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Real-time Estimation of Temperature Distribution of a Ball Screw System
Using Modal Analysis and Observer
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Abstract

Thermal deformation of machine tools can be
evaluated from the analysis of the whole temperature
field. However, it is extremely inefficient and
impossible to acquire the whole temperature field by
measuring temperatures of every point. So, a
temperature estimator, which can estimate the whole
temperature field from the temperatures of just a few
points, is required. In this paper, 1-dimensional heat
transfer problem is modeled with modal analysis and
state space equations. And then state observer is
designed to estimate the intensity of heat source and the
whole temperature field in real-time. The reliability of
this estimator is verified by making a comparison
between solutions by the proposed method and the exact
solutions of examples. The proposed method is applied
to the estimation of temperature distribution in a ball
screw system.
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2. Modeling of Heat Transfer
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3. Observer Design
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Fig. 1 Block Diagram of Combined System
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4. Verification of the Suggested Method
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Fig. 2 Heat Conduction Problem
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Fig. 3 Temperature Distribution (Space State Model)
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Fig. 4 Temperature Distribution (Analytical Sol.)
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(b) Heat Input intensity and
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(a) State Variables
Fig. 5 Estimated Results (o : estimates)

5. Application to Ball Screw System
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Fig. 6 Schematic diagram of an actual ball screw

Table 1 Specification of ball screw
7 SCM415H

Material
Diameter (d) 40x10°m
Screw length (L) 0.5m
Heat capacity (C) 5700 ¥/ C
Thermal diffusivity (o) 1.67x10° m*/s
Heat conductivity (k) 60.5 W/mT
1v . Qs
a, a, :bT % g

Te, h
Fig. 7 Simulation model of ball screw
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Fig. 8 Temperature Distribution (State Space Model)
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(a) State Variables
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Fig. 9 Estimated Results (o : estimates)
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Fig. 10 Estimated change of axial temperature (0 : estimates)

6. Conclusion
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