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__________________________________________________________________________________________ 

Abstract: The hydraulic welding manipulator drive system designed in this paper runs 

automatically according to the required sequence of actions, and comprehensively uses the 

basic theoretical knowledge and related hydraulic transmission and control knowledge 

learned in school to complete the design of hydraulic welding manipulator drive system, and 

draws the required CAD drawings and schematic diagrams of hydraulic system. In the 

hydraulic drive system, the extension and contraction of the mechanical arm is controlled by 

the telescopic oil cylinder, the rotation of the wrist is controlled by the rotary oil cylinder, the 

rotation of the upright post is controlled by the rack oil cylinder, the lifting of the manipulator 

is controlled by the lifting oil cylinder, and the lateral movement of the upright post is 

controlled by the laterally moving oil cylinder. Control of the specified actions of the 

manipulator is realized through the closing and opening of the solenoid valve. The welding 

hydraulic manipulator drive system designed in this paper enables the specified actions to be 

realized simply and flexibly, can be operated in high-temperature and high-risk working areas, 

and can realize the welding of larger work pieces. 

Keywords: manipulator, Hydraulic pressure, control loop. 

__________________________________________________________________________________________ 

1. INTRODUCTION 

Welding robots in industrial robots are widely used in contemporary automated mechanical 

production and processing. Mainly including spot welding robots and arc welding robots. 

Which are widely used in automobile manufacturing industry and can realize automatic cyclic 

welding operation [1]. Assembly robots in industrial robots are widely used in southern 

electronic equipment processing. Especially in mobile phones and other communication 

devices. Spraying robots in industrial robots carry out various spraying operations [2]. Such as 

spraying pigments and coloring in the process of automobile manufacturing. There are many 

kinds of industrial robots for other purposes. And robots can also independently design and 

develop according to production requirements. such as pouring robots that pour metal solution 

into die casting machines, etc.The completion of some jobs in highly automated manufacturing 

and processing can be accomplished not only by robots. But also by specialized machines. 
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Industrial robots can change the working mode by rewriting the original sequential program, 

which has the advantages of convenience, rapidity and easiness in operation, and can meet the 

production requirements that change at any time, such as changing welding tracks, spraying 

start and end exit positions, and changing the sequence requirements of assembly parts, so as to 

save production time. Generally speaking, robots have some high-efficient and concise 

functions like human beings or creatures, and they can replace machines that people work in 

complex working environments. 

2. CLASSIFICATION OF WELDING ROBOTS 

With the upgrading of science and technology and computer technology, the degree of 

automation of industrial robots can be roughly divided into three categories: the first generation 

of industrial robots are trial-teaching reproducibility robots, and operators will debug them to 

record a complete set of information needed to complete a certain job, such as movement tracks, 

parameters and working sequences, by direct or indirect ways, and the whole process will be 

recorded by the memory storage unit of computer, and the contents of the original process will 

be reproduced repeatedly within the specified error range. This is the first generation of 

industrial robots, and welding robots that are widely used in modern industrial manufacturing 

are such robots. 

 
Fig 1 welding robot 

 

 
Fig 2 welding arm working 

 

The second kind of industrial robots have some intelligent processing functions, and they react 

to environmental changes by sensors such as touch, force sense and vision to some degree of 

arithmetic processing, and make appropriate adjustments to the robot operation content 

according to the processed information, and then make comparison between the arithmetic 

processing and actual data through the feedback control loop, and then make appropriate 
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adjustments again, in order to achieve more optimized equipment processing and 

manufacturing.Welding robots that contain contact sensors, structured light vision sensors and 

other methods to automatically locate and track in welding are the second kind of welding 

robots. The third class adds some sensing ability, automatic decision-making and planning 

ability to the first class and second class welding robots. For example, Computer is used to 

process feedback results sensed by sensors and optimize and adjust welding tasks, and 

intelligent decision-making can be made according to a large number of real-time information 

fed back during welding. This kind of welding robot can make optimal decision on the basis of 

the original program, saving time and resources, but it is still in the research and development 

stage. 

3. COMPOSITION OF HYDRAULIC SYSTEM 

The main components of hydraulic transmission system are: 

(1) Power plant power plant refers to a device that can convert mechanical energy generated 

when the motor is running into pressure energy in the hydraulic system. For the hydraulic 

transmission system, pressure energy is the power source, and the role of hydraulic pump is to 

provide pressure oil for the hydraulic system [3]. 

(2) The control and adjustment device comprises various valve elements, and the flow 

direction, pressure and flow rate of pressure oil are controlled and adjusted by these elements, 

so that the execution elements and working mechanisms operate according to the required 

working sequence steps. 

(3) The actuator refers to a cylinder or a motor, which converts the pressure energy of the 

working medium into mechanical energy, outputs the force and speed under its action, and 

drives the working mechanism to do work to complete the action requirements [4]. 

(4) Auxiliary devices such as oil tanks, filters, accumulators, coolers, water diversion filters, oil 

mist detectors, mufflers and the like are all located in the above devices, so these elements are 

all auxiliary devices. 

(5) Working medium refers to the hydraulic oil in the hydraulic transmission system. 

4. SIMPLE CALCULATION OF MANIPULATOR HYDRAULIC SYSTEM 

 
Fig 3 forces and flows in all directions 

 

For the telescopic cylinder of the arm: Q1 = 0.98 cm3/s; 
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For finger clamping cylinder: Q1 = 1.02cm3/s; 

For the lifting cylinder of the arm: Q1 = 0.83cm3/s. 

Telescopic cylinder for arm: d = 30 mm; 

Clamping cylinder for finger: d = 15 mm; 

For the lifting cylinder of the arm: d = 50 mm; 

5. CONCLUSION 

Through the design of the hydraulic welding manipulator drive system, I realized the gap 

between my own theoretical knowledge and practical application design [5]. The basic 

theoretical knowledge that I have mastered in this graduation project can be comprehensively 

used, and my ability to solve practical application problems can be improved. These are all 

things that I hope will be of great help to future work and study, and I think this is also the 

purpose of graduation project. Although the content of graduation design is complex and the 

process is complicated, I got the knowledge that I didn't contact in class in the process.The 

applicable conditions of different design schemes are also different, and the standards and 

specifications for selecting various components are different. As the design process goes on, I 

am familiar with professional knowledge and learn to apply it. 

This design refers to a lot of information about welding robots and hydraulic transmission 

control, and draws on the advantages of advanced welding robots, and under the guidance of 

teachers, it completes the design of welding hydraulic manipulator and completes the design 

task. However, due to the lack of corresponding professional knowledge and design experience, 

there are many problems in the design, which need teachers to correct them and make them 

more in line with the practical application requirements. 
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