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Evaluation of Friction Torque and Heat Quantity Generated in Spindle(lst Report)
- Development of Evaluation System and Evaluation of Air Spindle Characteristics -

Kazuhiro Yokoyama, Takamasa Suzuki, Takashi Hirakura and Toshimichi Moriwaki

This paper presents a new method to evaluate the friction torque and the heat quantity
generated in a spindle system. The decrease in the rotational speed of spindle during the
free run period is precisely measured, and the angular deceleration is calculated. The heat
quantity generated during the spindle rotation is evaluated as the product of the moment
of inertia of spindle, the angular deceleration and the angular velocity. A device is newly
developed to measure the rotational speed of spindle accurately for this purpose, which is
basically composed of a photo interrupter attached to the spindle and a crystal oscillator
of 92.5MHz clock pulse combined with a counter mounted on a personal computer board. The
method was applied to evaluate the heat quantity generated in an air spindle, and it was
proved that the heat quantity was accurately evaluated with a repeatability error of less
than 1%. The heat quantity is obtained to increase by 4% due to an increase in the coeffi-
cient of viscosity of air which is caused by the increase in the air temperature.

Key words:evaluation, torque, heat generation, air spindle, free-run, clock pulse,
crystal oscillator, photo interrupter
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Table 1 Accuracy of measurement system
including photo interrupter

<:: (g§§;§gg§d~—min.speed)><100 (%):>

nominal speed

Nominal | Measured speed rpm Arxgcuracy

speed of the
rpm Max. Min. system %
600 600.132  599.271 0. 144
1200 1200.35 1198.52 0.153
1800 1799.67  1797.26 0.134
2400 2399.02  2397.78 0. 052
3000 2999.30  2998. 87 0.014
3600 3599.1 3597.3 0. 050
4200 4198. 6 4195.2 0. 081
4800 4798.9 4792.7 0.129
5400 5396. 4 5392. 6 0.070
6000 5995. 6 5989.5 0.102
6600 6595. 2 6584. 3 0.165
7200 7193.7 7181.8 0.165

Frequency of clock pulse CP=2.5MHz

Table 2 Heat quantity generated in thrust and
radial bearings (Obtained under free-
run from each rotational speed)

Rotational | Heat quantity Repeatability
speed in heat quanti-
rpm ¥ ty ¥ %
1000 2.593  2.591 0.002¢0.077)
2000 10. 42  10.43 0.0t (0.096)
3000 23.67 23.66 0.01 €0.042)
4000 42.53  42.55 0.02 (0.047
5000 67.1 67.2 0.1 <0.149
6000 97. 4 97.6 0.2 (0.205)
7000 133.4 133.9 0.5 (0.374)
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Table 3 Heat quantity generated in thrust and radial

bearings (Obtained under free-run from 7200 rpm)

Repeatabili- | Max. diff.
Rotational | Heat quantity ty in heat between heat
speed quantity in Tables 2
rpm V V % &3 ¥V %
1000 2.572  2.605 |0.033(1.275) | 0.033(1.275)
2000 10. 38  10.31 0.07 €0.677) | 0.12 (1.161)
3000 23.57 23.63 0.06 (0.254) | 0.10 (0.423)
4000 42.25 42.51 0.26 (0.613) | 0.30 €0.707)
5000 67.0 66.8 0.2 (0.299) | 0.4 (0.598)
6000 97.1 97.3 0.2 (0.206) { 0.5 (0.515)
7000 133.5 133.6 0.1 (0.075) [ 0.5 (0.375)
300 L l T I T l L}
Total A
3 | A power_consumption AL i
A \\AA
2 200 A . -
= A lectrical loss
H Al 1
]
o
< 100 |- .
@
=
i P by Eq.(2)
0 4 1 i
0 2000 4000 6000 8000
Rotational speed rpm
(a) Heat quantity by Eq.(2)
~, 0 T T T
; 0
Y R i
= LJ
2 S
g e ’
« a2
3 st < —
= -
s 0
=
< -10 ] ] L (=
0 2000 4000 6000 8000

Rotational speed rpm
(b) Angular acceleration
Fig. 8 Result obtained under free-run from 7200rpm
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Table 4 Change in heat generation due to temperature increase of
air spindle ( Obtained under 7000rpm run and free-run

fron 7000rpm at every 30 min)

Table § Power loss due to air stirring by
motor and bolt holes

Heat quantity by Eq. (2) V

Notor:outer dia. of rotor=¢ 81. Lmm,

Rotational (Increased percentage %) length=117mm, clearance=0. 45mm
speed Bolt holes:P.C.D. 40mm, 4 holesX ¢ 14mm
rpm At 0 min At 30 min At 90 min At 150 min X depth 8. 6mm
1000 2.592(0.0) 2.611€0.73) 2.674(3.16> 2.669(2.97) Heat quantity W Power loss
2000 10.42 (0.0) 10.55 (1.25) 10.94 (4.99) 10.92 (4.80) Rotational due to air
3000 23.61 (0.0) 24.15 (2.29) 24.61 (4.24) 24.55 (3.98) speed Standard | ¥ith air | stirring
4000 42.67 (0.0) 43.15 (1.12) 44.16 (3.49) 44.33 (3.89) rpm stirring | ¥ %
5000 67.0 (0.0) 68.7 (2.54) 69.6 (3.88) 69.5 (3.73)
6000 97.5 (0.0) 99.5 (2.05) 101.0 (3.59) 101.3 (3.90) 1000 2.57 2.59 0.02(0.78)
7000 133.8 (0.0) 136.9 (2.32) 138.3 (3.36) 139.2 (4.04) 2000 10. 37 10. 54 0.17(1.64)
3000 23.81 23. 81 0. 00€0. 00)
Temperature increase C 4000 42.08  42.86 0.78(1. 85)
Position 5000 66.9 67.8 0.9 (1.35
At 0 min [ At 30 min AJ At 90 min At 150 min 6000 97.0 98. 6 1.6 (l.65)
7000 133.3 135.5 2.2 (1.65)
0. 0.0 °C 4.5 7.3 7
6: 0.0 5.0 7.5 9
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