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Abstract. In order to solve the problem of AGV running under load, the change of 
bending strength and deformation leads to the decrease of the carrying capacity 

and driving stability of the trolley, the author puts forward the application of 
computer-aided design in the intelligent hardware design of the logistics trolley. 
Solid modeling and design of the frame are carried out using the three-dimensional 

modeling software Solidworks, and the structural stiffness, strength analysis and 
optimization design under bending conditions are carried out based on the finite 
element analysis software ANSYS Workbench to achieve the lightweight design. The 

simulation results show that the optimized design meets the requirements, and the 
weight of the optimized frame is reduced by 14%. Conclusion: This method 

provides a certain reference for future research and development of AGV. 
 

Keywords: AGV frame; Structural modeling design; Finite element analysis; 

Strength and rigidity; optimal design 
DOI: https://doi.org/10.14733/cadaps.2024.S6.127-136 
 

1 INTRODUCTION 

Since entering the 21st century, on the basis of the third industrial revolution, a new round of 

technological and industrial revolution is setting off a wave around the world. First, in 2013, the 
concept of "Industry 4.0" was put forward at the industrial exposition in Hanover, Germany, and 
then in 2015, China issued the "Made in China 2025" national action plan for the development of 

manufacturing industry as the main body, it means that this new round of industrial revolution is 
not only a good opportunity for manufacturing to catch up with and surpass the international level, 
but also an opportunity for the overall industrial transformation and upgrading of the world's 

manufacturing industry. The maturity of a country's industrial technology often affects its overall 
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productivity level, under the current economic reform trend, developing manufacturing and 
promoting industrial upgrading are an important factor in accelerating economic growth [1].  

At present, the development of domestic manufacturing enterprises in the direction of 
intelligent production is very uneven, and they lack perfect information intelligent equipment, and 

are in urgent need of relevant intelligent technology to make changes. Automated Guided Vehicle 
(AGV) is a classification of intelligent robot equipment. Generally speaking, most of the auto-
guided vehicles used in the actual scene are usually controlled by on-board or remote computers, 

the vehicles are equipped with various sensors for accurate positioning, equipped with safety 
protection structures to prevent collision with obstacles from damaging the vehicle body, and 
equipped with navigation control equipment to achieve the vehicle's autonomous movement, a 

well-designed self-guided vehicle can meet the requirements of safe driving within the route set by 
the operator in advance, and deliver the materials carried on the vehicle from the starting point to 

the target point smoothly [2].  

Use AGV as a transportation tool for material handling, distribution and recycling in smart 
factories, it will greatly improve the manufacturing efficiency of the workshop, and can also 

improve the logistics intelligent management level of manufacturing enterprises, with AGV as the 
basis of logistics transportation, the intelligent factory can also build a complete set of automatic 
logistics distribution system. In this context, how to develop an efficient and mature AGV 

distribution system has gradually become one of the key issues that manufacturing enterprises 
need to solve to develop intelligent manufacturing plants. 

Figure 1 shows the three-dimensional model of AGV frame [3]. The R&D and application of 
autonomous guided vehicles will inevitably reduce labor costs, improve logistics and transportation 
efficiency, and greatly bring more profit space for enterprises, at the same time, the difficulties 

also appear, how to control the cost of developing autonomous guided vehicles is a difficult 
problem for the manufacturing industry, now the urgent problem to be solved is how to develop 
autonomous guided vehicle transportation system at low cost to meet the intelligent demand of 

manufacturing industry, this problem has become one of the focuses in the research field of 
leading guided vehicles in recent years [4]. 

 

 
 

Figure 1: 3D model of AGV frame. 
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2 LITERATURE REVIEW 

In 1953, Barrett Electronics of the United States developed the world's first AGV, which was 

refitted from a tractor, the control system was composed of vacuum tubes, guided by aerial wires, 
and used for debris handling in the warehouse, the cost was relatively high. In 1954, the UK 

developed the first electromagnetic guided AGV, which is more flexible and cheaper than the 
traction AGV. These advantages have made the AGV widely used in automatic industrial production 
lines in Europe.  

In 1973, the Swedish VOLVO Automobile Company introduced AGV to participate in the 
assembly work, and it was widely used in the production line, such innovative improvement has 
greatly liberated human labor and made assembly and transportation more accurate, its 

application in the automobile field has expanded the application field of AGV. By the 1970s, nearly 
5000 AGVs in Europe had been used in logistics warehousing and manufacturing production [5]. At 

the end of the 1980s, with the development of guidance technology, the guidance technology of 
AGV developed from a single electromagnetic guidance to a variety of guidance methods, laser 
guidance, inertial guidance, magnetic stripe guidance, visual guidance and other technologies were 

gradually applied to AGV technology, which improved the flexibility of AGV and made it easy for 
AGV to change the guidance path. The emergence of multiple guidance modes has improved the 
tracking ability of AGV and expanded its application field.  

The author mainly studies the design and optimization of a new side beam for the mechanical 
structure of the frame, and most of the AGVs with light load less than 2t are on the market, and 

the frame is the main load-bearing carrier of the AGV. The author takes the maximum load 
capacity of the frame 3t as the design objective, carries out the structural design of the frame, and 
uses ANSYS finite element analysis.  

3 RESEARCH METHODS 

3.1 Frame Design Requirements  

The AGV frame is equivalent to the automobile chassis and is the key part of the AGV mechanical 

system. The basic principle of frame design is that the frame layout is simple and convenient for 
processing. The reasonable design of the frame will be beneficial to the installation of other power 

systems, control systems and some sensor components without interference; The lightweight 
design of the frame is conducive to improving the speed and stability of the car movement process, 
and improving the work efficiency of the car. But the most important thing is that the trolley frame 

should be able to meet the requirements of load bearing, bending and torsion deformation when 
the road is flat, static and uneven, so the strength and stiffness of the structure should be designed 

to meet certain standards.  

3.2 Requirements for Frame Model  

This time, the AGV frame adopts the double-layer design of side beam type, and the Q235 hollow 

square tube forms the main structure of the frame. The square tube is made of Q235 hot-rolled or 
cold-rolled strip steel or coil as the base material, which is formed by cold bending and then welded 
by high-frequency welding. The upper layer of the side beam can be designed in a variety of ways, 

either 1~3mm steel plate or aluminum alloy plate can be built on the beam to transport the load, 
or the upper layer can be modified and riveted to install the lifting steering device and lifting 

device.  

The lower layer supports the main structure and is used to carry the battery mass and other 
system weights. At the same time, a large number of small holes are left on the square steel so 

that the reinforcement plate and other control systems can be connected to the frame through 
bolts. Two drive wheels and four universal wheels are selected for the gear train, and four support 
wheels are loaded on the four corners of the frame to bear the main load. Two driving wheels are 
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installed in the belly of the car body to bear part of the load, the driving wheels can not only 
provide driving force for the car movement, but also share part of the load when loaded, thus 

increasing the load of the whole car.  

3.3 Three-dimensional Modeling of Frame  

Q235 hollow square tube is adopted for frame beam. Q235 is the most widely used material in 
engineering, and its elastic modulus E=2.0 × 105MPa, density ρ= 7850kg/m3, Poisson's ratio μ= 
0.3. The design structural dimensions of the frame are 1000mm in length, 480mm in width and 

290mm in height. The double-deck frame is divided into main and auxiliary frames, the main frame 
is supported by two main support columns at the front and rear, two main side longitudinal beams 
and four main cross beams, which play a major bearing role.  

The subframe is composed of two auxiliary crossbeams, four lower side longitudinal beams, 
two auxiliary side longitudinal beams and four auxiliary support columns to fix and strengthen the 

structure, it is also used to install the gear train, drive device, power device and control system. 
The beam structural parameters are shown in Table 1 [6].  

 

numbe
r 

name Steel selection 
specification/m

m 

Cross-
sectional 
area/cm2 

Theoretical 
quality/(kg⋅m

-1) 

quantit
y 

length/    mm    
  

1 Main 
support 

column 

GB/T3094-
200040×40×5 

6.98 5.48 4 250 

2 Main 
beam 

GB/T3094-
200040×40×5 

6.98 5.48 4 400 

3 Main side 
stringer 

GB/T3094-
200040×40×4 

5.49 4.57 2 1000 

4 Auxiliary 
side 

stringer 

GB/T3094-
200040×40×4 

5.49 4.57 2 450 

5 Auxiliary 
crossbea

m 

GB/T3094-
200040×40×3.5 

4.9 3.85 2 400 

6 Auxiliary 
support 

column 

GB/T3094-
200040×40×3.5 

4.9 3.85 4 200 

7 Lower 
stringer 

GB/T3094-
200040×40×3.5 

      4.9     
  

      3.85          4        250      

 
Table 1: Structural parameters of frame beam. 

4 RESULT ANALYSIS 

4.1 Frame Finite Element Model and Performance Analysis  

Finite element analysis is to simulate the real physical system (geometry and load conditions) by 

using mathematical approximation. With simple and interactive elements, a finite number of 
unknowns can be used to approximate the real system with infinite unknowns [7-8]. After 
simplifying the model, replace the complex model problem with the simple model problem and then 

solve it, the region to be solved is considered to be composed of small interconnected regions of 
many finite elements, and an appropriate approximate solution is obtained for each small region, 

and then the total satisfaction conditions of the region to be solved are deduced, the approximate 
solution of the complex model problem is obtained. There are many commonly used software for 
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finite element analysis, such as ANSYS, which can analyze mechanical, electromagnetic [9], fluid 
mechanics and other disciplines; Motor finite element analysis software NASTRAN; COMSOL 

Multiphysics, etc.  

The analysis software used by the author is Workbench in the platform of ANSYS for analysis 

and processing. Workbench is simple to operate and easy to use, it can directly set calculation 
parameters, such as design dimensions, engineering materials or operating conditions, then 
submit it to the desired underlying solver for solution. The simulation results are obtained in the 

analysis module Solution in Workbench [10]. After the overall structural design of the frame is 
completed, it is necessary to evaluate its bearing capacity more accurately, study its stress 
distribution, deformation distribution and other data under the maximum load, and judge whether 

the structural design is reasonable, and optimize the size, so finite element analysis is needed.  

The traditional structural analysis and check of strength and stiffness are based on the 

classical mechanics theory, so there are many problems such as complex calculation, long time 
consuming and difficult to find the error points if there are errors in the process. However, using 
the finite element analysis software to analyze the stress and deformation of the AGV frame 

structure and optimize the size will take less time, reduce the cost of structure use, and quickly 
complete the analysis task of the AGV frame structure to ensure the scientific, reasonable and 
reliable design of the AGV body structure.  

4.1.1 Frame finite element modeling  

When using the 3D software Solidworks to draw the 3D model structure diagram of the frame, in 

order to reduce the difficulty of mesh division of the finite element analysis, the frame structure 
model is properly simplified: Ignore the non-bearing components that have little influence on the 
bending deformation and stress distribution of the frame structure; Ignore the non-connecting 

holes on the longitudinal and transverse beams [11]; Ignore fillets and small holes with small 
radius; Ignore the gear train and replace it with fixed constraints to better obtain the finite element 
mesh quality.  

Import the model drawn by Solidworks into the Workbench of the simulation analysis software 
ANSYS for simulation analysis. The author simplifies some places where stress singularity may 

occur, such as reserved riveting holes, welds and fillets, the selection of binding contact method 
and simplified structural model can improve the efficiency of finite element analysis and avoid 
stress singularity in analysis.  

The AGV trolley has bending, turning, starting and stopping working conditions, the author 
mainly carries out static calculation and analysis of the worst working condition of the AGV under 

full load - bending working condition, the grid is divided on the finite element analysis software, 
and the constraint conditions and load are applied to this working condition, the simulation 
analysis process verifies the rationality of the design. When the frame is fully loaded, the main 

loads are the weight of the frame, the mass of the load, the mass of the battery and the mass of 
other systems, some of the other masses are relatively small and can be ignored, which does not 
affect the analysis results [12].  

The dead weight of the frame is applied in the form of gravity, the mass of the goods is 
applied to the surface of the upper frame on average, and the mass of the battery and other 

systems are applied to the longitudinal beam of the subframe on average. Considering the 
influence of uneven road surface, the dynamic load coefficient is taken as 1.2, and the load size of 
AGV is shown in Table 2 [13-14].  

 

 Dead weight of 
frame 

Quality of goods Battery pack 
quality 

Other system 
quality 

quality/kg 44 3 000 40 20 

 

Table 2: AGV load Table. 
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Use Workbench to grid the AGV frame model, the beam grid size in the project is generally 5-
10mm, and the average size of the grid set in this project is 8mm. Solid186 unit is used for the 

frame support column, and Solid187 unit is used for the integral beam, longitudinal beam and the 
part used for installing the drive device and universal wheel [15-16]. Because Solid186 element 

has fast calculation speed and short grid generation time, Solid187 element has very strong 
nonlinear analysis ability.  

The whole frame generates 476670 nodes and 20829 units. Check the quality of the mesh 

after division to avoid solving errors. The mesh quality can be verified by the change of 
displacement, the mesh accuracy has little influence on the displacement, if the mesh accuracy is 
changed, the displacement does not change, which proves that the mesh quality is good, secondly, 

the mesh quality can be explained by comparing the ideal value of the mesh evaluation standard, 
as shown in Table 3 [17].  

 

Grid 
evaluation 

criteria 

Unit 
quality 

Aspect 
ratio 

Jacobian Warpage 
factor 

Parallel 
deviation 

Maximum 
fixed 

angle/(°) 

Inclination/ (°) 

Ideal value 1 1 1 0 <15 90 0 
Actual 

average 

0.78 2.17 1.1 0 7.9 106.36 0.33 

 

Table 3: Grid quality inspection results. 
 

The overall gravity of the frame is applied through standard earth gravity, and the loaded gravity 

of the frame is applied to the longitudinal beam and cross beam of the main frame respectively in 
the form of force, apply the battery gravity and other system gravity to the front and rear 
longitudinal beams of the subframe respectively in the form of force. The four bottom plates of the 

subframe crossbeam between the two support columns contact the ground through four universal 
wheels, so they are constrained at the bottom of the four square plates; Install the drive device 

and drive wheel between the longitudinal beams at the lower layer of the frame, the drive wheel 
contacts the ground and supports the frame through the drive device, therefore, a constraint is 
applied at the simplified driving device; The other beams and slabs are treated by binding contact.  

4.2 Analysis of Mechanical Results  

ANSYS Workbench is used to analyze the rigidity and strength of the frame, when the car is 

stationary and moving at a constant speed on a good road surface, all the wheels of the car are in 
contact with the ground at the same level, and the bending of the frame caused by ground 
constraints is simulated and analyzed. The grid is processed independently at the maximum 

equivalent stress, and the structural deformation and stress distribution of the frame are obtained. 
From the calculation results, it can be clearly found that the stress of most of the frame structures 
is below 100MPa [18].  

As the welded weld of steel structure may lead to stress concentration, therefore, there is 
obvious stress concentration at the junction of the support column, cross beam and longitudinal 

beam of the frame, where the maximum equivalent stress reaches 141.95MPa. The stress 
singularity will occur at the connection of the beam, which can be directly ignored. The stress 
distribution on the support column is relatively small, and the remaining maximum stress occurs in 

the middle of the longitudinal beam and the cross beam of the main frame, with the maximum 
equivalent stress value of 77.122MPa. According to relevant literature, the yield strength of Q235 
steel is 235MPa, and the safety factor is 1.5. According to formula (4.1):  

[𝜎] =
𝜎𝑠

𝑆
= 156.7𝑀𝑃𝑎 > 141.95𝑀𝑃𝑎                                   (4.1) 

Where: [𝜎] is the allowable stress; σs is the yield strength of steel material; S is the safety factor of 

steel material [19].  

http://www.cad-journal.net/


 

 

Computer-Aided Design & Applications, 21(S6), 2024, 127-136 

© 2024 U-turn Press LLC, http://www.cad-journal.net 
 

133 

Since the place where stress concentration occurs is not an important part and occurs in the 
welding part, and the structural analysis of computer software is also affected by many factors, 

including mesh division, the mesh division may not be perfectly realized in the sharp corner area 
of the figure, so the stress concentration will exist. However, we try to solve the problem of stress 

concentration through safety factor, this may push the structural design into an irreversible 
situation, because it is impossible to design a structure that can bear tension and is theoretically 
safe enough, therefore, the maximum equivalent stress value generated by stress concentration is 

ignored, so the strength of the frame meets the requirements.  

The maximum deformation of the frame is 0.4587mm in the middle of the two crossbeams of 
the main frame, and the deformation of other positions is within 0.40mm. Bending stiffness is the 

change of displacement caused by unit force, so the bending stiffness of the secondary frame is 
90000N/mm. According to the design criteria of trucks, less than 2% of the workshop wheelbase 

meets the design requirements. 1000 × 0.002=2mm indicates that the frame has greater rigidity 
and has the ability to resist the general deformation of the frame. According to the calculation 
results, its rigidity design also meets the requirements of frame [20-21].  

4.3 Structural Optimization of Frame  

From the stress and deformation analysis results, it is known that the maximum equivalent stress 
mainly occurs at the welding of the support column and the transverse and longitudinal beams, 

where the stress concentration occurs. However, the maximum stress in other parts is less than 
half of the allowable stress, which indicates that there is still a lot of surplus for structural design to 

be optimized.  

The optimized structure can bear part of the stress concentration of the support column, 
significantly improve the support force and reduce the stress concentration, the optimized frame 

structure is 44kg, the optimized frame mass is 38kg, and the mass is reduced by 14%, it can be 
seen that the optimized scheme can be implemented, providing a certain basis for structural 
support for the subsequent lightweight optimization, the parameters and specifications of the 

optimized hollow square steel pipe are shown in Table 4 and Figure 2 [22].  
 

Number Name Steel Selection 
Specification/Mm 

Cross-
Sectional 
Area/Cm2 

Theoretical 
Quality/(KgM-

1) 

Quantity Length/ Mm 

1 Main 
support 

column 

GB/T3094-
200040×40×4 

5.49 4.56 4 250 

2 Main beam GB/T3094-
200040×40×3.5 

4.9 3.85 4 400 

3 Main side 
stringer 

GB/T3094-
200040×40×3.5 

4.9 3.85 2 1000 

4 Auxiliary 

side 
stringer 

GB/T3094-

200040×40×3.5 

4.9 3.85 2 450 

5 Auxiliary 
crossbeam 

GB/T3094-
200040×40×3.5 

4.9 3.85 2 400 

6 Auxiliary 

support 
column 

GB/T3094-

200040×40×3.5 

4.9 3.85 4 200 

7 Lower 

stringer 

GB/T3094-

200040×40×3.5 

4.9 3.85 4 250 

 

Table 4: Structural parameters after optimization. 
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Figure 2: Length parameters of optimized hollow square steel pipe. 

 
The optimized structure is imported into ANSYS Workbench for bending condition analysis. The 

optimized maximum deformation position and deformation amount have basically not changed, and 
still occur in the middle of the main beam [23]; The stress concentration still occurs at the junction 
of the support column, the longitudinal beam and the transverse beam, and the maximum 

equivalent stress is 149.74MPa; Except for the stress concentration, the maximum equivalent 
stress appears near the stiffener of the middle support column, and the maximum equivalent stress 
is 107MPa.  

Through the analysis of the optimized results, it can be seen that the stress intensity and 
deformation under the bending condition after optimization meet the design requirements, and the 

mass of the frame is greatly reduced, the steel consumption is reduced, which can improve the 
stability and flexibility of the trolley, therefore, the feasibility of this optimization scheme is 
confirmed.  

5 CONCLUSION  

By studying the key points of AGV (automatic guided vehicle) frame structure design, the main and 
auxiliary frames are designed with double-layer side beam frame, the lower layer is used to install 

other structures and components, and the upper layer can not only carry heavy objects but also 
install other devices to achieve multi-function applications. Solid works is used to complete the 

three-dimensional modeling of the frame structure, and ANSYS Workbench is used to complete the 
finite element analysis of the frame according to the relevant standards. The simulation results 
show that the strength and rigidity of the steel structure adopted by the frame meet the design 

requirements. Through the optimization of the structure, the problem of stress concentration was 
improved and the weight of the frame was reduced by 14%, the structural performance still meets 

the strength and stiffness requirements under bending conditions, providing a theoretical basis for 
future frame design. 
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