welding current intensity on 

component distortion, reinforces the fact that with the 

constant initial parameters, torch advance speed and 

preheat plate temperature, different amps do not have a 

considerable effect on the angular distortion of the 

welding joints . 
 

4. 3. The Effect of Preheat Temperature of Joints 
on Tensile Strength              In the experimental study 

of the samples mentioned in Figure 11, it was found that 

by increasing the preheat temperature in the same initial 

conditions, the angular distortion of the joints decreases 

after welding. Furthermore, the results of the samples’ 

analysis indicate that as the advance speed of the welding 

torch and the preheat temperature increases, the angular 

distortion rate of the welded joints decreases, which is in 

accordance with the theory mentioned in the first chapter. 

Preheating, heat management during welding, and 

machining, if possible, after welding can also bring 

distortion reduction. The results illustrate that the most 

optimal setting values of the initial parameters, to reduce 

the distortion of the welded samples, were acquired by 

setting the speed value to 3 mm/s, the amperage to 90 

amps, and the preheat temperature to 120 ˚C . 

 

4. 4. The Effect of Advance Speed on Tensile 
Strength             Figure 12 demonstrates the effect of 

speed on the tensile strength of welding joints in the same 

 

 
Figure 8. ZWICK tester in welding test mode 
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TABLE 3. Results of tensile tests on experimental samples 

Distortion angle (degrees) Tensile strength (MPa) Preheat temp (0C) Current (A) Speed (mm/s) Experimental samples 

1.34 715.26 180 130 4 1 

4.85 631.13 25 90 1 2 

2.87 492.01 180 130 1 3 

2.004 398.39 25 90 4 4 

4.24 662.23 25 130 3 5 

2.01 682.26 180 90 2 6 

1.83 230.54 180 90 4 7 

4.45 546.27 25 130 1 8 

1.32 457.69 120 90 3 9 

2.84 661.59 25 110 2 10 

2.76 604.31 180 110 3 11 

4.05 583.63 120 110 1 12 

3.18 445.98 120 110 4 13 

4.36 591.34 120 130 2 14 

2.11 703.65 180 130 3 15 

2.53 604.47 180 130 2 16 

3.04 678.22 25 90 2 17 

4.73 585.37 25 110 1 18 

 

 

 
Figure 9. The effect of advance speed on distortion in 

welding joints with constant current and preheat temperature 

 

 

 
Figure 10. The impact of welding current intensity on 

distortion in weld procedure with constant advance speed 

and preheat temperature 

 
Figure 11. The effect of preheat temperature on distortion in 

welding joints with constant advance speed and current 

intensity 

 

 

 
Figure 12. The effect of advance speed on tensile strength 

in welding joints with constant current intensity and preheat 

temperature 
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conditions of initial temperature and amperage, in which 

by changing the torch advance speed, its effect on the 

output is checked. In samples 1, 3, 15, 16, the first sample 

due to low speed, in addition to increasing the freezing 

time, causes coarse-grained structure. On the other hand, 

given the burning defect of the edges of the welding 

joints (Under Cut), due to the low speed and high 

amperage, it reduces the tensile strength. The increase in 

tensile strength is due to the increase in the advance 

speed, which is the result of the reduction of the two main 

defects mentioned. In samples 2, 4, 17, the increase in 

strength to the speed equal to 2 (mm/s) is valid. However, 

at the speed equal to 4 (mm/s), the tensile strength 

decreases due to the enormous reduction in melting time 

of the molten pool and the uncompleted melting of the 

edges, due to the reduction of amperage and the increase 

in speed . 
 

4. 5. The Effect of Welding Current Intensity on 
Tensile Strength                 Examination of Figure 13 

indicates that with the stability of the initial welding 

parameters except for the amperage, the strength of the 

welding joints decreases due to the burn defect of the 

plate edges. This defect can be minimized by increasing 

the welding speed and reducing the impact of extreme 

heat on the edges. Given the samples 11 and 15, an 

increase can be seen in durability because the increase in 

amperage is accompanied by an increase in the advance 

speed. This is mainly because of the reduction of the 

impact of extreme heat on the edges and therefore the 

reduction of the burn defects of the plate edges. 
 

4. 6. The effect of Preheat Temperature of Joints 
on Tensile Strength            Investigating Figure 14 

shows that preheat temperature has little effect on tensile 

strength, and according to the results, its greatest effect is 

on the angular distortion of the welding joints . 

The overall results demonstrated that the most 

optimal setting values of the initial parameters in order to 

increase the tensile strength, is through setting the speed 

to 4 mm per second, the amperage to 130 amps, and the 

preheat temperature to 180 ˚C. 
 

 

 
Figure 13. The effect of welding current intensity on tensile 

strength in welding joints with constant advance speed and 

preheat temperature 

 
Figure 14. The effect of preheat temperature on tensile 

strength in welding joints with constant advance speed and 

current intensity 

 

 

5. CONCLUSION 
 

Tensile strength of welding joint and its deformity are the 

main indicators of welding quality. In this study, TIG 

welding processes was performed on 316 stainless steel 

in butt mode with different initial parameters including 

advance speed, amperage and preheats temperature. Then 

practical experiments were performed to obtain 

mechanical properties such as tensile strength and 

angular distortion of samples. Scientifically, the 

independent effect of each of the welding input 

parameters on the tensile strength and distortion were 

specified, and by examining the effect of the input 

parameter on the output, the best adjustment parameters 

of butt-welding were extracted for stainless steel welding 

316. 

The results show that by keeping the amperage and 

the preheating temperature constant, reducing the 

advance speed on the one hand increases the 

solidification time and coarseness of the structure and on 

the other hand leads to burns of the edges of welded parts 

which results in reduced tensile strength. In addition, by 

keeping the advance speed and preheating temperature 

constant and increasing the amperage, the tensile strength 

is reduced due to the burning defect of the edges of the 

parts. However, by performing various experiments, it 

was found that in conditions of high amperage, the 

mentioned defect could be eliminated by increasing the 

advance speed. Finally, by keeping the advance speed 

and amperage constant and changing the preheating 

temperature, no significant effect on tensile strength was 

observed. 

According to the illustrated survey of the effect of all 

input values separately on output values, required 

measures should be taken in designing and adapting the 

initial welding parameters. According to the outcomes of 

this study, so as to obtain the desired mechanical 

properties, applying machines and robots are more 

advantageous and preferable than manual welding, due to 

the exact control of the initial parameters. 
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Persian Abstract 

 چکیده 
و    یشاز چرخه گرما  یناش  یقطعات جوشکار  ی در ساختار متالورژ  یدشد  ییرات آن تغ   یلاست. دل  یدتول  یچیدهپ  یاز روشها  یکی(  TIGاثر تنگستن )   یگاز ب  یجوشکار  یندفرآ

از   یاریکند. بس یم یفرا تضع  قطعات  یکی مکان یات قطعات شده و خصوص یکی و مکان یکیمختلف متالورژ یباعث نقص ها ییرات تغ   یناست. ا یدر هنگام جوشکار یشسرما

زده    ینپارامترها مشخص شود و بتوان آن را تخم  ینجوش مناسب ، الزم است اثر ا  یک  یجادا  یدارند. برا  یقطعات جوشکار  یفیتبر ک  یمتفاوت  یرات تأث  ی پارامترها در جوشکار

  ی سه پارامتر اصل  ییرتغ   یققطعات از طر  یکیمشخصات مکان  ییندر مورد تع   یشیآزما  تحقیق  یکمطالعه ،    یناساس ، در ا  ینرا انتخاب کرد. بر ا  ینهمناسب و به  یطو شرا

  یک ربات  ی جوشکار  یبازو  یک،    یدست  یدر جوشکار   یشرویسرعت پ  ییرتغ   یدشوار یلگرم انجام شد. به دل  یشپ  یاژ جوش و دما، آمپر  یشرویاز جمله سرعت پ  یجوشکار

  یر ، تأث  یعمل  یداده ها   یکند. با جمع آور  یم  یمرا تنظ  یسرعت و طول جوشکار  یکروکنترلر،شده است که در آن م  یطراح  فعلیدر مقاله   316فوالد ضد زنگ    یجوشکار  یبرا

، کشش و دوام اتصاالت    یگرشود. به عبارت د  یم  یاتصاالت بررس  کششی  ( در دوام و مقاومتیشگرما  یشپ  یو دما  ی، آمپراژ جوشکار  یشروی)سرعت پ  یورود   یداده ها

،    یینپا  یشرویبا سرعت پ  یی. در نمونه هایابد  یشاافز  یتجرب  یجبر اساس نتا  ینهبه  یطشود تا شرا  یم  یشنهادپ   یمختلف جوشکار  یپارامترها  یضد زنگ برا  دهایفوال  یبرا

  ین دهد. همچن ی را کاهش م ششی، مقاومت ک یادسرعت کم و آمپر ز یل شده به دل یقطعات جوشکار یو سوختن لبه ها گی ساختار درشت دانهزمان انجماد ،  یشعالوه بر افزا

و کاهش اثر   یسرعت جوشکار یشتوان با افزا یکه م  یابد یصفحه کاهش م یلبه ها ینقص سوختگ یلبه دل یقطعات جوشکار  مقاومتآمپراژ ،  یشنشان داد که با افزا یجنتا

به لب  لب    یدر جوشکار  یمتنظ  یپارامترها یطشرا  ین ، بهتر  یبر خروج  یورود  ارامترپ   یرتأث  یلو تحل  یهلبه ها ، آن را به حداقل رساند. سرانجام ، با تجز  یبر رو  یدشد  یگرما

 بدست آمد.  316فوالد ضد زنگ  یجوشکار یموجود برا ینمونه ها یاندر م
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