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Abstract

parameters obtained by Taguchi method.

The various process parameters affecting the quality characteristics of the shock absorber during the process were
identified using the Ishikawa diagram and by failure mode and effect analysis. The identified process parameters are
welding process parameters (squeeze, heat control, wheel speed, and air pressure), damper sealing process
parameters (load, hydraulic pressure, air pressure, and fixture height), washing process parameters (total alkalinity,
temperature, pH value of rinsing water, and timing), and painting process parameters (flowability, coating thickness,
pointage, and temperature). In this paper, the process parameters, namely, painting and washing process
parameters, are optimized by Taguchi method. Though the defects are reasonably minimized by Taguchi method,
in order to achieve zero defects during the processes, genetic algorithm technique is applied on the optimized

Keywords: Ishikawa diagram; FMEA; Taguchi method; Genetic algorithm

Introduction

Shock absorber is one of the major components used in
automobiles. It is used to absorb vibrations when the
vehicle is moving. Otherwise, those vibrations will affect
the vehicle and the rider. The defects which occurred
during the process affect the quality of the shock ab-
sorber. In order to minimize the defects and improve
the quality, the following tools are employed. First, the
cause and effect diagram or Ishikawa diagram is used for
identifying the parameters that may affect the quality of
the shock absorber during the process. Then, failure
mode and effect analysis (FMEA) tool is applied to find
out the most significant process parameters that may
affect the quality of the shock absorber. Finally, Taguchi
method is used to optimize the process parameters.
Taguchi method is an efficient and powerful tool that
can reduce the experimental trials necessary to deter-
mine the optimal conditions. It has been widely used in
many different fields (Liu et al. 2010).
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Tsai et al. (2008) used Taguchi's design of experiments
to identify the optimal abrasive jet polishing parameters
when applied to the polishing of electrical-discharged-
machined SKD 61 mold steel specimens. This paper
shows that the analysis of variance (ANOVA) provides
an indication of the significance of the individual control
factors. Mahapatra and Chaturvedi (2009) proved that
Taguchi's experimental design is a simple and systematic
way of analyzing a complex process with less experimen-
tal design.

In this paper, test parameters are optimized for mini-
mum wear by Taguchi method. Ganapathy et al. (2009)
optimized the operating parameters in Jatropha biodiesel
engine by Taguchi method.

In this paper, it is proved that signal-to-noise (S/N)
ratio is used to optimize the various input parameters
of the model. This paper shows that the Taguchi ap-
proach-based thermodynamic model has improved the
performance parameters slightly. Pishbina et al. (2010)
investigated the effects of processing parameters, inclu-
ding suspension concentration, pH, and electric field by
Taguchi's design of experiment (DOE) approach in elec-
trophoretic deposition of bioglass suspension. Momeni
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Figure 1 Cause and effect diagram.
A

et al. (2010) obtained the optimal condition for the
degree of sensitization (DOS) measurement based on
double-loop EPR technique in H,SO4-containing KSCN
solution by Taguchi method. In this paper, it is con-
cluded that the higher S/N ratio, the greater is the ef-
fect on the DOS measurement. Li et al. (2009) explained
how Taguchi method is utilized for optimizing the pa-
rameters in thermal flow techniques for sub-35-nm
contact-hole fabrication. In this article, the optimal ther-
mal flow parameter settings are determined by signal-
to-noise ratio and ANOVA analysis. Gopalsamy et al.
(2009) applied Taguchi method to find the optimum
process parameters for end milling while hard machi-
ning of hardened steel. Results obtained from Taguchi
method closely match with ANOVA, and it is found that

Table 1 Process parameters with their ranges and values
at three levels

Parameter Process Range Level Level Level

designation parameters 1 2 3
A Flowability (s) 15to0 25 15 20 25
B Coating thickness (um) 20 to 50 20 40 50
C Pointage 61012 6 8 12
D Temperature (°C) 20 to 50 2 35 50

cutting speed is the most influencing parameter corres-
ponding to quality characteristics.

Hossain et al. (2010) illustrated that the cause and ef-
fect diagram provides the solution to reduce the emis-
sion of CO,. Andrejkovic et al. (2011) explained that the
Ishikawa diagram quickly identifies the causes of quality
problems. Tlale et al. (2008) applied the usage of the
cause and effect diagram in cost drivers for manufactu-
ring process. Liu et al. (2011) reported about the usage
of FMEA tool and how it is applied to identify the failure
modes. Arabian-Hoseynabadi et al. (2010) explained that

Table 2 L9 orthogonal array

Run A B C D
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
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Table 3 Experimental L9 array

Trial A B C D
no. Flow Coating Pointage Temperature

ability (s)  thickness (um) (o]
1 15 20 6 20
2 15 40 8 35
3 15 50 12 50
4 20 20 8 50
5 20 40 12 20
6 20 50 6 35
7 25 20 12 35
8 25 40 6 50
9 25 50 8 20

the FMEA tool is applied in wind turbine systems. In
this paper, the reliability of the wind turbine system is
improved by applying FMEA tool. Boldrin et al. (2009)
identified and reduced the risks of failure in ITER NB
injector using the FMEA tool.

Cause and effect diagram

Cause and effect diagram is a tool for identifying the
root causes of quality problems. It is also called as the
Ishikawa diagram or fishbone diagram (Ilie and Ciocoiu
2010). The Ishikawa diagram is constructed, as shown in
Figure 1. Using this diagram, the various process para-
meters that affect the quality of the shock absorber are
identified (Sen and Shan 2005). The identified process
parameters are listed below:

Washing parameters.

Welding parameters.

Painting parameters.

Damper sealing parameters.
Assembly parameters.

Lubrication parameter.

Inspection and checking parameters.

N oo L
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Table 5 Painting defects values and S/N ratios against
trial numbers

Trial no. Defects in experiment (%)
1 2 3 Average S/N ratio
1 4.00 5.00 519 473 —1355
2 267 2.50 1.30 1.71 —7.00
3 533 5.00 5.19 5.18 —14.28
4 133 3.75 2.60 2.56 —8.77
5 267 250 2.60 259 —8.26
6 267 250 2.60 259 —8.26
7 267 2.50 2.60 2.59 —8.26
8 267 3.75 5.19 431 —12.06
9 4.00 2.50 2.60 3.03 —9.85

8. Dimensioning parameters.
9. Polishing parameter.
10. Testing parameters.

Failure mode and effect analysis

After constructing the Ishikawa diagram, it is important
to perform failure mode and effect analysis. FMEA is a
powerful tool which is used to define, identify, and eli-
minate known potential failures, problems, errors, and
so on (Liu et al. 2011). Today, FMEA technique has
been applied in many places, such as automobiles, aero-
space, military, electricity, and mechanical industries.
Basically, FMEA can be classified into two main types:
design FMEA and process FMEA. Design FMEA deals
with design activities, such as product design, machine,
or tooling design. It involves the steps of breaking down
the product into smaller parts such as sub-assemblies,
sub-systems, or components. Process FMEA is used to
solve problems due to manufacturing processes. It starts
with a process flow chart that shows each of the manu-
facturing steps of a product. The potential failure modes
and potential causes for each of the process steps are
identified; then, the current controls are determined,

Table 4 Defects and the number of defects that occurred during the experiments

Defects No. of defects
Trial 1 Trial 2 Trial 3

Paint not adhering Rusting Not drying Not cleaning 4 4 4
Paint not adhering 1 2 1
Paint not adhering Manual coating Powder deposit Over heating 4 4 4
Powder deposit Not drying 2 2 2
Rusting Not cleaning 2 2 2
Paint not coming Powder deposit 2 2 2
Paint not coming Rusting Over heating 2 4 4
Paint not coming Not drying 3 2 2
Total 20 22 21
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Table 6 Average values of painting defects and S/N ratios at different levels
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Factors Level 2 Level 3
Painting defects S/N ratios Painting defects S/N ratios Painting defects S/N ratios
A 4.02 -11.61 2.58 —-843 3.16 -10.06
B 329 -10.19 2.87 -9.10 3.60 -10.80
C 373 -11.29 2.58 -8.54 345 -10.27
D 345 -10.55 245 —7.84 3.87 -11.70

followed by the effects of failures on the manufacturing
line operators and product end-users. The risks of these
effects are then assessed accordingly. FMEA is carried
out by a cross-functional team of experts from various
departments FMEA is conventionally carried out by a
team of engineers. Using their knowledge and past data,
risk priority number (RPN) value is assigned for each
failure component (Zhang and Chu 2011). RPN is the
product of the occurrence (o), severity (s), and detection
(d) of a failure. The three risk factors are evaluated using
a ten-point scale. Failure modes with higher RPN values
are assumed to be more important and are given higher
priorities than those with lower RPN values (Wang et al.
2009). In this paper, washing and painting process pa-
rameters are having higher RPN values. Hence, these
two process parameters are considered as the most sig-
nificant process parameters.

Taguchi method

Taguchi method is an efficient tool for acquiring optimal
process parameters. In this method, the number of ex-
periments is reduced. In this method, two important
tools are used: (1) orthogonal array and (2) signal-to-
noise ratio (Gologlu and Sakarya 2008). First, experiment
parameter factors and their levels are selected. In this
study, four painting process parameters are used as con-
trol factors, and each parameter is designed to have
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Figure 2 Average values of painting process defects for each
parameter at different levels.

three levels (Kilickap 2010). The selected process para-
meters, ranges, and their levels are shown in Table 1.

Selection of orthogonal array

An orthogonal array for process design is applied on the
knowledge of control factors and levels. The number of
experiments can be reduced using orthogonal array (Yen
et al. 2011). The degrees of freedom for the orthogonal
array should be greater than or at least equal to those
for the process parameters. In this study, L9 orthogonal
array having eight degrees of freedom is selected (Anawa
and Olabi 2008). This orthogonal array has four columns
and nine experiment runs, and it is shown in Table 2.

Conducting the experiment

After selecting the orthogonal array, the factors at diffe-
rent levels are assigned for each trial. The assigned ex-
perimental array is shown in Table 3. The experiments
are conducted by single randomization technique. Each
experiment is repeated three times for the same set off
parameters (Ross 1988; Mohamed et al. 2008). In each
trial, the defects occurring are recorded, and it is shown
in Table 4. In this work, the defects that occur during
the welding, washing, painting, and tamper sealing pro-
cess are considered. The percentage of the defects for
each repetition was calculated using the given formula,
and then, the average of the defects was determined for
each trial condition, and it was shown in Table 5.
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Figure 3 Average values of S/N ratio for each parameter at
different levels.
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No. of defects occuring due to painting process

Percentage of defects =

S/N ratio

Taguchi technique utilizes the signal-to-noise ratio ap-
proach to measure the quality characteristic deviating
from the desired value. S/N ratio is used as an objective
function for optimizing parameters. (Prihandana et al.
2009). Control factors are easily adjustable, and it is set
by the manufacturer. These factors are most important
in determining the quality characteristics. Noise factors
are difficult, impossible, or expensive to control (wea-
ther, temperature, humidity, etc.). The S/N ratio is the
ratio of mean (signal) to the standard deviation (noise).
There are several S/N ratios available depending on the
type of characteristics (Mahapatra et al. 2008; Moshat
et al. 2010).

(1) smaller is better

n
n= -10 log 1/n Zyiz,
=1

(2) nominal is the best
n= 10 log 1/n Z/,tz/oz,
i=1

(3) higher is better.

n

n= -10 log 1/n Zl/yiz,

i=1

where, # = S/N ratio, y; = value of quality characteristic
at ith setting, 4 = mean, n = total number of trial runs at
ith setting, and ¢ = standard deviation.

In this study, in order to minimize the defects, smaller
is better S/N ratio is chosen. Smaller is better S/N ratios
are computed, and the values are recorded in Table 5.
The main objective of shock absorber process is to

Table 7 ANOVA for painting defects and S/N ratios

Total no. of defects in the process (welding, washing, painting, and Damper sealing)

minimize the defects by determining optimal level of
each factor. Since - log is a monotone decreasing func-
tion, it implies that we should maximize the S/N ratio
(Shiou and Hsu 2008). The average values of the pain-
ting defects and S/N ratios for each parameter at diffe-
rent levels are calculated and are recorded in Table 6.
The values given in Table 6 are plotted in Figures 2
and 3. Figures 2 and 3 show the average values of casting
defects and S/N ratios for each parameter at different
levels. From Figures 2 and 3, it is clear that the casting
defects are minimum at the parameter levels A2, B2, C2,
and D2, and the S/N ratios are maximum at the same
levels of the parameters A2, B2, C2, and D2. Since a
higher S/N ratio means a better quality characteristic
(minimum defects), the optimal combination of control
factor levels is therefore determined as A2 B2 C2 D2.

Analysis of variance

The purpose of ANOVA is to investigate which process
parameters significantly affect the quality characteristic.
The total variation may be decomposed into many com-
ponents. In this paper, the total variation present in the
process is decomposed to the following components:

. variation due to factor A.
. variation due to factor B.
. variation due to factor C.
. variation due to factor D.
. variation due to error.

Gu s W N =

The total variation is calculated using the values given
in Table 4.

Total variation SSt = SSA+SSg+SSc+SSp+SSk.
Variation due to error

SS. = SSt—(SSa + SSg + SSc + SSp).

Source Sum of squares

Degrees of freedom

Variance F ratio

Painting defects ~ S/Nratio  Painting defects ~ S/N ratio  Painting defects ~ S/Nratio  Painting defects  S/N ratio
A 944 14.97 2 2 472 749 8.90 24.87
B 240 4.20 2 2 1.20 2.10 2.26 6.98
C 6.44 11.39 2 2 3.22 5.70 6.07 1892
D 9.63 2341 2 2 4.81 11.70 9.07 38.89
Error 9.56 0.60 18 2 0.53 0.30 1.00 1.00
Total 3747 54.57 26 8 144 6.82
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Table 8 ANOVA for painting defects, including percent contribution
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Source Sum of squares Degrees of freedom Variance F ratio Expected SS' Percent contribution (P)
A 944 2 472 8.90 6.94 18.52
B 240 2 1.20 Pooled (2.6)
C 644 2 322 6.07 644 17.19
D 9.63 2 4.81 9.07 9.63 25.69
Error (pooled) 9.56 18 0.53 1.00 14.46 38.60
Total 3747 26 144 3747 100.00

Total degrees of freedom

UTZ(UA+UB+Uc+UD+Ue)

Ve :UT—(UA+UB+Uc—|—UD)
=26-(2+2+2+2)
=18.

The results of ANOVA are shown in Table 7. In Table 7,
it is clear that the parameters A, C, and D significantly
affect both mean and variation in the painting defects.

Once the experiment has been conducted, the ANOVA
is carried out using the results of the experiments. The sig-
nificant factors and/or their interactions were identified,
graphs were plotted for various trial conditions, and the pa-
rameters which significantly influence the mean and vari-
ation in the shock absorber defects were determined.
However, the results obtained so far are not sufficient
enough to find the optimum parameters in order to
minimize the requirement of some more information to
conclude with an optimum parameter set. These sets of in-
formation are obtained using the interpretation methods
available in the literature (Syrcos 2002).

Percent contribution
Percent contribution is the function of the sum of squares
of each significant item. Percent contribution to the total

40

sum of square can be used to evaluate the importance of a
change in the process parameter on these quality charac-
teristics (Lakshminarayan and Balasubramanian 2008;
Gopalsamy et al. 2009). It is calculated using the formulae
given below:

Percent contribution (P) = (SS’s/SSt) x 100
SS'a = SSa—(ve) (va)
Va= VA’ + Verrora

where Vy is the expected amount of variation due solely
to factor A given below:

Va = SSa/va,

VA’ = SS’A/UA.

Estimating the mean

From Table 8, it is clear that factor B has the least effect
on the quality characteristic. In order to prevent over es-
timation, factor B is not considered, and the estimation
of mean for painting defects is calculated by the follo-
wing equation (Li et al. 2009):

p=T+ (A2-T) + (C2-T) + (D2-T),

35r
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Figure 4 Evaluation of generations for painting
process optimization.
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Table 9 Optimisation results obtained by Taguchi
method and GA
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Table 11 Washing defect values and S/N ratio against
trial numbers

Flow Coating Pointage Temperature Percentage Trial no. Defects in experiment (%)
ability thickness (°Q) of defects 1 P 3 Average S/N ratio
(s) (pm)

Taguchi 20 20 s 35 083 1 4.00 2.50 3.90 347 —-10.96
method 2 133 2.50 1.30 1.71 -5.10
Genetic 24 40 8 31 0.001 3 267 2.50 2.60 259 —-8.27
algorithm 4 133 2.50 130 171 -5.10
5 133 1.25 130 129 —2.24
where T is the average values of painting defects at 6 133 125 130 129 —2.24
different levels. 7 133 1.25 1.30 129 —224
The mean for a selected trial condition for parameters 8 133 1.25 2.60 1.73 ~5.27
at A2, B2, C2, and D2 is 1.11. 9 133 3.75 2.60 2.56 -8.77

Confidence interval around the estimated mean

An important step in Taguchi's optimization technique
is to conduct confirmation experiments for validating
the predicted values. Thus, a 95% confidence interval
(CI) for the predicted mean of optimum quality charac-
teristic on a confirmation test is estimated using the fol-
lowing two equations (Wu and Gu 2010):

CI3 = [F(avlave)ve(l/ﬂeff—i—1/r)]1/2 and

n eff = N/(1 + total DOF associated in the estimate
of mean),

where « is the level of risk, V, is the error variance, v, is
the degrees of freedom for the error, 7 eff is the effective
number of replications, and r is number of test trials.

Using the values in Table 5, the CI was calculated as
follows:

n eff = N/1 + (total DOF associated in the estimate of mean)
=27/(1+2)
=09,

a = 1-confidence limits (95%)
—0.05,

F ratio = (1,0.05,18)
= 4.41(tabulated),

Confidence interval CI3 = +1.02.
The 95% confidence interval of the predicted optimum
of the shock absorber defect is 0.09 < 1.11 < 2.13.

Confirmation experiments

Three confirmation experiments were conducted at the
optimum setting of the process parameters. The flow-
ability was set at the second level (A2), coating thickness
at the second level (B2), wheel speed at the second level
(C2), and air pressure was kept at the second level (D2).
The average of the respondent defects in each ex-
periment is found to be 0.83%; the result was within the
CI of the protected optimum of the casting defects.
The confirming experiments results gave 0.83% < 2.13%
(maximum of CI). Therefore, the selected parameters as
well as their appropriate levels are significant enough to
obtain the desired result.

Optimisation by genetic algorithm

Since the conventional methods of optimization do not
work well, non-traditional optimization techniques such
as genetic algorithm (GA), simulated annealing, scatter
search algorithm, and ant colony algorithm have been
widely applied to obtain better solution in the manufactu-
ring industries. In this research work, genetic algorithm
method has been applied on the process parameters which
are earlier optimized by Taguchi method in order to ob-
tain better solution. GA is a computerized search and
optimization algorithm based on the mechanics of natural
genetics and natural selection (Tewari et al. 2012). Genetic
algorithm is mainly composed of three operators: repro-
duction, crossover, and mutation. In GA, the first step is
to generate initial population of individuals randomly. The
individuals in the genetic space are called chromosome. A
collection of genes is called as chromosome, and the

Table 10 Process parameters with their ranges and values at three levels

Parameter designation Process parameters Range Level 1 Level 2 Level 3
A Total alkalinity (g/1) 40 to 80 40 70 80
B Temperature (°C) 45 to 75 45 60 75
C Rinsing water (pH) 55to 85 55 6.5 85
D Timing (min) 0to 25 5 15 25
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Table 12 Average values of washing process defects and
S/N ratio at different levels

Factors Level 1 Level 2 Level 3
Washing S/N  Washing S/N  Washing  S/N
defects ratios defects ratios defects ratios
A 2.59 -8.11 143 -3.19 1.86 —543
B 2.16 -6.10 1.58 —4.20 215 —6.43
@ 2.16 —6.16 2.00 —6.32 1.73 —4.25
D 244 -732 143 -3.19 2.00 —6.21

chromosome potential is called its fitness function, which
is evaluated by the objective function. In the selection
process, low fitness chromosomes are eliminated using
high-fitness chromosomes (Hafshejani et al. 2012). How-
ever, selection alone does not produce any new individuals
into the population. Hence, cross over and mutation ope-
rations are involved. Crossover is the process for ex-
changing genes between two chromosomes using the
one-point crossover, two-point crossover, or homologue
crossover. In mutation, the genes may occasionally be al-
tered, ie., in binary code genes changing genes code from
0 to 1 or vice versa. The new population generated under-
goes the further selection, crossover, and mutation till the
termination criterion is not satisfied.

In this research work, through the application of
MINITAB and based on Taguchi's orthogonal array, a
mathematical model has been developed. The model has
been used as objective function in the genetic algorithm.
The objective function and constraints of the painting
process are defined as follows:

Y =3.72-0.095A 4 0.0057B-0.2123C + 0.0018D.

Minimize: Y (A, B, C, D).
Constraints:

Bounds on flowability (s): 15 < A < 25.
Bounds on coating thickness (um): 35 < B <45.
Bounds on pointage: 6 < C < 10.

Bounds on temperature (°C): 30 < D < 40.

The problem of genetic algorithm has been solved using
MATLAB. The parameters used in GA are population
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Figure 6 Evaluation of generations for washing
process optimization.

size - 100, cross over probability - 0.9, mutation pro-
bability - 0.1 and the number of generations - 600.
The evaluation of generations and the best values
obtained by GA are shown in Figures 4 and 5. Con-
firmation experiments have been conducted using the
optimized parameters. It has been observed that the
percentage of defects during the painting process is
better than Taguchi method.

Results and discussion

The shock absorber experiments have been conducted,
and subsequently, ANOVA is carried out using the
results obtained from the experiments. Nevertheless,
interpretation methods are used to obtain the per-
cent contribution of each parameter and optimum
levels of each parameter, and GA technique is ap-
plied on the parameters which have been optimized
by Taguchi method:

1. The percent contribution of each parameter to the
variation of painting defects and optimum parameter
(under economic condition) is shown in Table 8.

2. The optimum levels of various parameters for
minimum painting defects of shock absorber
obtained by Taguchi method and genetic algorithm
are shown in Table 9.

3. The predicted range of optimum painting defects is
0.09 < 1.11 < 2.13.

Table 13 S/N ratios for washing process defects, including percent contribution

Source Sum of squares Degrees of freedom Variance F ratio Expected SS' Percent contribution (P)
A 36.25 2.00 18.13 112.84 3593 33.20
B 854 2.00 4.27 26.58 822 7.59
C 7.85
D 27.30 2.00 13.65 8497 26.98 24.93
Error (pooled) 032 2.00 0.16 1.00 37.10 34.28
Total 80.26 8.00 36.21 22539 10823 100.00
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Figure 7 Best individual values obtained by GA for washing
process optimisation.

In the same manner, calculations are carried out, and
optimum values are found for washing process (Tables 10,
11, 12, and 13).

The mean for a selected trial condition for parameters
at A2, B2, C3, and D2 is 0.90.

The 95% confidence interval of the predicted optimum
of the shock absorber defect is 0.13 < 0.90 < 1.67

Furthermore, to optimize the results of washing pro-
cess, GA technique has been applied using the objective
function and constraints as given below:

Y =4.73-0.0344-0.0128-0.110C-0.0248D.

Minimize: Y (A, B, C, D).
Constraints:

e Bounds on total alkalinity (g/1): 65 < A < 75.

e Bounds on temperature (°C): 55 < B < 65.

e Bounds on pH value of rinsing water: 6 < C < 10.
e Bounds on timing (s): 5 < D < 15.

The evaluation of generations and the best values ob-
tained by GA for washing process are shown in Figures 6
and 7. The optimized parameters obtained by Taguchi
method and GA are shown in Table 14.

From the abovementioned analysis, it is observed that
the percentage of defects drastically reduced after ap-
plying genetic algorithm technique in both painting and
washing processes.

Table 14 Optimisation results obtained by Taguchi
method and GA

Total Temperature Rinsing Timing Percentage
alkalinity (°Q) water (s) of defects
(9/1) (pH)
Taguchi 70 60 75 10 1
method
Genetic 72 64 10 13 0.004
algorithm
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Conclusions

While the Taguchi method is an effective technique
to achieve the optimum process parameters of shock
absorber, the genetic algorithm technique, however,
gives better solutions than Taguchi method to achieve
the optimum process parameters of shock absorber.
From the present study, the following results have
been arrived.

1. Ishikawa diagram or cause and effect diagram is very
effective to sort out all the possible causes affecting
the quality of shock absorber.

2. Conventional FMEA has been applied to identify the
most significant parameters (painting and washing
processes) affecting the quality of the shock
absorber.

3. It has been observed that the parameters pointage
(painting) and timing (washing) significantly affect
the quality of the shock absorber, which can be
confirmed with the help of percent contribution.

4. The optimum range of the shock absorber defects
has been predicted by the 95% confidence
interval. The optimum range of painting process
is 0.09 < 1.02 < 2.13 and washing process is
0.13 < 0.90 < 1.67.

5. The optimum levels of flowability, coating thickness,
pointage, and temperature for painting process and
total alkalinity, temperature, PH value of rinsing
water, and timing for washing process were
estimated.

6. The percentage of painting defects and washing
defects obtained by Taguchi method are 0.83 and 1,
respectively. After applying the genetic algorithm
technique, the percentage of painting defects and
washing defects had been drastically reduced to
0.001 and 0.004, respectively.
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