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Abstract 

Stroke-up modification and ignition timing adjustment are commonly used to 

improve motorcycle engine performance, yet their combined effect requires controlled 

empirical verification. This study examined the effect of a stroke-up crankshaft 

combined with programmable CDI ignition timing variations on compression 

pressure, torque, and power output of a GL Pro Neotech 160 cc motorcycle. Methods: 

A quantitative true-experimental method was applied through engine performance 

testing under controlled workshop conditions. The standard crankshaft was 

compared with a stroke-up crankshaft, while ignition timing was adjusted to 15°, 16°, 

and 17° before top dead center using a programmable CDI. Primary data were 

obtained from compression tests and chassis dynamometer measurements across 

5000–10000 rpm, then analyzed descriptively using average values, tables, and 

performance graphs. Results: The stroke-up modification increased compression 

pressure from 12.43 bar to 15.67 bar, equivalent to a 26.1% increase. The 15° timing 

produced strong low-to-medium speed torque, while the 16° stroke-up configuration 

showed the most stable and superior performance at medium-to-high engine speeds, 

reaching 16.71 Nm at 6000 rpm and peak power around 7000 rpm. Conclusion: Stroke-

up modification combined with 16° ignition timing is the most effective configuration 

for improving motorcycle engine performance under the tested operating conditions 

and rpm range. 

 

 

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

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

1. INTRODUCTION 

Technology has advanced rapidly in the 

automotive sector, including the development 

and modification of motorcycle engines. 

Motorcycles remain one of the most widely used 

modes of transportation in Indonesia because 

they are practical and economical (Iskandar et 

al., 2024). Data from Statistics Indonesia show 

that the number of registered motorcycles 

increased from 18,975,344 units in 2000 to 

132,433,679 units in 2023, indicating the 

continuing dominance of motorcycles in 

national transportation (Badan Pusat Statistik, 

2024). The large number of motorcycles also 

encourages maintenance and performance 
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modification practices among users and 

automotive enthusiasts. 

Engine modification is commonly 

performed when motorcycle performance 

decreases due to age, long-term use, or the need 

for higher output (Iskandar et al., 2024; Iskandar 

et al., 2020; Naryanto et al., 2026). One frequently 

used method is stroke-up modification. Stroke-

up refers to increasing the piston stroke length 

by changing the crankshaft or shifting the crank 

pin position so that the piston travels farther 

between bottom dead center and top dead center 

(Ariyanto et al., 2018). A longer stroke increases 

the swept volume and can increase the pressure 

acting on the piston during combustion, which 

may improve torque and power. 

Torque represents the rotational force 

generated by the crankshaft and is closely 

related to the ability of a vehicle to accelerate 

from low engine speed (Warhayadi, 2015). 

Increasing stroke length can improve torque 

because the crank mechanism produces greater 

leverage and the larger displacement can 

generate higher combustion pressure. 

Nevertheless, stroke-up modification changes 

combustion chamber conditions and may 

require proper ignition timing adjustment. If 

ignition occurs too early or too late, the 

combustion peak pressure may not occur at the 

most effective crank angle, which can reduce 

performance or increase the risk of knocking. 

Programmable capacitor discharge 

ignition (CDI) allows more flexible ignition 

timing adjustment than a conventional CDI. 

Ignition timing determines the crank angle at 

which the spark is produced before top dead 

center. Earlier ignition timing may be needed at 

higher engine speeds because the air-fuel 

mixture requires finite time to burn; however, 

excessive ignition advance can cause 

combustion pressure to rise too early and reduce 

useful work (Goyi et al., 2021). Programmable 

CDI technology is therefore relevant for 

optimizing engine performance after stroke-up 

modification because it allows ignition timing to 

be adapted to modified engine characteristics 

(Aziz, 2022; Marlindo, 2012). 

Previous studies have examined stroke-up 

modification, ignition timing variation, and CDI 

use separately. However, limited empirical 

evidence is available regarding the combined 

effect of stroke-up crankshaft modification and 

programmable CDI ignition timing on the GL 

Pro Neotech engine, especially through 

dynamometer-based comparison between 

standard and stroke-up configurations. This gap 

is important because the optimal ignition timing 

for a standard engine may not be identical to that 

for a stroke-up engine due to changes in 

compression pressure, combustion phasing, and 

rpm-dependent airflow characteristics. 

This study aims to determine the effect of 

stroke-up crankshaft modification combined 

with programmable CDI ignition timing 

variations of 15°, 16°, and 17° BTDC on 

compression pressure, torque, and power 

output of a 1997 GL Pro Neotech motorcycle 

engine. The working assumption was that the 

stroke-up configuration would increase 

compression pressure and improve torque and 

power, but the highest performance would 

occur only when ignition timing was matched to 

the modified engine characteristics. 

 

2. RESEARCH METHOD 

This study used an experimental 

comparative design. The study compared 

engine performance under different crankshaft 

configurations and ignition timing settings. The 

design was selected because the treatments were 

applied directly to the test engine, but the study 

did not involve participant randomization or a 

control group in the sense of a true experimental 

design (Pratama et al., 2024). Therefore, the 

results are interpreted as a controlled laboratory 

comparison of engine configurations. 

The object of the study was a 1997 GL Pro 

Neotech motorcycle engine with a nominal 

displacement of 160 cc. The tested 

configurations consisted of a standard 

crankshaft and a stroke-up crankshaft. Ignition 

timing was varied using a programmable CDI at 

15°, 16°, and 17° before top dead center. The 

main dependent variables were compression 

pressure, torque, and power. Compression 
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pressure was expressed in bar, torque in Newton 

meters (Nm), and power in kilowatts (kW). The 

study distinguished compression pressure from 

compression ratio because compression 

pressure is an empirical pressure reading, 

whereas compression ratio is a geometric ratio 

determined from cylinder volume and 

combustion chamber volume. 

The research was conducted at MJM 

Garage, Purworejo, while chassis dynamometer 

testing was conducted at ANR Dyno Test, 

Kepek, Kabuaran, Prembun District, Kebumen 

Regency, Central Java. Before testing, the engine 

was tuned and prepared to reduce variation 

caused by maintenance condition. The same 

motorcycle was used for all configurations. Each 

dynamometer test was repeated three times for 

each ignition timing and crankshaft 

configuration, and the average value was used 

for analysis. Ignition timing adjustment was set 

through the programmable CDI map and 

verified according to the available CDI setting 

procedure before testing. 

The available test documentation 

identified rpm points from 5000 to 10000 rpm. 

For each rpm point, torque and power were 

recorded for 15°, 16°, and 17° BTDC under both 

standard and stroke-up configurations. The 

reviewed manuscript did not provide complete 

numerical information on bore and stroke after 

modification, final compression ratio, spark 

plug specification, fuel octane, tire pressure, 

dynamometer brand/model, dynamometer 

calibration certificate, gear position, ambient 

temperature, or humidity. These missing details 

are therefore acknowledged as methodological 

limitations rather than being estimated. 

The research procedure consisted of 

problem identification, literature review, 

preparation of tools and materials, engine tune-

up, compression pressure testing, chassis 

dynamometer testing, data tabulation, 

descriptive analysis, and conclusion drawing. 

The research flow is presented in Figure 1. 

 
Figure 1. Research flowchart 

 

Table 1. Tested variables and documented 

measurement conditions 
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Data were analyzed descriptively by 

comparing the average values across crankshaft 

configurations and ignition timing settings. 

Because the study did not report inferential 

statistical testing, terms implying statistical 

significance were avoided. Percentage change 

was calculated using the standard configuration 

as the reference value. 

 

3. RESULTS AND DISCUSSION 

3.1 Compression pressure 

The compression pressure test showed 

that the standard crankshaft configuration 

produced 12.43 bar, while the stroke-up 

crankshaft configuration produced 15.67 bar. 

The increase was 3.24 bar, equivalent to 26.1% 

relative to the standard configuration. This 

result indicates that the longer piston stroke 

increased the pressure measured at the end of 

the compression stroke. 

 

Table 2. Compression pressure comparison 

 
 

 
Figure 2. Comparison of compression pressure 

 

The increase in compression pressure 

should not be interpreted directly as a 

compression-ratio increase because compression 

pressure and compression ratio are different 

concepts. Compression pressure is affected by 

stroke volume, valve condition, cranking speed, 

ring sealing, temperature, and throttle opening. 

By contrast, compression ratio requires 

geometric volume calculation. The reviewed 

data did not provide sufficient chamber-volume 

measurement to verify a numerical 

compression-ratio change; therefore, 

unsupported claims that the compression ratio 

increased from 9:1 to 15:1 were removed. 

Mechanically, the stroke-up crankshaft 

increases piston travel and swept volume. A 

larger swept volume can increase the mass of 

mixture compressed and can raise cylinder 

pressure before ignition (Juwana, 2022). This 

condition can contribute to higher torque 

because combustion pressure acts on a longer 

crank mechanism. However, higher 

compression pressure may also increase thermal 

load and the risk of detonation if ignition timing, 

fuel octane, and cooling performance are not 

adjusted properly (Menacer et al., 2022; Utama 

et al., 2022). 

 

3.2 Torque performance 

Torque values under the standard 

crankshaft and stroke-up crankshaft 

configurations are presented in Tables 3 and 4. 

The complete numerical values are included to 

avoid overdependence on graphs and to clarify 

the effect of each ignition timing setting at every 

rpm point. 

 

Table 3. Torque values of the standard 

crankshaft configuration 

 

 

Table 4. Torque values of the stroke-up 

crankshaft configuration 
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Figure 3. Torque comparison between standard 

and stroke-up configurations at 16° BTDC 

 
The stroke-up configuration generated higher 

torque than the standard configuration at most rpm 

points. At 6000 rpm, the 16° stroke-up configuration 

produced the highest torque, 16.71 Nm, compared 

with 10.98 Nm in the 16° standard configuration. This 

represents an increase of approximately 52.2% at the 

same rpm and timing setting. The torque advantage 

remained visible at 7000 and 8000 rpm, where the 16° 

stroke-up configuration produced 15.96 Nm and 

13.90 Nm, respectively. 
The stronger torque after stroke-up can be 

explained by the increase in swept volume and the 

longer crank throw. A larger cylinder volume allows 

a greater mixture charge, while the longer crank 

mechanism improves the moment arm acting on the 

crankshaft. The 16° BTDC setting appears favorable 

in the medium-to-high rpm range because it gives the 

mixture sufficient time to burn so that peak pressure 

occurs closer to the effective crank angle after top 

dead center. The 15° setting still produced high 

torque at some low-to-medium rpm points, but its 

combustion phasing may be less suited to higher 

engine speeds. The 17° setting did not consistently 

improve torque, suggesting that excessive advance 

can shift pressure rise too early and reduce useful 

work. 
These findings are consistent with studies 

showing that ignition timing and compression 

pressure affect combustion behavior and engine 

output (Arifiyanto et al., 2022; Dalimunthe et al., 

2024; Yu et al., 2022). Nevertheless, the higher 

compression pressure caused by stroke-up 

modification requires careful tuning. If ignition 

advance is excessive or fuel octane is insufficient, 

detonation may occur, which can reduce durability 

and increase piston, bearing, and cylinder-head 

thermal stress. 

 

3.3 Power performance 

Power output was corrected to kilowatts (kW). 

The previous use of kWh was removed because kWh 

is a unit of energy, not power. Tables 5 and 6 present 

the complete power values for each ignition timing 

setting and rpm point. 

 

Table 5. Power values of the standard 

crankshaft configuration 

 

 

Table 6. Power values of the stroke-up 

crankshaft configuration 

 

 

 

Figure 4. Power comparison between standard 

and stroke-up configurations at 16° BTDC 
 

The 16° stroke-up configuration produced 

the highest power value in the tested data, 

reaching 11.69 kW at 7000 rpm. At the same rpm 

and timing setting, the 16° standard 

configuration produced 8.18 kW, so the stroke-

up treatment increased power by approximately 

42.9%. The 16° stroke-up configuration also 

maintained higher power than the standard 
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configuration from 6000 to 10000 rpm. However, 

the statement that 16° was always the highest at 

every rpm was revised because the data show 

that 17° produced slightly higher power than 16° 

in the standard configuration at 8000, 9000, and 

10000 rpm, and 15° or 17° was higher than 16° at 

5000 rpm in the stroke-up configuration. 

The power pattern indicates that stroke-up 

modification mainly improved medium-to-high 

rpm output. Power peaked around 7000-8000 

rpm and declined afterward. The decline at high 

rpm may be caused by increased friction, 

reduced volumetric efficiency, valve-train 

limitations, intake and exhaust flow constraints, 

and greater mechanical load from the modified 

crank mechanism (Hermansyah et al., 2024). 

Thus, the stroke-up configuration provides a 

clear performance benefit in the tested range, but 

it does not remove the mechanical limitations 

that appear at very high rpm. 

Ignition timing interacts with the stroke-

up configuration. At low rpm, very advanced 

ignition may not be needed because the mixture 

has more time to burn. At medium-to-high rpm, 

moderate advance helps place peak combustion 

pressure at a useful crank angle Sun et al. (2024). 

The 16° BTDC setting therefore offered the most 

favorable balance in this study because it 

improved both torque and power at key rpm 

points without relying on the most advanced 

timing. This interpretation supports the view 

that programmable CDI tuning should be 

performed after mechanical modification rather 

than assuming that a standard ignition map 

remains optimal (Rachmanto et al., 2023). 

 

3.4 Limitations and practical implications 

This study has several limitations. First, 

the available test record did not provide 

complete engine geometry, fuel octane, spark 

plug type, gear position, tire pressure, 

dynamometer calibration status, ambient 

temperature, or humidity. Second, the analysis 

was descriptive, so the results should not be 

described as statistically significant. Third, the 

study used one motorcycle engine and one 

stroke-up configuration; therefore, the results 

may not be directly generalized to other engines, 

different stroke increases, or daily-use 

conditions. Fourth, durability, fuel 

consumption, exhaust emissions, and knock 

intensity were not measured. 

For practical tuning, the 16° BTDC setting 

can be recommended as the most favorable 

option among the tested configurations for 

medium-to-high rpm performance. However, 

daily-use application requires additional 

attention to fuel octane, cooling, lubrication, 

piston clearance, bearing load, and knock 

prevention. The results are more appropriate as 

a performance-tuning reference than as a 

complete durability recommendation. 

 

4. CONCLUSION 

This study concludes that stroke-up 

crankshaft modification increased the 

compression pressure of the GL Pro Neotech 

engine from 12.43 bar to 15.67 bar, or 26.1%. The 

stroke-up configuration also improved torque 

and power across most tested rpm points 

compared with the standard crankshaft 

configuration. The most favorable result was 

obtained at 16° BTDC, which produced 16.71 

Nm of torque at 6000 rpm and 11.69 kW of 

power at 7000 rpm. These results indicate that 

stroke-up modification should be accompanied 

by ignition timing adjustment because the 

modified engine requires combustion phasing 

that matches its increased compression pressure 

and changed mechanical characteristics. Further 

studies should include complete engine 

geometry, fuel and environmental data, 

calibrated dynamometer documentation, 

inferential analysis, knock measurement, 

emissions testing, fuel consumption analysis, 

and long-duration durability testing. 

 

5. DECLARATION/STATMENT 

5.1. Acknowlegment 

The authors would like to thank the ANR 

Dyno Test, Kepek, Kabuaran, Prembun District, 

Kebumen for providing a suitable location for 

this research. 

 

5.2. Author Contribution 



JMEL Vol. 15, No.1, 2026 
 

29 
 

Iqbal Aditya Nugraha contributed to 

conducting the research, collecting the data, 

analyzing the results, and drafting the 

manuscript. Dwi Widjanarko contributed to 

supervision, methodological direction, 

manuscript review, and final article revision. 

 

5.3. Conflict of Interest 

Authors declare that they have no conflicts 

of interest.  

 

6. REFERENCES 

Arifiyanto, D., Marji, M., & Irdianto, W. (2022). 

The effect of ignition timing and 

compression pressure changes on HC and 

CO emissions in 150 cc SOHC injection-

type motorcycle engines. Automotive 

Engineering Journal: Scientific and 

Educational Studies, 4(2), 7. 

Aziz, M. L. (2022). Analysis of the effect of CDI 

and spark plug variation on performance 

and fuel consumption in Vespa Strada 

motorcycles [Undergraduate thesis, 

Universitas Negeri Jakarta]. 

Badan Pusat Statistik. (2024). Perkembangan 

jumlah kendaraan bermotor menurut jenis 

(unit), 2000-2023. 

https://www.bps.go.id/id/statistics-

table/2/NTcjMg==/perkembangan-jumlah-

kendaraan-bermotor-menurut-jenis.html 

Dalimunthe, R., Apriyanto, A., Indriyani, I., & 

Fathurrohman, T. (2024). The effect of 

capacitor discharge ignition (CDI) 

variations on the performance of the Vega 

110 cc motorcycle engine. JUSTIMES: 

Journal of Mechanical Engineering Saburai, 

2(1), 34-43. 

Goyi, H. L. A. U., Mahendra, S., & Fatra, F. 

(2021). The effect of ignition timing 

variation on the performance of a 100 cc 

four-stroke engine. Journal of Vocational 

Education and Automotive Technology, 3(2), 

114-122. 

Hermansyah, D., Afdal, A., Zulkarnain, Z., & 

Koto, R. D. (2024). Study on the impact of 

CDI limiter and CDI unlimiter usage on 

motorcycle fuel consumption and exhaust 

gas emissions. MOTIVECTION: Journal of 

Mechanical, Electrical and Industrial 

Engineering, 6(1), 73-84. 

Iskandar, R., Naryanto, R. F., Widodo, R. D., 

Kriswanto, Al’Misbah, A. H., Hafizh, M. A., 

… Segoro, S. B. (2024). Servis Jitu dan 

Hemat (JIMAT) Sepeda Motor Himpro 

Teknik Mesin FT UNNES 2024. Jurnal 

Pengabdian West Science, 3(6), 786–795. 

Retrieved from 

https://wnj.westsciences.com/index.php/jp

ws/article/view/1206/1050 
Iskandar, R., Naryanto, R. F., Widodo, R. D., 

Kriswanto, Habib, A. A., Hafizh, M. A., … 

Segoro, S. B. (2024). Servis Gratis Sepeda 

Motor di Halaman Masjid Ulul Al Bab UNNES 

Tahun 2024. Jurnal Pengabdian West Science, 

3(6), 776–785. Retrieved from 

https://wnj.westscience-

press.com/index.php/jpws/article/download/12

06/1050/7238 
Iskandar, R., Arlinwibowo, J., Setiadi, R., Mujaki, 

A., Naryanto, R. F., Setiyawan, A., & Musyono, 

A. D. N. I. (2024). Impact of biodiesel blends on 

specific fuel consumption: A meta-analysis. 

IOP Conference Series: Earth and 

Environmental Science, 1381, 012033. 

Retrieved from 

https://iopscience.iop.org/article/10.1088/1755-

1315/1381/1/012033 

Iskandar, R., Sukoco, Sutiman, Arifin, Z., Adkha, N. 

F., & Rohman, J. N. (2020). The quality of 

vehicle exhaust gas emission in Sleman, 

Indonesia in 2019. Journal of Physics: 

Conference Series, 1456, 012030. 

https://doi.org/10.1088/1742-

6596/1456/1/012030 

Juwana, W. E., Rachmanto, R. A., Wiyono, M., & 

Istanto, I. (2022). Experimental study on the 

influence of compression-ratio changes on 

single-cylinder Otto engine performance. 

Mekanika: Majalah Ilmiah Mekanika, 21(2), 

56. 

Marlindo, M. (2012). Analysis of the use of 

programmable racing CDI and racing coil 

on standard motorcycle engines. 

Universitas Sebelas Maret Repository. 

Menacer, B., Khatir, N., & Bouchetara, M. (2022). 

Numerical modelling of emission 

characteristics for a single-cylinder spark 

ignition engine. Mechanics, 28(3), 198-203. 

Mutaqin, M. F., Partono, P., & Poerwanto, E. E. 

(2022). The effect of stroke-up on power, 

https://wnj.westsciences.com/index.php/jpws/article/view/1206/1050
https://wnj.westsciences.com/index.php/jpws/article/view/1206/1050


JMEL Vol. 15, No.1, 2026 
 

30 
 

fuel consumption, and exhaust emissions in 

Honda Mega Pro motorcycles. Journal of 

Automotive Engineering: Scientific and 

Educational Review, 4(2), 55. 

Naryanto, R. F., Nurudin, I. B., Kurniawan, A., 

Mujaki, A., & Iskandar, R. (2026). The effect of 

varying the number of inlet diffuser holes in the 

exhaust manifold on the performance of the 

Supra x 125 engine. AIP Conference 

Proceedings, 3319(1), 030008. Retrieved from 

https://pubs.aip.org/aip/acp/article-

abstract/3319/1/030008/3393832 

Rachmanto, R. A., Alfathan, R. H., Juwana, W. 

E., Arifin, Z., Budiana, E. P., & Prasetyo, S. 

D. (2023). Investigating the impact of 

ignition timing variations on single-

cylinder Otto engine performance with E50 

fuel blend. Journal of Sustainability for 

Energy, 2(3), 145-153. 

Rahmat, B., & Wijaya, M. B. R. (2023). Single-

cylinder engine performance with 

compression and fuel variations. Journal of 

Technology and Management, 21(2), 85-92. 

Sugiyono. (2013). Metode penelitian kuantitatif, 

kualitatif, dan R&D. Alfabeta. 

Sun, T., Wang, S., Zhang, X., Zhao, C., Zhang, X., 

& Zhu, H. (2024). Analysis of the interactive 

effects of scavenge parameters on spark 

ignition two-stroke diesel engines. Journal 

of Physics: Conference Series, 2760(1), 012049. 

Utama, B., Pramudya, Y., & Raisal, A. Y. (2022). 

Study of the effect of combustion chamber 

volume on the performance of four-stroke 

motorcycles as an activity in project-based 

learning of thermodynamics in vocational 

high schools. Berkala Fisika Indonesia, 13(2), 

83. 

Warhayadi, Y. P. A. (2015). Torque and power 

testing on a single-cylinder gasoline engine 

using a water-brake dynamometer. 

Yu, M., Luo, H., Zhai, C., An, Y., & Nishida, K. 

(2022). Combustion performance of 

hydrogen direct injection under lean-burn 

conditions for power generation. Journal of 

Advanced Thermal Science Research, 9, 84-94. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

https://pubs.aip.org/aip/acp/article-abstract/3319/1/030008/3393832
https://pubs.aip.org/aip/acp/article-abstract/3319/1/030008/3393832

