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Abstract: Welding robots are automated machines designed to perform welding 

tasks with high precision, speed, and consistency. These robots are equipped with 

advanced sensors, actuators, and controllers, allowing them to perform complex 

welding processes such as arc welding, MIG welding, TIG welding, and spot welding. 

The integration of robotics into welding processes has revolutionized industries by 

increasing efficiency, improving quality, and reducing the potential for human error.  

Keywords: Welding robot, automation, heat transfer, material science, robotics 

in education. 

 Introduction 

Advancements in robotics and automation have led to significant 

transformations in industrial and educational applications. Welding robots, commonly 

used in manufacturing, offer precise control over welding parameters, making them 

ideal for laboratory demonstrations in physics and engineering education. In a 

controlled setting, welding robots can illustrate important scientific principles such as 

heat transfer, electrical conductivity, and material phase      changes. [1] 

This study investigates the deployment of a welding robot in a physics laboratory 

demonstration, highlighting its benefits in improving student comprehension of 

theoretical and practical concepts. The focus is on how robotic welding can visually 

demonstrate the behavior of metals under high temperatures and the impact of different 

welding techniques on material properties.[2] 
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1. Theoretical Background 

In modern robotic welding systems, the integration of sensors and vision systems 

is essential for enhancing the precision, efficiency, and quality of the welding process.  

Heat transfer: the welding process involves significant heat transfer, which can 

be explained through the concepts if conduction, convection, and radiation. 

Torque and force

motors, which can be analyzed using the equation  

                                                                               1.1 

T  is the torque 

F  is the force  

r  is the distance from the pivot 

: the robot requires a force to start or stop 

moving. This can be explained by the need to apply a force for the robot to overcome 

its inertia and initiate motion. The force required to get the robot moving, as well as 

to stop it, will depend in its mass and velocity. 

2. System Design and Components 

The welding robot system comprises several key components that work together 

to perform controlled welding demonstrations. 

 
Figur 2.1.1  

Servo motor 5v- A servo motor is an electrical device  
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Dc mator - is a motor that turns energy from a direct current and turns this into 

mechanical energy.  

Esp32 camera - A complete ESP32-CAM beginner's guide, covering hardware 

overview. 

Lion 3.7 V -  typically operate within a voltage range of 3.0V  

Jumper  - is an electric wire that connects remote electric circuits used for printed 

circuit boards.[4] 

3. Methodology 

3.1 Experimental Set-Up Components 

Heat Transfer  

One of the most critical physics concepts demonstrated by welding robots is heat 

transfer. During welding, heat is transferred from the welding torch to the metal, 

causing expansion and phase changes.  

3.2. Experimental set up 

Servo mator - A servo motor is an electrical device which can push or rotate an 

object with great precision. 

Dc mator - A Direct Current (DC) motor is a motor that turns energy from a 

direct current and turns this into mechanical energy.  

Esp32 camera - A complete ESP32-CAM beginner's guide, covering hardware 

overview, pinout, programming with FTDi and ESP32-CAM-MB adapter, video 

streaming example code. 

Lion 3.7 V -  typically operate within a voltage range of 3.0V (when nearly 

discharged) to 4.2V (when fully charged) 

Relay 4 canal - It can be used to control various appliances and equipment with 

large current. 

Jumper  - is an electric wire that connects remote electric circuits used for printed 

circuit boards. 

4. Experimental Results and Discussion 

The main purpose of this device was designed to serve as a teaching tool for 

students in classes. Through it, it was aimed to explain Newton's laws of heat 
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thermodynamics and the structure of robots and the kinematics of robots. It was 

understood that this device, when used in laboratories, would help students understand 

the laws and phenomena in the above-mentioned areas more easily. 

 

 

The integration of robots in the welding industry has led to a wide range of 

benefits, making them indispensable in modern manufacturing processes. One of the 

primary advantages of using welding robots is the significant improvement in precision 

and consistency.[5] 

5. Conclusion  

The integration of a welding robot into a physics laboratory is a highly effective 

tool for demonstrating fundamental physics principles. This method not only makes 

abstract concepts more accessible but also fosters an interactive learning environment. 

I is recommended that further exploration be conducted on automating other physics 

experiments using robotics to enhance student engagement and comprehension. 
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