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Thermal Characteristics of 600 W Brushless DC Motor under Axial Loading Condition

sl !, oA 2 UTFES, urapy
Hwabhin Kwon', Won-Sik Lee?, Gyu-Tak Kim®, and Heesung Park***

ozt
o

(Department of Mechanical Engineering, Changwon National University)

sty 7|A St sty
2 Hoisty ®7|58tn s (Department of Electrical Engineering, Changwon National University)
3 YU MI|HXK S8 (Department of Electrical and Electricity Control Engineering, Changwon National University)
4 HAC|ety 7|4 585 (Department of Mechanical Engineering, Changwon National University)
< Corresponding author: heesungpark@changwon.ac.kr, Tel: +82-55-213-3609

Manuscript received: 2016.10.17. / Revised: 2016.11.9. / Accepted: 2016.11.14.

A brushless direct current (BLDC) motor electronically performs rectification without brushes. It
therefore does not have the typical mechanical friction contacts between the brushes and
commutators. The BLDC motor has the advantages of high speed, low noise, and electronic
noise reduction in addition to high durability and reliability. Therefore, it is mainly used in electric
vehicles and electric equipment. However, iron loss and copper loss due to long-term use induce
temperature increases in the motor, which reduces its performance and life. The temperatures of
the stator and permanent magnet are predicted to be 62.3°C and 32.2°C, respectively. This study
shows the enhanced temperature distribution in a 600 W BLDC motor using unsteady and three-
dimensional (3D) numerical investigations validated with experimental data.
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J|l=Mddy a = Resistance temperature coefficient
p = Density
p = Pressure w = Rotating speed
R = Electric resistance
r = Radius 1. ME
T = Temperature
t = Time EH = Aol oa dAske Ao 44
u = Velocity vector £ o]&sto], M7 duAE 714 FH dyA =
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Table 1 Specifications of BLDC motor

Specifications BLDC Motor

Rotor type Inner rotor

Rated torque 1.91 N'm
Rated current 17.5A
Pole / Slot 8/12

Rotating speed 3000 rpm

Winding type Concentrated winding

Br 13T
Power 600 W

Fig. 1 Construction of the BLDC motor

% & BLDC EH o S FAs44cm
=28k

H dAFE 600 WBLDC EES] H3l AES F
atol 3000 rppms frA5k7] 917k Aol wE A,
T2 Ade] 2Ee T A 2EE A
2 ZAsta, Aess A o mHe =4
< Axtesith Ad =13 AdE aeste] A
Fotd - FAMAG Heol A A
S 31935t BLDC RHO 25E oS35tk &
Aol AFE U FAAE RS ol &st
o] Fg] @A, 2Holg, B U dF A &
T BEE ALk
2. A H oAl Y

B =R° BLDC RE9 Hi AP 7P}
of Y Fxo &% W R AR WsE 5439
At S8E 29 AFE ol &ste] FEH A
&S ALtsien AdE EdEe dEge®
AAste] Bm el Axk Al A M S
3kl AFasint

2 =wodlA] AR E HE7]E 600 Wi BLDC
RZEolt) 3000 rpm 9] £XolA 1.91 N'me| A7
B39 175 A9 44 AFE E9¢ith BH A



Y USSS|A A 33F M 125 pp. 999-1005

December 2016 / 1001

Fig. 2 Experiment equipment for motor load test

Copper windings

Stator

Inmer flow field

Exterior geometry

Fig. 3 Numerical domain of the BLDC motor
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Table 2 Boundary conditions

Condition Value
Flow condition Natural convection
Rotor wall Rotating wall [3000 rpm]
h=55.5 W/(m>K),

Convection heat transfer

coefficient Texternal = 26 C
Initial temperature 26C
Copper loss .
(Copper windings) Experiment value

Iron loss (Stator) Experiment value

Table 3 Thermal resistance at the thin layer

Housing-stator| Winding-stator| Rotor-magnet
Case | 0.0011 0 0
Case 2 0.0011 0.00057 1.15
Case 3 0.0011 10.5 0.1
Case 4 0.0011 10.5 0.25
Case 5 0.0011 10.5 5.0
Case 6 0.0011 20.0 15

Table 4 The method of numerical simulations

Computational fluid
dynamics [CFD]
3-Dimensional navier-stokes

Governing equation

equation

. Thermal conductivity

Conduct . .
Heat onduction (Material properties)
transfer . Flow convection and

Convection .
external convection
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Table 5 Material properties

Heat Thermal Densi
Properties capacity | conductivity Ik /m?]'
DkeK] | [wimkK] | [k
Shaft and case
(Aluminum) 900 209 2700
Iron core 28/1.9
(s0PN1300) |t (Radial/Axia) | 7*°
Magnet
(Ferrite magnet) 700 9 5000
Windings 185 200 5700
(Copper)

End Cap Air

Fig. 4 Thermal equivalent circuit
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(a) Copper windings top view

(b) Copper windings side view

Fig. 7 Temperature distributions of the copper windings
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Fig. 9 Temperature at the permanent magnets
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