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Automatized optimization of a machine tool 

cascade controller based on system simulation
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Motivation

Åmachine tools:

Åhighly complex electrified system (mechanics, electrical machines, sensors, control, 

influences from the environment,é)

Åinteraction of several components across physical domains with controller

Åtasks for the manufacturer

Åhigh cutting speed (HPC) Ÿ dynamics ŷ Ÿ mass Ź

Åsurface quality Ÿ stiffness ŷ Ÿ mass ŷ

Årobust processes/ high life times

Åreduce costs

Ÿ competing goals

Source: Wikipedia
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How to reach these targets?

Åtry-and-error

Åexpensive (physical prototypes)

Åtime consuming

Åoptimization based on numerical 

models

ÅChallenge: model the whole systems 

behavior Ÿ system simulation

Source: Gebr. Heller Maschinenfabrik GmbH
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Some general thoughts on system simulation and abstraction

choice of the correct level of abstraction:

ÅWhat should be simulated?

ÅWhich time constants for which effects?

ÅAre the time constants in the same range?

ÅWhich effect has to be taken into account, what can be neglected?
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Scenario: rapid traverse from tool changer to workpiece

Åfast traverse of the machine tool 

column from tool changer to WP Ÿ 

tool is not cutting

Åtravel distance 60cm in ~ 1.1s,          

vmax ~ 50m/min

ÅOscillation peak to peak at TCP after 

1.5s < 2µm

x
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z
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components: axis drive

ÅPMSM

Å11 pole pairs

Åmodel order reduction: ECE-model 

(equiv. circuit extraction)

Åvariation of currents Id, Iq and 

rotational angle ɗm

Ålookup-table: flux linkage Ɋd, Ɋq, Ɋ0 

+ torque

Åtakes into account: saturation due to 

material nonlinearities

Ådoes not take into account: eddy 

current effects a

b

c
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components: ball screw drive

Ånonlinear stiffness: function of position

Ånonlinear behavior (clearance, etc.): nonlinear contacts
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components: moved machine tool column

model order reduction
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components: control

basic concept: cascade control

Åcontrol of processes with time constants of different orders of magnitude

Åbasic control concepts (P, PI, PID)

Åstepwise activation

Åcan be extended to more advanced control algorithms

Source: www.Wikipedia.de
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system model of machine tool in SIMPLORER
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application example: control optimization

Åstate of the art:

Åin frequency domain

Åsequential closing / optimization of the 

cascades

Åadvantages:

ÅEasily feasible

Åwell-proven

Ådisadvantages:

Åno consideration of nonlinearities

Åmanual tuning neccessary

Åalternative:

Åin time domain

Åbased on systems simulation

Åparallel optimization of cascades

Åadvantages:

Åconsideration of nonlinearities

Åautomated optimization of control 

parameters

Åstarting values from rules of thumb
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