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Evaluation of Friction Torque and Heat Quéntity Generated in Spindle (2nd Report)
- Influence of Design Parameters upon Heat Quantity Evaluated with
an Improved Measuring System -

Kazuhiro Yokoyama, Takashi Hirakura, Takamasa Suzuki and Toshimichi Noriwaki

The present research aims at establishing an accurate and reliable methodology to

estimate the heat quantity generated during the rotation
characteristics of the spindles employed for various types of machining.
proposed here basically depends on the accurate measurement of the change

tional speed of spindle during its free run.

of spindle and to evaluate the
The technique

in the rota-
A new method is presented in the present

report to measure the rotational speed of spindle accurately in a rotational speed range

up to 100000 rpm by applying a reflective sensor system.
applied to estimate the heat quantity of various types of spindle.
through experiments that the surface roughness of the spindle rotor affects

The method developed here was
It was clarified
the heat

quantity generated , and also that the coefficients of the thermal expansion of the rotor
and spindle housing affect the clearance between the two and consequently the heat genera-
tion. The effect of air stirring by the bolt holes is also discussed.

Key words:reflective sensor, friction torque, heat quantity, air spindle, surface roughness

coefficient of thermal expansion,air stirring
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(b)Sensor for
general use

(2)Sensor for (c)Coaxial sensor

large gap
(E32-D22L) (E32-DC200) (E32-D31)
Fig. 1 Optical fiber type reflective sensor
@ :0Optical fiber for lightening of 660nm wave length
QO:0ptical fiber for response receiving
Amplifier:E3X-F21, response time<20us at output OFF—ON
response time<30u«s at output ON—OFF

Table 1 Influence of sensor on heat quantity evaluated

Rotational Heat quantity evaluated W Nax. diff. between
speed heat in Table 1
rph by (E32-D22L) by (E32-DC200) by (E32-D32) L) %

1000 2.552  2.557 2.558 2.577 | % 2.571 2.613 0.061¢2.37
2000 10.39  10.41 %¥10.30  10. 46 10.28 10.32 0.180€1. 74
3000 %23.43 23.76 23.43  23.52 23.43  23.65 0.33 (1.40)
4000 42.00 42.28 42.17  41.82 41.86 41.97 0.46 (1.09)
5000 66.5 66. 4 66. 4 66. 4 66. 2 66.5 0.3 (0.45)
6000 96. 1 96. 7 96. 3 96.5 95.9 95.8 0.9 <€0.94)
7000 131.8 132.2 132.0 132.0 131.5 131.4 0.8 (0.61>

Repeatability | #*max. (1.40 %) kmax. (1. 54 %) *max. (1. 62 %)

Frequency of clock pulse CP=5NHz, felt-tip mark
Noment of inertia=18.47x 10 3kgen2
Table 2 Accuracy of measurement system
including reflective sensor
' (max. speed-min. speed)
h nominal speed x100 (%)
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Fig.2 Result on spindle of conventional lathe
O:1st measurement, M:2nd measurement
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Fig.3 Result on spindle of cylindrical grinding machine
O:1st measurement, WM:2nd measurement
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Fig. 4 Result on spindle of internal grinding machine
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(a) Rotor of ABC-60
Air spiadle with
Air spindle Magnetic built-in motor
(ABC-{O) coupling (ABC-27M)
________ e_._>_._ — N —_———————— e }-4
T
160
Felt-tip mark
(b) Combined spindle

Fig.5 Air spindle(ABC-60 and ABC-27)
Rotational speed:max. 20000 rpm

Table 3 Details of rotors of (ABC-60) in Fig.5

Outer dia. | Clearance | Longitudinal
Rotor | of rotor |in radius | roughness of rotor
mm “m Ra um
No. 2 59. 9697 16. 80 0.03
No. 4 59. 9658 18.75 0.13
No. § 59. 9665 18.40 0.15

Inner dia. of housing:60. 0033 mm

Radial Thrust Rotor of
bearing( $60) bearing motor
238
(a) Rotor of ABC-60M

Rotor
made_of invar

Motor
- /

Felt-tip
mark

Overall

(b)

Fig. 6 Air spindle(ABC-60N)
Rotational speed:max. 30000 rpm

view
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Table 4 Influence of surface roughness of rotor upon
heat quantity (Air spindle:(ABC-60) in Fig.5)

Rotational | Heat generated | Heat generated | Heat generated
speed by rotor No.2 | by rotor No.4 | by rotor No.5
rpm V Vv (V) vV (V)
12000 40.9 38.5 ( 43.0) 39.6 ( 43.4)
40.7 38.6 ( 43. 1D 39.7 ( 43.5)
15000 65.2 61.3 ( 68.4) 62.9 ( 68.9)
65. 3 61.0 C 68.1) 63.3 ( 69.3)
19000 107. 4 99.8 (111.4) |102.7 (112.5)
107. 2 99.8 (111.4) | 103.0 (112.8)

Numbers in the parenthesis refer to the corrected quantity
under same clearance with rotor No. 2

Noment of inertia of (ABC-60) =1.792x 10 3kg-m?

Noment of inertia of (ABC-27M)=0.129% 10 3kgem?
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Fig. 7 Relationship between heat quantity and
circumferential roughness of rotor
O, [, A:Neasured quantity
®. B. A :Corrected quantity under same
clearance with rotor No. 2
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Table 5 Influence of coefficient of thermal expansion
of spindle upon heat quantity
Air spindle:(ABC-60M) in Fig. 6,
rotor:invar, housing:stainless steel

Heat quantity W
Rotational (Percent increase %)
speed
rpm At 0 nmin At 30 min At 60 min
7000 23.24(0.0) 22.01(-5.3)  21.45(-7.T)
15000 111.7 €0.0) 104.9 (-6.1) 103.1 (-7.7)
25000 337. (0.0) 314. (-6.8) 309. (-8.3
30000 505. (0.0) 469. (-7.1) 458. (-9.3)

Noment of inertia of -(ABC-G60M)=3.918x 10 3kg-n2
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Table 6 Power loss due to air stirring by bolt holes
Bolt holes:P.C.D. 50, 12-N3 at front end)
P.C.D. 30, 12-M3 at rear end,
air spindle:(ABC-60N) in Fig.6

Heat quantity ¥
Rotational Power loss
speed Bolt holes | Bolt holes Vv %
rpm covered not covered
26000 334. 348. 14. (4.2
28000 393. 410. 17. (4.3
30000 458. 479. 21. (4.6)
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