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ABSTRACT 
The main aim of this study was to decrease the weight of mobile transportation robot and to check the 

optimized shape using topology optimization and structural analysis. The analyses were applied using 

CAE (Computer Aided Engineering) Software with the methods of topology optimization and structural 

analysis. In the topology optimization process, the preserved areas were defined for connection and 

fixing areas. The aim was to decrease the weight of robot structure and lower the energy consumption 

of the robotic system. After topology optimization, the structural strength analysis was applied to the 

new optimized structure to check about the strength. The weight of the structure was decreased with the 

ratio of 20%. In addition to this, the structural strength of the robot was observed similar to the original 

body with the factor of safety value as three. 

  

Keywords: Mobile Robot. Robotic Arm. Structural Analysis. Topology Optimization. Weight 

Reduction. 

 

  

1. INTRODUCTION 
Manufacturing technologies have been evolving with Industry 4.0 during the recent years. These 

technologies have offered new advanced manufacturing approaches. Manufacturing techniques have 

become easier, faster, more effective, and more high performance with less cost, time, and effort with 

these approaches. Additive manufacturing is one of advanced manufacturing approaches. Additive 

manufacturing is defined as a process of joining materials to make parts from 3D model data, usually 

layer upon layer, as opposed to subtractive manufacturing and formative manufacturing methodologies 

by ISO/ASTM [1]. It has called with different terms such as Rapid Prototyping, 3D printing, Layered 

Manufacturing [2]. The parts can be manufactured with complicated and difficult geometry [3]. In 

design process, it is more functional and practical comparing with the conventional manufacturing 

techniques and thus more attractive for design engineers. Especially while seeking the optimum design, 

additive manufacturing has assigned to manufacture the topological optimized design. So that topology 

optimization has been a functional technique in order to improve design while optimizing shape of parts 

with additive manufacturing techniques [4].  

Robotic technologies have been transforming in every aspect of engineering application. Recently, 

efforts have focused on automation of robotic systems in terms of unmanned functions and operations 

at the industrial environment. There is no doubt that Industry 4.0 has a significant role on development 

of unprecedented robotic applications. The innovative studies have been managed to study on 

Autonomous Mobile Robot. Thus, considering the requirements at the manufacturing facilities, an 

autonomous mobile robot was developed for transportation semi-finished products, parts, tools with 

specific dimensions between operation units and warehouse in manufacturing plant.  

It is possible to find studies of Autonomous Mobile Robot in academic and commercial field focused 

on particularly material transportation in manufacturing facilities. These studies have been conducted in 

the numerous aspects of operation for material picking and placing in industrial environments. KUKA 
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Robotic Corporation and Amazon Robotics are the most recognized and preferred Mobile Robot brands 

in material handling and transportation for industrial purposes [5] [6]. There are numerous academic 

studies on Mobile Robots for picking and placing in manufacturing facilities such as Jang et. al. [7] 

developed an algorithm about self-collision avoidance of a mobile manipulator, Sholbach et. al. [8] 

studied especially on arm characteristics of Mobile Robot, likewise Widhiada et. al. [9] focused on PID 

control of Mobile Robot, Paakönen [10] published a Master Thesis on Cloud-based Remote Control of 

Autonomous Mobile Robots in industrial environments, Oltean [11] conducted a study on low-cost 

Mobile Robot Platform, Sichkar et. al. [12] proposed a solution for stabilization of Mobile Robots in 

transportation of goods, Lee et. al. [13] explored an approach for minimizing deliver time between 

picking and placing materials and optimizing the Mobile Robot routing issue.  

The main objective of Mobile Transportation Robot is to pick, carry and place desired parts to operation 

units and warehouse. Mobile Transportation Robot was designed using a parametric solid modelling 

technique on SolidWorks 2021 as a computer aided design (CAD) program. Mainly, mobile 

transportation robot consists of two modules, mecanum wheeled locomotion module and robotic arm 

module, respectively. 

In the recent years, it has been presented numerous studies on topology optimization for mass reduction 

of mobile vehicles. Jagtap and Dhoke managed to decrease the mass of exhaust mounting bracket in the 

ratio of 50% considering production constraints [14]. Topac et. al. performed topology optimization for 

a support bracket at the back shaft of truck and obtained 63% of mass reduction [15]. Karaoglan et. al. 

conducted a study on determination of optimum profile thickness and reduction the mass according to 

areas where stress was low on the chassis using topology optimization and in the consequence of the 

study, they obtained %18.81 mass reduction [16]. In this paper, it is aimed to optimize CAD design by 

topology optimization and reconstitute the design of Mobile Transportation Robot for rapid prototyping.  

 

2. MOBILE TRANSPORTATION ROBOT 
Mobile Transportation Robot was design using a parametric solid modelling technique on SolidWorks 

2021 as a computer aided design (CAD) program. Mainly, mobile transportation robot consists of two 

modules, mecanum wheeled locomotion module and robotic arm module, respectively (Figure 1). 

 
Figure 1. Modules of Mobile Transportation Robot 

• Mecanum wheeled locomotion module was designed for performing motion consisting of 

forward, backward, skipping & sliding on the ground. This module comprises mecanum wheels, 

required equipment ensuring mobility, chassis etc. All links have been implemented for 

locomotion to provide mobility, maneuverability. 

• Robotic arm module enables to grip, move and leave desired parts, equipment etc. on the below 

of the chassis. All links have been implemented for manipulation to provide manipulability as 

pick and place with robotic arm. 
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Mecanum wheeled locomotion module can be applied for mobility while at the same time robotic arm 

module can be applied for manipulation in order to perform various tasks. The mecanum wheeled 

locomotion module was designed to achieve objectives as performing motion consisting of forward, 

backward, skipping & sliding on the ground of a manufacturing plant, carrying semi-finished products, 

parts, tools with specific dimensions (Figure 2). It is comprised of four mecanum wheels, required 

equipment ensuring mobility, chassis etc. All links have been implemented for locomotion to provide 

mobility and maneuverability.  

 

 
Figure 2. Mecanum Wheeled Locomotion Module of Mobile Transportation Robot. 

The mobile robot is supposed to carry a maximum load of 30 kg as small semi-finished products, parts, 

tools between operation units and warehouse in an industrial environment. Thus, the maximum linear 

velocity is 2 m/s.  The chassis of mobile robot was designed with dimensions 580 mm long and 400 mm 

wide considering the constraints on transportation of specific parts, environment condition, performing 

required objectives. The material of chassis would be aluminum 6061 sheet metal with 2 mm thickness. 

Four mecanum wheels were envisaged to use for mobility. The detailed dimensions of chassis are given 

in Table 1 and symbols of related dimensions are shown in Figure 3. 

 

 
Figure 3. Dimensions of chassis with mecanum wheels (a) Top view (b) Front view. 
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Table 1. Dimensions and explanation for platform chassis with mecanum wheels. 

Symbol Value (mm) Explanation 

L 580 Chassis Length 

W 400 Chassis Width 

C 300 Vertical Distance Between Right & Left Wheel 

D 230 Vertical Distance Between Front & Back Wheel 

r 75 Radius of Wheel 

H 113 Chassis Height 

h 50 Ground Clearance of Chassis 

 

3. TOPOLOGY OPTIMIZATION 
Advanced manufacturing technologies have been contributing a great number of benefits such as 

lowering time, cost, and effort, gaining high efficiency and performance etc. for industrial institutions. 

Apart from all these, new approaches have been sought for developing optimal solutions for 

manufacturing process including design process. Topology optimization is an effective method for 

getting optimal structure of a product during the design process. It is accepted that topology optimization 

is the most comprehensive technique due to provide new design ideas without an aforethought design 

for engineers and designers [17]. 

Generally, it is described that the structural optimization comprises of sizing, shape, and topology 

optimizations [18]. Sizing optimization is to get convenient cross-sectional area of each element for 

optimal form and alter the dimensions of the structure. Shape optimization is to optimize exterior of the 

shape without changing connections of the structure. Topology optimization is to define how to make 

optimal connections of components for the structure [19]. Topology optimization can be defined as to 

optimize the material distribution in order to acquire an ideal structure [20]. The structural optimization 

techniques are presented in Figure 4. 

 
Figure 4. Illustration of sizing, shape and topology optimization [21]. 

The areas, which have been determined to affect the stress, deformation, mass, and natural frequency of 

the structure, are defined to remove from the structure in the topology optimization [22]. It is fulfilled 

creating and erasing elements, holes, bulges, and grooves of the structure during the material distribution 

process with topology optimization technique [23]. Thereby it is reached an ideal structure while 

reducing the mass without changing the function of part.  

 

At the topology optimization process, the design area of actual 3D solid model is determined to optimize. 

Then the required constraints are identified on the 3D solid model and apply the force. The obtained 

new 3D solid model is analyzed, and the process can be repeated in case of not getting the required 

results, after the topology optimization has been completed [24] [25].  
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3.1. Topology Optimization of Mobile Transportation Robot 
In this study, topology optimization was conducted for chassis Mecanum Wheeled Locomotion Module 

in terms of mass target. The process was started with considering target part of predesigned chassis for 

topology optimization module on ANSYS Workbench. For enabling topology optimization easier, 

structural constraints were found with Static Structural Module on ANSYS Workbench. Thus, it was 

determined identification of load forces and exposed areas to forces on target part. The displacement, 

stress, and safety factor were obtained from Static Structural analysis, according to 300 N load force. 

 

The chassis of Mobile Transportation Robot was designed to fulfill mobility and carrying tasks. In 

consideration of carrying tasks, the chassis was analyzed on topology optimization. The target part was 

opted as the top part of the chassis for topology optimization, therefore in the chassis design, the top 

part was the main carrier of loads as small semi-finished products, parts, tools and robotic arm module. 

It is presented in Figure 5. The design was planned and performed considering that material of top part 

would be Aluminum 6061 O sheet metal with 2 mm thickness. Mechanical properties are presented in 

Table 2 for this material. 

 

 
Figure 5. Top part of Mobile Transportation Robot chassis 

 
Table 2. Mechanical properties of Aluminum 6061 O sheet metal [26]. 

Property Value (Metric) 

Density 2.70 g/cm3 

Young Modulus 68.9 GPa 

Shear Modulus 26 GPa 

Yield Strength 276 MPa 

Ultimate Tensile Strength 310 MPa 

Shear Strength 207 MPa 

Fatigue Strength 96.5 MPa 

 

Topology optimization was conducted on ANSYS 2021R1 Workbench via using Static Structural and 

Topology Optimization Modules. The solid model of the top part was analyzed to determine mechanical 

behavior under a specific load. It was accepted that applied force would be 300 N below top part of the 

chassis. Thus, at the first step Static structural analysis was composed of 552,873 nodes with 99,686 

elements. The element order was quadratic and average element size was 2 mm. It was assumed that the 

maximum applied load was enforced on the top part of the chassis, therefore the top part of chassis was 

taken into consideration. The applied force on the top part was accepted as 300 N.  

 

According to static structural analysis, it was determined 51,199 MPa as maximum equivalent stress 

and 0.0997 mm as total deformation, when 300 N was applied on the top part of chassis. Also, the safety 

factor was found as 4.883. They are demonstrated in Figures 6, 7 and 8.  
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Figure 6. Total deformation according to static structural analysis before topology optimization. 

 
Figure 7. Equivalent stress according to static structural analysis before topology optimization. 

 

 
Figure 8. Safety factor according to static structural analysis before topology optimization. 

 

After structural analysis, parameters as deformation and stress were taken into account for topology 

analysis. Ansys Workbench has an easy way to connect parameters between Static Structural Module 

and topology Optimization Module. Analysis settings of topology optimization were cautiously 

conducted. Solver type was opted as Sequential convex programming and sequential convex 

programming (SCP) is described as a local optimization method for nonconvex problems that leverages 

convex optimization [27]. Connection areas were selected as exclusion region. The objective was to 

minimize the mass of top part on the static structural environment by using the optimization type as 

topology optimization density based. The constraint was accepted approximately 80% of mass. The total 

mass of top part was 4.34 kg and after topology optimization, the optimized mass was obtained as 3.56 
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kg by minimizing in the proportion of approximately 80%. The optimized shape of top part is presented 

in Figure 9 on topology optimization module of Ansys Workbench.  

 

 
Figure 9. Optimized top part of chassis in the percentage of 80. 

As is seen from Figure 9, shape was not convenient to use functionally as design and manufacturing. 

Therefore, a new designed was enhanced as in Figure 10, in regard of holding the optimized mass and 

generally optimized shape. 

 

 
Figure 10. Design of top part after topology optimization. 

 
For verification of the new design, static structural analysis was conducted on optimized top part in the 

same conditions. Analysis was composed of 453,617 nodes with 81,226 elements. It was determined 

48,565 MPa as maximum equivalent stress and 0.365 mm as total deformation, when 300 N was applied 

on the top part of chassis. Also, the safety factor was found as 5.683. They are demonstrated in Figures 

11, 12 and 13.  

 

 
Figure 11. Total deformation of optimized top part after topology optimization 
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Figure 12. Equivalent stress of optimized top part after topology optimization. 

 

 
Figure 13. Safety factor of optimized top part after topology optimization. 

 

4. CONCLUSION 
In this study, topology optimization and structural analyses were applied to the mobile transportation 

robot to decrease the weight and to check the strength of the robot. The topology optimization was 

applied in order to decrease weight 20%. Structural analyses were applied to the original robot body and 

optimized shape. Obtained results from analyses environments were compared. The occurred stress 

values were observed too close to each other with the values about 51 and 48 MPa. The factor of safety 

values was also found close to each other with the values of 4.8 and 5.7, respectively.  

Karaoğlan et al. applied a topology optimization procedure to truck chassis and decrease the weight of 

the chassis successfully by decreasing the weight with the value of 18.81% [16]. In our study the 

topology optimization was applied to the robotic carrier chassis and the weight was decreased with the 

value of 20%. From these results it can be concluded that the topology optimization process was applied 

successfully. The weight was decreased 20%, almost same occurred stresses and factor of safety values 

were obtained. 
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