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Abstract : Core loss has a major effect on heat generation in synchronous motors with surface-mounted permanent
magnets (SPMs). It is essential to perform heat transfer analysis considering core loss in SPM because core loss is
seriously affected by torque and speed of motors. In the present study, mechanical loss, core loss and coil loss are
evaluated by measuring input and output energies under various driving conditions. For a better understanding heat
transfer paths in synchronous motors, we developed a lumped thermal system analysis model. Subsequently, heat
transfer analysis has been performed based on acquired energy loss, temperature data and thermal resistance with three
types of SPM. It is shown that the torque constants decrease by Max. 10% as speed increase. At the rated torque, the
core loss is Max. 10.9 times greater than the coil loss and the hysteresis loss of magnets is dominant in total loss.

Key words : Core loss(Z <=41), Surface-mounted permanent magnet synchronous motor(SPMSM, 3™ 5-2} & 5=}
218 & 7] A& 7]), Thermal resistance( & 4 &}), Driving condition( -5 Z=71)

Nomenclature r : thermal resistance
R : non-dimensional thermal resistance

T : temperature
(S : non-dimensional temperature .

Subscripts
t : torque
L : non-dimensional torque (load) rated : continuous condition of motor
v : rotational speed elec, mech, loss : electronic, mechanical, loss
o) : non-dimensional rotational speed coil, core : parts of motor
w - output stator : stationary part of motor
w : non-dimensional output rotor : rotating part of motor
q : heat generation rate
Q : non-dimensional heat generation rate
. LME
1 . current
I : non-dimensional heat generation rate A7) 2Abs A B 3 A3} 5o AF] Eokell A
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(a) Standard/dummy model (b) Insulation model

Fig. 1 Surface mounted permanent magnet synchronous motor

Table 1 Parameters of experimental motor

Item Specifications
Output power (& 3) 1.1kW
Motor type (E.E] 8 4) SPMSM
Rated speed (44 &%= 5000rpm
Max. speed (H o] &%= 7000rpm
Rated torque (24 E) 2.12Nm
Number of phases (X-E] <) 3
Number of poles (F-E] A4 ) 8
Number of slots (Z-E *Al;:——r) 9
Width/height (8] Z/30]) 80mm
Magnet degree (%3 A 55) 42SH
Material of core (24 #}4) 35PN440

AE719] :rL 3
54 099 4500rme}Xl AE39
FA(Nd-Fe-B)S 2 -&3}o] A}

Al Aejstr] flste] ds7] 2t
A S F-28hlar A E IZE o
sto] E 3 3]d S5 Alojatdith 9 dE

o 33174 a AR A
7 skshE s selch

22 57| 24 B

HE7)e] P56l W 8 ZH] 9

A
=]

%

o5 &8 ¥ UF g

n

Amplifier ‘

Power Meter (voltage, current, energy) ‘

AN

Motor (temperature)

Thermo couples & Data logger
U

Dynamometer (torque,speed)

Fig. 2 Schematic diagram of the experiment
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Table 2 The comparison of result in the experiment, the heat transfer model and the MotorCAD®
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