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Abstract : The performance design and analysis of an electric motor for vehicles is very complicated due to the variety
of parameters. This paper presents the design of the BLDC motor for electric air compressor in high voltage(42V)
system and compares with the characteristics of [PM, SPM type BLDC motor. Futher, optimal design for the electric
motor has been carried out using Equivalent Magnetic Circuit and FEM Modelling. By analyzing the design results, it is
found that design parameters for BLDC motor provided an useful tool for vehicles motor design.

Key words : SPM(Surface permanent magnet motor: 0 28 524 2-57]), IPM(Interior permanent
magnet motor : "I & FFAA HZ7)), 42V high voltage(42V 31743, Electric air compressor(%-&24] & 7]
4=71), Magnetic torque( A} 7] E2)

Nomenclature (), :conductor distance, mm

a : number of parallel circuit, N Sc +pitch of winding wire, mm

A :area. mm’ S, :number of slot, N

B, :magnetic density, Wb t,  :depthofslot, mm

D, :amature distance, mm V,  :voltage drop, V

£ :magnetomotive force, AT

: 1. A &

K. :coefficients of carter’s

L :inductance, H 71A] 718ke] 7)1&& A5t A s &

L. :distance of axle direction, mm 71802 FFA 7= AL A o] EA ] WE

K,  :voltage constant, V/rpm o) 7] A2} 71z o] AsA B E HLAdo| 555

K, :torque constant, kgf-mm/A I et ARs Akl A8 H = A7) AR 7= Hi

) 7(-1}\ o X zﬂE EH}:...%:. Lol By s

N,  :rotation speed, rpm Fell = T8 e e L
Z AZololE], RE 5& & & dl, 7+ B
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aFeh 7|ute] RASX 2A=7|R BLDC DE{S] S 34

ek 7 A 8ol AHEEHE HF EEE Y
F& TR AMHEH D oy AEAE AF B
= B#A] DC ZE(DC motor)&} B2]Alg)]ADC &
EJ(BLDC motor) & & 5= it} H &, slojva = x}
SxHet A8AA A AT AeA AFRE
7= At ZpgAt A §-Fol FrkEE A7t
Ase] FAsHA 1dgsE 1 ot 53], AHEA})
A 2 A A FRjol] BLEE AV AR} AR e
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g e = B A2 DC REE AR5

71E AFat] AEH1 e AF R B
Bt HE{A DC ZHE o]&3}a Qlth o] REHE
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dhslt), 28u BejA el A DC BEE 7]E By
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Al Zolgl ey S st A s 9
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2} el mEl B FAE A9y A F7)
(SPM) ¢} v 43 724 A5 7|(IPM) R £ F-H o

whebd, B Qo e AR AEA 2] 4=
719l & 7}& 5 IPM %2 BLDC B HE F4lo 2
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2. 12 BLDC TE| sfjA{ghd
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(b) Surface mounted perinanent type
Fig. 1 Rotator structure of BLDC motor
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(b) Surface mounted permanent type
Fig. 2 Magnetic characteristics of BLDC motor
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Fig. 3 Operating characteristics of permanent magnet
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B IX

tany = R (11)
W= 2X V. I-cosy | (12)
n=PFW (13)

A 719 AAE 2313 AR [ dAA=

A (14)} 2o,

I* n(tL) =
20(l,, + K1) H(t;)(1,+ ap,— B,(t;))
0.4ra,mk w ap,

o =p (14)

A e FaA o A FaAe A (15)9} 2ok

d *» max i, +o Py (15)
04mro; ~m - k,, - 'wf(t )
Hy e = — (16)
2pA(l,, + K, - 1)
Hy pox = H (t]) (17)
Table 1 Design specifications
Item Data
Voltage 42[V]
Rated speed 6,400[rpm]
Rated Joad 38[kgf-cm]
Max. speed 8,500[rpm] at 38]kgf-cm]
Output 3.62[kW]
Rated current 90[A]
Pole nunber of rotor 6EA

3. DM2} BLDC DE| s{AHT} U E

3.1 IPM2} SPM BLDC Z2E|Q| EAM H|W

IPME ZHE siXslr] et A2 AL
SPME 3} F At A 1 3| A AR A7 st /138
A o2 #4354 E Fig. 4, 5ol e Th

Fig. 4, 59] &4 2 3= 1PM & X ] o 722 gk
= Cﬁx}d BEA T R A4 45 ASde
EA-8 YR Qv IPME R E = SPME 2y
o} fFAVSHA X A& 7} 1.82[T] Y o, 32317} ut

A2 o AATh

-

6.932E-01
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Fig. 4 Magnetic density of air gap at permanent magnet(IPM)
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Fig. 5 Magnetic density of tooth at permanent magnet(IPM)
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Fig. 6 EMF characteristics at no load of SPM motor (6400
rpm)
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Fig. 7 EMF characteristics at no load of IPM motor (6400
rpm)
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Fig. 8 Torque characteristics vs. load angle of IPM motor
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Fig. 9 Torque characteristics vs. load angle of SPM motpr
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Fig. 10 Current characteristics vs. motor speed of IPM motor
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Fig. 11 Torque characteristics vs. speed of IPM motor
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Fig. 12 Voltage and EMF characteristics vs. speed of IPM
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Fig. 13 Power characteristics vs. IPM motor speed

1.00

et
0.95 P e
0.90—:?-"“‘ 9225[rpm]

0.85

0.80

Efficiency {p.u]

0.75

0.70 v " . r . . T v
6000 6500 7000 7500 8000 8500 2000 8500 10000

RPM
Fig. 14 Efficiency characteristics vs. IPM motor speed

Table 2 Comparision of characteristics at constant voltage

~Item SPM BLDC IPM BLDC
[nput voltage 40 40

EMF constant 0.002172 0.00208234

ng’;&;fg 8860(rpm] 9225[rpm]
Output[k W] 3.46 3.62
Efficiency[%] 92.3 96.3

Table 3 Comparision of characteristics at constant speed and
output power

Item SPM BLDC IPM BLDC
];:";’;[E?fogi’]’ 8500[rpm] 8500[rpm]
Input voltage 38.2[V] 36.7[V]

Torque[kgf-cm ] 38 38(
Output[kW] 3.3 3.3
Efficiency[%] 92.2 96.1

Ad e SeFrlet ot 9r)dE A
A B2 8 FH A2 YA, IPM 3
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Fig. 15 Characteristics of cogging torque of BLDC motor
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