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Abstract: It is essential to predict the coil temperature under over load and over speed conditions for reliability in high
speed low torque surface mounted PM synchronous motors(SPM). In the present study, the losses and coil temperature
are measured under rated condition and calculated under over speed and over load conditions in the three different
motors with 35PN440, 25PN250 and 15SHTH1000. The heat transfer modeling has been performed based on acquired
losses and temperature. The difference of coil temperature between heat transfer modeling and experiment is less than
6.4% under no load, over speed and over load conditions. Subsequently, the coil temperature of the motor with
1SHTH1000 is 84.4% of the coil temperature of the motor with 35PN440 when speed is 0.9 and load is 3.0. The output
of motor with 1SHTH1000 is 85.2% greater than the output of the motor with 35PN440 when the dimensionless coil
temperature is 1.0.
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Table 1 Specifications of a reference electrical rotating

=

Y
Mo

3

d

machine

Item Specification

Output power 1.1kW

Motor type SPMSM

Rated speed 5000rpm

Max. speed 7000rpm

Rated torque 2.12Nm

Rated current

(35PN440,35PN250,1SHTH1000) |2 73/6-9Amms

Resistance 0.11Q

Number of phases 3

Number of poles 8

Number of slots 9

Width/height/length 80/80/160mm

Material of magnet Nd-Fe-B(42SH)
35PN440

Material of stator cores 35PN250
15HTH1000

Fig. 1 Experimental motor and the measurement system.
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Fig. 2 Heat transfer paths in the experimental motor
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Fig. 3 Heat transfer model in the experimental motor
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Table 2 Thermal resistances of isolated motors

Material of stator core R; Rysator
35PN440 1.64 8.57
35PN250 1.38 8.53

ISHTH1000 1.88 8.62
0.14
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Fig. 4 Measured dimensionless losses of coils and cores
as functions of dimensionless speed
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Fig. 5 Measured dimensionless temperatures of cores as
functions of dimensionless load
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Table 3 Constants for thermal resistance calculation in
Eq. (17) for representative electromagnetic

materials
a b c
35PN440 10.92 0.472 0.192
35PN250 11.11 0.250 0.093
1SHTH1000 10.54 0.423 0.201
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Fig. 6 Measured and calculated dimensionless thermal
resistances of rotors as functions of dimensionless

speed
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Fig. 7 Measured and calculated dimensionless temperature
of coils as functions of dimensionless speed
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