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Abstract 

The increase in the number of motorcycles to fulfill mobility is dominated by 

the matic type. Over time the vehicle will experience a decrease in performance 

and appearance, triggering modifications. The purpose of this study was to 

determine the difference in motorcycle performance with the use of standard 

exhaust, HPLPM 2 exhaust + catalytic converter and HPLPM mod exhaust + 

catalytic converter. This research was conducted with a quantitative research 

method with an experimental approach, performance testing test data at 

engine speeds of 3000-9000 rpm. Engine temperature 80o with pertamax fuel.  
This research was conducted at the Department of Mechanical Engineering, 

Semarang State University in May 2024. In this study, HPLPM mod exhaust + 

catalytic converter produces 12.23 Nm of torque at 4500 rpm, the highest power 

produced by HPLPM 2 exhaust + catalytic convereter 8.27 Hp at 5500 rpm. 

Exhaust HPLPM mod + catalytic converter is able to maintain power at high 

rpm 7.70 Hp at 8250 rpm. 

 

 
This is an open-access article under the CC BY license 

(https://creativecommons.org/licenses/by/4.0/) 
 

1. INTRODUCTION 

The need for transportation facilities is 

currently met with various types of motorized 

vehicles. The increasing number of vehicles 

triggers innovation in creating vehicle variations 

and models that have high appeal. Based on the 

Central Bureau of Statistics, (2021) the 

development of the number of motorcycle 

vehicles in 2021 amounted to 120,042,298 which 

increased by 4.37% from the previous year.  

Sidik and Ansawarman (2022) the increase 

in the number of motorbikes is dominated by the 

type of automatic motorbike, especially 

automatic motorbikes with 110 cc. Matic 

motorcycles were chosen because these vehicles 

are cheap and have many advantages. In 

addition to convenience and comfort, matic 

motorcycles have an attractive appearance. 

However, over time the vehicle will experience 

a decline in both performance and appearance. 

 Some motorcycle users choose an instant 

and cheap way to improve the performance and 

appearance of the vehicle by replacing the 

exhaust in the hope of improving the 
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appearance and performance without changing 

the engine settings. In addition to these reasons, 

exhaust replacement has become an assumption 

among the public that it can improve 

performance even though it makes fuel more 

wasteful. Effect Of Using A High Performance-

Low Pollution Muffler (Hplpm) With Catalytic 

Converter On Fuel Consumtion And 

Performance Of 110cc 

Exhaust is a vital part of a vehicle as an 

exhaust gas channel. According to 

(Seprihandiyansyah, et al., 2018) the exhaust is a 

component in the vehicle that functions as a 

damper for the combustion explosion in the 

combustion chamber. Modifications made to the 

exhaust can affect the performance of the 

vehicle. In addition, exhaust modifications can 

affect noise levels and exhaust emissions.  

 
Figure 1. Catalytic Converter 

 

Catalytic converters are located in the 

exhaust as an important additional component 

to reduce exhaust emissions in the form of 

pollutants. The use of a catalytic converter can 

also affect engine performance because the 

exhaust air flow rate can be inhibited (Mujaki, et 

al., 2020: 3834). The use of catalysts can create 

back pressure so that it can affect engine 

performance. According to (Trisna and Warju, 

2019: 133) back pressure can affect performance 

where the greater the back pressure, the less fuel 

will be used because when the exhaust gas is 

released there will be residual gas that is 

retained so that new gas is not wasted. 

Freeflow exhaust design has a more 

concise and short turbulence so that it can 

reduce exhaust gas back pressure (Prasetyo, et 

al., 2020: 43). According to (Roziqin, et al., 2022: 

13) states that vehicle performance is influenced 

by the use of freeflow exhaust, where freeflow 

exhaust has lower back pressure. The low back 

pressure causes combustion to not be 

maximized. The flushing process can be 

disrupted due to back pressure that is too high, 

affecting vehicle performance (Sarwuna, et al., 

2017: 144). The reduction in retained residual gas 

causes new gas to be wasted when the valve 

overlaps. The loss of new gas will reduce the 

mixture of air and fuel in the combustion 

chamber, so that combustion is not optimal.  

High performance-low pollution muffler 

(HPLPM) is an exhaust that uses a conical 

silencer. The catalytic converter-assisted 

HPLPM developed in this research is named 

HPLPM mod. The purpose of developing this 

HPLPM exhaust is to produce an innovative 

new exhaust model in order to meet the needs of 

the modification market and overcome 

performance, emission, and noise level 

problems. The product development carried out 

also considers the HPLPM 1 and HPLPM 2 

exhaust designs 

 
Figure 1. HPMPM 1 

 

 
Figure 3.  HPLPM 2 

 

 
Figure 2. HPLPM mod 
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Based on the problems that have been 

described, it is necessary to test by replacing the 

standard exhaust built into the vehicle with the 

HPLPM mod exhaust to find out how much 

influence on performance. In addition, the 

HPLPM mod exhaust also boosts the locally 

made racing exhaust industry which is still 

untested practically and theoretically. The 

innovation product of this exhaust needs to be 

proven. HPLPM mod exhaust can affect the 

performance of the vehicle. 

 

2. METHOD 

This research uses a quantitative approach 

with experimental research methods. The 

research design in this study uses a true 

experimental design. The experimental research 

method is used to identify the effect of certain 

variables on other variables in strictly controlled 

and controlled conditions (Sugiyono, 2022). This 

study has several variables that are treated and 

regulated under controlled conditions. The data 

analysis method used is descriptive data 

analysis.  

Figure 5. Research Flow Chart 

This research was conducted from 

December 2023 to January 2024, the place of 

implementation. The preparation stage, the 

manufacture of HPLPM was carried out at the 

CV Exhaust Industry. Karya Sinar Terang, 

Purbalingga Regency, Central Java, the 

performance testing stage was carried out at the 

AR SPEED Ungaran racing workshop, 

Semarang, Central Java. performance testing 

was carried out at 3000-9000 rpm engine speed. 

In this study, data and data sources in the 

form of tools include DYNO-REKTOR 

dynamometer, Honda Beat 110 cc motorcycle in 

2023, fuel quantity, stopwatch, Honda scanner, 

thermogun, and tool box set. Research materials 

 include Ron 92 gasoline, Honda Beat 

standard exhaust, HPLPM 2 exhaust, HPLPM 

mod catalytic converter exhaust, and headers. 

 

3. RESULTS AND DISCUSSION 

Data analysis that has been carried out on 

the test results data presented in the form of a 

numerical table which is then converted into a 

graph shows the difference in torque produced 

by motorcycles between the use of Honda Beat 

110 cc standard exhaust, HPLPM 2 exhaust + 

catalytic converter and HPLPM mod exhaust + 

catalytic converter. 

 

 
Figure 6. Garph of 3 Exhaust Torque Results 

Table 1. Dyno Results Table Torque 

Engine Speed  

Torque (N.m)  

Exhaust Type  

Standar HPLPM 2 HPLPM mod  

3000 8.37 7.29 8.13  

3250 8.28 7.03 8.58  

3500 8.24 7.75 9,11  

3750 8.61 8.13 10,11  

4000 8.39 9.05 10,98  

4250 8.74 10.51 11,82  

4500 8.34 11.46 12,23  
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4750 8.04 11.75 11,47  

5000 7.93 11.63 11,03  

5250 7.79 10.90 10,51  

5500 8.18 10.61 9,63  

5750 8.89 10.21 9,36  

6000 9.15 9.25 8,68  

6250 8.44 9.01 8,11  

6500 8.22 8.48 7.67  

6750 7.93 8.40 7.58  

7000 7.53 7.83 7.04  

7250 6.86 7.59 6.99  

7500 6.98 7.77 6.79  

7750 6.70 7.37 6.74  

8000 6.36 7.23 6.74  

8250 6.31 6.89 6.66  

8500 6.27 6.49 6.06  

8750 5.58 6.24 5.82  

9000 5.41 5.95 5.37  

 

By treating the exhaust gas by modifying 

the muffler and installing it on the Honda Beat 

New 110 cc year 2023, it results in an increase in 

torque.The maximum torque on the new 110 cc 

Honda Beat motorcycle in 2023 refers to the 

results of torque testing using a standard 

exhaust. The standard exhaust produces a 

torque of 9.15 Nm at 6000 rpm engine speed. 

Then the next test is replaced using HPLPM 2 

exhaust + catalytic converter and HPLPM mod 

exhaust + catalytic converter which affects the 

increase in torque in each exhaust which gets a 

different value. 

Increased torque occurs in the use of 

exhaust HPLPM 2 + catalytic converter, which 

produces a torque of 11.75 Nm at 4750 rpm. The 

torque produced by this exhaust is lower than 

the use of HPLPM mod + catalytic converter 

exhaust. This occurs due to differences in the 

design of the conical silencer used which can be 

seen in Figures 1.2 and 1.3. This design 

difference causes differences in test results even 

though each test is carried out the same 

treatment. 

The difference in torque results also occurs 

in the use of HPLPM mod + catalytic converter 

exhaust at 4500 rpm engine speed with a torque 

value of 12.23 Nm. The increase in torque occurs 

due to the characteristics of the HPLPM mod + 

catalytic converter exhaust such as racing or 

freeflow exhaust where the air flow is not 

disturbed because it utilizes the conical silencer 

principle and creates back pressure so that it 

helps maintain unburned fuel so that 

combustion becomes optimal. 

 

 
Figure 7. Maximum Torque 

The peak torque produced by the 3 

exhausts when testing with engine speed 

variations from 3000 to 9000 rpm HPLPM 2 

exhaust + catalytic converter produces the 

highest torque, with a difference of 260% when 

compared to the standard exhaust. HPLPM mod 

+ catalytic converter exhaust is 308% superior to 

the standard exhaust. The standard exhaust 

produces the lowest maximum torque. 

The increase in torque that occurs in 

vehicles is caused by several factors including 

the suitability of the back pressure on the 

exhaust gas which helps hold new gas from 

being wasted. Back pressure that is too high or 

too low will affect the flushing process so that it 

can affect vehicle performance (Sarwuna, et al., 

2017: 144). The increase in torque also occurs due 

to the increase in engine speed which then 

decreases. According to Rohim et al., 2023: 170 

torque in the form of power used by the engine 

to move and acceleration will increase with 

increasing engine speed until it reaches a peak 

and then decreases.  

 

Table 2. Dyno Torque Results Power (HP) 

Engine Speed 

Power (HP) 

Exhaust Type 

Standar HPLPM 2 HPLPM mod. 

3000 3.53 3.07 3.03 

3250 3.80 3.23 3.43 

3500 4.07 3.83 3.93 

3750 4.53 4.30 4.57 

4000 4.73 5.13 5.37 

4250 5.20 6.33 6.30 

4500 5.17 7.30 6.80 

4750 5.40 7.87 7.17 

5000 5.63 8,20 7.23 
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5250 5.80 8.13 7.33 

5500 6.33 8.27 7.40 

5750 7.23 8.27 7.43 

6000 7.67 7.83 7.40 

6250 7.43 7.97 7.20 

6500 7.50 7.80 7.10 

6750 7.60 8.07 7.13 

7000 7.43 7.77 7.17 

7250 7.07 7.80 7.43 

7500 7.40 8.23 7.33 

7750 7.37 8.10 7.53 

8000 7.20 8.20 7.67 

8250 7.40 8.03 7.70 

8500 7.57 7.83 7.43 

8750 6.90 7.73 7.13 

9000 6.90 7.60 7.10 

 

Based on data collection that has been 

done and presented in the form of table 3. and 

figure 11., shows an increase in performance in 

the form of power (Hp) caused by replacing the 

standard exhaust using HPLPM 2 exhaust + 

catalytic converter and HPLPM mod exhaust + 

catalytic converter. 

 

 
Figure 8. Graph of Power Results 3 Exhaust 

The maximum power produced by the 

engine refers to the use of a standard exhaust. 

The standard exhaust produces a maximum 

power of 7.67 Hp at 6000 rpm engine speed. 

Tests conducted on the 3 exhausts to determine 

the amount of power starting from 3000-9000 

rpm engine speed. The difference in power 

results is accompanied by an increase in rpm 

pda exhaust HPLPM mod + catalytic converter 

but in contrast to the standard exhaust and 

exhaust HPLPM 2 + catalytic converter which 

produces lower power 

along with the increase in engine speed. 

The highest increase occurred when 

testing using HPLPM 2 exhaust + catalytic 

converter at 5500 rpm with a power value of 8.27 

Hp. The increase that occurs in the HPLPM 

exhaust is because it uses the principle of 

freeflow exhaust but still pays attention to the 

needs of the engine and is environmentally 

friendly. This is in accordance with research 

conducted by Wibowo et al., 2020: 39 that using 

a freeflow type exhaust can affect performance. 

In addition, it is also supported by research 

conducted by Sarwuna et al., 2017: 114 that the 

suitability of back pressure determines engine 

performance so that engine performance will 

increase. 

The use of HPLPM mod + catalytic 

converter exhaust has increased. Where the 

exhaust HPLPM mod + catalytic converter 

produces a power of 7.70 Hp at 8250 rpm engine 

speed. The increase occurred due to the back 

pressure on the exhaust in accordance with the 

needs of the engine so that it can produce 

increased power along with the increase in 

engine speed. this is in accordance with the 

principle of power where the higher the engine 

speed generated, the greater the power 

generated. The greater the torsional moment of 

the engine will affect the power produced as 

well. Power as a performance measurement 

parameter that refers to rpm where the higher 

the rpm, the higher the power produced 

(Prasetiyo and Rifdarmon, 2020: 33). 

 

 
Figure 9. Maximum Power 

 

Based on the description of the data or 

discussion of the resulting power data, there is 

an effect of using the HPLPM mod exhaust + 

catalytic converter on the new Honda beat year 

2023 with testing starting from 3000-9000 rpm 

engine speed. The highest increase occurred in 

the use of HPLPM 2 exhaust + catalytic converter 
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which is 60% compared to the use of standard 

exhaust and the increase also occurred in the use 

of HPLPM mod exhaust + catalytic converter by 

3% compared to the standard exhaust. The use 

of HPLPM 2 exhaust + catalytic converter is 57% 

superior compared to HPLPM mod exhaust + 

catalytic converter. 

Back pressure that does not match the 

needs of the engine can affect vehicle 

performance (Sarwuna, et al., 2017: 144) as in 

this test which can be seen in table 3 data. The 

maximum power generated by the standard 

exhaust and HPLPM 2 + catalytic converter 

exhaust is at a low rpm even though the power 

generated is high. The high power generated is 

at low engine speed which indicates a rapid 

combustion process so that the mixture of air 

and fuel does not burn out (Karim, 2013:). The 

remaining combustion that is not burned out is 

also wasted out due to low back pressure so that 

it cannot maintain power until high engine 

speed. The waste of new gas is due to the ability 

of the exhaust to maintain less back pressure, 

thus affecting engine performance. 

 

4. CONCLUSION 

Based on the above conclusions, the 

suggestions that can be made are as follows: 

1. Further research makes exhausts with 

suitability regarding design so as to 

produce exhausts with the effect of 

reducing fuel consumption. 

2. Future research needs to make more 

specific measurements by measuring the 

back pressure that occurs in the exhaust 

gas flow. 

3. In future research, it is necessary to 

modify the header development so that 

the results obtained are more accurate. 

4. It is necessary to test fuel consumption 

using the specific fuel consumption 

(SFC) method. 
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