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ABSTRACT 

 

This paper presents an experimental investigation on effect of welding parameter to repair 

welding of dissimilar material using Gas Metal Arc Welding (GMAW) machine. Taguchi 

Method has been used to analyse the statistical analysis by using Minitab Software. Repair 

welding getting more popular nowadays due to saving cost and prolong the material service 

life. The effect of repair welding of dissimilar material on mechanical properties have been 

studied. Statistical analysis using Taguchi Method by Minitab Software with three times 

repetition of L9 orthogonal array. Setting up GMAW machine with current (150A-170A), 

voltage (17V-21V) and jig rotational speed (50rpm-100rpm) were prepared with 3.00mm of 

Stainless Steel 304L and 3.60mm Carbon Steel 1387.Result shows that voltage gave a huge 

impact to tensile testing and micro hardness of second repair welding. While current and jig 

rotational speed gave less impact to responses. The benefit shown has caused repair welding 

to be accepted and applied in the industry. Regular and total maintenance is able to contribute 

to the savings while producing good preventive maintenance schedule. 
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INTRODUCTION 

 

Welding of dissimilar metal is one of joining process, widely used in nuclear material 

industry for coolant piping, valve bodies and vessel internals. This is due to their excellent 

mechanical properties such as long lasting period of usage and high strength [1,2,3]. The 

material properties with good corrosion resistance and less expenditure are part of the major 

reason for using dissimilar material metal welds [4,5,19]. One of the most current discussion 

in repair welding is the popularity of process due to structure integrity and elongated service 

life of the material [6,7]. Some of the previous researcher have studied that the maximum 

weld repair at the same part is maximum to two times [7].  

Repair welding process is needed when there is defect located in weld area. The weld area 

had to be eliminated or removed by grinding process to ensure the effective removal can be 

re – weld according to welding procedure. Repair welding is one of the processes of 

important maintenance and repair. In joining industry, repair welding is one of processes 

which more advanced than manufacturing [2]. 
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METHODS AND MATERIALS 

 

Dissimilar pipe preparation 

Figure 1 shows dissimilar material pipe which are Stainless Steel 304L (AISI 304L) and 

Carbon Steel 1387 (BS 1387) as the main material. Both of them are cut into 100mm long 

and 3.00mm width of AISI 304L and 3.60cm width of BS 1387. Surface inside and outside 

of the pipe have been grinded in order to remove any burr.   

 

 

 

 

 

 

 

 

 

                           
100mm 

Figure 1. Dissimilar pipe of AISI 304L and BS 1387.             

 

Tacking process is one of the important parts in order to join both of the pipes by using 

Tungsten Inert Gas Welding. Tack welding is a vital part of a pressure vessel fabricated by 

welding. This is why the ASME Boiler and Pressure Vessel Code require qualification of the 

welding procedure used for tack welding [8, 9]. The tacking code requires the tack welding 

procedure, the same as for other weldments. Figure 2 shows four tacking point around the 

pipe with distance 1.0mm width of stainless steel wire.  

 

 

 

 

 

 

 

 

 

 

Figure 2: Tacking point. 

 

Design of Experiment (DOE) Using Taguchi Method 

Analysis of the result by using Taguchi Method with current, voltage and rotational speed as 

set of welding parameter. Run DOE by using Minitab software with L9 run, 3 level of 

parameters and 3 factors. Table 1 shows welding parameter by using Gas Metal Arc Welding 

(GMAW). While Table 2 shows the planning matrix suggested by Minitab Software that 

have been used along the experiment. 

 

 

SS 304L BS 1387 
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Table 1. GMAW parameter. 

Parameter Current (A) Voltage(V) Jig rotational speed (RPM) 

Range 120-170 50-100 17-21 

 

Table 2.  Planning matrix. 

Run Weld Current 

(A) 

Jig rotational 

speed (rpm) 

Voltage 

(V) 

1 120 50 17 

2 120 75 19 

3 120 100 21 

4 145 75 17 

5 145 100 19 

6 145 50 21 

7 170 100 17 

8 170 50 19 

9 170 75 21 

 

 

Repetitive Repair Welding Process 

Experiment’s sample that ready to be weld need to grind using grinding paper first before do 

the welding, in order to remove undesirable contaminant on the pipe’s surface. Welding 

process by using GMAW is shown in Figure 3. Pipe need to be grinded using lathe machine 

in order to get flat surface before do the repair welding on the same area as shown in Figure 

4. This study repeats until second time of repair and the correlation between repair and 

welding parameter have been studied. Repetitive repair welding process had been explained 

in Table 3 where it takes two times of grinding and welding before proceed to testing 

measurement. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Welding process using jig and GMAW 
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Figure 4. Grinding process using lathe machine. 

 

Table 3: Repair welding description 

Process welding Description 

 

 

The original welding had been done by 

using original parameter 

 

The weldment had been grinded by using 

lathe machine. The new weldment were 

produced through repair welding 

 

 

The new weldment had been performed 

on repair welding process 

 

 

Preparation for testing sample 

Dissimilar metal pipe has been cut into dog bone shape to prepare for tensile testing using 

Wire Electrical Discharge Machine (WEDM). All samples then were tested on Universal 

Tensile Machine (UTM) with 10kN of load. Elongation, Yield Strength and Ultimate Tensile 

Strength then calculated and plotted into graph. According to ASTM E-8 standard, Figure 5 

shows the shape of dog bone for tensile testing. While Figure 6 shows dog bone shape 

dimension, where cut by using Wire Electrical Discharge Machine (WEDM).  

Preparing microhardness testing is according to ASTM E384-08a, applicable force for 

microhardness testing is within 1 to 1000gf. Therefore, this test method is widely used to test 

the materials or workpiece which is too small or too thin. The test specimen is desirable to 

be flat and perpendicular to the axis of indenter.  
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As a result, mounting, grinding, polishing and etching is frequently carry out to prepare a flat 

surface of test specimen. Figure 7 shows dimension of microhardness sample, while Figure 

8 stated where is the point taken while indention on sample. 

 

 
Figure 5. Tensile testing specimen. 

 

 

 

 

Figure 6. Dimension of tensile testing specimen 

 

 

 

Figure 6. Dimension of tensile testing specimen (ASTM E384-08a). 

 

where, A is the distance between shoulders, B is the grip section, C is the width of grip 

section, G is the reduced section, T is the height section and W is the diameter of width.  

 

   

 

 

 

 

 

 

 

 

  

 (a)                                                                             (b) 

Figure 7. Microhardness sample: (a) dimension of microhardness sample and  

(b) sample of microhardness testing 
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Figure 8. Microhardness indention area. 

 

 

RESULTS AND DISCUSSION 

 

Result on tensile testing 

The measurement of yield strength, elongation and ultimate tensile strength are using 

Universal Tensile Machine (UTM). Previous studies have been used the same standard and 

procedure [10, 11]. Table 4 shows result on tensile testing with three times of repetition. By 

plotting the graph on Minitab Software, Figure 9 is a main effect graph shows that current 

gave a huge impact to tensile testing with setting up larger is better for S/N ratio graph [18]. 

The graph is generated from Minitab Software after filled in all the results. Furthermore, the 

current graph is more diverging than voltage and rotational speed, where it can be assumed 

that current is the most significant factor effected tensile testing. While voltage gave the 

second-high impact and rotational speed give less impact to tensile result. Table 5 clearly 

shows and proof that current gave the highest impact to tensile testing due to the ranking of 

signal to noise ratio. This is agreed with other researcher where mentioned about weld current 

and voltage mostly effected on welding responses [12,13,16].  Optimum value parameter can 

be obtained from the graph, where the highest peak of each graph parameter shows the 

optimum value. The optimum value is when current 170A, voltage 21V and jig rotational 

speed 50rpm. Equation 1 is used to determine the optimum value of Ultimate Tensile Strength 

(UTS) by using regression equation. 
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Table 4. Result on tensile testing. 

Run 
Weld 

Current (A) 

Jig 

rotational 

speed (rpm) 

Voltage 

(V) 

UTS 

(MPa)  

Elongation 

(%) 

1 120 50 17 276.302 10.14 

2 120 75 19 254.672 8.69 

3 120 100 21 334.898 12.31 

4 145 75 17 277.079 10.14 

5 145 100 19 287.823 9.42 

6 145 50 21 372.219 11.59 

7 170 100 17 359.849 10.87 

8 170 50 19 421.132 10.87 

9 170 75 21 439.156 13.04 
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Figure 9. Graph of SN ratio against parameters (main effect plot for SN ratio for tensile 

testing). 

  

Table 5. Response table for Signal to Noise Ratio for tensile testing 

Level Current Voltage Speed 

1 49.15 49.60 50.91 

2 49.82 49.93 49.94 

3 52.15 51.59 50.27 

Delta 3.01 1.99 0.97 

Rank 1 2 3 
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Using the regression and correlation analysis, mathematical model for UTS is as follows: 

                   UTS : -388 + 1.21 I + 26.6  V + 0.569  v                (1) 
 

Result on microhardness testing 

Table 6 shows three times of repetition on every sample with five point of hardness points. 

Plotting graph using Taguchi method shows that current also gave a huge impact to 

microhardness value, while rotational speed give second highest impact and voltage gave 

less impact. It can be described on Table 7 where the ranking of response table shows that 

current in first ranking, followed by jig rotational speed and voltage. Furthermore, some 

researcher has agreed where hardness of weldment increased due to carburization which 

make the weldment prone to brittleness [14,15,17]. Other than that, from the main effect 

graph, the highest peak of each graph shows the optimum value. To get optimum value of 

microhardness, the optimum value is current 170A, voltage 21V and jig rotational speed 

75rpm. Equation 2 is to determine optimum value of parameter by using regression equation. 

 

Table 6. Result on microhardness testing. 

Specimen 1 2 3 4 5 6 7 8 9 

Trial 1 153.21 173.42 190.0

5 

173.8

2 

165.5

0 

171.3

4 

180.9

8 

165.32 174.42 

Trial 2 155.34 174.71 188.7

3 

179.9

0 

165.8

9 

172.7

7 

179.0

3 

159.87 172.71 

Trial 3 157.21 177.80 186.7

6 

174.3

2 

167.7

1 

170.9
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6 

159.56 173.21 

Average 

(VHN) 

155.25 175.31 188.5

1 

176.0

1 

166.3

7 

171.6

7 

179.8

9 

161.58 173.44 

Heat Input 

(kJ/min) 

3.89 2.59 1.94 3.00 2.25 4.49 2.49 4.98 3.32 

  

170145120

45.2

45.0

44.8

44.6

44.4

211917

1007550

45.2

45.0

44.8

44.6

44.4

current

M
e

a
n

 o
f 

S
N

 r
a

ti
o

s

voltage

speed

Main Effects Plot for SN ratios
Data Means

Signal-to-noise: Larger is better
 

Figure 10. Graph of SN ratio against parameter (main effects plot for SN ratio for 

microhardness testing). 
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          Table 7. Response table for signal to noise ratio for microhardness testing. 

Level Current Voltage Speed 

1 44.29 44.64 44.67 

2 44.68 44.93 44.92 

3 45.22 44.61 44.59 

Delta 0.93 0.33 0.33 

Rank 1 3 2 

 

Using the regression and correlation analysis, mathematical model for microhardness is as 

follows: 

Microhardness: 41.8 – 0.00102 I + 0.0960 V + 0.0156 v         (2) 

 

 

CONCLUSIONS 

 

In this study, the performance of welding parameters on tensile and microhardness testing 

was investigated. Welding parameters which are current, voltage and jig rotational speed give 

variable impact to welding responses such as tensile and microhardness. The result indicates 

that current gave a huge impact to both responses while voltage and jig rotational speed gave 

a slightly different and less effect compare to current. The optimum value was indicating by 

plotting main effect graph while regression equation was generated. Re-weld process until 

second repair have indicate that each of parameters react differently to the responses. Taguchi 

Method have analysed that current gave a huge impact to tensile and microhardness testing. 
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