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Abstract 

Developing a clamping device fixed directly on a multi-degree of freedom robot 

manipulator to solve the problem of easy deformation of sheet metal plates in three 

dimensions free curve is still very challenging. This work describes the conceptual design, 

the mechanical design, and the design of control system of a new clamping device for the 

free curve welding. The basic function of the clamping device is to provide a stable and 

adjustable mechanical pressure which is generated by a compressed conventional spring 

to a sheet plate in the welding process. Following the concept design stage, the 

mechanical design is performed, aimed at effectively controlling the deformation of sheet 

metal and eliminating the gap between the plates in the welding process. Finally, the 

control methodology is put forward. Thanks to the proposed modular construction and the 

use of a conventional spring, the device shows good performances. The developed 

clamping device can also be extended to other applications in surface manufacturing such 

as spray painting on space free curve. 
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1. Introduction 

With the advantage of high energy density, deep penetration, high precision and strong 

adaptability, the laser welding as a kind of advanced welding technology is widely used in 

machining, automobile, steel, medical and other industrial fields. In general, the laser 

welding has higher productivity and better quality than traditional welding methods. 

However, there are lots of problems in the welding process of car body parts, such as 

curve welding seam, low assembly precision, large gap in welding area, etc., which were 

described in reference [1]. In the process of complex curved surface parts welding, the 

laser welding head should keep a constant distance to the surface of the sheet in order to 

eliminate the gap between the plates and make the position of the laser beam focus be 

unchanged for good welding quality. Therefore, a mechanical clamping device fixed 

directly on a multi-degree of freedom robot manipulator to solve the problem of easy 

deformation of sheet metal plates should be designed. 

In order to solve the space free curve welding problem, welding robot has been widely 

used in the practical production. Chen [2] presented a novel modeling method for three 

degrees of freedom curve welding seam based on a welding robot and the curve welding 

seam tracking is implemented by macro and micro motion to control the translational 

motion of the torch in a large range. Graaf [3] proposed a real time seam tracking 

algorithm to cope with the accuracy demands of robotic laser welding. LI [4] developed a 

kind of plane curve welding to meet the needs of plane curve weld bead. An intersection 

welding robot was designed [5] to meet the special welding requirements of intersecting 

pipes. ZHANG [6] designed an automatic welding and cutting equipment for the space 

curve trajectory welding cutting. The device can roll freely in the free curve path and 

maintain the space curve trajectory of the torch at the best position. LI [7] designed the 
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welding equipment equipped upon an auto-welding machine which can equally distribute 

among the welding seam. GAO [8] studied the curved seam welding problem in ship 

building and large spherical tank welding and provided the research direction to design 

the clamping device. For the problem of compact the space free curved surface sheet 

metal in welding process, WANG [9] described the recent achievements in the 

development of computer aided fixture design methodologies, systems and applications. 

TADIC [10] focused on the problem of compliance of interface between 

clamping/locating fixture elements and workpiece during machining. Shikoda [11] put 

forward a complex laser-welding head that has capable of applying a fixed pressure to 

work pieces regardless of the undulation. Devrient [12] proposed a dual clamping device 

(DCD) to prevent the risk of downtime or poor weld seam quality. DENG [13] designed 

an adaptive fixture which could press the surface of part in constant stress. LIU [14] 

design a compacting device based on distributed elastic springs to obtain the best fixture 

result. 

In order to solve the problem of easy deformation of sheet metal plates in three 

dimensions space, a mechanical clamping device, which can be fixed directly on a multi-

degree of freedom robot manipulator, is investigated in this paper. Thanks to the proposed 

modular construction and the use of a conventional spring, the device shows good 

performances. The developed clamping device can also be extended to other applications 

in surface manufacturing such as spray painting on space free curve. 

 

2. Conceptual Design 

The aim of this section is to descript the kinematic diagram of the clamping device. In 

order to solve the problem of compacting sheet plates and moving on space free surface in 

the process of laser welding, a mechanical clamping device fixed directly on a multi-

degree of freedom robot manipulator is designed. The device is mainly composed of a 

linear motion device, a spring device, a pressing wheel device and the control system. The 

kinematic diagram of the device is shown in Figure 2. 

 

Figure 2. The Kinematic Diagram of the Clamping Device 

3. Mechanical Design 

3.1 Mechanical Structure 

In this section, the mechanical design of the clamping device will be analyzed. 

According to the kinematic diagram of the clamping device, the mechanical structure 



International Journal of Control and Automation 

Vol. 8, No. 2 (2015) 

 

 

Copyright ⓒ 2015 SERSC  199 

design of the clamping device was performed using a 3D CAD system (SolidWorks) is 

shown in Figure 3. 

 

Figure 3. Three-dimensional Assembly Mechanical Model 

The function of the pressing wheel device is to provide the clamping force to sheet 

plates through a pressing wheel rolling on the surface of sheet plates, which is generated 

by the compressed spring. The design of the clamping force will change with the 

compressed length of the spring. The spring device, connecting the pressing wheel device 

with the linear module, includes a spring, spring shell and two position sensors. The 

position sensors are used to indicate the positions of the compressed spring. By the 

position sensors, we can indirectly infer the maximum and minimum clamping forces and 

transmit signals to the control system, which will control the motor of the linear motion 

module to turn in positive or inversion. On one hand, the linear motion module provides a 

connection to the multi-degree of freedom industrial robots. On the other hand, it also 

provides necessary connection and support for the components of the clamping device, 

whose main bearing structure stiffness will become lowest at a certain position along with 

feed motion. The region of compact force of the spring device is designed from 50 N to 

500N, which can basically meet requirements in the actual laser welding. Certainly, the 

region can be changed through changing the pressed spring length. 

 

3.2 Spring Device Design 

The spring is the key section in the mechanical structure design stage of the proposed 

clamping device and the detail design process of the spring will be given in this section. 

In the mechanical design stage of the clamping device, the spring device generates a 

clamping force on the plate to decrease the welding gap between the plates into the 

allowable range. So a reasonable design of the spring device is needed to meet the 

requirements of the adjustable pressure. 

In the mechanical design stage of the clamping device, the spring device provides the 

clamping force to decrease the gap in an allowable range. So a reasonable design of the 

spring device is needed. Let the spring wire diameter to be 3.5 mm in advance. In order to 

verify the spring wire diameter, some calculations are necessary. The spring wire 

diameter should meet the constraint as follows:  



CKF
d max6.1  (1) 

where d denotes the spring wire diameter, K denotes the curvature correction coefficient, and 

CC

C
K

615.0

44

14





  (2) 
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C denotes the spring index. In order to ensure the adequate stiffness, where C = 6. Fmax denotes the 

maximum working force of the spring. Let the Hooker coefficient of the spring be 

mmNk /20 , the clamping distance of the spring be 20mm. So Fmax= 400 N. The spring is 

carbon steel 1Cr18Ni9Ti.  denotes the permissible cut stress and   equals 432 MPa. 

Submitting the data above into (1), we obtain 

33.1d mm (3) 

Based on (3), it is reasonable that the spring wire diameter equals 3.5mm. The pitch diameter of 

the spring can be determined as 

D = C d + d = 24.5 mm (4) 

where D denotes the pitch diameter of the spring. By (4), Let D equals 25 mm in integer. 

More standard machine design formulas for the embodiment of the spring were 

considered in Ref. [16].  

In order to press the sheet plates effectively, it should be nicely guaranteed that the 

clamping device perpendicular to the surface of welded sheet metal in the process of 

welding and the spring should avoid bending. The spring device is designed specially and 

contains a rolling spline pair and a special cylindrical space inside of the spring shell. 

Rolling spline pair is used to transfer the force of pressure wheel to the spring end cover 

and limit spring’s free rotation to ensure the spring perpendicular to the stress surface. 

The internal design of spring shell is cylindrical space which is little larger than the outer 

diameter of the spring. The installation of the spring is shown in Figure 4. 

 

Figure 4. The Installation of the Spring 

Do to the sheet plates have many kinds with different material and thickness, causing 

the requirement of the compact force to be different in the different process of welding. It 

is required to improve the application range of clamping device and the designed compact 

pressure of the device to be adjustable. 

The bottom of the spring will be compressed to a set position. Let the amount of spring 

compression to be △X, the compact force on the sheet plate by pressing wheel can be 

obtained 

XkFF  0  (5) 

where F denotes the compact pressure on the sheet plate and F0 denotes the pre-

established mechanical pressure.  

 

4. Control Methodology 

The control methodology is very important for control system design of the clamping 

device, which ensures all components to move in order in the process of welding. The 
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control system is mainly to receive the signals comes from the pressure sensors and drive 

the slider and the spring shell moves up or down to keep the constant pressure on the 

sheet plate. By the open motion control platform, the control software can be developed to 

achieve real-time control in the welding process according to the control methodology.  

When the clamping device moves on space free curved face, the signals obtained from 

the position sensor in real time will make the motor frequently reverse. To avoid this 

problem, an allowable displacement is given. According to Hooker’s law, the pressure on 

the plate is obtained: 

  kFFkF p 00  (7) 

where, Fp denotes the working pressure and F0 denotes the initial set pressure. 

Based on (7), the minimum and maximum pressure can be get, respectively: 

 kFF smin  (8) 

 kFF Smax  (9) 

The flow diagram of the control methodology is shown in Figure 5. 

 

Figure 5. The Control Methodology of the Device 
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5. Conclusion 

In this paper an adaptive clamping device for the laser welding on space free curved 

face is designed, which has the advantage of simple structure, adjustable compact force 

and low cost, etc. The conceptual design, the mechanical design, and the design of control 

system of a new mechanical clamping device are introduced in detail. The clamping 

device which is mounted on welding robot (or welding machine) manipulator can not only 

to complete the compact of space free curved face sheet metal, but also to keep a constant 

distance between the laser head and the welding area in the laser welding process. The 

clamping device might improve the labor productivity and the welding quality 

significantly, and the labor intensity be reduced. Thanks to the proposed modular 

construction and the use of a conventional spring, the device shows good performances. 

The developed clamping device can also be extended to other applications in surface 

manufacturing such as spray painting on space free curve. 
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