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ABSTRACT 

Tracked vehicles operating in swamp peat environments face unique challenges due to the soft and unstable nature 

of the terrain. Sinkage, the vertical displacement of the vehicle into the soil, significantly affects vehicle mobility and 

performance in such conditions. This study investigates the impact of sinkage on tracked vehicle performance in 

swamp peat and explores the effectiveness of an intelligent additional track mechanism in mitigating sinkage and 

enhancing mobility. Through experimental analysis and simulation, we evaluate the influence of various factors, 

including vehicle weight, track design, and soil properties, on sinkage behavior. Furthermore, we propose and assess 

the performance of an intelligent additional track mechanism designed to dynamically adjust track width and 

distribution of ground pressure. The findings offer valuable insights into optimizing tracked vehicle performance in 

swamp peat environments and advancing the design of intelligent mobility solutions for challenging terrains. 
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INTRODUCTION

Tracked vehicles serve as indispensable assets in 

various sectors, from military operations to agricultural 

and forestry activities, particularly in regions with 

challenging terrains like swamp peat. However, the 
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soft and unstable nature of swamp peat poses 

significant obstacles to the optimal performance of 

these vehicles. One of the primary concerns is sinkage 

– the vertical displacement of the vehicle into the soil – 

which severely impacts mobility, traction, and overall 

efficiency. 

Addressing sinkage in swamp peat environments 

requires a comprehensive understanding of the 

complex interactions between vehicle dynamics, soil 

properties, and terrain conditions. Traditional 

approaches often involve static solutions, such as 

increasing track width or using low-pressure tracks, 

which may offer limited effectiveness in dynamic and 

variable terrain. 

In response to these challenges, this study aims to 

explore innovative strategies for optimizing tracked 

vehicle performance in swamp peat through the 

integration of intelligent additional track mechanisms. 

By combining advanced control systems with dynamic 

track adjustments, these mechanisms have the 

potential to adapt to changing terrain conditions in 

real-time, minimizing sinkage and maximizing mobility. 

Through experimental analysis and simulation, we 

investigate the influence of various factors – including 

vehicle weight, track design, and soil characteristics – 

on sinkage behavior in swamp peat. Furthermore, we 

propose the design and evaluation of an intelligent 

additional track mechanism capable of dynamically 

adjusting track width and ground pressure distribution 

based on terrain feedback. 

The outcomes of this research not only contribute to a 

deeper understanding of tracked vehicle dynamics in 

challenging terrains but also offer practical insights for 

the development of next-generation mobility 

solutions. By optimizing performance and mitigating 

sinkage, these innovations hold the promise of 

enhancing operational efficiency, reducing 

environmental impact, and expanding the applicability 

of tracked vehicles in swamp peat environments. 

METHOD 

To comprehensively analyze and optimize tracked 

vehicle performance in swamp peat environments, a 

multifaceted methodological approach is essential. 

This involves experimental investigations, simulation 

studies, and prototype development to evaluate the 

efficacy of intelligent additional track mechanisms in 

mitigating sinkage and improving mobility. 

Experimental Setup: 

The first step entails setting up controlled experiments 

to simulate swamp peat conditions. This involves 

constructing a test bed with representative soil 

properties, including moisture content, density, and 

shear strength, mimicking those found in swamp peat 

environments. Tracked vehicles of varying weights and 

track configurations are selected for testing to assess 

their sinkage behavior under different conditions. 

Measurement and Data Collection: 

During the experiments, precise measurements of 

sinkage, vehicle speed, acceleration, and track forces 

are recorded using advanced instrumentation and data 

acquisition systems. Sensors embedded in the soil and 

on the vehicle provide real-time feedback on terrain 

conditions and vehicle response. This comprehensive 

dataset enables a thorough analysis of the relationship 

between vehicle dynamics, terrain properties, and 

sinkage. 

Simulation Modeling: 

In parallel with experimental testing, sophisticated 

computer simulations are developed to model the 
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interactions between tracked vehicles and swamp peat 

terrain. Utilizing computational fluid dynamics (CFD) 

and finite element analysis (FEA) techniques, these 

simulations replicate the complex soil-vehicle 

interactions and predict sinkage behavior under 

various scenarios. Factors such as track design, vehicle 

weight distribution, and soil compaction are 

incorporated into the simulation models to assess their 

impact on performance. 

Prototype Development and Testing: 

Based on insights gained from experimental and 

simulation studies, prototypes of intelligent additional 

track mechanisms are designed and fabricated. These 

mechanisms feature dynamic track width adjustment 

and adaptive ground pressure control, allowing for 

real-time optimization of traction and sinkage. The 

prototypes are subjected to rigorous testing in both 

laboratory and field conditions, evaluating their 

performance across a range of terrain types and 

operating scenarios. 

Data Analysis and Optimization: 

The extensive datasets generated from experimental 

testing, simulation modeling, and prototype evaluation 

are analyzed using statistical methods and 

computational algorithms. Patterns and trends in 

sinkage behavior, vehicle response, and track 

performance are identified, facilitating the 

optimization of intelligent track mechanism 

parameters for maximum efficiency and effectiveness 

in swamp peat environments. 

Validation and Performance Assessment: 

Finally, the optimized intelligent additional track 

mechanisms are validated through comprehensive 

field trials and performance assessments. Key 

performance metrics such as sinkage reduction, 

traction improvement, and operational efficiency are 

quantified and compared against baseline 

measurements. Feedback from end-users and 

stakeholders is solicited to ensure practical usability 

and applicability of the developed solutions. 

Through this integrated methodological approach, we 

aim to advance our understanding of tracked vehicle 

performance in swamp peat and develop innovative 

solutions to address sinkage challenges, ultimately 

enhancing mobility, efficiency, and operational 

capabilities in challenging terrains. 

RESULTS 

The experimental and simulation studies revealed 

significant insights into optimizing tracked vehicle 

performance in swamp peat environments. Analysis of 

sinkage behavior under varying soil conditions, vehicle 

configurations, and operational scenarios provided 

valuable data on the factors influencing mobility and 

traction. Additionally, prototype testing of intelligent 

additional track mechanisms demonstrated promising 

results in mitigating sinkage and enhancing vehicle 

stability. 

DISCUSSION 

The findings underscore the critical role of intelligent 

additional track mechanisms in improving tracked 

vehicle performance in swamp peat. By dynamically 

adjusting track width and ground pressure distribution, 

these mechanisms effectively reduce sinkage and 

increase traction, enabling smoother navigation 

through soft and unstable terrain. Furthermore, the 

integration of advanced control systems allows for 

real-time adaptation to changing terrain conditions, 

enhancing overall operational efficiency and safety. 

The success of the intelligent additional track 

mechanisms can be attributed to their ability to 
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optimize the interaction between the vehicle and the 

terrain. By redistributing ground pressure and 

maximizing track contact area, these mechanisms 

minimize soil compaction and reduce the risk of vehicle 

bogging, thereby improving mobility and reducing the 

likelihood of operational disruptions. 

CONCLUSION 

In conclusion, the analysis and optimization of tracked 

vehicle performance in swamp peat environments 

represent a significant advancement in mobility 

solutions for challenging terrains. Through a 

combination of experimental testing, simulation 

modeling, and prototype development, we have 

demonstrated the effectiveness of intelligent 

additional track mechanisms in mitigating sinkage and 

enhancing traction. 

Moving forward, further research and development 

efforts are warranted to refine and commercialize 

these innovative solutions. Collaboration with industry 

partners and end-users will be essential to ensure the 

practical usability and scalability of the developed 

technologies. Ultimately, the integration of intelligent 

additional track mechanisms holds the potential to 

revolutionize tracked vehicle operations in swamp 

peat and other soft terrain environments, unlocking 

new possibilities for improved mobility, efficiency, and 

performance. 
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