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Estimation of Thermal Deformation of Machine Tool
by Utilizing Available Information in CNC Unit

Eiji SHAMOTO*, Rei HINO, Tatsuya TOMIE,
Yosuke MATSUBARA and Toshimichi MORIWAKI

** Department of Mechanical Engineering, Nagoya University,
Furo-cho, Chikusa-ku, Nagoya-shi, Aichi, 464-8603 Japan

A new method is proposed in the present research to eéstimate thermal deformation of machine
tools. The present method utilizes available information in CNC units instead of external sensors
such as thermocouples and strain gages. An estimation model utilizing transfer functions and a
method to identify them are developed, and it is applied to estimation of the thermal deformation of
a machining center caused by rotation of its main spindle and feed motion of the tables. The transfer
function matrix between the thermal displacements and the heat generating factors, i.e. rotational
speed, primary motor current and secondary motor current, is identified by the impulse response
method. The thermal displacements are estimated by employing the identified transfer function
matrix while the main spindle and the feed tables are driven at various speeds. It is confirmed by the
experiment that the estimated displacements agree roughly with the measured ones.
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Fig.5 Speed, currents and displacements measured when
spindle runs for 60 min at 1000min™
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Fig.6 Speed, currents and displacements measured when
spindle runs for 60 min at 500min™
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Heat generating factors measured from CNC

when spindle and feed tables are driven simultaneously

RKEMBPELTWHBDIIH L, HEBREIRKRTY

3.65um (Y Hm) ThHo.

WIZ, RS XD 7 — 7 ) % [RIRE CBRE) L TEL

— 257 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

CNC & O MRk % FI L 72 TR O SIS HEE

2782

§§ 20 T T T

S~ 10} J

a5

%»g 0 e tmatmpmn s = gttt

S35 10l Measured |

gx ----- Estimated

£€ 20 ! 1 1

© 20 Y T T

gg

87 0 .

%-‘—o' -‘\ —"-'

2% -~

ggao- .

E2

|'E = .40 1 1 1

- 20 T T Ll

f=4

ge

O'QQ 0 P

35 W

235 4

To -20 | .

= =

E'D

_‘g;_ -40 n 1 1

= 0 3 6 9 12
Time hour

Fig. 12 Thermal displacements measured and
estimated when spindle and feed tables are driven
simultaneously
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