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	This study is motivated by the low level of precision and consistency in the gokart chassis assembly process, which is still carried out manually without the use of specialized supporting tools. This condition may cause misalignment and positional inaccuracies between components during welding operations. The purpose of this study is to design a jig and fixture system as a supporting tool for gokart chassis assembly. The research method includes needs identification, design development using CAD software, design analysis, and design finalization. The result of this study is a jig and fixture design consisting of a base table, locator system, and integrated clamping mechanism. The materials used are SS400 steel for the jig and fixture structure and AISI 4130 for the gokart chassis. The locator and clamping systems were designed to maintain workpiece position and stability during assembly and welding processes. The developed jig and fixture design can be used as a reference for the development of chassis assembly support systems in automotive manufacturing applications.
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INTRODUCTION 
Go-kart chassis is the main component that functions as the supporting structure of the entire vehicle system, thereby requiring a high level of precision in terms of geometry, alignment, and structural strength (Azmi et al., 2024). Dimensional accuracy and alignment between components greatly affect vehicle performance, stability, and safety during operation (Safril & Azmi, 2025). Kishore et al. (2026) stated that chassis design plays an important role in determining force distribution, vibration absorption, and load transfer during acceleration, braking, and maneuvering conditions, thus requiring a strong and stable structure. Meanwhile, JAGTAP et al. (2021) explained that chassis design should consider wheelbase, track width, torsional rigidity, component placement, as well as the implementation of Computer Aided Design (CAD) and Finite Element Analysis (FEA) to minimize fabrication errors and ensure structural stability under various loading conditions. Therefore, the assembly process of a go-kart chassis requires a high level of accuracy to ensure that the resulting geometry and structural quality conform to the specified design requirements.

However, in practice, the assembly process of go-kart chassis is still commonly carried out manually without the use of specialized tools capable of maintaining component position and alignment consistently. According to Prianto et al. (2024), manual assembly processes without fixture systems are highly dependent on operator skills and potentially lead to misalignment, dimensional deviations, and inconsistent welding quality. These conditions may affect chassis geometric accuracy and cause structural deformation due to uneven heat distribution during welding processes. Previous studies reported that thermal distortion during welding processes may lead to dimensional inaccuracies and residual stresses in welded structures (Afazov et al., 2023). In addition, Naksri et al. (2021) reported that unstable workpiece positioning during welding may result in distortion, joint displacement, and material deformation caused by uncontrolled heat distribution, thereby reducing welding quality and increasing the need for rework. Therefore, a system capable of maintaining workpiece stability and positional consistency during assembly and welding processes is required.

One of the solutions that can be implemented to improve assembly accuracy and consistency is the application of jig and fixture systems. Fiedler et al. (2024) explained that jig and fixture are manufacturing support tools designed to maintain the position, orientation, and stability of workpieces during fabrication processes, allowing production activities to be performed repeatedly with more uniform results. In addition, locator and clamping systems in jig and fixture are utilized to maintain component positioning and stability during assembly operations. Previous studies also showed that the positioning of locator and clamp systems in a fixture significantly affects workpiece deformation during manufacturing processes, therefore fixture layout optimization is required to improve positioning accuracy and minimize dimensional deviations during assembly and welding operations (Qazani et al., 2022). Several studies also highlighted that fixture systems contribute significantly to reducing vibration and deformation while improving dimensional accuracy and machining stability during manufacturing processes (Liu et al., 2022). Kiraci et al. (2023) stated that proper fixture design and clamping sequence can reduce dimensional variations and improve consistency in assembly and inspection processes of manufactured components. Furthermore, Kadam et al. (2024) demonstrated that welding fixtures play an important role in maintaining component positioning accuracy during welding processes, thereby improving joint quality and fabrication accuracy. Along with the advancement of manufacturing technology, jig and fixture design processes are currently widely supported by Computer Aided Design (CAD) systems to improve design accuracy and facilitate assembly simulations before fabrication is conducted.

Several previous studies have discussed go-kart chassis design and analysis as well as the implementation of jig and fixture systems in manufacturing processes. Mihalic et al. (2023) investigated the design and development of a go-kart chassis based on structural analysis to improve vehicle safety and stability. Another study by Ramteke & Nambiar (2022) explained that material selection and finite element analysis (FEA) significantly influence chassis deformation behavior, factor of safety, and overall vehicle performance and reliability. Meanwhile, studies related to jig and fixture systems have mainly focused on improving manufacturing repeatability, reducing dimensional variations, and enhancing production efficiency in general industrial components. Studies on modular and reconfigurable fixture systems also indicate that fixture flexibility, structural rigidity, and adaptable layouts are important factors in supporting manufacturing efficiency and accommodating various workpiece geometries (Gaspar et al., 2021). Nevertheless, studies specifically addressing jig and fixture design for go-kart chassis assembly remain limited, particularly those considering the integration of locator and clamping systems according to chassis geometry and workpiece stability during welding processes.

Based on these problems and previous studies, this research focuses on the design of a specialized jig and fixture system for go-kart chassis assembly by considering workpiece stability during welding operations. The novelty of this research lies in the integration of locator and clamping systems designed according to go-kart chassis geometry to maintain component alignment during assembly and welding processes. In addition, the developed jig and fixture design also considers base table structural rigidity and operator ergonomics during operation. Through this approach, the assembly process is expected to achieve better precision, consistency, and efficiency compared to conventional manual assembly methods without specialized supporting tools.

This research aims to design and develop a jig and fixture system as a supporting tool for go-kart chassis assembly processes in order to improve assembly precision, stability, and consistency. The design applies locator and clamping systems to maintain component positioning during assembly and welding operations. The contribution of this study is the development of a jig and fixture design that can be used as a reference for lightweight vehicle chassis assembly systems with improved dimensional accuracy, fabrication quality, and manufacturing efficiency.

METHOD
Determining Product Design
The initial stage of this research was determining the product design used as the object of study, namely the gokart chassis. The selection of this product was based on its compatibility with the worktable capacity and the complexity of the frame structure, which requires high precision during assembly. The chassis material used in this study was AISI 4130 chromoly steel pipe due to its high strength and relatively lightweight characteristics, making it suitable for vehicle frame applications.

Product Design Development
The next stage was developing the product design using CAD software (Autodesk Inventor). This design served as the primary reference for determining the jig and fixture requirements, particularly in defining support points, locator positions, and areas requiring clamping mechanisms. Based on the product design, the jig and fixture concepts were then developed by determining locator types, locator placement, clamping systems, and ergonomic considerations during assembly operations. The determination of locator positions was based on critical chassis geometry points that influence alignment and dimensional stability during the assembly process. Meanwhile, the clamping system was designed by considering load distribution, welding accessibility, and the ability to minimize workpiece displacement during fabrication processes. The designed concept had to ensure workpiece stability without interfering with welding processes (Gurning & Riadi, 2022).

Jig and Fixture Design Concept
The detailed design process was carried out by designing jig and fixture components using CAD software. The designed components consisted of frame tables, base tables, body locators, head locators, clamping systems, and other supporting components. After all components were completed, the assembly process was conducted to combine all parts into one integrated jig and fixture system. This process required high accuracy to avoid dimensional and positioning errors that could affect tool performance. The locator system in the jig and fixture design applies the 3-2-1 locating principle to limit the degrees of freedom of the workpiece and maintain consistent chassis positioning during assembly and welding operations.
 
Design Analysis
After the concept design stage, analysis was conducted to evaluate the compatibility between the jig design and the product geometry, assembly process requirements, and the ability of the jig fixture to maintain workpiece stability. This analysis aimed to ensure that the developed design could be effectively implemented in the gokart chassis assembly process.

Final Design
The final stage was design finalization, which involved evaluating the overall design results in terms of dimensions, component positioning, and technical drawing completeness. If any discrepancies were found, revisions were carried out until an optimal jig and fixture design was achieved and ready to be used as an assembly supporting tool.

RESULT AND DISCUSSION 
Gokart Chassis Design
The results of this study are in the form of a jig and fixture design used as a supporting tool in the gokart chassis assembly process to improve precision, stability, and manufacturing efficiency. The product designed in this research is a gokart chassis using AISI 4130 chromoly steel pipe material. Structural analysis results indicate that AISI 4130 provides better performance due to lower deformation and higher safety factors compared to other materials (Sammangi et al., 2023). The designed gokart chassis is shown in Fig. 1.
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Fig. 1. Gokart Chassis Design
The primary material used in the jig and fixture is SS400 steel, which belongs to low carbon steel with carbon content below 0.17%. This material is widely selected because it has sufficient strength, high ductility, and excellent weldability, making it easy to fabricate (Oktaviandy et al., 2023). These characteristics make SS400 suitable for jig support structures that require stability and resistance to fabrication loads. 
Table 1. Mechanical Properties of AISI 4130 and SS400
	Material
	Yield Strength (MPa)
	Tensile Strength (MPa)
	Density (g/cm³)
	Characteristics

	AISI 4130
	435
	670
	7.85
	High strength, lightweight, good weldability

	SS400
	254
	400-510
	7.85
	Good weldability, structural rigidity, economical



The selection of AISI 4130 for the chassis was based on its high strength-to-weight ratio, making it suitable for lightweight vehicle frame applications. Meanwhile, SS400 was selected for the jig and fixture structure due to its good weldability, adequate structural rigidity, and cost efficiency for fabrication processes.

Locator and Clamping System Design
The developed jig and fixture design applies the basic principles of locating and clamping to limit the degrees of freedom of the workpiece. The locator system consists of body locators and head locators strategically positioned on critical sections of the chassis. Locator placement was determined by considering the product geometry to ensure consistent workpiece positioning during assembly processes. The locator and clamping system design is shown in Fig. 2.
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Fig. 2. Locator and Clamping System
The use of multiple locators at critical points allows better load distribution and minimizes displacement during welding operations. This contributes to improved dimensional accuracy, production consistency, and assembly efficiency. Previous research by Safril et al. (2024) also demonstrated that the implementation of production support systems can improve productivity in automotive manufacturing processes. In addition, the clamp mechanism functions as a locking system to maintain workpiece stability against external forces generated during fabrication processes.

Base Table Design
The base table is the main component in the jig and fixture system that functions as a support structure for all assembly elements. The base table design was developed by considering structural rigidity, stability, and ease of assembly. The structure uses a combination of steel frame construction and SS400 plates to balance strength and cost efficiency. The rigid structure minimizes deformation during manufacturing processes, ensuring that locator positions and workpiece alignment remain stable. The base table design developed in this research is shown in Fig. 3.
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Fig. 3. Base Table Design
Additionally, the use of adjustable feet at the bottom of the table allows adaptation to uneven floor surfaces. This feature is important to maintain worktable balance because surface misalignment can affect workpiece positioning and reduce dimensional accuracy. From a manufacturing perspective, the modular design also considers ease of assembly and maintenance. The use of modular components allows for repair or replacement of specific parts without dismantling the entire system.
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Fig. 4. Operator Position During Welding Process
The operator welding position during the assembly process is shown in Fig. 4. Operator position analysis was conducted to evaluate the level of comfort and work efficiency during the use of the jig and fixture system in the gokart chassis welding process. Gurning et al. (2025) stated that the health aspect showed the highest increase (12%), indicating that the understanding and implementation of occupational health and safety (K3) have a direct impact on workers’ physical well-being. The operator posture while performing welding operations in the middle section of the chassis remained relatively ergonomic, although there was a slight tendency toward a bending position. This condition is still considered acceptable because it does not require extreme posture adjustments and does not significantly hinder operator movement during the working process. The base table design used in this study has sufficient height and structural stability, allowing the operator to work in a relatively balanced position. In addition, the placement of locators and clamps does not obstruct the working area, thereby providing adequate space for the operator to perform assembly and welding activities efficiently.

CONCLUSION 
Based on the results of this study, a jig and fixture design for gokart chassis assembly has been successfully developed, consisting of a base table, locator system, and clamping mechanism. The developed design applies locating and clamping principles to maintain workpiece position and stability during assembly and welding processes. In addition, the base table structure and adjustable feet were designed to improve operational stability and provide adequate operator accessibility during fabrication activities. The resulting jig and fixture design can be used as a reference for the development of chassis assembly support systems in automotive manufacturing applications.
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