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→ No existing compensation 

method can reliably eliminate 
thermal errors in thermally 

complex machine tools, yet
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Mixed targeted assembly error models

Hybrid compensation approach:

→ Combine the best of the above mentioned compensation 

models

→ Break down the thermal error to the assembly level

→ Find the most suitable error model or a hybrid model for 

each assembly

→ Combine the error models using a geometric-kinematic 

model

→ Optimize the model to account for changing machine / 

ambient states
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Thermal error compensation approach
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Mixed targeted assembly error models

Available model inputs:

• Eight temperature sensors

• Five motor currents

• Five axis positions

• Five axis speeds

• Spindle speed

• (Ambient temperature)

• (Coolant temperature)

Source 3
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Thermo-elastic FEM simulations for model training

Load case
1 Y-axis movement A dry heating by cyclic Y-axis motion G1 Y 75% S 100%

B heating by cyclic Y-axis motion with cutting fluid G1 Y 75% S 100%

C cool-down in standby -

2 Z-axis movement A dry heating by cyclic Z-axis motion G1 Z 75% S 100%

B heating by cyclic Z-axis motion with cutting fluid G1 Z 75% S 100%

C cool-down in standby -

3 all-axis movement A dry heating by cyclic sequential motion of all 5 axes G1 X 75% S 100%

B heating by cyclic sequential 5-axis motion with cutting fluid G1 X 75% S 100%

C cool-down in standby -
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Sample assembly thermal error model: dz of z-slide
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Summary and Outlook
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Ziele und Teilziele im GeoComp

Summary:

• Current thermal error compensation methods still have limited accuracy and/or high implementation cost

• Combining targeted thermal error models on the assembly level reduces model training effort and simplifies 
the model requirements

• For the complex example DMU 80 evo, a simple, robust regression model was sufficient to remove most of the 
thermal error of the column in z-direction

Outlook:

• Finish assembly thermal error models

• Validate on complex simulated load cases

• Validate online using live measurements

• Transfer method to other machine tools (KrauseCo Flex-Modul, Mori Seiki NMV 5000 DCG)

Source 4
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