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Abstract
Article Info Metallic catalytic converter (MCC) is one of the technologies widely applied to motorcycle

Submitted: exhausts which aims to improve exhaust emission to be more environmentally friendly.
19/06/2024 However, even though many studies have been conducted, optimal design has not been
Revised: achieved compared to other designs. Through this research, the Taguchi method is proposed
30/07/2024 as an alternative method to find the optimum parameters of MCC. The Taguchi method was
Accepted: chosen because of its ability to find a robust combination of parameters. There are four MCC
05/08/2024 parameters used as inputs while each parameter consists of three levels, thus the design used
Online first: is the L18 Orthogonal Array (OA) which each combination is tested on three types of
18/09/2024 motorcycles, namely Moped, Automatic, and Sports. The signal-to-noise ratio (S/N) was

adopted as one of the quality indicators of each combination. The optimization results showed
that the best MCC design to reduce CO emissions is STD PGM. However, the optimum CO
design can be used as an alternative because the difference in the S/N ratio is only -0.372.
Meanwhile, the optimum CO design has another advantage over the STD PGM, namely the
S/N value of the power ratio which tends to be higher with a difference of 5.037 compared to
the STD PGM. Then, the best MCC design capable of increasing power is the optimum power
design. The optimum power design has a superior S/N ratio with a difference of 5.404. In terms
of emission, the optimum power design tends to be lower by a difference of -1.875 compared

to the STD PGM.
Keywords: Metallic catalytic converter, Motorcycle; Taguchi method; CO emission; Engine
power

1. Introduction of MCCs is considered appropriate, considering

that 65% to 85% of total emissions that spread into

Addressing the impact of climate change is one
the environment cause health problems [5].

of the contributions to achieving Goal 13 of . i
sustainable development (SDGs) set by the UN in Automotive manufacturers. prefer  platinum
2015 [1]-[4]. The proposed program is directed at ~ 8"°UP metals (PGM) or precious metals such as
strategic efforts to minimize the impact of air | latinum (Pt), Palladium (Pd), and Rhodium (Rh)

pollution, especially emissions from motor 2 the base material for catalytic converters

vehicles. Therefore, metallic catalytic converters because of their effectiveness in reducing exhaust

(MCCGs) installed in vehicle exhaust pipes are one
approach to reducing emissions. The application

emissions [6]. However, precious metals are
expensive and are designed to be installed on
exhaust pipes [7].
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Therefore, many researchers are exploring
transition metals as catalytic converter materials
[8]. Choudhury & Deo [9] claimed that the use of
copper plate catalytic converters can reduce
55.44% HC, 62.96% CO, and 40.41% NOx at full
load conditions. Rathore, Thakur, & Deepak [10]
conducted a study on copper catalytic converters
coated with nanoparticles. The results showed
that CO was reduced from 1.25% vol to 0.8% vol,
HC from 962 ppm to 862 ppm. In addition, NOx
and CO2 were also reported to be reduced
consistently. The results of this study are in line
with the research of Shoffan, Sumarli, & Nauri [11]
which revealed that copper-based catalytic
converters with a round tube design were proven
to be able to reduce CO by 16.67%, and HC by
32.54%.

However, from the literature studied, the
optimal design of MCC with transition metals has
not been widely revealed. Therefore, this study
was conducted to find a motorcycle exhaust
design using MCC made of transition metals that
is able to approach or even exceed the capabilities
of MCC made of PGM, both in reducing exhaust
emissions and increasing output power. The
Taguchi method was chosen because of its
reliability in design optimization [12]-[14].

2. Methods

2.1. Variables

In our present study, the variables set include
(1) material type, (2) curve height, (3) cylinder
diameter, and (4) MCC cylinder length. The
outputs measured in each MCC design are CO
content in exhaust gas and engine power. In this

© Warju et al.

case, CO is chosen because it has more serious
health impacts than HC. Although HC is also a
hazardous exhaust gas, exposure to CO can cause
poisoning, even at low levels it can cause
headaches and nausea. Meanwhile, the selection
of power as the output is based on the need to
evaluate the overall engine performance. In this
case, torque only measures the engine's torque,
which does not always directly reflect the overall
engine efficiency or performance. The MCC
design is presented in Figure 1 and the design
variables are presented in Table 1.

The selection of MCC design variable
parameters refers to our previous research [14]. In
this study, the selection of levels for each variable
is carried out by considering the availability of
materials and space available on the exhaust to
ensure that the MCC can be installed properly.
The signal-to-noise ratio of the Taguchi method is
used as a measure of design quality [15].
Furthermore, the measure of exhaust design
quality can be assessed based on the average value
and standard deviation considered
simultaneously for each design [16]. Mtl, Ch, Cd,
and Cl are the MCC design variables as shown in
Table 1, while M and rpm are the type of
motorcycle and engine speed. The type of
motorcycle and engine speed are considered as
uncertain magnitudes/noise factors. In this
context, Liu et al. [17] argue that the selected
process is considered ideal, although there are
always factors that cause uncertainty in the
process. In this research, three types of
motorcycles (Moped, Automatic, and Sport) were
tested with the L18 fractional orthogonal array
experimental design.

Figure 1. Visualization of MCC construction
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Table 1. MCC design variables

Control Factors L1 L2 L3
Mtl Materials Cu CuZn CuCr
Ch Curve height, mm 2 3 4
Cd Cylinder diameter, mm 35 41 54
Cl Cylinder length, mm 60 80 100

2.2. Optimization Strategy

The optimization strategy in this MCC design
uses robust parameter design with the Taguchi
method to identify the optimum design. The
Taguchi method was chosen because it is known
to be effective in optimizing the design process by
considering minimal variation. The Taguchi
method offers the advantage of reducing the
number of trials required to achieve the optimum
design, thus saving time and cost. In addition, this
method excels in finding performance parameters
that are robust to performance fluctuations due to
uncertain conditions. The optimization strategy
flow is shown in Figure 2.

2.3. Research Equipment and Instruments

The details of the research equipment and
instruments are presented in Table 2. Testing was
conducted on three types of motorcycles, namely
Sports, Automatic, and Mopeds, namely Yamaha

Vixion Lightning, Honda Vario LED, and Honda
Supra Fit. Testing was carried out under the same
conditions, namely from 1000 to 9000 rpm. The
selection of these three types of motorcycles is
important because each type has its
characteristics, while the ideal MCC design must
be able to accommodate various types of
motorcycles. By using the results of the CO study
and the average power of the three test samples,
the effect plot for CO and power can provide a
comprehensive understanding of the effectiveness
of MCC in reducing CO and maintaining engine
performance on various types of motorcycles. To
obtain valid and reliable research data, a testing
method based on national and international
standards was carried out, including SNI 09-
7118.3-2005 [18] and Engine Power Test Code-
Spark Ignition and Compression Ignition-Net
Power Rating [19].

Distribute initial samples using L18 /‘
Fractional Orthogonal Array

h

!

Evaluate CO dan Power for each sample design

!

Perform analysis of S/N ratio to predict the
optimum for CO and Power

!

predicted optimum

Run additional experiments to verify the

!

Verify optimum prediction of Taguchi methods

Get the
optimum?

Robust Optimum
Design

Redesign the initial samples =

Figure 2. Robust flow diagram of MCC design parameters

Automotive Experiences

301


http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index

© Warju et al.

Table 2. Specification research equipment and instruments

Specification Chassis Dynamometer Exhaust Gas Analyzer Blower
Brand Rextor Pro-Dyno Heshbon HG-520 Krisbow DIA 18 Inch
Voltage 220V 220V 220V
Weight 350 kg 10 kg 15 kg
Dimensions 1500 x 1000 x 500 mm 285 x 410 x 155 mm 630 x 590 x 950 mm

3. Results and Discussion

3.1. Result

A total of 18 MCC designs were tested for
exhaust emissions and engine performance. The
results of CO emissions and engine performance
tests are shown in Table 3. Based on the test
results, it can be stated that the overall MCC
design can reduce CO emissions. This finding is in
line with previous research conducted by Arvikar
[20] which also showed that MCC is effective in
reducing exhaust emissions. However, of the 18
designs, the largest reduction was in experimental
design 16, namely for Moped by 30%, Automatic
by 44%, and Sport by 21%. Experimental design 16
involved CuCr material with a curve height of 2
mm, a diameter of 54 mm, and a length of 80 mm.
These results are in line with the results of
research conducted by our previous study [21]
which showed good performance of CuCr
material in reducing CO emissions. MCC
technology has also been shown to increase the
power generated by Moped, Automatic, and Sport
motorcycles. The best power increase was in
experimental design 18 which is in line with the

research of Ariyanto et al. [14]. Experimental
design 18 involved CuCr material, curve height of
4 mm, diameter of 41 mm, and length of 60 mm.

3.2. Optimization

The results of the CO and power tests from the
L18 design that have been obtained are then used
to determine the average value and standard
deviation of each experimental result. The
Taguchi method works by minimizing the
standard deviation to reduce the noise produced
[22]. After the average value and standard
deviation are obtained, the calculation of the S/N
ratio value is continued. The smaller the S/N ratio
value to CO, the better, and the larger the S/N ratio
value to power, the better [23]. This means that the
smaller the CO value obtained, the better, while
the larger the power value, the better [24], as
formulated in Equation (2).

Min. (CO) = {(Mtl], Ch, Cd, C; M, rpm) (1)
Max. (Power) = {(Mtl, Ch, Cd, CL; M, rpm) (2)

Table 3. CO emission and power test results

Exp Parameters CO (%) Power (hp)
Material Curve Diameter Length Moped Automatic Sport Moped Automatic Sport
El Cu 2 35 60 6.39 12.14 10.76 3.92 7.23 9.84
E2 Cu 3 41 80 5.90 11.54 10.18 4.14 7.16 9.96
E3 Cu 4 54 100 5.47 11.05 9.21 4.19 7.21 8.44
E4 CuZn 2 35 80 6.47 12.26 10.89 3.78 6.57 6.91
ES CuZn 3 41 100 5.92 11.67 10.24 3.78 7.19 9.84
E6 CuZn 4 54 60 6.59 12.77 11.07 4.33 6.86 10.04
E7 CuCr 2 41 60 5.71 11.24 9.37 4.16 717 9.93
E8 CuCr S 54 80 5.36 10.86 9.17 4.15 7.19 10.00
E9 CuCr 4 35 100 5.85 11.37 9.99 3.61 7.21 9.94
E10 Cu 2 54 100 5.29 10.75 9.02 413 7.17 9.92
E11l Cu 3 35 60 6.64 12.91 11.17 4.20 7.16 9.94
E12 Cu 4 41 80 6.34 12.03 10.65 4.16 7.16 9.81
E13 CuZn 2 41 100 5.75 11.25 9.57 4.29 7.16 8.38
E14 CuZn 3 54 60 6.53 12.55 10.96 4.15 7.16 9.90
E15 CuZn 4 35 80 6.77 12.97 11.32 4.06 7.14 9.84
El6 CuCr 2 54 80 5.29 10.39 8.96 4.17 7.11 10.09
E17 CuCr 3 35 100 5.6 11.18 9.31 4.12 6.94 9.97
E18 CuCr 4 41 60 6.08 11.85 10.56 471 7.19 10.34
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The obtained S/N ratio value is then used as a
benchmark in determining the level of excellence
of an experimental design based on the parameter
settings that have been used. In more detail, the
results of the calculation of the mean, standard
deviation, and S/N ratio are shown in Table 4.

From the data in Table 4, it is known that the
best MCC design based on the calculation of the
S/N ratio was found in experiment 16, for the best
CO emission, and experiment 18, for the best
power. Experiment 16 resulted in an average
value of CO emission from three vehicles of 2.74,
standard deviation of 0.88, with an S/N ratio of -
9,172. Meanwhile, experiment 18 resulted in the
average power value of the three vehicles of 7.42,
a standard deviation of 2.82, with an S/N ratio of
15,836. These findings are consistent with the
research by Yu et al. [25], which stated that the S/N
ratio is a reliable indicator for determining the best
quality design in the optimization process. The
two designs are the best designs based on the
results of data processing. Furthermore, to ensure
whether the two designs are the best for CO
emission and power, further analysis is carried
out. The analysis used was the effect analysis of
the S/N ratio plot. S/N ratio plot effect analysis
was used to describe a factor to an output, in this
study the effect plot was used to represent each
variation of the MCC parameter from three levels
with four controlled parameters. This approach

© Warju et al.

has been successfully applied in other research
studies [26]-[29] to find optimal designs in various
fields.

In general, plot effects are depicted in the form
of a line. When the line has a horizontal tendency,
it can be interpreted that the output for each
parameter does not change [30]. On the other
hand, if the line has a skewed tendency in one of
the outputs, then there is a significant change in
certain parameters [22]. In more detail, the results
of the plot effect analysis in this study are shown
in Figure 3 and Figure 4.

Based on Figure 3, the CO emission produced
by the three types of vehicles can be reduced
optimally if a combination of MCC Mtl 3, Ch 1, Cd
3, and Cl 3 is used. This means the robust
parameter design method predicts that CO
emission can be reduced optimally when using a
combination of MCC which consists of CuCr
material, curve height of 2 mm, cylinder diameter
of 54 mm, and cylinder length of 100 mm. Then
Figure 4 shows that the power produced by the
three types of vehicles can be increased optimally
when using a combination of MCC Mtl 3, Ch 3, Cd
2, and Cl 1. This means the robust parameter
design method predicts that power can be
increased optimally when using a combination of
MCC that consists of CuCr
indentation height is 4 mm, the cylinder diameter
is 41 mm, and the cylinder length is 60 mm.

material, the

Table 4. CO and power data processing results

E CcO Power Mean STDEV SNR
P Sport Matic Moped Sport Matic Moped CO Power CO Power CO Power
1 2.13 4.05 3.59 9.84 7.23 3.92 3.25 7.00 1.00 297 -10.642  15.025
2 1.97 3.85 3.39 9.96 7.16 4.14 3.07 7.09 0.98 291 -10.162  15.231
3 1.82 3.68 3.07 8.44 7.21 4.19 2.86 6.61 0.95 2.18 -9.577  15.181
4 2.16 4.09 3.63 6.91 6.57 378 329 575 101 172 -10.737 14.169
5 1.97 3.89 3.41 9.84 7.19 3.78 3.09 6.94 1.00 3.04 -10.236  14.849
6 2.20 4.26 4.33 10.04 6.86 4.33 3.59 7.08 1.21 2.86 -11.581 15.267
7 1.90 3.75 3.12 9.93 7.17 4.16 2.92 7.09 0.94 2.89 -9.746 15253
8 1.79 3.62 3.06 10.00 7.19 4.15 2.82 7.12 0.94 292 -9.465  15.265
9 1.95 3.79 3.33 9.94 7.21 3.61 3.02 6.92 0.96 3.17 -10.025 14.682
10 1.76 3.58 3.01 9.92 717 4.13 2.78 7.07 0.93 2.90 -9354  15.223
11 2.21 4.30 3.72 9.94 7.16 4.20 3.41 7.10 1.08 2.87 -11.077  15.291
12 2.11 4.01 3.55 9.81 7.16 4.16 3.22 7.04 0.99 2.82 -10.560 15.244
13 1.92 3.75 3.19 8.38 7.16 4.29 2.95 6.61 0.94 2.10 -9.822  15.249
14 2.18 418 3.65 9.90 7.16 415 334 707 104 288 -10.871 15.234
15 2.26 4.32 3.77 9.84 7.14 406 345 701 107 289 -11.158 15.126
16 1.76 3.46 2.99 10.09 7.11 417 2.74 7.13 0.88 2.96 -9.172  15.247
17 1.87 3.73 3.10 9.97 6.94 4.12 2.90 7.01 0.95 2.93 -9.685 15.083
18 2.03 3.95 3.52 10.34 7.19 4.71 3.17 7.42 1.01 2.82 -10.430 15.836
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Figure 3. Effect plot S/N ratio of CO emission
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Figure 4. Effect plot S/N ratio of power

3.3. MCC Optimum Parameter Prediction

Referring to the effect plot that has been
produced, it can be seen that the combination of
each MCC parameter used has a positive effect on
reducing CO emissions based on the prediction
results. The prediction of the optimal MCC design
combination that is able to optimally reduce CO
emissions is presented in Table 5.

Table 5 shows the results of the predicted
optimum design for CO emission, so that to
determine the accuracy of the predictions,
verification is required through experimental
testing in the laboratory. In addition, it is
necessary to predict the value of the S/N ratio
using the addictive predictive model before

S/N

pre_3133_CO

© Warju et al.

conducting the experimental test. It aims to
measure how accurate the value of the S/N ratio is
from the resulting CO emission. The magnitude of
the value of the S/N ratio of CO emission through
the approximation method can be done using
Equation (3). In addition, the value of the S/N ratio
of power resulting from the combination shown in
Table 4, can also be measured using this equation.

S/N =+ Mty + Chyny + Cl + Cliyy (3)
Where, S/Npre = optimum S/N ratio prediction; u
= system average; Mtlmn = main effect material
(Mtl) at level n; Chmn = main effect curve height
(Ch) at level n; Cdmn = main effect cylinder
diameter (Cd) at level n; and Clmn = main effect
Panjang silinder (Cl) at level n.

Based on the data from Table 4, the predicted
value of the S/N ratio of CO emission can be
calculated using Eq. (4) and Eq. (5).

Table 6 shows the predicted results of the
optimum power design that is generated from the
prediction side. To know the accuracy of the
predictions, it is necessary to verify them through
experimental testing in the laboratory. In
addition, the prediction of the value of the S/N
ratio also needs to be used before conducting
experimental tests. It aims to measure how
accurate the value of the S/N ratio of the generated
power is. The value of the S/N ratio of the power
through the approach method can be determined
by using Equation 3. In addition, the value of the
S/N ratio of the resulting CO emission can also be
used as the equation. Furthermore, the process of
calculating the predicted value of the S/N ratio can
be shown as follows Eq. (6) and Eq. (7).

= —10.239 + 0.485 + 0.327 + 0.235 + 0.456

= —8.736

S/N

pre_3133_power

(4)

=u + Mtlm3 + Tlml + Dsm3 + PSm3

= 15.137 + 0.091 + (—0.109) + 0.100 + (—0.092)

= 15.127

S/N

pre_3321_power

©)

= 15.137 + 0.091 + 0.086 + 0.141 + 0.181

= 15.636

(6)

Automotive Experiences

304


http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index

S/N

pre_3321_CO
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= —10.239 + 0.485 + (—0.316) + 0.080 + (—0.486)

=-10.476

@)

Table 5. Optimum design prediction of CO emission

CO Emission Materials Curve height Cylinder diameter Cylinder length
Optimum Desi Level 3 Level 1 Level 3 Level 3
P &n CuCr 2 mm 54 mm 100 mm

Table 6. Optimum design prediction of power

. Materials Curve height Cylinder diameter Cylinder length

Power OPtlmum Level 3 Level 3 Level 2 Level 1
Design

CuCr 4 mm 41 mm 60 mm

3.4. Result Verification

After the calculation of the optimum design
predictions for CO and power had been carried out,
the next step was to verify through experimental
tests in the laboratory. Furthermore, the
experimental test results for the optimum CO design
are presented in Table 7.

Based on the experimental test results, it is found
that the optimum design of CO emission produced
through the optimization process has a better S/N
value of CO emission ratio when compared to 18
designs from L18. Therefore, it can be stated that the
optimal design of CO emission obtained based on
the robust parameter design method is proven to be
accurate according to the predictions. If further
analysis is carried out, by comparing the predicted
results with the experimental test results, the results
can be seen in the following Table 8.

Referring to Table 8, it is observed that the S/N
value of the CO emission ratio produced through
the experimental test of -8.973 has a better
tendency than the predicted S/N ratio value of -
8.736. However, the predicted results are
considerably acceptable because the error rate
generated is only 2.6%. Furthermore, from the

optimum design of this CO, it also produces a
precise power value. This is because the resulting
error rate between the predicted and experimental
results is only 0.9%, where the S/N ratio of the
predicted power is 15.127 while the S/N ratio of
the power of the experimental test results is
15.269. This finding is in line with research Abas
et al. [31] which revealed that the S/N ratio is an
effective  technique for optimizing the
performance of an experimental design.
Furthermore, design verification was also carried
out on the optimum power design, where the
experimental test results are presented in the
Table 9.

Based on the experimental test results, it is
known that the optimum power design produced
is accommodated in 18 designs from L18, the
optimum power design is shown through
experimental results 18. Therefore, it can be stated
that the optimal power design obtained based on
the robust parameter design method is proven to
be accurate according to the predictions. If further
analysis is carried out, by comparing the predicted
results with the experimental test results, the
results can be seen in the following Table 10.

Table 7. CO optimum design prediction verification results

Mean STDEV S/N Ratio
Ll <l o et cO Power coO Power cO Power
V13 vl v13 I3 2.66 7.11 0.89 292 8973  15.269
CuCr 2 mm 54 mm 100 mm ’ ’ ’ ’ ’ ’

Table 8. Comparison between predicted results and experimental tests for optimum CO

Output Prediction Experimental Error

. cO -8.736 -8.973 2.6%

NI Power 15.127 15.269 0.9%
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Table 9. Optimum power design prediction verification results

Mean STDEV S/N Ratio
Ml Ch Cd cl cO Power cO Power cO Power
Lvl3 Lvl3 Lvl2 Lvll
3.17 7.42 1.01 2.82 -10.43 15.83
CuCr 4 mm 41 mm 60 mm 0 0430 5836

Table 10. Comparison between predicted results and experimental tests of optimum power

Output Prediction Experimental Error
CO -10.430 -10.476 0.4%

Rati
kit Power 15.836 15.636 -1.3%

Referring to Table 10, it is seen that the S/N
power ratio value generated through the
experimental test of 15,836 has a better tendency
than the predicted S/N ratio value of 15,636. The
prediction results are considered accurate because
the error rate generated is only 0.4%. Furthermore,
the optimum power design also produces a fairly
accurate CO emission value. This is because the
resulting error rate between the predicted and
experimental results is only -1.3%, where the S/N
ratio of the predicted power is -10,430 while the
S/N ratio of the power of the experimental test
results is -10,476. These findings support the
theory that the S/N ratio approach can provide
reliable estimates to understand the impact of
controlled parameters on experimental results [32].

Overall, these two MCC designs demonstrate
optimal performance in different aspects. The CO
optimum design shows very good performance in
reducing CO emissions with high power
precision. In contrast, the power optimum design
shows a significant increase in power with
adequate accuracy in CO emission reduction. It is
important to note that the primary focus in the
development of these MCC designs is to reduce
CO emissions, while also considering power. In
this case, the CO optimum design is the best
choice as it provides more significant and accurate
CO emission reduction and results that are closer
to predicted values with a higher accuracy
percentage. This indicates the potential of MCCs
to offer efficient and effective solutions for
reducing vehicle emissions.

3.5. Improved CO Emission and Power
Optimization Results

After obtaining the results of the optimum CO
design, the next step is to compare the results
between the MCC standard of Platinum Group
Metal (STD PGM) and the optimum CO design.

STD PGM exhaust is a type of exhaust generally
produced by the motorcycle industry and uses
Platinum Group Metal (PGM) such as platinum,
palladium, and rhodium as catalyst materials. The
basic design of a standard PGM exhaust includes
its physical construction and catalyst material
composition as defined by industry standards.
The results of the comparison of optimum CO
design and STD PGM can be seen in Table 11.

Based on Table 11 it is seen that the gain is the
difference between optimum CO and STD PGM.
From these results, the optimum CO does not
perform as well as STD PGM in terms of its ability
to reduce exhaust emissions. This is normal
because STD PGM uses materials derived from
precious metals. Khivantsev et al. [33] explained
that catalysts derived from precious metals can
reduce CO emissions by up to 99%, while HC
emissions can be reduced by up to 95%.

However, when viewed from the difference,
which is only -0.372 adrift of course, the E19 can
be an alternative. Another advantage of this
design is that it is relatively cheaper with the
availability of abundant materials. In terms of CO
emission, STD PGM tends to be better than the
optimum CO design. However, when viewed
from the power value generated, the optimum CO
design is superior by a difference of 5,037
compared to the STD PGM. In more detail, the
comparison between the core and the optimum
CO design can be done through the experimental
test results.

Meanwhile, from the optimum power or
experimental design 18 (E18), the next step was to
compare the results between the standard MCC of
precious metals (STD PGM), hereinafter referred
to as STD PGM, and optimum power design,
hereinafter referred to as optimum power. The
results of the comparison of optimum power
design and STD PGM are shown in Table 12.
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Table 11. Comparison of STD PGM and Optimum CO

STD PGM Optimum CO Gain
S/N Ratio CO -8.601 -8.973 -0.372
S/N Ratio Power 10.232 15.269 5.037
Table 12. Comparison of STD PGM and E18 optimum power
STD PGM E19 Gain
S/N Ratio CO 10.232 15.636 5.404
S/N Ratio Power -8.601 -10.476 -1.875

Based on Table 12, it is seen that the optimum
power design can surpass STD PGM in terms of
the ability to increase vehicle power. This is
normal because the design of the inlet and outlet
angles on the optimum power design is made in
such a way that it forms an angle of 100 for in and
150 for out angle. Bell [32] through his book
suggests that the exhaust gas flow in the MCC
housing can run optimally if modifications are
made to the inlet tapper with an angle of 100 and
the outlet tapper with an angle of 150. Not only
that, the ability of optimum power design to
reduce CO emissions also needs to be taken into
account. This is because the STD PGM excels only
by a difference of -1,875, meaning this design is
also worthy of consideration as an alternative
MCC to replace the STD PGM.

4. Conclusion

Based on the results of testing and research
discussions that have been carried out, the
following conclusions are drawn.

1. The best MCC design that can reduce CO
emissions is the STD PGM. However, the
optimum CO design can be used as an
alternative because the difference in the S/N
ratio is only -0.372. Meanwhile, the optimum
CO design has another advantage over the STD
PGM, namely the value of the S/N power ratio
which tends to be higher with a difference of
5,037 compared to the STD PGM.

2. The best MCC design that can increase power
is the optimum power design. The optimum
power design has a superior S/N ratio with a
difference of 5,404. In terms of emission, the
E18 tends to be lower by a difference of -1,875
compared to the STD PGM.
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