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Heat Analysis of Built-In Spindle Motor
for High-Speed Machine Tools

Dae Gon Sim*, Seung Hoon Song**, Yoon Hoo Cho***, and Sung Hoon Cho***

ABSTRACT

The built-in spindle motor for high-speed machine tools is designed and developed by Corporate R&D Institute
of DAEWOO Heavy Industries, LTD. The heat analysis program for the built-in spindle motor is developed by
using lumped method. For the purpose of verification of the program, comparison analyses between experiments
and calculations are performed on the three motors; DHI prototype of built-in spindle motor, built-in spindle motor
sample A, and sample B. As results, calculated temperature distributions are in good agreement with the test
results within the average error of 10%. Calculated results of all the built-in spindle motors show that maximum
temperature rise at high speed remains in the operating condition without exceeding the permitted limit, but they

exceeded the permitted limit of temperature rise at low speed.
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Fig. 1 Schematic diagram of built-in spindle motor

Table 1 Specification of the built-in spindle motors

Model
name

prototype
(DHI)

Speed Low High Low High Low High
(rpm) (1200) | (2500) | (2000) | (3500) |(1200)| (3000)

Power 15 kW|18.5 kW | 15 kW |18.5 kW |15 kW |18.5 kW

A-company B-company

Insulation .

Class F H F
Permitted o~ R ; .
Temp. rise =105 C <125 T < 105 C
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Table 2 Heat losses(heat source) of the built-in
spindle motors used in analysis (unit: W)

A-company B-company DHI proto
Parts Low High Low High Low High
(1200 | (2500 | (1200 | (3500 | (1200 | (3000
pm) | rpm) | rpm) | rpm) | rpm) | rpm)
Stator coil | 44401 | 1085.9 13436.2 | 8419 | 3959.1 | 10199
(4447.0)1(1105.8) | (3440.2) | (867.7) [(3965.0)[(1045.9)
Rotor bar | 4972 | 4009 | 21327 | 3564 | 935.1 | 3229
(499.8) | (406.6) [(2135.7)| (375.7) | (938.3) | (336.7)
Rotor 515 | 412 | 2089 | 332 | 941 | 313
endring
Stator yoke | 526.6 | 796.6 | 188 | 596.5 | 597.5 | 8323
773.8 | 11866 4073 | 584.5
Stator teeth | 7859y | (1206.9)| 2827 | 9173 | (a17.1) | (627.0)
LBeﬁ'S.ide 00 | 8.0 | 00 | 500 | 00 | 500
earing
Rightside | g | g70 | 00 | 500 | 00 | 500
earing
Rotor teeth | 56 124 | 30 187 | 50 | 216
(11.2) | 24.8) | 6.0) | 37.4) | (10.0) | 43.2)
Total | 6294.8 | 3697.6 | 6248.4 | 28455 | 5998.2 | 2912.5
Loss  |(6328.2)|(3772.0)|(6258.5)((2907.7)| (6022.2)| (3016.8)
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Fig. 5 Heat analysis program for built-in spindle

motor
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Fig. 9 Temperature distribution of prototype of DHI
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Fig. 10 Temperature distribution of prototype of DHI
built-in spindle motor(Low, 1,200 rpm)
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