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Automatized optimization of a machine tool

cascade controller based on system simulation
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A machine tools:

A highly complex electrified system (mechanics, electrical machines, sensors, control,
i nfluences from the environment,h é&)

A'interaction of several components across physical domains with controller

Atasks for the manufacturer
Ahigh cutting speed (HPC) Y dynamics ¢ Y n
Asurface quality Y stiffness V@@ - o
A robust processes/ high life times =
A reduce costs

Y competing goals

Source: Wikipedia
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Atry-and-error
A expensive (physical prototypes)
A time consuming

A optimization based on numerical
models

A Challenge: model the whole systems
behavior Y system

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

choice of the correct level of abstraction:
AWhat should be simulated?

AWhich time constants for which effects?

A Are the time constants in the same range?

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

Type: Total Deformation
Frequency: 43,46% Hz
Unit: m

11,05.2015 03:47
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APMSM
A 11 pole pairs

A model order reduction: ECE-model
(equiv. circuit extraction)

Avariation of currents I, |, and
rotational angle d_,

Alookup-table: flux linkage Q4, . Qo
+ torque
Atakes into account: saturation due to
material nonlinearities

Adoes not take into account: eddy
current effects
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moment of inertia pitch

: : : moved mass
slip axial stiffnes +

ball stiffness

torsional stiffness
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damping \
damping

Anonlinear stiffness: function of position
Anonlinear behavior (clearance, etc.): nonlinear contacts
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B: Bushings

Total Deformation 4
Type: Total Defarmation
Frequency: 43,468 Hz
Unit: m

1L.05.2015 09:47
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components: control

basic concept: cascade control
A control of processes with time constants of different orders of magnitude

Abasic control concepts (P, PI, PID)
A stepwise activation

Acan be extended to more advanced control algorithms

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

A state of the art: A alternative:
A'in frequency domain Ain time domain
A sequential closing / optimization of the A based on systems simulation
cascades A parallel optimization of cascades
Aadvantages: A advantages:
A Easily feasible A consideration of nonlinearities
A well-proven A automated optimization of control
parameters
Adisadvantages: A starting values from rules of thumb

A no consideration of nonlinearities
A manual tuning neccessary
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