
IJSRD - International Journal for Scientific Research & Development| Vol. 5, Issue 01, 2017 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 555 

Study on Effect of Process Parameters in Resistance Spot Welding of 

Galvanized Iron using Taguchi Method 

Prof. Manjunath R. Rawal1 Prof. Sanjay S. Sutar2 Prof. Bahubali B. Kabnure3 
1,2,3Assistant Professor 

1,2,3Department of Mechanical Engineering 
1,2,3Textile and Engineering Institute, Ichalkaranji, India

Abstract— Resistance spot welding (RSM) is widely used to 

join similar or dissimilar sheet metals in automobile industry. 

It gives significant strength after joining, required for 

sustaining the load applied on it. Strength of the spot weld 

mainly depends on welding current, pressure applied during 

welding and weld time. In this paper, study on effect of 

process parameters levels for joining of galvanized iron sheet 

is carried out. Design of experiments is carried out by taguchi 

method and Analysis of variance (ANOVA) is done to find 

most significant process parameter for tensile strength and 

nugget diameter as response variable. S/N ratio and ANOVA 

table for tensile strength and nugget diameter are calculated by 

using Minitab 16 software. 
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I. INTRODUCTION 

Resistance spot welding is one of the quickest and cleanest 

welding processes available. Spot, seam and projection 

welding are three resistance welding processes in which 

coalescence of metal is produced at the faying surface by the 

heat generated at the joint by the contact resistance to the flow 

of electric current. Force is always applied before, during and 

after the application of current to prevent arcing at the faying 

surfaces and in some applications to forge the weld metal 

during post heating. The process is completed within a 

specified cycle time. Generally, melting occurs at the faying 

surface during welding. The Resistance Spot Welding (RSW) 

is getting significant importance in manufacturing car, bus 

and railway bodies etc. due to automatic and fast process. 

Generally, the spot weld failure occurs in two modes: 

interfacial and pullout. In the interfacial mode, failure occurs 

through nugget, while in the pullout mode, failure occurs by 

complete (or partial) nugget withdrawal from one sheet. 

Dissimilar resistance spot welding can be more complex than 

similar welding due to different thermal cycle experienced 

with each metal [1-3]. 

II. LITERATURE REVIEW 

C. T. Lane et al: In this paper study is focused on the effects 

of preheat, post heat, upslope, and downslope current 

modifications on the resistance spot welding of galvanized 

steel sheet using high-speed cinematography. 

P. Marashiet al: Resistance spot welding was used to 

join austenitic stainless steel and galvanized low carbon steel. 

The relationship between failure mode and weld fusion zone 

characteristics (size and microstructure) was studied. It was 

found that spot weld strength in the pullout failure mode is 

controlled by the strength and fusion zone size of the 

galvanized steel side. 

G. Thakur et al: This paper presents an experimental 

investigation for optimization of Tensile Shear (T-S) strength 

of RSW for Galvanized steel by using Taguchi method. RSW 

of galvanized steel is always difficult due to tendency of zinc 

coating alloying with electrode. The experimental studies 

were conducted under varying welding current, welding time, 

electrode diameter and electrode force. 

S.M. Hamidinejad et al:In this study, the resistance 

spot welding (RSW) process of the galvanized interstitial free 

(IF) steel sheets and galvanized bake hardenable (BH) steel 

sheets, used in the manufacturing of car bodies, has been 

modeled and optimized . A back propagation neural network 

model was developed to analyze RSW process and the 

interaction effects of the parameters. In the second phase of 

this research, Genetic Algorithm with the fitness function 

based on an ANN model was employed as an optimization 

procedure for determining a set of process parameters. 

L. Boriwal et al: The paper present the fuzzy logic 

based simulation for the resistance spot welding process, 

which is capable to predict the nugget size, tensile shear 

strength, and peel strength. Welding current, weld cycle and 

electrode pressure are taken as the process variables for RSW 

process.  

B. D. Parmar and N. G. Parmar: The present work 

attempts experimental investigations to study influence of 

important process parameters of resistance spot welding on 

weld strength, current and cycle time are varied at three 

different levels for different thickness and manufactured 

specimens are tested for weld strength. Experiment have been 

conducted as per Taguchi method, Effect of process 

parameters on response variables are analyzed by ANOVA 

and F-test has been used for determining most significant 

parameters affecting the spot weld parameters. 

III. EXPERIMENTAL WORK 

A. Material Selection 

Galvanized iron Sheet metal forms metallurgical bond 

between zinc and steel or iron, creating a barrier to prevent 

itself from getting rusty as easily. It is an essential component 

for roofs and panels, electric appliance, and machine parts. 

B. Chemical Composition of Materials 

The chemical composition observed by spectrometry for GI 

Sheet metal is as shown in table 1, 

Con

tent 
C Si 

M

n 
P S Cr Cu Ni Fe 
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ue 

(%) 

0.0

65 

0.0

95 

0.4

04 

0.0

18 

0.0

17 

0.0

17 

0.0

53 

0.0

32 

98.

44 

Table 1: Chemical Composition ofGalvanized Iron (GI) 
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C. Selection of Sheet Metal Thickness 

The sheet metal used for the automobile car body fabrication 

is 0.8 mm. the maximum formability will be obtained at that 

thickness with respect strength required. Therefore sheet 

metal of 0.8 mm (21 gauges) is selected for experimentation. 

D. Process Parameters and Level 

Some trial experiments are conducted to check tensile 

strength of spot weld by selecting various process parameters 

and levels. Based on that results, Process parameters and their 

levels selected for experimentation is as shown in table No. 

1. 

Experimental set used for conducting spot welding 

is as shown in fig.1. 
Sr. 

No 

Process 

Parameter 
Parameter 

Level 

1 

Level 

2 

Level 

3 

1 
Welding 

Current (kA) 
A 4.8 5.9 7 

2 
Electrode 

Force (kN) 
B 0.490 0.539 0.588 

3 
Welding Time 

(cycle) 
C 45 50 55 

Table 1: Process Parameter and Level 

 
Fig. 1: Experimental set up of resistance spot welding 

E. Selection of Orthogonal Array (OA) 

Experiments are carried out by selecting L9 Taguchi 

Orthogonal Array for three process parameters and three 

levels of each parameter.  

Sr.  

No 

A 

(kA) 

B 

(kN) 

C 

(cycle) 

T-S Strength  

(kN) 

Nugget Diameter  

(mm) 

S/N Ratio 

T-S N-D 

1 4.8 0.490 45 2.75 3.510 8.787 10.906 

2 4.8 0.539 50 2.95 4.290 9.396 12.649 

3 4.8 0.588 55 3.32 4.095 10.423 12.245 

4 5.9 0.490 50 3.68 4.680 11.317 13.405 

5 5.9 0.539 55 3.45 4.875 10.756 13.759 

6 5.9 0.588 45 3.98 5.265 11.998 14.428 

7 7.0 0.490 55 4.25 5.850 12.568 15.343 

8 7.0 0.539 45 4.39 6.240 12.849 15.904 

9 7.0 0.588 50 4.48 6.825 13.026 16.682 

Table 2: L9 Array and values of response variables with S/N ratio.

Fig. 2 shows the photograph of spot welded 

specimen according to L9 Array. 

 
Fig. 2: Photograph of Spot Welded Specimen 

Figure 3 shows the morphology of spot weld 

obtained for 9 experiments. The dimensios of spot weld are 

varry according to current supply with respect to cycle time 

and electrode force applied during spot welding. 

 

 

 
Fig. 3: Morphology of Spot Weld Diameter 

Spot welded specimens are checked for tensile 

strength and nugget diameter for each specimen. Tensile 

strength measured on universal tensile testing machine and 

nugget diameter is measured on optical profile meter. These 

values are noted in Table No. 2. Each experiment is 

performed for three times and average values of tensile 

strength and nugget diameters are noted. 



Study on Effect of Process Parameters in Resistance Spot Welding of Galvanized Iron using Taguchi Method 

 (IJSRD/Vol. 5/Issue 01/2017/148) 

 

 All rights reserved by www.ijsrd.com 557 

F. Analysis of S/N Ratio 

Taguchi recommends analyzing data using the S/N (Signal to 

Noise) ratio that will offer two advantages; it provides 

guidance for selection the optimum level based on least 

variation around on the average value, which close to target 

and also it offers objective comparison of two sets of 

experimental data with respect to deviation of the average 

from the target. The experimental results are analyzed to 

investigate the main effects. 

According to quality engineering, the characteristics 

are classified as Higher the best (HB), lower the best (LB) 

and Nominal the best. HB includes T-S strength and Nugget 

diameter which desires higher values. Similarly LB includes 

Heat Affected Zone (HAZ) for which lower value is 

preferred. 

Tensile shear strength of the welded structures 

belongs to the larger-the-better quality characteristics. The 

loss function of the larger-the-better quality characteristics 

can be calculated by equation (1) &(2). 

Lj =  
1

N
∑

1

Y2
n
i=1   (Eq.1) 

ηj =  −10 log Lj  (Eq.2) 

Where, n is the number of tests, and yi the 

experimental value of the ith quality characteristic, Lj overall 

loss function and ηj is the S/N ratio [3, 6]. By applying 

Equations (1) & (2), the η corresponding to the overall loss 

function for each experiment of L9 are calculated. The S/N 

ratio for each level of the welding process parameters is 

summarized in table no.2. 

The mean S/N ratio for each level of the welding 

parameters is summarized and called the S/N response. The 

response tables for tensile shear strength and nugget diameter 

are as shown in table 3 and 4 respectively. 

Level 
Welding 

Current (kA) 

Electrode 

Force (kN) 

Welding Time 

(cycle) 

1 9.535 10.890 11.211 

2 11.357 11.001 11.246 

3 12.814 11.825 11.249 

Delta 3.279 0.925 0.038 

Rank 1 2 3 

Table 3: Response of S/N Ratios for T-S Strength 

Level 
Welding 

Current (kA) 

Electrode 

Force (kN) 

Welding Time 

(cycle) 

1 11.93 13.22 13.75 

2 13.86 14.10 14.25 

3 15.98 14.45 13.78 

Delta 4.04 1.23 0.50 

Rank 1 2 3 

Table 4: Response of S/N Ratios for Nugget Diameter 

G. Analysis of Variance (ANOVA) 

ANOVA is carried out for finding most significant process 

parameters which will affect output quality characteristics. 

S/N values of response variables are used for obtaining 

ANOVA by using Minitab 16 software. Results are shown in 

Table 5 & 6 for T-S and N-D for higher the better 

characteristic. Percent contribution indicates the relative 

power of a factor to reduce variation. For a factor with a high 

per-cent contribution, a small variation will have a great 

influence on the performance [7] 

H. ANOVA for Tensile Shear Strength 

According to results obtained for analysis of tensile strength, 

the most effective parameters with respect to tensile shear 

strength is welding current, welding time and electrode force. 

Percent contribution indicates the relative power of a factor 

to reduce variation. For a factor with a high percent 

contribution, a small variation will have a great influence on 

the performance. 

Sourc

e 

D

F 
Seq SS 

Adj 

MS 
F P % C 

A 

(kA) 
2 

2.8020

2 

1.4010

1 

31.5

9 

0.03

1 

89.3

1 

B 

(kN) 
2 

0.2446

9 

0.1223

4 
2.76 

0.26

6 
7.80 

C 

(cycle

) 

2 
0.0020

2 

0.0010

1 
0.02 

0.97

8 
0.06 

Error 2 
0.0886

9 

0.0443

4 
- - 2.83 

Total 8 
3.1374

2 
- - - 100 

S = 0.210581   R-Sq = 97.17%   R-Sq(adj) = 88.69% 

Table 5: Analysis of T-S Strength 

Main effect plot for S/N ratio (Fig.3) shows, the 

relation between tensile shear strength and respective process 

parameters. Here larger signal to noise ratio is considered as 

better one, hence values of plot at top positions indicate better 

results. 

 
Fig. 3: Main Effects Plot of S/N Ratios for T-S Strength 

Interaction plot for tensile strength as response 

variable with the diffenrent levels of process parameters is 

shown in fig. 4. Considering welding current and electrode 

force, the lowest value for tensile strength is obtained at 4.8 

kA current and 0.490 kN electrode force. While the highest 

value is obtained at 7 kA current and 0.588 kN electrode 

force. 

Considering welding current and weld time, the 

lowest value for tensile strength is obtained at 4.8 kA current 

and 45 cycle weld time. While the highest value is obtained 

at 7 kA current and 50 cycles weld time. 

Considering Electrode force and weld time, the 

lowest value for tensile strength is obtained at 0.490 kN 

electrode force and 45 cycle weld time. While the highest 

value is obtained at 0.588 kN electrode force and 50 cycle 

weld time. 
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Fig. 4: Interaction Plot for T-S Strength 

I. ANOVA for Nugget Diameter  

Results obtained for Analysis of nugget diameter as a 

response variable is as shown in table no.6. From ANOVA 

table it is concluded that, welding current is the most 

significant process parameter which will affect the nugget 

diameter. 

Source DF 
Seq 

SS 

Adj 

MS 
F P % C 

A (kA) 2 8.2895 4.1447 327 0.003 89.34 

B (kN) 2 0.7859 0.3929 31 0.031 8.47 

C 

(cycle) 
2 0.1774 0.0887 7 0.125 1.92 

Error 2 0.0253 0.0127 - - 0.27 

Total 8 9.2781 - - - 100 

S = 0.112583   R-Sq = 99.73%   R-Sq(adj) = 98.91% 

Table 6: Analysis of Nugget Diameter 

Figure 5 shows, Main effect plot of S/N ratios for 

nugget diameter as response. The values at top indicate better 

results for larger nugget diameter with corresponding levels 

of process parameters. 

 
Fig. 5: Main Effects Plot of S/N Ratios for Nugget Diameter 

Figure 6 shows, the combined effect of parameters 

on response variables. Considering welding current and 

electrode force, the lowest value for nugget diameter is 

obtained at 4.8 kA current and 0.490kN electrode force. 

While the highest value is obtained at 7 kA current and 

0.588kN electrode force. 

Considering welding current and weld time, the 

lowest value for nugget diameter is obtained at 4.8 kA current 

and 45 cycle weld time. While the highest value is obtained 

at 7 kA current and 50 cycles weld time. 

Considering Electrode force and weld time, the 

lowest value for nugget diameter is obtained at 0.490 kN 

electrode force and 45 cycle weld time. While the highest 

value is obtained at 0.588 kN electrode force and 50 cycle 

weld time. 

 
Fig. 6: Interaction Plot for Nugget Diameter 

Hence, from interaction plots for tensile strength and 

nugget diameter we will get the effects of interactions for 

different process parameters and their levels. Which will 

leads to decide levels of process parameters and their effect 

on response variables. 

IV. CONCLUSIONS 

Based on the results obtained for L9 orthogonal array by 

taguchi method and ANOVA for response variables, 

following points are enlisted. 

 Welding Current (89.31%) is found to be the most 

significant parameter which will affect the tensile 

strength having F value 31.59. Whereas, Welding Time 

(7.80%) is found to be the second and Electrode force 

(0.06%) is found to be third significant parameter 

ranking factor having F values 2.76 and 0.02 

respectively. 

 Welding Current (89.34%) is found to be the most 

significant parameter which will affect the tensile 

strength having F value 327. Whereas Electrode force 

(8.47%) is found to be the second and Welding Time 

(1.92%) is found to be third significant parameter 

ranking factor having F values 31 and 7respectively. 
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