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Thermal Deformation Characteristics and Compensation of
High Speed Feed Mechanism
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Fig. 1 Two different feed mechanisms for machine tools
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Fluid cooling Atternative cooling arrangements

= removal of the heat produced directly
in the machine

+ cooling of motor to reach higher
continuous force

« stopping heatflow into the structure
to avoid thermal deformation

* external cooler

« integrated cooler

= u-form cooler

* counterflow cooler

* double cooler with isolation layer
(thermal sandwich construction}

)

of linear direct drives

Isolations measures

* incorporation a laminated plastic layer
with low thermal conductivity and
sufficient stiffness

* reduction of haat flow

* increase of thermal inertance

* small temperature fluctuation with
varying motar load

Cooling strategies

« primary par cooling
+ secondary pan cooling
* power controlled cooling

+ change of flow direction to avoid
spatial temperature gradient

Fig. 7 Concepts for improving the thermal behavior of
linear motors
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Fig. 8 Temperature rise in the machine table by counter
force
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Linear motor

Bali screw

Thermal behavior

Electrical power loss in

Heat source "
linear motor

Friction in screw nut and bearings

Deformation type Linear displacement of spindie Spatial expansion of table

Low thermal siress with
water cooling

High axial thermal stress in case of

Thermal stress two fixed bearings

Thermal displacement is proportionat| - Thermal disptacement is not
to spindie length dependent on the path

Characteristic of
deformation

Reduction of friction > Reduction of Forced water coaling
Measures for thermal | Speed and preload Isolation

problem Hollow spindle with water cooling Optimization of cooler and

Thermal compensation motor construction

Fig. 9 Comparison between ball screw and linear motor
as to thermal behavior
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