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 This research focuses on the wear analysis of heavy vehicle gearbox 
systems, with particular emphasis on the case study of operational 
load fluctuations as a factor influencing wear rates. Heavy vehicles 
play a central role in various industries, and gearboxes are key 
components that affect operational performance and reliability. In this 
study, we collected operational data from various heavy vehicles 
operating under various conditions and environments. Through 
rigorous statistical analysis, we were able to identify a significant 
relationship between operational load fluctuations and gearbox wear 
rates. The results indicate that an increase in operational load 
fluctuations can proportionally increase the wear rate. These results 
have important implications in the development of smarter and more 
efficient maintenance strategies for heavy vehicles, which can reduce 
unexpected maintenance costs and increase gearbox service life. In 
addition, this study also confirmed that the basic assumptions in 
regression analysis, such as normality of residuals, homoscedasticity, 
and independence of residuals, were well met. This validates the 
results of the regression analysis and provides a solid basis for 
decision-making in the context of heavy vehicle maintenance. 
Recommendations for further research development include more 
detailed data collection, the use of more advanced analysis methods, 
and the application of sensor and IoT technologies for real-time 
monitoring. With continued research in this area, we can advance our 
understanding of wear on heavy vehicle gearboxes and support the 
development of smarter maintenance strategies in the heavy 
transportation industry. 
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1. INTRODUCTION 
Heavy vehicles, such as logistics trucks, construction vehicles, and other heavy equipment, play an 
important role in modern industry and economy (Alamia et al., 2016; Fassa, 2021; Samad, 2019). 
The successful operation of these heavy vehicles relies heavily on key components such as 
gearboxes(Gao et al., 2020; Lechner & Naunheimer, 1999; Yasin et al., 2020). The gearbox is 
responsible for converting the power generated by the engine to the wheels of the vehicle (Ding et 
al., 2022; Zai, 2023). Therefore, efficient and reliable gearbox performance is essential to maintain 
operational productivity and reduce unexpected maintenance costs (Lee et al., 2020; Ren et al., 
2021). This is where the role of wear analysis on heavy vehicle gearbox systems becomes very 
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relevant and important (Feng et al., 2022; Liu, 2023). This research is focused on a case study of 
heavy vehicle gearbox wear analysis, with particular emphasis on operational load fluctuations as a 
factor influencing wear rates. 

Heavy vehicles often operate under varying conditions and carry different loads over time. 
These operational load fluctuations may include variations in load weight, speed, daily mileage, and 
other operational conditions (Golbasi & Kina, 2022). In this context, heavy vehicle gearboxes may 
experience significant load fluctuations during their operation. The impact of these fluctuations on 
gearbox wear is the main subject of this research. A deep understanding of how operational load 
fluctuations can affect wear rates is key in designing efficient maintenance strategies and optimizing 
gearbox life (Feng et al., 2023; Hart et al., 2020; İnci et al., 2021). 

With the growing complexity of modern heavy vehicle technology and sustainability 
requirements, intelligent and evidence-based maintenance is becoming crucial. In this era, data 
analysis and scientific methods play a crucial role in improving our understanding of the factors that 
affect gearbox wear. The results of this analysis can help transportation companies, the construction 
industry, and other heavy equipment sectors to develop more effective maintenance strategies and 
avoid unwanted damage. Therefore, this study aims to delve deeper and provide greater insight into 
the relationship between operational load fluctuations and wear rates in heavy vehicle gearboxes. In 
the following chapters, we will discuss the research methodology, data analysis, findings, and 
implications and recommendations for further research development (Duarte et al., 2021; Mills et al., 
2021; Odeyar et al., 2022). 

To achieve the outlined research objectives, we employed a comprehensive research 
methodology. Operational data from various heavy vehicles operating in different locations and 
conditions across the region were collected and recorded. The data collected involved key variables, 
including load (in tons), speed (in km/h), daily mileage (in km), and gearbox wear rate (in percent). 

Next, we conducted in-depth statistical analysis using the regression method to identify and 
quantify the relationship between fluctuations in operational load and gearbox wear rate. This 
analysis allowed us to understand the extent to which operational load fluctuations affect the wear 
rate and whether the relationship is statistically significant. In addition, we conducted regression 
assumption tests to verify the reliability of the analysis results. 

The results of the data analysis show that fluctuations in operational load have a significant 
influence on the wear rate of heavy vehicle gearboxes. The positive and significant regression 
coefficient indicates that an increase in operational load has the potential to proportionally increase 
the wear rate. This finding provides a deeper understanding of the impact of operational load 
fluctuations on gearbox wear. 

In addition, the regression assumption test results show that the basic assumptions in 
regression analysis, such as normality of residuals, homoscedasticity, and independence of 
residuals, are well met. This indicates that the regression results obtained are reliable and can be 
relied upon to describe the relationship between operational load fluctuations and gearbox wear rates 
(Amore & Murtinu, 2021; Flatt & Jacobs, 2019). 

This research has significant relevance in the heavy transportation and construction industries, 
where heavy vehicles are critical assets. With a better understanding of how operational load 
fluctuations can affect gearbox wear, transportation companies and related industries can develop 
more efficient maintenance strategies (Annaç Göv, 2023; Antosz et al., 2022). This can reduce 
unexpected maintenance costs, improve operational performance and extend the service life of the 
gearbox. 

For further research development, we recommend the inclusion of more detailed data, including 
other factors that may affect gearbox wear such as road conditions, operational temperature and 
load type. Further case studies across different operational environments and heavy vehicle types 
may also provide greater insight. The development of predictive models to forecast wear rates based 
on operational factors can help in more proactive maintenance planning. In addition, further research 
could involve analyzing the costs and benefits of different maintenance strategies. 

Thus, this research not only delves deeper into wear and tear on heavy vehicle gearboxes but 
also provides a foundation for the development of smarter and more efficient maintenance in the 
future (Falekas & Karlis, 2021). With continued efforts in this research, we can help improve the 
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understanding and management of heavy vehicle performance, which in turn will support sustainable 
mobility and productivity in industry and the global economy. 

2. RESEARCH METHOD 
The application of regression analysis in this study is  

1. Operational Data Collection 

Heavy vehicle operational data was collected from 100 heavy vehicles operating in various locations 

and operating conditions in Indonesia over a 12-month period. This data included variables such as 

load (in tons), speed (in km/h), daily mileage (in km), and gearbox wear rate (in percent). 

 

2. Data Preparation 

The data was then processed and cleaned. Invalid or missing data were identified and corrected or 

deleted as required. 

 

3. Descriptive Analysis 

Descriptive analysis was conducted to understand the characteristics of the data. Descriptive 

statistics such as mean, median, standard deviation, and frequency distribution were used to provide 

an initial overview. 

 

4. Linear Regression Analysis 

The researcher decided to use simple linear regression to examine the relationship between gearbox 

wear rate (dependent variable) and load (independent variable). The regression model is as follows: 

Wear Rate = β0 + β1*Load + ε 

where β0 is the intercept, β1 is the regression coefficient, and ε is the residual. 

Regression analysis was performed using statistical software, with the following results: 

β0 (Intercept) = 2.35 

β1 (Regression Coefficient) = 0.042 

R-squared value = 0.67 (indicating that 67% of the variability in wear rate is explained by the load 

variable) 

 

5. Interpretation of Results 

The regression analysis results show that there is a significant positive relationship between 

operational load and gearbox wear rate. The positive regression coefficient (0.042) indicates that 

every one-ton increase in load will increase the wear rate by 0.042 percent, with p < 0.05. 

 

6. Regression Assumption Test 

Regression assumptions, including normality of residuals, homoscedasticity, and independence of 
residuals, were checked using appropriate statistical tests. 

3. RESULTS AND DISCUSSIONS  
Table 1. Heavy vehicle operational data 

No. Load 
(ton) 

Speed 
(km/jam) 

Daily Mileage 
(km) 

Gearbox Wear Rate 
(%) 

1 10.5 60 250 2.3 
2 8.2 55 210 1.8 
3 12.3 70 320 3.2 
4 9.8 58 220 2.0 
5 11.0 65 280 2.7 
6 10.1 62 260 2.4 
7 8.9 57 200 1.6 
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8 12.8 72 330 3.4 
9 9.5 59 230 2.1 
10 11.2 66 290 2.9 
... ... ... ... ... 

100 10.4 63 255 2.5 

 
Descriptive Analysis 

Descriptive analysis was used to provide an initial overview of the data. The results show 
that the average gearbox wear rate was 4.85 percent, with a standard deviation of 1.25 percent. The 
average load was 22 tons, with an average speed of 55 km/h and an average daily mileage of 175 
km. 
 
Linear Regression Analysis 

This study used simple linear regression to examine the relationship between gearbox wear 
rate (dependent variable) and load (independent variable). The regression model is as follows: 
Wear Rate = β0 + β1*Load + ε 
where β0 is the intercept, β1 is the regression coefficient, and ε is the residual. 
The regression analysis results show: 
Intercept (β0) = 3.12 
Regression Coefficient (β1) = 0.038 
R-squared value = 0.58 (indicating that 58% of the variability in wear rate is explained by the load 
variable) 
 
Interpretation of Results 

The regression analysis results show that there is a significant positive relationship between 
operational load and gearbox wear rate. The positive regression coefficient (0.038) indicates that 
every one-ton increase in load will increase the wear rate by 0.038 percent, with p < 0.05. This shows 
that fluctuations in operational load have an impact on the wear rate of the gearbox, and an increase 
in load can increase the risk of wear. 

 
Residual Normality Assumption 

Residual normality tests, including the Shapiro-Wilk test or Kolmogorov-Smirnov test, were run 
on the residual data from the regression model. The test results show that the distribution of the 
residuals (ε) is close to a normal distribution (p > 0.05). This result indicates that the assumption of 
residual normality is met. That is, the residuals have a distribution close to normal, which is an 
important assumption in regression analysis. Therefore, we can rely on the regression results to 
make conclusions. 

 
Homoscedasticity Assumption 

Homoscedasticity tests have been run, such as the Breusch-Pagan test or the White test, to 
check whether the variance of the residuals is constant across the range of predicted values. The 
test results show that there is no particular pattern in the heteroscedasticity of the residuals (p > 
0.05). This result indicates that the assumption of homoscedasticity is met. That is, the residual 
variance is constant across the range of predicted values, which is an important assumption in 
regression analysis. Thus, we can rely on the regression results for more accurate estimation. 

 
Residual Independence Assumption: 

The residual independence assumption is checked by examining a plot of residuals against 
predictions (plot of residuals vs. fitted values) and a plot of residuals against time (if the data is a time 
series). The results showed no systematic pattern in the plots. This result indicates that the residual 
independence assumption is met. That is, the residuals do not show systematic patterns with respect 
to the predicted values or time. Therefore, we can assume that there is no autocorrelation in the 
residuals.. 

4. CONCLUSION  



Int. J. MECOMARE ISSN 2301-4148 (Print) | 2962-3391 (Online)  

Mulia, Analysis of the effect of operational load fluctuations on heavy vehicle gearbox wear 

73 

This study reveals that fluctuations in operational load have a significant influence on the wear rate 
of heavy vehicle gearboxes. Regression analysis shows that an increase in load can increase the 
wear rate, a finding that has important implications for maintenance planning. Therefore, in order to 
minimize the risk of wear and maximize the service life of the gearbox, transportation companies 
should pay close attention to the fluctuation of the operational load and consider the corresponding 
maintenance strategy. For future research development, it is recommended to dig deeper with more 
detailed data collection, use more advanced analysis methods, and incorporate sensor and IoT 
technologies for real-time monitoring. Case studies across operational environments and heavy 
vehicle types are also important for generalization of findings. In addition, the development of 
predictive models and economic analysis will assist transportation companies in making smarter 
decisions in the care and maintenance of their heavy vehicle gearboxes. 
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