
Control of tool depth in force control mode by 

adjusting the axial force command 



DOE to understand how axial force affects 

defect formation (tool temp process window) 
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Set probe temperature (deg C) 

• 12 cycles (60º long) with constant axial force of 77, 82 and 87 kN,  

 and set probe temp of 760, 775, 790 and 805ºC. 



Why control the tool depth? 
 

• The goal is to be able to control the amount of JLH and flash 
 

• The tool depth will probably need to be kept within a window of roughly 

±0,5 mm during joint line sequence 



Control of tool depth 

Step in the axial force reference from 87 to 83 kN 
 

• The tool depth depends clearly on the axial force (see step response to the 

left) 
 

• It is also probable that the dynamics depend on e.g. the welding 

temperature and the hardness of the material 
 

• The spindle torque seems to be related both to axial force and tool depth 

(see step response to the right) 



Control of tool depth - challenges 

• Periodical disturbances in the position signal, every 30 deg. around the lid – Why? 



Control of tool depth - challenges 

Thermal expansion, makes the depth measures uncertain 
 

• Is it small enough to neglect? (at least 2 mm) 
 

• Is it predictable? 



Control of tool depth - challenges 

• Eccentricity – Compensate or eliminate 



Tool depth sensors 

• Measures the position of the tool 
 

• Does not take eccentricity into account 
 

• Does not take the thermal expansion into account 
 

• Periodical disturbances  

Current sensor: 

 
 

Inductive sensor? 

 

Laser sensor? 

 
 
• Enough space? 

 

• Cost? 

Is the current sensor 

good enough? 
 



Tool depth control - Controller 

• Decision of the axial force range? For example 76 - 91 kN? Why constrain it? 

 

• How do we implement the controller? When can we have it ready? 
 

• What control structure is preferable to use? MPC? PI or PID? Other? Should 

also take the thermal control into account. Interactions between the loops. 



Tool depth control - Controller 

Strategy I 

• Use a decentralized PI/PID controller 

• Simple SISO-model for weld depth 

• Limitations on variables must be treated by some overhead in the 

controller 

 

Strategy II 

• Model Predictive Control (MPC) 

• MIMO-model  

• Possible to utilize cross connections in the process 

• Limits on variables and slew rates can easily be included in the 

controller 

• Very computationally demanding 

 

 



How do we procede? 

• Selection of suitable sensor 
 

• Updating the controller implementation 
 

• Should we add the possibility of hard constraints on the axial force already? 
 

• Add LVDT sensor (used before Ar chamber)  

 



  



  


