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This study presents the design and structural verification of a compact 
meatball-forming machine that integrates an Arduino Uno–based 
operator protection system. A redesigned 500×500×1011 mm frame 
made of 20×20×1.5 mm hollow steel was modeled in SolidWorks 2024 
and evaluated using finite element analysis (von Mises stress, 
displacement, strain, and safety factor) under an applied load 
representing a 30 kg operating condition. To reduce assembly 
complexity, two alternative concepts were assessed using Design for 
Assembly (DFA), and the most efficient configuration was selected for 
detailed development. The safety subsystem employs an HC-SR04 
ultrasonic sensor facing the operator zone; when the detected distance 
falls below 10 cm, the controller triggers a warning indicator and enables 
protective control actions. The final concept achieved higher DFA 
efficiency (18%) than the initial concept (16%) while reducing material 
use and overall footprint. Structural simulations indicate a peak von 
Mises stress of 163.6 MPa, below the 250 MPa yield strength of ASTM 
A36 steel, a maximum displacement of 1.002 mm, and a minimum safety 
factor of 1.528, confirming adequate stiffness and margin against 
yielding. The proposed design combines adjustable forming via an iris 
mechanism with servo-driven cutting to improve process consistency 
while embedding real-time proximity sensing to enhance occupational 
safety. 
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1. Introduction  

The development of design practices using SolidWorks software in Indonesia has progressed 

significantly in recent years. This advancement spans from traditional methods to fully automated 

systems operated entirely by machines [1].One approach to introducing the concept of modern 
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design cycles is through modern design–driven technologies[2].Product design serves as a strategic 

step aimed at creating industrial products that are commercially viable and capable of providing an 

optimal rate of return on investment [3].The use of software for technical drawing in industry such 

as SolidWorks offers extensive design features supported by motion simulation, mechanical 

analysis, and various other simulation tools [4].SolidWorks is also one of the most widely used CAD 

applications in the manufacturing industry for product design purposes  [5].The design of a meatball-

forming machine represents an innovative step to improve efficiency and consistency in meatball 

production. This production process aims to enhance overall efficiency and effectiveness[6], thus 

requiring the integration of appropriate technologies to support its operation [7].In practice, meatball 

makers generally still rely on manual shaping methods. However, this traditional approach has 

several drawbacks, particularly in terms of time consumption and labor intensity [8].Therefore, a 

challenge arises to develop an innovative solution that integrates modern technological 

advancements [9].  

Previous studies have predominantly focused on production efficiency and the quality of the 

meatballs produced, yet have paid relatively little attention to operator safety during the production 

process. The Arduino Uno serves as the main controller of the entire system [10]. in efforts to 

enhance both machine safety and operational effectiveness [11].The HC-SR04 ultrasonic sensor is 

commonly used as a distance sensor [12], operating by allowing the Arduino Uno microcontroller to 

process distance measurements obtained from the ultrasonic module [13]. Arduino, as an open-

source microcontroller platform, is easily programmable and can be updated at any time [14]. This 

hardware platform, widely recognized for its flexibility, is capable of collecting data from various 

sensors, transmitting information via communication modules, and controlling devices through 

actuators [15]. In this system, the sensor is mounted at the front section of the machine, where it 

receives and processes distance data[16].The development of a meatball-forming machine 

equipped with an Arduino Uno–based safety system centers on structural analysis conducted using 

SolidWorks 2024 one of the most influential computer-aided engineering technologies in the field of 

mechanical engineering [17]. This analysis includes von Mises stress, displacement, strain, and 

safety factor evaluations. The use of SolidWorks greatly assists designers in estimating shape, 

dimensions, material selection, and structural strength [18]. 

This study focuses on the design of a meatball-forming machine equipped with an Arduino 

Uno–based safety system. The problem formulation includes developing the machine design, 

conducting von Mises stress, displacement, strain, and safety factor analyses, and implementing the 

Arduino Uno and HC-SR04 sensor as an operator protection system. The scope of the study is 

limited to creating the machine design using SolidWorks 2024, performing structural analysis with 

the same software, and applying a distance sensor to provide safety warnings.Additionally, the 

machine is equipped with two servo motors to operate the dough-cutting mechanism to prevent the 

dough from forming an elongated shape, as well as an additional servo to drive an automatic slicing 

mechanism that regulates the size of the meatball dough. The main objective of this research is to 

design an efficient and safe meatball-forming machine, ensure structural reliability through 

mechanical analysis, and enhance workplace safety through distance detection and Arduino Uno–

based control mechanisms 

2. Research Method  

The research methodology used in designing the Arduino Uno–based meatball-forming 

machine for operator protection involves several essential stages. The overall workflow of the 
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research is illustrated in the flowchart of the meatball-forming machine design, as shown in Figure 

1. 

Start

Literature Review

Machine Design Using SolidWorks 2024

Design Analysis Covering von Mises Stress, Displacement, 

Strain, and Safety Factor

Developing an Ultrasonic HC-SR04 Sensor Scheme Based on 

Arduino Uno

Results and Discussion

Conclusion

 
 

Figure 1. Research Flowchart 

 

2.1  Research Methodology 

The research methodology used in designing the Arduino Uno–based meatball-forming 

machine for operator protection consists of several key stages. The study begins with a literature 

review to understand the working principles of meatball-forming machines and the Arduino Uno 

microcontroller. This is followed by a needs analysis to identify the machine’s required functions, 

determine operator safety features, and assess potential risks along with their mitigation 

strategies.The next stage involves concept development, which includes the mechanical design of 

the machine and the Arduino-based control system. Subsequently, the control system is designed 

by establishing the Arduino Uno architecture and integrating safety sensors. The developed system 

is then modeled through computer simulation to validate control performance. During the design 

optimization stage, efficiency evaluation and refinement are conducted based on the simulation 

results. Finally, the study concludes with a results analysis and formulation of conclusions regarding 

the effectiveness, feasibility, and safety level of the proposed meatball-forming machine design. 
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2.2 Conceptual Framework of the Meatball-Forming Machine  

The machine frame is designed using 35×35×5 mm angle iron, with overall dimensions of 

750×500×1300 mm (L×W×H). A total of 20.8 meters of material is required for the entire frame 

construction. This material was selected due to its high structural strength, which provides excellent 

support for the load of the mixing system. The conceptual reference design of the meatball-forming 

machine is presented in Figure 2.  

 

Figure 2. Conceptual Reference of the Meatball-Forming Machine 

2.3 Redesigned Machine Frame 

The machine frame is designed using 20×20×1.5 mm hollow steel profiles, with overall 

dimensions of 500×500×1011 mm. The total material required is approximately 8.5 meters, making 

it significantly more efficient than the previous design. Hollow steel was selected not only for its cost-

effectiveness but also for its adequate structural strength to support the mixing system, ensuring that 

the machine’s functional requirements are still met. The new frame design is presented in Figure 3. 

 

Figure 3. Redesigned Machine Frame 
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3. Results And Discussion  

Based on the findings of the study on the meatball-forming machine, a list of requirements 

was compiled to serve as a reference in the product development process. The detailed 

requirements for the development of the meatball-forming machine are presented in Table 1. 

Table 1. Component Selection 

Subsection Concept A Concept B 

Materials 

 

35×35×5 mm Angle Iron 

 

30×20×1.5 mm Hollow Steel  

Hopper 

 

Capacity 26 Kg 

 

Capacity 11 Kg 

Transmission 

 

Pulley 

 

Worm Gear  Reducer 

Meatball Mold 

 

Fixed size 30 mm 

 

Variable with an iris system 
10.5–89 mm 

Based on the results presented in Table 1 regarding component selection, the concept 

demonstrating the highest advantages was chosen for further development into the product design 
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stage. The following section presents the concept of the meatball-forming machine to be designed. 

The first concept (Concept A) features a machine frame constructed from stainless steel using 35 × 

35 × 5 mm angle profiles. The frame has dimensions of 750 mm in length, 1300 mm in height, and 

500 mm in width. Additionally, the hopper used in this concept has a capacity of 26 kilograms. In 

Concept A, the machine still employs a manual meatball-forming mechanism. The bill of materials 

for Concept A is presented in Figure 4. 

 

Figure 4. The Bill of Materials for Concept A 

 

Description: 

1. Pulley 10 inch 8. Pulley 2 inch 

2.  Pulley 2 inch 9. Electric Motor 0,5 Hp 

3. Hopper Capacity 26 Kg 10. Warning LED Light 

4. Pulley 2 inch 11. 35×35×5 mm Angle Frame 

5. Pulley 2 inch 12. Dough Extruder 

6. Cutting Arm Drive Gear 13. HC-SR04 Ultrasonic Sensor 

7. Pulley 6 inch 14. Manual Cutter 

 

https://doi.org/10.71225/jstn.v2i4.119
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3.1  DFA (Design for Assembly) Analysis of Machine Design  

Design for Assembly (DFA), in simple terms, is the process of designing a product or 

equipment with the objective of facilitating and improving the assembly process[19].The application 

of the DFA method aims to produce a more effective meatball-forming machine design with a higher 

level of efficiency. The detailed results of the analysis and calculations for each component of the 

Concept A meatball-forming machine can be seen in Table 2. 

Table 2. Design for Assembly Calculations of Meatball-Forming Machine Concept A 
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1 Pulley 10 Inch 1 5.0 2.73 5.9 12 14.73 1 

2 Pulley 2 Inch 4 4.0 2.73 3.8 6.0 34.92 1 

3 Hopper 1 3.0 1.95 0.1 2.5 4.45 1 

4 Drive Gear 1 3.0 2.73 5.9 12 14.73 1 

5 Pulley 6 Inch 1 3.0 2.73 4.8 8.5 11.23 0 

6 Electric Motor 1 9.5 4.0 9.2 5.0 9 1 

7 LED Light 1 0.1 1.8 3.8 6.0 7.8 0 

8 35×35×5 mm 
Angle Iron Frame 

1 4.1 1.95 9.6 12 13.95 1 

9 Meatball Dough 
Extruder 

1 1.1 2.73 3.8 6.0 8.73 1 

10 Ultrasonic Sensor 1 1.0 2.25 3.8 6.0 8.25 0 

11    Manual Cutter 2 4.1 2.25 4.8 8.5 21.5 1 

Total  19     149.29 8 

       TM NM 

Design Efficiency (%) =
3×8

149.29
× 100%= 0,16                                                                                  (1)                                                              

Description: 

3      : Theoretical Minimum Time per Part (seconds) 

NM   : Theoretical Minimum Number of Parts (the minimum number of parts truly required for 

the product’s function) 

TM    : Measured Assembly Time (the total actual assembly time, obtained by summing all times 

in the DFA table) 
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 The second concept (Concept B) features a machine frame made from 20 × 20 × 1.5 mm 
square hollow sections. The selection of a smaller frame aims to reduce costs while still maintaining 
the required structural strength. The frame has dimensions of 500 mm in length, 1011 mm in height, 
and 500 mm in width. Additionally, the hopper in this concept has a capacity of 11 kilograms. In 
Concept B, the machine is equipped with an automatic mold featuring an open-and-close 
mechanism, capable of adjusting the mold opening from 10.5 mm to 89 mm. The bill of materials for 
Concept B is presented in Figure 5. 

 

Figure 4. The Bill of Materials for Concept B 

 

Description: 

1. Warning LED Light 8. Transmission 

2.  Electrical Panel 9. Dough Extruder 

3. Iris Mechanism Drive Servo 10. Hopper Capacity 11 kg 

4. Cutting Drive Servo 11. HC-SR04 Ultrasonic Sensor 

5. Electric Motor 0,5 Hp 12. Iris-Based Automatic Mechanism 

6. Pulley 3 inch 13. Frame 20x20x1,5 mm 

7. Pulley 3 inch  

https://doi.org/10.71225/jstn.v2i4.119
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The detailed results of the analysis and calculations for each component of the Concept B 

meatball-forming machine can be seen in Table 3. 

Table 3. Design for Assembly Calculations of Meatball-Forming Machine Concept B 
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1 Warning LED Light 1 4.0 3.6 0.1 2.5 6.1 0 

2 Electrical Panel 1 8.3 5.6 3.8 6.0 11.6 1 

3 Servo 3 5.8 8.0 3.8 6.0 42.0 1 

4 Electric Motor 1 9.5 4.0 9.2 5.0 9.0 1 

5 Pulley 3 inch 2 4.0 3.6 3.8 6.0 19.2 1 

6 Transmission 1 8.3 5.6 3.8 6.0 11.6 1 

7 Dough Extruder 1 1.1 1.8 3.8 6.0 7.8 1 

8 Hopper 1 3.0 1.95 0.1 2.5 4.45 1 

9 Ultrasonic Sensor 1 1.0 1.5 3.8 6.0 7.5 0 

10 Iris-Based 
Automatic 
Mechanism 

1 7.0 5.1 3.8 6.0 11.1 1 

11 Frame 20x20x1,5 
mm 

1 4.1 6.85 9.6 12 18.85 1 

Total  14     149.2 9 

       TM NM 

Design Efficiency (%) =
3×8

149.29
× 100%= 0,18                                                                                  (2)                                                              

Based on the DFA analysis, Concept A recorded an assembly time of 149.29 seconds with 

an efficiency of 16%, while Concept B had an assembly time of 149.2 seconds with an efficiency of 

18%. This indicates that although both concepts have nearly identical assembly times, Concept B is 

slightly more efficient than Concept A. With higher efficiency, Concept B demonstrates the potential 

for a simpler and more effective assembly process, making it more advantageous in terms of 

productivity and assembly cost. 
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3.2  Structural Simulation 

After completing the machine frame design, the next step is to perform a structural simulation. 

The material used in the analysis is ASTM A36 steel, and the load is applied to specific areas of the 

machine frame. The results of the strength analysis for the selected frame design are presented in 

Figures 6, 7, 8, and 9. 

1. Von Mises Simulation Results 

The colors shown in Figure 6 of the frame represent Von Mises stress values. The highest Von 

Mises stress occurs at the center of the frame joint, indicated by yellow to orange colors, with 

values ranging from 147,216,832.000 N/m² to 163,574,256.000 N/m². These values are still 

below the material’s yield strength of 250,000,000.000 N/m², indicating that the frame structure 

is considered safe. The Von Mises stress analysis results are shown in Figure 6. 

 

Figure 6. Von Mises stress analysis results 

2. Displacement Simulation Results 

The colors shown in Figure 7 of the frame represent displacement (total deflection) values. The 

maximum displacement occurs at the top of the frame, indicated by the red color, with a 

displacement value of 1.002 mm. Meanwhile, the bottom part of the frame, shown in blue, 

experiences minimal displacement of 0 mm, indicating that this area remains relatively stable 

and does not undergo significant deformation under the applied load. The displacement analysis 

results are presented in Figure 7. 

 

Figure 7. Displacement analysis results 

https://doi.org/10.71225/jstn.v2i4.119
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3. Strain Simulation Results 

In Figure 8, the highest strain occurs at the top of the frame joint, indicated by the red color, with 

a strain value of 0.000376. Meanwhile, the bottom part of the frame, shown in blue, experiences 

a very small strain of 0, indicating that this area does not undergo significant deformation under 

the applied load. The strain analysis results are presented in Figure 8. 

 

Figure 8. Strain analysis results 

 

4. Safety Factor Simulation Results 

The lowest Safety Factor occurs at the middle frame joint, indicated by the red color, with a 

minimum value of 1.528. This Safety Factor value indicates that the structure is still considered 

safe. If the Safety Factor falls below 1, the component or product is deemed unsafe, potentially 

prone to failure during use, and could endanger the operator[20].Therefore, the minimum value 

of 1.528 remains above the safety threshold. The Safety Factor analysis results are shown in 

Figure 9. 

 

Figure 9. Safety Factor analysis results 

3.3  Implementation of Arduino Uno 

The operator protection system is designed using an Arduino Uno microcontroller as the 

central control unit and an HC-SR04 sensor to detect the presence of objects or humans within the 

https://doi.org/10.71225/jstn.v2i4.119
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working area. The sensor is positioned facing the operator area and will activate a warning through 

a red LED light if a distance of less than 10 cm is detected. In addition to the safety system, the 

design also incorporates servo motors that function as dough cutters and meatball size adjusters, 

with servo movements controlled by the Arduino based on programmed activation time and rotation 

angles. The schematic of the Arduino system is shown in Figure 10. 

 

Figure 10. Arduino Uno System Circuit 

Simulation using Wokwi is employed to test the circuit and program virtually before 

implementation on the actual device. Through this platform, the functions of the Arduino Uno, HC-

SR04 sensor, LED, and servos can be verified in advance, as shown in Figure 11. 

  

 
 

Figure 11. Simulation Using Wokwi 

https://wokwi.com/projects/429753926451653633 
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4. Conclusion  

This study demonstrates that Concept B better meets the design objectives for the Arduino Uno–

based meatball-forming machine with a safety system, as it is more compact, efficient, and material-

saving compared to the initial design, and is equipped with servo-based automatic forming and 

cutting mechanisms. Structural analysis using von Mises stress, displacement, strain, and safety 

factor methods shows that the 20×20×1.5 mm hollow frame can safely withstand loads of up to 30 

kg, without approaching the material’s yield limit. In addition, the implementation of the Arduino Uno 

and HC-SR04 sensor significantly enhances workplace safety, as the sensor detects the presence 

of operators or objects in hazardous areas and automatically stops the system when a potential risk 

is detected. Therefore, the final design is not only effective for the meatball-forming process but also 

structurally robust, safe, and compliant with operator protection standards. 
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