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ABSTRACT 
PCTIG welded sample Al – SiC composite’s mechanical properties such as tensile strength, yield strength and elongation (%) were 
investigated. The experiment is designed using Taguchi L9 orthogonal array techniques. Here 9 experimental runs condition was 
designed. The parameters considered for PCTIG welding were peak current, base current, pulse frequency and pulse on time. 
Interaction effect, signal to noise ratio (S/N) and mean response were developed and evaluate the influence of each pulsed current 
parameter at each levels & to calculate percentage of influence by pulsed current parameters on weld strength such as yield 
strength, ultimate strength and elongation (%) during PCTIG welding of Al-SiC composite. Pulse on time had higher influence on 
yield strength. For ultimate tensile strength major influencing parameters are pulse on time & pulse frequency. Elongation (%) 
was influenced by pulse frequency but base current & pulse on time also had significant influence on elongation (%). This showed 
slight variation from the optimized or desired value of pulsed current TIG welding parameter lead to higher deviation in the 
response. PCTIG welding parameters such as peak current of 160A, base current of 60A, pulse on time as 50% and pulse frequency 
as 5Hz shows higher highly desired result such as ultimate tensile strength = 129.58MPa, yield strength = 110.23MPa, elongation 
(%) = 12.33% which near to predicted value such ultimate tensile strength as 130MPa, yield strength as 115MPa and elongation 
(%) was 13%. 

 
KEYWORDS: Al-SiC composite, PCTIG welding, signal to noise (S/N) ratio, mean response, interaction effect & tensile 

strength. 
  

INTRODUCTION 

 

 In metal matrix composite, aluminium is an extensively used metal matrix material and SiC, B4C [1], TiB2, 

TiC [2] are commonly used reinforcements. Aluminium Silicon Carbide composite material is well known for 

its good wear resistance, higher strength to weight ratio[3].Stir casting process is mainly used for manufacturing 

of Aluminium Silicon Carbide (Al-SiC) composite due to its higher production rates [4]. Stir casting could be 

achieved by minor modifications [5] in conventional casting process. Production of Al-SiC composite has been 

proved economical and most suitable way [6], than other manufacturing processes. 

 Using arc welding is comparatively cheaper but has challenges such as reduced weld strength. Weld 

alloying is one of the methods to overcome the issue[7]. During constant current TIG welding on aluminium [8] 

and its composites [9], weld strength is reduced due to higher heat input and lesser cooling rate of weld pool 

which results in coarse grain structure in weld zone and induces thermal stresses in heat affected zone. 

Restricting aluminium carbide formation during TIG welding on Al-SiC composite have chance for improved 

weld strength and ductility [10]. The problem of coarse grain microstructure during TIG welding on aluminium 
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alloys could be rectified by using surface nucleation, microcooler addition [8], arc oscillation [11] and pulsing 

current methods [12, 13] so as to obtain fine grain microstructure. Among these, pulsing current method [14, 15] 

has wide popularity [16] as it can be employed in actual industrial applications with minimum modifications in 

the existing system [17. 18]. In PCTIG welding, peak current gives adequate penetration and bead contour. 

 So, the study on the influence of pulsed current TIG welding parameters on Al-SiC composite has significant 

important. Signal to noise (S/N) ratio and mean response are used to find the effect percentage of pulsed current 

parameters on the weld strength. S/N ratio and mean response are compared with each other to validate process. 

Interaction effect graph plotted to get overview of idea about parameters and levels used in mathematical 

modelling and the parameters & level at which level it gives maximum weld strength.  

 

Experimentation: 

 To study the mean effect, interaction effect experiment should be designed according to Taguchi L9 

orthogonal array. PCTIG welding parameters & levels were designed using Taguchi L9 orthogonal array. 9 

experimental conditions were designed for 4 factors and 3 levels. Autogenous welding was performed on Al - 

8% SiC composite material with a plate thickness of 5mm using ADOR CHAMPTIG 300AD welding machine 

as shown in figure 1.  

 

 
 

Fig. 1: PCTIG welding machine 

 

 Tensile test was carried out using universal tensile testing machine according to the ASTM E8 standard. 

Specimen of sub sized sample with length of 100mm, width of 30mm, thickness of 5mm and gauge length of 

50mm were considered. Figure 2 showed sample samples before tensile testing and figure 3 showed samples 

after tensile testing. 

 

 
 

Fig. 2: Tensile samples before testing 

 

 
 

Fig. 3: Tensile samples after testing 

 

Results: 

 Micro hardness, bend load, cooling rate and peak temperature during thermal profile were tabulated in table 

1. These tabulated values were processed using statistical software and to evaluate the effect the peak current, 
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base current, pulse on time and pulse frequency through interaction effect graphs, mean effect and S/N ratio 

studies. 

 

 Discussion: 

Yield Strength: 

Interaction effect: 

 Interaction effect plot on yield strength was plotted in figure 4. In figure 4, effect of pulsed current 

parameters such as peak current, base current, pulse on time and pulse frequency on yield strength were 

observed. It also showed best combination of parameter with its level to get higher yield strength value. It 

showed peak current of 160A, base current of 60A, pulse on time of 50% and pulse frequency of 5Hz showed 

maximized yield strength value above 115MPa and actual value found in this condition was 110MPa. This 

confirmed from interaction effect graph.  

 

 
 

Fig. 4: Interaction effect plot for yield strength 

 

S/N ratio and mean response: 

 Table 2 showed the S/N ratio analysis and table 3 showed the mean response analysis. From these tables 

effect percentage of pulsed current parameters on peak temperature was evaluated. From table 6, pulse 

frequency had 27 & pulse on time had 48% influences on the yield strength. Peak current had 20% & base 

current had 5% which is comparatively lower percentage effect than the pulse on time and pulse frequency. So 

the slight change in pulse frequency and pulse on time has higher influence than the peak current and base 

current. S/N ratio analysis in table 6 and mean response analysis in table 7 showed the more or less same effect 

percentage of pulsed current parameters on yield strength. 

 
Table 1: Tensile tested results 

Condition 
1 

2 3 4 5 6 7 8 9 

Peak current (A) 160 140 150 140 150 140 160 160 150 

Base current (A) 40 60 60 40 50 50 50 60 40 

Pulse on time (%) 60 60 40 40 60 50 40 50 50 

Pulse frequency (Hz) 10 2 10 5 5 10 2 5 2 

Yield strength (MPa) 
76.43 

86.56 79.69 94.23 88.56 89.65 94.78 110.23 94.56 

Ultimate strength (MPa) 
85.22 

98.34 85.25 119.46 93.69 98.46 104.25 129.58 103.45 

Elongation (%) 
8.67 

7.33 7.65 11.33 8.21 8.66 7.89 12.33 9.68 

 

Table 2: S/N ratio analysis of yield strength 

S/N ratio 

Level Peak current (A) Base current (A) Pulse on time (%) Pulse frequency (Hz) 

1 39.42 39.30 39.55 39.42 

2 38.97 39.35 40.27 39.93 

3 39.77 39.50 38.34 38.80 

Delta 0.80 0.20 1.93 1.13 

Rank 3.00 4.00 1.00 2.00 

Percentage 19.70 4.93 47.54 27.83 
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Table 3: Mean response analysis of yield strength 

Mean response 

Level Peak current (A) Base current (A) Pulse on time (%) Pulse frequency (Hz) 

1 93.76 92.72 95.17 93.77 

2 89.02 93.06 103.54 100.16 

3 98.53 95.53 82.61 87.39 

Delta 9.51 2.81 20.93 12.76 

Rank 3.00 4.00 1.00 2.00 

Percentage 20.67 6.11 45.49 27.73 

 

Ultimate Strength: 

Interaction effect: 

 Interaction plot shown in figure 5, depict the effect of peak current, base current, pulse on time and pulse 

frequency on ultimate tensile strength. From the figure 5, combination effect of pulsed current parameters on 

ultimate tensile strength and it also showed best combination of parameter with its level to get highest ultimate 

tensile strength. It showed peak current of 160A, base current of 60A, pulse on time of 50% and pulse frequency 

of 5Hz showed maximum value of above 130MPa and actual value found in this condition was 129MPa. This 

showed that interaction effect predicts consistently.  

 

 
 

Fig. 5: Interaction effect plot for ultimate strength 

 

S/N ratio and mean response: 

 Table 4 showed the S/N ratio analysis and table 5 showed the mean response analysis. From these tables 

effect percentage of pulsed current parameters on ultimate tensile strength was evaluated. From table 4, peak 

current had 23%, pulse on time had 35% and pulse frequency had 31% of influences on the ultimate tensile 

strength of the PCTIG welded sample. Base current had only 10% effect percentage which is comparatively 

lower effect percentage than the other pulsed current TIG welding parameters. This showed pulse on time and 

pulse frequency had higher influence on ultimate tensile strength. S/N ratio analysis in table 4 and mean 

response analysis in table 5 showed the more or less same effect percentage of pulsed current parameters on 

yield strength. 

 
Table 4: S/N ratio analysis of ultimate strength 

S/N ratio 

Level Peak current (A) Base current (A) Pulse on time (%) Pulse frequency (Hz) 

1 40.46 40.48 40.52 40.29 

2 39.63 39.99 41.09 41.09 

3 40.80 40.42 39.29 39.51 

Delta 1.17 0.49 1.80 1.58 

Rank 3.00 4.00 1.00 2.00 

Percentage 23.21 9.72 35.71 31.35 

 
Table 5: Mean response analysis of ultimate strength 

Mean response 

Level Peak current (A) Base current (A) Pulse on time (%) Pulse frequency (Hz) 

1 0.37 106.38 106.86 103.63 

2 96.18 100.21 114.15 114.89 

3 111.01 106.57 92.16 94.64 

Delta 14.82 6.37 21.99 20.26 

Rank 3.00 4.00 1.00 2.00 

Percentage 23.36 10.04 34.66 31.94 
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Elongation (%): 

Interaction effect: 

 Elongation (%) interaction plot between peak current, base current, pulse on time and pulse frequency was 

shown in figure 8. Here combination effect of pulsed current parameters on elongation (%) and it also showed 

best combination of parameter with its level to get maximized elongation (%). It showed peak current of 160A, 

base current of 60A, pulse on time of 50% and pulse frequency of 5Hz showed maximized elongation (%) value 

above 12% and actual value found in this condition is 12.33%. This showed that interaction effect predicts 

consistently. 

 

 
 

Fig. 6: Interaction effect plot for elongation (%) 

 

S/N ratio and mean response: 

 Table 6 showed the S/N ratio analysis and table 7 showed the mean response analysis. From these tables 

effect percentage of pulsed current parameters on elongation (%) was evaluated. From table 6, pulse frequency 

had 34%, base current had 25% & pulse on time had 28% influences on the elongation (%). Peak current had 

13%, which was comparatively lower percentage effect than the pulse on time and pulse frequency. So the slight 

change in pulse frequency and pulse on time has higher influence than the peak current. S/N ratio analysis in 

table 6 and mean response analysis in table 7 showed the more or less same effect percentage of pulsed current 

parameters on elongation (%). 

 
Table 6: S/N ratio analysis of elongation (%) 

S/N ratio 

Level Peak current (A) Base current (A) Pulse on time (%) Pulse frequency (Hz) 

1 19.49 20.82 19.16 18.39 

2 18.88 18.51 20.86 21.39 

3 20.01 19.04 18.35 18.59 

Delta 1.13 2.31 2.50 3.01 

Rank 4.00 3.00 2.00 1.00 

Percentage 12.63 25.81 27.93 33.63 

 

Table 7: Mean response analysis of elongation (%) 

Mean response 

Level Peak current (A) Base current (A) Pulse on time (%) Pulse frequency (Hz) 

1 9.77 11.11 9.44 8.45 

2 8.89 8.45 11.22 12.00 

3 10.33 9.44 8.33 8.53 

Delta 1.44 2.66 2.89 3.55 

Rank 4.00 3.00 2.00 1.00 

Percentage 13.68 25.24 27.40 33.68 

 

Conclusion: 

 Interaction effect, signal to noise ratio (S/N) and mean response were developed and evaluate the influence 

of each pulsed current parameter at each levels & to calculate percentage of influence by pulsed current 

parameters on weld strength such as yield strength, ultimate strength and elongation (%) during PCTIG welding 

of Al-SiC composite.  

 Pulse frequency had 27 & pulse on time had 48% influences on the yield strength. Peak current had 20% & 

base current had 5% which is comparatively lower percentage effect than the pulse on time and pulse frequency. 

 Peak current had 23%, pulse on time had 35% and pulse frequency had 31% of influences on the ultimate 

tensile strength of the PCTIG welded sample but base current had only 10% effect on ultimate tensile strength. 

 Pulse frequency had 34%, base current had 25% & pulse on time had 28% influences on the elongation (%). 

Peak current had 13%, which was comparatively lower percentage effect than the pulse on time and pulse 

frequency. 



414    Raghuraman Srinivasan et al., 2017/Advances in Natural and Applied Sciences. 11(6) Special 2017, Pages: 409-415 

 

 PCTIG welding parameters such as peak current of 160A, base current of 60A, pulse on time as 50% and 

pulse frequency as 5Hz shows higher highly desired result such as ultimate tensile strength = 129.58MPa, yield 

strength = 110.23MPa, elongation (%) = 12.33% which near to predicted value such ultimate tensile strength as 

130MPa, yield strength as 115MPa and elongation (%) was 13%. This showed that interaction effect plot 

developed had consistent result between actual values between predicted values. 
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