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Abstract. The five-axis welding robot based on leadshine control system can accomplish 

various welding tasks in industry, and can accomplish arc welding and linear welding and other 

welding types. When welding, the machine has small chattering and high welding accuracy. In 

this paper, the D-H linkage coordinate system and kinematics forward and inverse solutions of 

the robot are analyzed, and the reachable space of the robot is calculated by Monte Carlo 

method. The hardware system of the robot is also summarized in more detail in this paper. 

Using SimMechanics tools to model the robot. Then using MATLAB function to validate the 

model, recording the difference between theoretical data and simulation data, and judging the 

correctness of the theory according to the difference. 

1.  Introduction 

As we all know, the industrial robot manipulator plays an important role in today's industrial 

production. The terminal manipulator is programmed to move along the prescribed Cartesian space[1-

2]. In order to obtain the trajectory of the end manipulator, its inverse kinematics must be solved. For 

welding robot, the most important part is to analyze the kinematics of the robot and then to model and 

simulate the robot[3]. However, for many welding robot mechanisms, the inverse kinematics can not 

get the solution of the joint angle, or there are many solutions, which brings many problems to the path 

planning of the welding robot[4-5]. 

In this topic, the hardware connection of the robot is completed and the teaching device is 

compiled.After analyzing the D-H link coordinate system[6], the forward and inverse kinematics 

solutions are obtained. It is convenient to plan the path of robots later[7].  In solving the inverse 

kinematics of the robot, the algebraic method and the geometric method are combined, and the robot 

model is modeled and simulated by the tools of MATLAB and SolidWorks[8]. Monte Carlo method is 

applied to display the motion space of the robot[9-10]. After several cycles of the end position, the 

points are displayed in three-dimensional space, so that the reachable space of the end of the robot can 

be perceived intuittively. At the same time,using matlab function to validate the robot model 

established by SimMechanics toolbox, and determine the correctness of the forward and inverse 

solutions of the robot by error. 
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2.  Design of Welding  Robot 

Firstly, this paper will introduce the whole control system of the robot in detail, as shown in Fig. 1 is 

the control connection diagram of each module of the five-axis welding robot in this project. The 

control system can complete the motion control and manual teaching function of the robot. Among 

them, the motion controller is the core, coding various instructions and controlling the movement. 

Other paragraphs are indented (BodytextIndented style). 

 

Figure 1. Control chart of robot system 

Because before modeling and simulation, we must have a more detailed understanding of the various 

mechanical structures and parameters of the robot, in order to ensure the accuracy of the later data, so 

this paper introduce the robot ontology used in this project by means of charts.  

Table1. A slightly more complex table with a narrow caption. 

Performance quota 

Outline size and weight 1940mm×1240mm×610mm；150kg； 

Maximum uniaxial speed 
1#：≥112°/s；2#：≥112°/s；3#：≥

750mm/s；4#：≥850°/s；5#：≥120°/s 

Rated load 6kg 

Welding speed per minute Vmin≤450mm/min；Vmax≥5000mm/min 

Basic motion control mode Computer entry mode 

work space Rmax：1420±10mm；Hoax：650±10mm 

Trajectory repeatability 

Under the no-load speed of 9000 mm/min, the robot 

runs 500 times along the set trajectory, and the 

deviation between the trajectories does not exceed 

0.15 mm. 

Figure 2. Robot parameter diagram 
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According to the above figure, it can clearly seen that the robot belongs to a series structure robot with 

five joints, four of which are rotating joints and one is moving joints. In addition, when analyzing the 

welding joints of the robot in Chapter 3,it is necessary to establish a coordinate system to analyze the 

fixed welding joints trajectory. 

The hardware control system and robot ontology are as follows: 

Figure 3. Physical diagram of the hardware connection and robot ontology map 

3.  Kinematics analysis of robot 

In this chapter, analyzing the forward and inverse solutions of the robot in detail. The forward 

solutions can help us get the position and attitude of the end of the robot conveniently, and the inverse 

solutions can help us get the joint variables of each joint according to the position and attitude. Firstly, 

the D-H linkage coordinate system is established according to the robot. Because it involves the end-

effector welding joint, this paper build it in two parts. But because the coordinate system established in 

the welding joint is fixed, we will not do more research once.  

The D-H link coordinate system is shown below. The origin of 0 and 1 coordinate systems coincide, 

and the origin of 3, 4 and 5 coordinate systems coincide. 

Figure 4. Connecting Rod Coordinate System of Robot Body and Welding Joint 

Zt is aligned with the normal end of the welding torch, pointing to the workpiece. Xt and Z5 are in the 

same direction, the origin is at the end of the welding torch. 

The following table is an introduction to the parameters of D-H connecting rod. And the positive and 

negative solutions will be displayed. 
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Table 2. D-H connecting rod parameters 

i  1ia   1i   id
 i  

offset  

1  0  0  0  1  0  

2  1L  0  0  2  0  

3  2L  °180  3d  0  0  

4  0  
°180  0  3  0  

5  0  
°90  0  4  0  

The following formula is a demonstration of the positive solution of kinematics. 
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Then the formula for welding head is analyzed. 
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Next we will analyze the inverse kinematics solution. When 2 2 2
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of solutions. Here applying the geometric solution. 
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Before solving θ4 and θ5, we first set the analytical formula of the tool coordinate system as follows. 

Among them, 0 0=t GT T . 

 

 

 

                                                                                        (7) 

 

 

 

 

According to θ1、θ2 and θt, I can get θ4 and θ5 analytic formula. 
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So two sets of inverse solutions can be obtained.  Secondly, because ±180° is actually a position in 

programming, we all consider these four joint variables to be within the range of ( -180°~  +180° ]. 

4.  Model simulation 

This chapter will introduce the simulation of a five-axis welding robot. Firstly, using Monte Carlo 

method to visually display the workspace of the robot, and then using SolidWorks to model the robot 

and cooperate with MATLAB to verify whether the forward and inverse solutions in Chapter 3 are 

correct. Finally, I will make an error in the theory and simulation.  

4.1.  Robot workspace 

In this figure,  showing the three-dimensional view of the workspace as well as its face view, overhead 

view and side view. 
Since MATLAB is mainly used for simulation, this paper have shown the following steps: 
1) Generating random variables of joints and moving pairs. 
2) The joint variable value is substituted in the wrist coordinate system relative to the 0 coordinate 

system. 
3) Search for random points in each tier and column. 
4) Ten new random points are generated near each searched boundary point, and the generated data 

are stored in the matrix of the boundary point in sequence. 
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5) Find the next boundary point and repeat the first four steps with the boundary point until the end 
of the cycle number or the random points of the boundary change little. 

Figure 5. Motion space illustration 

4.2.  Modeling and combining with MATLAB to verify the correctness of positive and negative 

solutions. 

The quality of SolidWorks modeling determines the degree of integration when the model matches 

MATLAB in the later stage. Through the actual measurement of the robot, the three-dimensional 

views of each workpiece and the overall framework of the robot are drawn, and then the three-

dimensional views are presented in SolidWorks. 

Figure 6. Three dimensional simulation of robot 

The robot model is imported into MATLAB and connected with the model established by 

SimMechanics. Then, the joint angle obtained by theoretical calculation is input into the model, and 

then the model is moved to see if the final movement is beyond the workspace. If all arrival positions 

are within the workspace after further verification, it shows that the previous theoretical calculation is 

correct and conforms to the structure of the robot. 

When the model is established, the types of joints (moving or rotating joints) are considered firstly, 

and then the parameters of each manipulator are defined in the program, the corresponding input 

parameters are set and the model is run. The obtained data are stored in the corresponding modules for 

later processing and comparison. 

Specific model building is shown in Figure 7. 
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Figure 7. Establishment of simulation model 

4.3.  Errors between simulation and theory 

Firstly, we find a circular arc curve in the workspace, fix 10 points on the arc curve, get the 

coordinates of these 10 points through SolidWorks, and calculate the theoretical inverse solution 

through the position of these 10 points. Then the theoretical inverse solutions of these 10 points are 

brought into the model established by SimMechanics to get the position of the end effector, and then 

five joint variables are solved again through the end position. Finally, the five joint variables are 

compared.  

 

Figure 8. Theoretical and simulation errors 
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5.  Conclusion 

In this topic, we have completed the basic kinematics analysis of the welding robot, obtained the 

correct forward and inverse solutions, and used SolidWorks and MATLAB to model the welding robot. 

The SimMechanics tool is used to simulate the motion and get the corresponding simulation data. 

According to the data analysis and theoretical analysis, the gap between simulation and theory is very 

small. 

In future planning, hoping that the welding robot can complete more complex welding operations by 

changing the mechanical structure of the welding joint. 
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