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A Study on Back EMF of BLDC Motor Using Numerical Analysis Method

Hyun-Cheol Kim
Agency for Defense Development
(Received August 1, 2007 / Accepted July 9, 2008)

Abstract : This report describes the analytical solution of back EMF for BLDC motor using numerical analysis of air
gap flux density. The analysis of air gap flux density is the key to expect the performance of back EMF for the
design of brushless motor. The numerical analysis and FEM analysis are performed to vary attachment of stator side
or rotor side, radial flux magnetization or parallel flux magnetization, magnet arc angle in the condition of constant
air gap. This results have more reliable data comparing with test result of the back EMF for 7 phase BLDC motor.
Key Words : back EMF, air gap flux density, surface magnet, radial flux, parallel flux
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Fig. 1. Analytical model of breshless motor,
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Table 1, Permanent magnet attachment on stator

a : 0.03587 (m] b 1 0.026 [m]
cl @ 0.02687 ¢2:a
Br : 0.635 {Tesla] p: 4
recoil permeability : 122

Table 2, Permanent magnet attachment on rotor

a : 0.03587 [m] b : 0.026 [m]
cl:b c2 1 0.3587
Br : 0.635 [Tesla] p 45
recoil permeability @ 1.22

38

Q.7
064
)
054
=
2 044
0
o
& 03+
=
=
i 024
fo %
Y
9 ¢4
e
<
0.0
USRI
10 08 06 04 -02 00 02 04 06 08 10
Rotor Position fthetal

Fig. 2. The result of air gap flux density adhered to stator
side{radial direction magnetization),

(b) 257} 55
Fig. 3. The result of FEM analysis{stator adhesion/radial di—
rection magnetization),
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Fig. 4, The result of air gap flux density adhered to rotor
side(radial direction magnetization),
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Fig. 5. The result of FEM analysis{rotor
rection magnetization),
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Fig. 6. The result of air gap flux densnty adhered to stator
side(parallel direction magnetization/85° pole arc),
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Fig. 7. The results of air gap flux density adhered to stator
side(paratiel direction magretization).
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Fig. 8., The results of FEM analysis(stator adhesion/paralie!
direction magnetization).
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Fig. 10. The result of air gap flux density adhered to rotor
side(parallel direction magnetization).
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Fig. 11. The result of FEM analysis(rotor adhesion/parallel
direction magnetization),
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Table 3. The Dimensions of 7 phase BLDC motor
a : 0.051 [m] b : 0.037 [m]
cl:b c2 : 0.0465 [m]
Br : 1.06 [Tesla] p: 6=

recoil permeability :- 1.1

Fig. 12. Configuration of 7 phase BLDC motor drive,
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Fig. 13, The analysis result of air gap flux density for high
speed 7 phase BLDC motor drive,
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