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Abstract  - Optimization of welding parameters on friction welding of Incoloy 800 H rod experiments were carried out by 
Taguchi based Desirability Function Analysis (DFA). The welding parameters such as heating pressure (HP), upsetting 
pressure (UP), heating time (HT) and upsetting time (UT) and its responses such as Tensile strength (TS) and burn off length 
(BoL) were chosen for this work. The L12 orthogonal array designs of experiment were involved for conducting 
experiments. The significance of quality of welding process was found by analysis of variance (ANOVA). The experimental 
results indicate that the upsetting time and the heating pressure were recognized to make the most significant contribution to 
the overall performance. 
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I. INTRODUCTION 
 
The aim of this article is to optimize welding 
parameters on friction welding of Incoloy 800 H 
using taguchi based Desirability Function Analysis. 
Incoloy 800 is one of iron based exotic super alloy or 
Heat resistant alloy, mainly used in chemical 
processing applications such as heat exchanger, 
piping, mixing tanks, heat treatment equipment, 
muffles, conveyors, baskets and boxes. Also it is 
widely used in nuclear power plants (for steam-
generator tubing), domestic appliances (for sheathing 
of electric heating elements), Thermal processing 
equipment in industrial applications        ( such as 
baskets, trays, and fixtures), production of paper pulp, 
digester-liquor heaters, pumps, valves, Jigs, fixtures, 
aerospace and jet engine components [1]. Friction 
welding is a solid state joining process which can be 
used to join a number of different metals. This 
process involves making welds in which one 
component is moved or rotate relative to other 
components with effects of pressured contact and 
generated heat. Among different welding process, 
Friction welding has gained popularity because of 
several advantages such as fast joining time and 
allows dissimilar materials to be jointed. 
Adalarasan et al [2] investigated that the welding 
parameters like upset pressure, frictional pressure and 
rotational speed in determining the tensile strength 
and hardness. The experimental plan is based on the 
orthogonal array. Desirability analysis was employed 
for obtaining the optimal setting of input parameters 
and ANOVA was performed to predict the 
contribution of various parameters in affecting the 
desired responses. They concluded that the ranking 
capabilities of desirability method were used to 
predict the optimal setting of parameters as frictional 
pressure: Frictional pressure: 40 MPa, upset pressure: 
120 MPa and speed: 2000 rpm. The ANOVA results 
have shown that upset pressure is the primary 

parameter influencing the responses with a 
contribution of 63.1%.  
A new approach for the optimization of friction 
welding parameters on carbon-stainless steel metal 
with multiple response (tensile strength and 
shrinkage) based on orthogonal array with grey 
relational analysis was presented. Experimental 
results showed that the responses in friction welding 
process could be improved effectively through this 
approach [3].  
Dinaharan et.al [4] evaluated the welding of 
dissimilar materials and reported that better weld 
efficiency is obtained when material with high 
strength is placed on the retrieving side and with low 
properties on the advancing side. They concluded that 
the rotational speed and welding speed contributes 
much in producing the frictional heat and has 
significant impact on the mechanical properties. 
Dr.Genichi Taguchi of Nippon Telephones and 
Telegraph Company, Japan has developed a method 
based on “ORTHOGONAL ARRAY” experiments 
which gives much reduced "variance" for the 
experiment with "optimum settings" of control 
parameters [5, 6]. Thus the marriage of Design of 
Experiments with optimization of control parameters 
to obtain best results is achieved in the Taguchi 
Method. "Orthogonal Arrays" (OA) provide a set of 
well balanced (minimum) experiments and Dr. 
Genichi Taguchi's Signal-to-Noise ratios (S/N), 
which are log functions of desired output, serve as 
objective functions for optimization, help in data 
analysis and prediction of optimum results. The 
optimal levels of parameters are identified through 
parameter design. The main objective of this work is 
optimal settings of process parameters for welding 
Incoloy 800H using the friction welding machine in 
order to obtain maximize the tensile strength and 
minimize the burn of length.  
This paper presents a new approach for optimization 
of machining parameters on friction welding Incoloy 
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800H with the multi responses by Taguchi method 
using desirability function analysis (DFA). DFA is 
one of the most widely used methods in industry for 
the optimization of multi responses problems [7, 8].  
Desirability function analysis is used to convert the 
multi responses problems into single response 
problems. As a result, optimization of the 
complicated multi response problems can be 
converted into optimization of a single response 
problem termed composite desirability. In order to 
solve single response problems, Dr.Genichi Taguchi 
proposed a method with a key step of parameter 
design. The objective of parameter design is to 
optimize the setting of process parameter values for 
achieving high quality with low cost. In cases of the 
objective function is more than one parameters; we 
cannot use traditional taguchi method.  So for these 
cases taguchi method coupled with desirability 
function analysis is used. Based on Taguchi’s L12 
Orthogonal array, welding experiments are conducted 
on Incoloy. In this study, the machining parameters 
such as heating pressure, heating time, upsetting 
pressure and upsetting time are optimized with the 
considerations of multi responses. A composite 
desirability value is obtained for the multi responses 
from the DFA. Using composite desirability value, 
the optimum levels of parameters have been 
identified and significant contribution of parameters 
is determined by ANOVA. Confirmation test is 
conducted to validate the test result.  
 
The multi responses such as Tensile strength and burn 
off length are combined as composite desirability 
using DFA. This method simplifies the identification 
of operating conditions that provide the ‘Most 
desirable’ responses. In short, there is an ample scope 
of applying the proposed methodology of desirability 
function analysis in the Taguchi method for 
optimization of welding parameters on welding 
Incoloy materials. 

 
II. DESIRABILITY FUNCTION ANALYSIS 
 

Step 1: Calculate the individual desirability 
index (di): Calculate the individual desirability index 
(di) for the corresponding responses using the formula 
proposed by the Derringer and Suich (1980). There 
are three forms of the desirability functions according 
to the response characteristics. 

 
1. The-nominal-the best: The desirability 

function of the nominal-the-best can be written as the 
term (1). The value of ŷ  is required to achieve a 
particular target T. When the ŷ equals to T, the 
desirability value equals to 1; if the departure of ŷ  
excesses a particular range from the target, the 
desirability value equals to 0 and, such situation 
represents the worst case. 
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where the ymax and ymin represent the upper/lower 
tolerance limits of ŷ  and, s and t represent the 
weights. 
 

 2. The-larger-the better: The desirability 
function of the-larger-the better can be written as the 
term (2). The value of ŷ  is expected to be the larger 
the better. When the ŷ  exceed a particular criteria 
value, which can be viewed as the requirement, the 
desirability value equals to 1; if the ŷ  is less than a 
particular criteria value, which is unacceptable, the 
desirability value equals to 0.  
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where the ymin represents the lower tolerance limit 
of ŷ , the ymax represents the upper tolerance limit of 
ŷ  and r represents the weight. 

 
3. The-smaller-the better: The desirability 

function of the-smaller-the-better can be written as 
the term (3). The value of ŷ  is expected to be the 
smaller the better. When the ŷ  is less than a 
particular criteria value, the desirability value equals 
to 1; if the ŷ excess a particular criteria value, the 
desirability value  equals to 0.  
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where the ymin represents the lower tolerance limit 
of ŷ , the ymax represents the upper tolerance limit of 
ŷ  and r represents the weight. The s, t and r in the 

term    (1) to the term (3) indicate the weights and 
they are defined according to the requirement of the 
user. If the corresponding response is expected to be 
closer to the target, the weight can be set to the larger 
value; otherwise, the weight can be set to the smaller 
value. 
 

Step 2: Compute the composite desirability 
(dG): The individual desirability index of all the 
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responses can be combined to form a single value 
called composite desirability (dG) by the following 
equation (4) 

 
 
where di is the individual desirability of the 
property Yi, 

wi is the weight of the property “Yi” in the 
composite desirability, and 

w is the sum of the individual weights. 
 
Step 3: Determine the optimal parameter 

and its level combination: The higher the composite 
desirability value implies better product quality. 
Therefore on the basis of the composite desirability 
(dG), the parameter effect and the optimum level for 
each controllable parameter are estimated. 

 
Step 4: Perform ANOVA: Perform ANOVA 

for identifying the significant parameters. ANOVA 
establishes the relative significance of parameters in 
terms of their percentage contribution. The calculated 
total sum of square values is used to measure the 
relative influence of the parameters. 
 
III. EXPERIMENTAL WORK 
 
The round bar (100 mm X 12 mm X 1000 mm) of the 
Incoloy 800H was used in friction welding machine.  
The tensile strength of the base metal was 683 MPa. 
Prior welding, they were cleaned with acetone to 
ensure clean faying surface. In order to obtain the 
quality welding process, it is necessary of select and 
optimizes the welding parameters.  The range of 
welding parameters was decided through various 
mechanical tests. In the range which was used for 
experiments, good mechanical properties were 
obtained. Hence that range of process parameters was 
finalized. Table 1 shows the friction welding 
parameters used in this study. The tensile strength of 
friction welded Incoloy 800 H Universal testing was 
used. As per ASTM A370 standard the tensile 
strength of the welded joints experiments were 
conducted. The experimental values and response are 
presented in the Table 2.  
  

Table 1: Parameters of friction welding 

 

Table 2: Orthogonal array L12 of the experimental 
run and result 

 
  
IV. RESULTS AND DISCUSSIONS 
 
Implementation of the Methodology: 

Step 1: The individual desirability (di) is 
calculated for all the responses depending upon the 
type of quality characteristics. The selection of 
quality characteristic of tensile strength and burn off 
length are larger the better and smaller the better 
respectively. The computed individual desirability for 
each quality characteristics using the equation 2 and 
equation 3 are shown in Table 3. 

 
Step 2: The composite desirability values 

(dG) are calculated using the equation (4). Equal 
weightage is given to all responses (w1=w2=1/2 and 
w=0.5). Finally these values are considered for 
optimizing the multi response parameter design 
problem. The results are given in the Table 3. 

 
Table 3: Individual desirability (di) and Composite 

desirability (dG) 

 
 

Step 3: From the value of composite 
desirability in Table 4, the parameter effect and the 
optimal level are estimated. The results are tabulated 
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in Table 4 and parameter effects are plotted in Figure 
(1). Considering the maximization of composite 
desirability value (Table 4 / Figure 1), the optimal 
parameter condition is obtained as HP1-HT1-UP2-
UT2. 

 
Table 4: Parameters effects for composite 

desirability (dG) 

 
 

 
Fig 1 (a-d) : Parameters effects for Composite desirability (dG) 

 
Step 4: Using the composite desirability 

value, ANOVA is formulated for identifying the 
significant parameters. The results of ANOVA are 
given in the Table 5. From the ANOVA, it is clear 
that the upsetting time (18.24 %) plays a dominant 
role when welding incoloy followed by heating 
pressure (16.97 %) and heating time (11.93 %). 

 
Table 5: ANOVA for composite desirability (dG) 

 
 

The methodology used above does not 
involve complicated mathematical theory or 
computation and thus can be employed by the 
engineers without a strong statistical background. 
 
CONCLUSIONS 
 
For optimization of process which consists of less 
number of experiments mostly taguchi method is 
used. Essential requirement of friction welding 
process are higher tensile strength and lower burn off 
length. In this work we focused on using Taguchi 
method coupled with desirability function analysis for 
solving multi criteria optimization problem in the 
field of friction welding process. Experimental results 
have shown that tensile strength and burn off length 
of welded Incoloy 800 H alloy were greatly used by 
using desirability function analysis. The optimal set 
of parameters obtained were heating pressure 75 
MPa, upsetting pressure 180 MPa, heating time 5 sec 
and upsetting time 8 sec. The contribution of UP is 
maximum followed by HP, HT and UT in our 
analysis. 
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