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Abstract

Thermal error in a spindle motor assembly is modelled with a state space model determined from
measurement data based on a subspace identification method. Constraints are imposed on the
model order and structure leading to the physical realization of the states which corresponds to the
temperature of the structure. Model reduction technique is applied to eliminate the states
(temperature) which have the least significant effect on the model output (thermal error). A selection
criteria based on response matching in the frequency domain is chosen to evaluate the effectiveness
of a group of temperature measurements in predicting the thermal error. The application of the
method resulted in a reduction in the number of temperature sensors (from 10 to 6) required to
achieve the same level of prediction accuracy. The prediction accuracy of the model is evaluated in
another experiment whereby the spindle motor is subjected to a repeated cycle of heat load as
illustrated in Figure 1. The maximum prediction error of the model using the chosen set of

temperature sensors is 1.8um with a time averaged value of 0.87um.
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Figure 1: Heat load profile and measured thermal error in a spindle motor assembly
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