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Abstract: To solving the continuous welding problem of the intersecting line of multi-T-tube steel-aluminum 
radiator with the aluminum wing, a new type of two-welding torch automatic welding machine for the 
intersecting line of steel-aluminum radiator is designed. The paper designs the compound jig-driven mechanism, 
two-welding torch synchronous movement mechanism, the swing mechanism of the welding torch. At the same 
time the CNC welding system adopts the typical control structure of IPC and 6K4 motion controller. IPC 
completes the generation and treatment of the intersecting line mathematical model though the software system 
module, and generates the CNC program which 6K4 motion controller can identify. Then the CNC program is 
downloaded to the controller. And the controller controls the servo system to continuously and automatically 
weld the intersecting line of multi-T-tube steel-aluminum radiators. Using three-dimensional software, its model 
is built. Motion simulation and interference checking are carried out based on Pro/E. The simulation result and 
the welding test shows that the intersecting line is accurately welded and the production efficiency and the 
welding quality are enhanced. Copyright © 2013 IFSA. 
 
Keywords: Steel-aluminum radiator, Two-welding torch automatic welding machine, Intersecting line, IPC, 
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1. Introduction 

 

Steel-aluminum radiator is a kind of new model 
radiator of the save energy, the high efficiency and 
the low cost. Steel-aluminum radiator is composed of 
the transverse and vertical steel tube and the 
aluminum wing. The intersecting line of the 
transverse and vertical steel tube is a three-
dimensional space curve, also known as the saddle 
curve. There are more disadvantages in the manual 
welding, such as the poor working environment, the 
unstable welding quality and the low efficiency etc. 
[1]. The intersecting line model is shown in Fig. 1. 

 

 
 

Fig. 1. T-tube steel-aluminum radiator. 
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In China, Shan Dong University of Science 
and Technology successfully developed the 
automatic arc welding machine for saddle joint seam 
on large-diameter cylinders in 2000. The welding 
machine adopted the technology of the mechanical 
cam profile to realize the automatic weld and was 
applied to automatically weld the boiler barrel [2]. In 
2004 Henan University of Science and Technology 
successfully developed two gun automatic welding 
equipment for the radiator plugging seat. The 
welding equipment adopted two-dimensional 
numerical control system to make the gun do the 
curvilinear motion to weld the radiator plugging  
seat [3]. In addition Shandong University proposed 
an interpolation algorithm for saddle-shaped curve 
auto-welding based on angle approaching in 2007. 
The system was used to weld the barrier free saddle 
curve [4]. In 2012 Liaoning Technical University 
researched and developed the saddle type welding 
machine automatic control system based on PLC. 
The system was used to weld the barrier free saddle 
curve of oil pipe, gas pipe, boilers, pressure  
vessels, chemical vessels and nuclear power 
equipment etc. [5].  

Beyond seas, South Korea's NAM KWANG 
PRECISION CO LTD developed the automatic 
welding device to weld the radiator box and the main 
pipe joint. It can be more simple and easy to weld the 
radiator and the transformer box, and smoothly and 
continuously welded the connected parts [6]. The 
automatic welding device of the complex beam 
structure was developed by French CREUSOT-
LOIRE. It automatically avoided the obstacles 
welding in the welding path [7]. The motion arm of 
the welding system developed by TOYOTA 
JIDOSHA KK in Japan included four axes and the 
welding position control arm included a pair of the 
independent driving arm met in the work piece [8].  

In recent 10 years, the welding technology of the 
developed industry country in the radiator is more 
mature. At present, many industrial developed 
countries not only have the welding equipment from 
the automobile radiator core body to the head, but 
also automatic production line for the whole 
assembly [9-12]. 

Foreign automatic welding machine welded the 
saddle shaped seam by the teaching programming 
mode. And the need controlled the welding torch to 
scan the seam curve again along the scheduled track 
in the offline state, thus the welding track and the 
related parameters were recorded in controller. When 
the welding size changes the teaching programming 
mode was executed again. In addition, when the 
robot fails, the user was guided by the foreign 
manufacturers at the scène. At the same time the 
repair is not convenient also.  

To solving the continuous welding problem of the 
intersecting line of multi-T-tube steel-aluminum 
radiators with the aluminum wing, two-welding torch 
automatic welding machine for the intersecting line 
of steel-aluminum radiator is designed. The two-
welding torch automatic welding machine adopts the 

two stepping motors to drive two-welding torch to 
achieve the mirror feed, and effectively avoid the 
aluminum wing. Then the intersecting line of the 
steel-aluminum radiator is continuously welded. At 
the same time the welding machine can weld the 
different sizes steel-aluminum radiator.  

 
 

2. The Overall Mechanical Structure 
 
The welding machine mainly includes two-

welding torch, the jig-driven mechanism, the cross 
girder, Y axis synchronous driving mechanism,  
Z axis synchronous driving mechanism and the 
balance weight. The structural diagram is shown in 
Fig. 2. And the movement direction of the radiator is 
defined X axis. The feed movement of the welding 
torch is defined Y axis. The vertical movement of the 
welding torch is defined Z axis. Due to the vertical 
multi-tube the circumferential weld can not be 
achieved. In order to continuously and automatically 
weld the entire curve one time, two-welding torch is 
applied to avoid the obstacle. And each torch welds 
semi-curve.  

 
 

 
 

1 - Motor, 2. Driving shaft, 3 - Cross girder, 
4 - Y axis synchronous driving mechanism, 
5 - Welding torch, 6 – Jig, 7 - Steel-aluminum radiator, 
8 - Z axis synchronous driving mechanism,  
9 - Balance weight, 10 - Slide rail. 

 
Fig. 2. The overall mechanical structure. 

 
 

3. Design of the Main Mechanism 
 
3.1. Design of the Compound Jig-driven 

Mechanism 
 

The compound jig-driven mechanism not only 
plays the clamping and positioning role, but also can 
achieve the feed movement in the direction of X axis. 
The fixture and driving mechanism is shown  
in Fig. 3. 

Steel-aluminum radiator is actually positioned by 
two long V-blocks, so it only has one degree of 
freedom. According to the height of radiator, the 
adjusting mechanism can move the delivery frame up 
and down. At the same time, the suitable clamping 
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force can be chosen by adjusting the delivery frame. 
Radiator is put in the delivery frame from one end 
and is driven to move to the other end by the delivery 
wheel. The optical fiber sensor installed on the 
delivery frame detects the vertical tube location of 
radiator. After a welding seam of the intersecting line 
is welded, the next one will be subsequently welded 
in order to continuously and automatically weld 
multi-T-tube steel-aluminum radiator. 

 
 

 
 

1 - Adjusting mechanism, 2 - Upper delivery frame,  
3 - Supporting frame, 4 - Down delivery frame. 

 
Fig. 3. The fixture and driving mechanism. 

 
 

 
3.2. Design of the Synchronous  

Movement Mechanism 
 

The synchronous movement mechanism of two-
welding torch includes the Y axis synchronous 
driving mechanism and the Z axis synchronous 
driving mechanism. The synchronous movement 
mechanism of two-welding torch is shown in Fig. 4. 

 
 

 
 

1 - Z axis synchronous driving mechanism,  
2 - The welding torch, 3 - Y axis synchronous driving 

mechanism, 4 - Cross girder. 
 

Fig. 4. The synchronous movement mechanism of two-
welding torch. 

 
 
Two-welding torch are mounted on the cross 

girder and symmetrically distributes on both sides of 
the intersecting line of the steel-aluminum radiator. 
The Y-axis synchronous driving mechanism drives 
two-welding torch to simultaneously move along the 
cross girder in the same or reverse direction to 

achieve the mirror feed and the Z-axis driving 
mechanism drives the cross girder to make the 
welding torch move up and down in the vertical 
direction to synchronously weld the intersecting line.  

 
 

3.3. Design of the Swing Mechanism  
of Two-welding Torch 

 
R axis is the rotary swing axis to ensure the 

optimal welding angle. The welding torch structure 
and rotary angle coordinate of the welding torch is 
shown in Fig. 5 and Fig. 6. In the welding process, 
two-welding torch driven by the stepping motor can 
swing to the best posture to ensure the welding 
quality according to the welding location change.  

 
 

 
 

Fig. 5. The welding torch structure. 
 
 

 
 

Fig. 6. The rotary angle coordinate of the welding torch. 
 
 
4. Hardware and Software Design  

of CNC System  
 
4.1. Hardware Design of CNC System 
 

The CNC system uses two level parallel control 
modes of IPC and 6K4. The CNC system includes 
the X axis moving the steel-aluminum radiator, the Y 
axis controlling the feed movement of the welding 
torch, the Z axis controlling the vertical movement of 
the welding torch and the C axis controlling the 
swing of two-welding torch, in which the C axis is 
subdivided into C1axis and C2 axis. The hardware 
structure diagram is shown in Fig.7. 
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Two-welding torch 

X axis AC servo system Moving the steel-aluminum radiator 

Y axis AC servo system Mirror feed of the welding torch  

Z axis AC servo system Vertical movement of the welding torch 

C1 axis stepping driving system Welding torch swing 

Two digital welding power sources

Optical fiber sensor 

C2 axis stepping driving system 

Radiator edge 

Origin limit switch 

Control panel 
 
 
 
 
 
 
 
 
IPC 

Embedded system 

 
 
 
 
 

6K4  
motion 

controller Welding torch swing  

 
 

Fig. 7. The hardware structure diagram. 
 

 
IPC the model number of which is RWS-856A is 

specifically designed for the application environment 
of the industrial automation and equips with the 
control operation platform with the high 
performance, the main board of low-power and the 
high performance and 15 inch LCD with the touch 
panel. It is mainly used to realize the management 
function of the man-machine interaction system, such 
as the graphics display, the welding parameter 
setting, the online debugging and the parameter 
display etc. 

The 6K4 motion controller produced is an 
independent motion controller and can control any 
combination of the stepping motor and the servo 
controller. Moreover, it also provides the eight 
universal digital input interfaces, the four origin input 
switch, the eight limit switch input, the universal 
digital output interfaces, RS232, RS485, the Ethernet 
interface and the program memory of the capacity of 
300 K.  

The full digital AC servo system adopted by X, Y 
and Z axis is the semi closed loop control system 
composed by AC servo amplifier, AC servo motor 
and the photoelectric encoder, which has the 
characteristic of the high precision control, the easy 
adjustment and the system steady. So the X, Y, and Z 
axis for the trajectory fitting of T-tube intersecting 
line use the AC servo system to accurately fit the 
space curve. And the swing axis including C1and C2 
controls two-welding torch to achieve the following 
motion. So the C1 and C2 axis adopts the stepping 
driving system which composes of the hybrid 
stepping motor the model number of which is 
23H280-01EA and the subdivision driver the model 
number of which is AKS230. 

The response time of the optical fiber sensor 
produced is from 193 μs to 16.7 ms [13]. To improve 
the welding efficiency, the delivery speed of the 
radiator adopts the variable speed control mode. 
When there isn’t the radiator in the welding area, the 
compound jig-driven mechanism drives the radiator 

to move at a high speed. To the contrary and when 
the optical fiber sensor installed in the welding torch 
seat detects the edge of the vertical tube of the 
radiator, it drives the radiator to move at a low speed 
in order to ensure that the welding torch head is 
located on the welding position of the intersecting 
line. 

The arc welding power source of the inverter 
pulse the model number of which is Pulse 
MIG/MAG-350Y/YL uses Ar and CO2 or the both 
mixture gases and provides the serial communication 
port of RS485 which may be directly controlled by 
6K4. The welding machine uses MAG (metalactive-
gaswelding) of the mixed gas.  

 
 

4.2. Software Design of CNC System  
 

The CNC software system composes of the IPC 
management module, the communication module and 
the control module of 6K4. And the main role of the 
application software in the IPC management module 
is to complete the some less real-time task and the 
coordination work in every aspect. But the real-time 
task such as each axis servo interpolation, the 
position following, the pulse output control,  
I/O detection, the system power up sequence and the 
control state display is executed by the 6K4 motion 
controller and the embedded system. 

 
 

4.2.1. Software Design of the Epigynous 
Machine 

 
Based on the analysis of the CNC system 

hardware and the user needs, the system application 
program of the epigynous machine includes five 
modules such as the system initialization, the point 
database for generation and downloading, the 
parameter setting and display, the setting origin and 
the system state display.  
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The system initialization module provides an 
interactive human-machine interface for the user. 
When running the CNC system, it is first run in order 
to complete the user login, establish the connection 
between the epigynous machine and 6K4 motion 
controller and set the corresponding working state of 
the relevant index.  

The module of the point database for generation 
and downloading is included in the tool option of the 
menu bar. When clicking the generation button, the 
system application program will automatically 
generate the welding point database of each axis and 
the result is displayed on the screen. Then clicking 
the downloading button, the welding point database 
is downloaded to the 6K4 motion controller for the 
welding program call. When the download is 
completed, the system prompts the downloading 
success. At the same time the user can return to the 
main interface and complete the next work. 

To generate the required parameters of the 
mathematical model of the intersecting line of the  
T-tube steel-aluminum radiator and the welding point 
database, the module of the parameter setting and 
display provides with the corresponding man-
machine interface such as the transverse tube 
diameter, the vertical tube diameter, the welding 
speed, the interpolation cycle, the swing angle and 
speed of the welding torch. The user may easily set 
the various parameters through the keyboard and the 
touch screen. In this module using the linear 
interpolation method of the straight line fits the 
straight line portion in order to achieve the rough 
interpolation of the curve. Moreover the display 
interface of the power source parameter is also set, 
for example the welding current, the welding voltage, 
the wire feed speed and the arc current etc. 

The manual control button in the origin setting 
module respectively and manually set the coordinate 
position of each axis.  

Based on the industrial Ethernet technology of 
TCP/IP, IPC may conveniently access the 6K4 
motion controller and read the coordinate position 
and the moving speed of each axis.  

 
 

4.2.2. Software Program Design  
of the Welding Movement 

 
The rough interpolation of the intersecting line is 

executed by IPC and the precise interpolation and the 
linkage control are achieved by the 6K4 motion 
controller. The embedded control system is mainly 
used to expand I/O in order to make the user easily 
operate the CNC system by the control panel. So the 
program of the 6K4 motion controller influences the 
fitting precision and welding quality of the 
intersecting line of the T-tube steel-aluminum 
radiator. The 6K4 motion controller is established on 
the platform of the basis of the 6000 program 
language. In the system software design, the main 
function of the 6000 language program calls the data 
of the welding point database to achieve the precise 

interpolation of the intersecting line and controls 
two-welding torch to achieve the corresponding 
swing following the C axis in order to real-timely 
make two-welding torch maintain the reasonable 
angle relative to the YOZ plane. The main program 
flow chart is shown in Fig. 8. 

 
 

 System initialization 

N
Press the start button? 

Detect the radiator edge? 

Return subprogram 

Y 

Move the radiator at a high speed 

N

Register subprogram 

Welding spot? 
N

Y 

Y 

Start the arc control subprogram 

Multi task process subprogram 

Interpolation subprogram of X, Y, Z 
Following subprogram of C 

N

Y 

Stop the arc control subprogram 

Finish the welding 

 
 

Fig. 8. The main program flow chart. 
 
 
5. Modeling and Motion Simulation  

of Two-welding Torch Automatic 
Welding Machine 

 
5.1. Modeling of Two-welding Torch 

Automatic Welding Machine 
 

Based on the three dimensional modeling 
environment of Pro/E, the three dimensional model 
of the parts for two-welding torch automatic welding 
machine is established and the virtual machine is 
assembled. The general assembly drawing of the 
virtual machine is shown in Fig. 9. And then it is 
carried out the overall interference detection and for 
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the interference parts the interference is eliminated to 
modify the model size and adjust the assembly 
constraints. At the same time the overall structure of 
the welding machine is optimized. 

 
 

 
 

Fig. 9. The overall assembly drawing  
of the virtual machine. 

 
 

5.2. Motion Simulation of Two-welding 
Torch Automatic Welding Machine 

 
The CNC system adopts the two stepping motors 

to drive two-welding torch to achieve the mirror 
feed. So a welding torch is simulated based on the 
transverse tube diameter for 20 mm, the vertical tube 
diameter for 18 mm, the welding speed for 25 mm/s 
and the interpolation cycle for 10 ms. Under the 
Pro/E environment the dynamic simulation process 
of the welding torch is shown in Fig. 10. 

 
 

 
 

Fig. 10. The dynamic simulation process.  
 
 

The simulation process shows that the response of 
the welding adjustment process is fast; the welding 
accuracy is high; the welding process avoids the 
aluminum wing obstacle and achieves all intersecting 
line to be synchronously and continuously welded. 
 
 

6. The Welding of the Different Sizes 
Steel-aluminum Radiator 

 
The CNC system of two-welding torch automatic 

welding machine uses two level parallel control 

modes of IPC and 6K4 motion controller. The man-
machine interface is developed by VB. The user can 
weld the intersecting line of the different sizes steel-
aluminum radiator through changing the parameter of 
the transverse tube diameter, the vertical tube 
diameter, the welding speed and the interpolation 
cycle etc in the man-machine interface. 

 
 

7. The Actual Welding Effect 
 

Two-welding torch automatic welding machine 
adopts the mirror feed device and two stepping 
motors to synchronously and continuously weld the 
intersecting line. And the welding strength is high 
and the bearing ability is strong. The welding starting 
point and destination easily causes. The test of the 
water pressure of 2 MPa doesn’t find the air bubble 
and the leaks. So it is satisfied with the welding 
request of the steel-aluminum radiator. The welding 
effect is shown in Fig. 11. 

 
 

 
 

Fig. 11. The welding effect.  
 
 
8. Conclusions  

 
The paper designs two-welding torch automatic 

welding machine to weld the intersecting line of 
multi-T-tube steel-aluminum radiator. It can 
accurately realize the linkage welding and pose 
adjustment of two-welding torch. In the hardware 
and software system design the CNC welding system 
adopts the typical control structure of IPC and 6K4 
motion controller. Based on the characteristic of the 
6K4 motion controller the X, Y and Z axis adopts the 
AC servo system to realize the accurate curve fitting 
and the C axis synchronous drives two stepping 
motor to accurately realize the synchronous motion 
of the low speed. The paper uses  
the 6000 movement control language to develop the 
welding process program. Two-welding torch 
automatic welding machine solves the continuous 
welding problem of the multi-T-tube steel-aluminum 
radiators with the aluminum wing obstacle  
and can weld the intersecting line of the different 
sizes steel-aluminum radiator. A large number of 
welding tests show that the welding machine can 
exactly weld the intersecting line of multi-T-tube 
steel-aluminum radiator. 
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