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Abstract 
 
By the use of a laser camera integrated in a laser robotic welding system it is possible to use 
seam tracking and adaptive process control in butt welding to achieve high quality welds. A 
new system has been developed, using a 3 kW Nd:YAG-laser, an industrial robot and a laser 
camera where the gap with is measured continuously, and the data are used to control the 
welding speed and the wire feed rate. Butt welds in 2 mm thick sheet steel with gaps varying 
from 0.1 mm to 0.75 mm have successfully been welded with this system, by matching the 
welding and wire speed, thus controlling the weld cross section. The adaptive laser robotic 
system will increase the possibilities to weld curved butt welds where varying gap sizes are 
present.  
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1  Introduction 
 
The automotive industry has been precursor in the introduction of the manufacturing 
technique using lasers and robots. This is a logical step in developing standardised, cost 
effective manufacturing systems [1]. Laser robotic welding today in the automotive industry, 
is performed on components where the weld geometry normally consists of straight or slightly 
curved lines. Laser lap welding has been dominating although laser welding of edge joints has 
become more frequently used. In edge welding, the use of an optical seam tracking system 
has become standard in order to achieve optimum weld quality. Thin sheet laser butt-welding 
is normally avoided due to problems of controlling the gaps. Filler material can be used [2], 
but varying gap widths will give varying weld geometry and thus, varying weld quality.  

By the use of a laser camera integrated in a laser robotic welding system, it is possible 
to use seam tracking [3] in laser butt welding to achieve high quality welds. A new system for 
adaptive process control in laser welding has been developed at Luleå University of 
Technology in co-operation with Motoman Robotics Europe AB, Torsås, Sweden. The system 
is using a 3 kW Nd:YAG-laser, an industrial robot and laser camera where the joint is 
detected and at the same time the gap width is measured continuously. The data is used to 
control the position of the laser beam, the welding speed and the wire feed rate. This paper 
presents the system developed and results from welding experiments.  



 
 
The system set up 
The adaptive laser welding system consists of: 
 

• Motoman UP 50 industrial robot with XRC control system 
• Haas 3006D, 3 kW Nd:YAG laser 
• Seam tracking unit, Servorobot SMART 20 
• Wire feeder 
• Tool exchanger (changing of laser optics) 

 
The wire feeder 
Motoman manufactures the wire feeder and it is servo driven with adaptive control of the wire 
feed rate. The wire feeder is placed on the robot arm and Motoman also makes the wire 
guidance and weld gun. 
 
The seam tracking device 
The seam tracker is made by Servorobot Inc, Quebec, Canada. The name of the model is 
SMART 20 and consists of a laser camera and corresponding control unit, SMART Box, with 
software. 

The system tracks butt and lap welds. It can also measure the gap width and mismatch 
in but welding and the gap between the sheets in lap welding. The measuring result can be 
shown graphically on the PC monitor. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Seam tracking system from Servorobot Inc. The laser camera is the SMART 20 
model. 
 
The laser camera was mounted on the laser optics and detects the joint 80 mm in front of the 
laser beam. This distance was chosen to give welding speed of 5 m/min. A smaller distance 
can be selected but will reduce the welding speed. 
 
 
2.  Conditions and parameters for adaptive control of the laser welding 
process 
 
Adaptive control of the laser welding process requires a measuring unit (system), which can 
measure relevant parameters during the welding and a system to control the parameters that 
influences the welding process. The link between these systems is the knowledge of the 



process, which from the signals from the measuring system decides what parameters should 
be controlled and also how they should be controlled.  

Successful laser welding requires the control of many parameters [4] within relatively 
small limits. Some of the most important parameters are: 
 

• Laser power 
• Welding speed 
• Power density 
• Focal point position 
• Shielding gas 
• Gaps 
• Filler material (type, feed rate) 

 
Some general relationships between these parameters and the influence on the welding result 
are:  
 

• Laser power and welding speed gives the energy input (gross value without taking 
absorption into account) and controls e.g. weld depth and weld width 

• Gap width, sheet metal thickness and weld speed controls the amount of filler material 
needed per unit time. 

• The power density (in the focal plane) is controlled by the beam quality, the optics 
used and influences weld depth and weld width. 

• The position of the focal point influences penetration depth and weld geometry 
• The shielding gas may affect the penetration dept and welding speed 
 

In this work, where the application is butt welding, the number of parameters to be controlled 
in the adaptive laser welding process was reduced to welding speed and wire feed rate. 

The parameter used to control these parameters was the gap width measured by the 
adaptive system.  

For adaptive control of the laser welding process, the control system needs input data, 
which will give current parameters for different welding situations. These data is depending 
on the laser used, material, material thickness etc. Table 1 summarises some types of data, 
which can be part of a database for the adaptive control.  
 
Table 1. Outline of a database for adaptive control of laser welding 

Material Laser Filler material 
Type of material Type of laser Type of material 
Thickness Laser power Type of wire 
Type of joint  Optics Wire diameter 
Joint preparation Shielding gas  

 
 

In this work, one welding situation was chosen for the evaluation of the adaptive control 
system. In table 2, the data for the welding experiments are shown. 
 
 
 
 



Table 2. Data for welding experiments 

Parameter  
Material SS 1147 (mild steel) 
Thickness 2 mm 
Type of joint Butt joint 
Joint preparation Milled edges 
Gap width 0-0.8 mm 
Laser Nd:YAG 
Laser power 3 kW  
Focal length 200 mm 
Shielding gas Helium, nitrogen 
Filler material Esab OK Autrod 12.51 
Wire diameter 1.0 mm 
  

 
 

Weld specimens (100x100 mm) with the gap width varying between 0 to 0.8 mm were 
welded using different welding speed and wire feed rate, but at 3 kW constant laser power. 
The specimens were then evaluated by ocular inspection of the weld geometry, i.e. the shape 
and appearance of the weld reinforcement and weld root. From this evaluation suitable 
parameters for each gap were determined, figure 2.  
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Figure 2. Wire feed rate and welding speed as a function of weld gap for optimum 
welding result. 

 
The X-ray tests shows good welding results with only a few pores for gap widths of 0.4 mm 
or less. For larger gaps, a continuous pore formation on both sides of the weld is apparent 
when helium is used as shielding gas. The use of nitrogen eliminates the number of pores to 
almost zero. It must be mentioned that the welding process is sensitive to the position of the 
filler wire in relation top the laser beam.  



From the values of the gap width, wire feed rate and welding speed in figure 2, the effective 
filler wire area and the excess of material can be calculated, figure 3. The effective filler wire 
area is calculated as 
 

A v wire/v weld   (1) 
 
where  
A= wire area [mm2] 
W wire= wire feed rate [m/min] 
W weld= welding speed [m/min] 
 
These calculated values indicate the formation of a constant value of excess material and this 
is also achieved in practise as can be seen in figure 5.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Calculated values of effective filler wire area and area of excess material.  
 
 
3.  Adaptive control 
 
3.1  System description 
The adaptive control is combined with seam tracking in the system developed. Before the 
system is used it must be calibrated according to a specific procedure. You also must teach 
the system how the joint shall be detected, which can be done in three different ways: 
 

- NG to OK ( the system searches for the transition point between areas where 
the tracking is continuously not detectable to areas where the tracking is 
continuously detectable) 

- OK to NG (the system searches for the transition point between areas where 
the tracking is continuously detectable to areas where the tracking is 
continuously not detectable) 

- STOP ( the first point in the tracking which is detectable will be the start point) 
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After choosing the tracking method the following must be programmed: 
- start point 
- start point for the tracking 
- start point for welding 
- point for the start of finding the end point of welding 
- end point of welding 
- return to the start point or other suitable point. 

 
The adaptivity of the system is programmed in such a way that you specify basic values for 
the parameters which will be controlled in the robot control system, e.g. wire feed rate 1.0 
m/min. In the control system you then specify values of the gap width and corresponding 
values of the parameters to be controlled as a percentage of the basic value. In our case we 
had chosen wire feed rate and welding speed to be controlled and the values shown in figure 2 
were programmed. This will make it easy to make adjustments by just changing the basic 
value.  

When running the programme the system tracks the seam and the path is corrected in a 
way that can be specified in the control system for the sensor. At the same time, the gap is 
measured and this value then controls the wire feed rate and welding speed. The system 
interpolates between the values in the table and a continuous and smooth control is achieved. 
The system can also control the laser power and other parameters but these functions were not 
tested.  
 
3.2  Evaluation of the adaptivity 
 
After the installation of the adaptive program, which is called MOTOEYE-LT, the seam 
tracking and adaptivity were evaluated by welding of specimens with a controlled gap width 
of 0.15 to 0.5 mm. It was found that the system could not detect gaps smaller than 0.1-0.15 
mm when using cold rolled strip steel and milled edges. This value is due to the resolution of 
the laser camera. In the next series of tests the gap was changed continuously from 0.15 to 0.5 
mm and from 0.5 to 0.15 mm. The adaptive controlled system worked quite well giving high 
quality welds for all cases tested.  

The final tests were done using a specimen with both increasing and decreasing gap 
with, figure 3. The a-value (see figure 4) was 0.1, 0.2 and 0.3 mm. In order to make the 
system to work properly, a gap of 0.15 mm was introduces between the sheets, giving a gap 
width of 0.35, 0.55 and 0.75 mm in the centre of the specimens.  
 
 
 
 
 
 
 
 
Figure 4. Specimen for adaptive welding test. 
 
 
The result shows that the adaptive control worked quite well and high quality welds were 
achieved, figure 5. 
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Figure 5. Specimens designed as shown in figure 3 welded with adaptive control. The 
maximum gap width in the centre was 0.75 mm.  
 
In figure 5, the heat affected zone clearly shows that the line energy has increased towards the 
middle of the specimen where the gap is largest. This has been done by reducing the welding 
speed. At the same time the wire feed rate has been increased and the gap is totally filled. 
These variations of the parameters were controlled automatically by the adaptive control 
system. X-ray tests shows welds without any porosity.  
 
 
4.  Discussion 
 
This is the first adaptive system for laser welding in the world using an industrial robot that 
has been introduced by Motoman. The authors know of no other such system used with 
industrial robot. But, in combination with special laser welding machines, adaptive control of 
the laser welding process is used in industry in a few applications.  

Adaptive control of laser welding opens new possibilities for welding of butt joints in 
both thin and thick steel plates and tubes. The demand of high accuracy in joint preparation 
can be reduced as the filler material fills the gap and the adaptive control will correct the 
parameters to obtain a high quality weld for varying gap widths. This will make it possible to 
use mechanically cut sheets without obtaining weld ditches. The seam tracking will reduce the 
demand of tolerances on the welded part and fixtures, which at the end will give a cheaper 
welding process. On one hand, adaptive laser welding can be regarded as a more industrial 
friendly process compared to laser welding. But, on the other hand, laser welding using filler 
wire demand an accurate positioning of the filler wire corresponding to the laser beam.  
 
 
5.  Conclusions 
 
Adaptive laser welding and seam tracking using a Nd:YAG-laser and industrial robot has 
been developed and evaluated. The work shows that a standard laser camera can be used 
together with special developed software for Motoman robots. Butt welds in cold rolled mild 
steel with milled edges need a gap of 0.1-0.15 mm to be detected with the camera used. By 
measuring the gap width in butt welding, and by using this value for automatic control of the 
wire feed rate and welding speed, excellent weld quality has been obtained in welds where the 
gap width has been continuously varied from 0.15 to 0.75 mm and back to 0.15 mm. 
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