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I1. BLDC Motor &} & X Z Al

2.1 concept of design process

—>

System Requirements

Motor Specifications

Preliminary design

Detail-design
(FEA, EMCN)

!

Optimisation
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Equivalent Magnetic Circuit
(Lumped Parameter)

Numerical Method
(FEM, EMCN...)

Analytical Method
(Space Harmonics Field)
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L. Analytical Method (Space Harmonics Field Analysis)

7 Air—core type Linear BLDC Motor

|

Analysis model = In order to Space Harmonics Field analysis
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7 Direct—drive Ring type Slotless PM Motor
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Lt. SPM typet Spoke type BLDC Motor S-&H| 1

7%&9%&M%

20.00*

20.00°

T

AV

Slot detail

stator

$47.00

®10.96
/

Rotor (spoke type) Rotor detail

60.00°
2000 #47.00

©10.96

Rotor (SPM type)

model 1
: spoke type

model 2

: spoke type
(semi—closed slot ;
slot opening = 2mm)

model 3
: SPM type

» YAXAC MBS 2E S

o

=
I

0

y
2
o
1




ol

1z
[Ih4
kel

- 2.17880E+08

- 1.74306E+08

- 1.38732E+0Q

- 8.71576E-091

- 4.35834E-91

- 9.892Z29E-83

- 2.15764E+088

- 1.72613E+088

- 1.29462E+088

- B.631@9E-@1

- 4.31596E-@1

- B.43729E-@5

- 1.36281E+88

- 1.25825E+88

- 9.376B6E-O1

- 6.25124E-01

- 3.12562E-81

- @.000800E+88

model 12|
SHE&E L&

model 22|
SHEE 21L&

model 32|
SHE&E L&

0k
[

|
=
2

Kl
r
OH
1%




Flux Densituy (NORMALX

.988E-81

. 719E-81

. 249E-81

. 7¥I9E-BZ2

.B89E-@1 [

. 399E-81

model 12|

_ 5 re) ) A = 171
-89sE-al Max = 4.90B4E-B1, Min = -4.8976E-01 _5 —/ II'—_"—Dal E Tl_‘i

-628E-@1

Flux Density (MORMALX

. 4180E-@1 |-

.225E-81 |

.239E-81 |-

.S39E-82 |

-316E-82

.B17E-81

model 22|

- ® & e I~ = 1T
-lssEmal Max = 4.1982E-B1, Min = -4.1878E-81 _5 —_/ II'_—‘TDEI E Ii

-182E-81

Flux Density (MORMALX

ZZ211E-81 |-

.187E-81 |

.164E-81 |-

. AB6E-82 |

.B2BE-82 |
. 986E-81 |-

. 9380E-81 |-

model 32|

IIAXSUE 2X

Max = F.9464E-81, Min = —-3.9338E-81

.953E-81 |

0_)'|_|
i

o
Kl
ra
OH
100

o
4



Torque (kgf*cm)

Torque (kgf*cm)

15

—e— net torque
—O— cogging torque
—— total torque

'5 T T T T T T T T T T T
0 30 60 90 120 150 180
Angular position (electric deg.)
model 12 EIEH
15
—e— net torque
—O— cogging torque
104 —— total torque

/ N\
~0~0—0—0—0—0—0-0=-0~P=0—0-0—0-0—0-0(-0-C=0—0-0—-0—0—0—0<-

0 30 60 90 120 150 180

Angular position (electric deg.)
model 32| EIEH

Torque (kgf*cm)

back-emf per phase (V)

15

—e— net torque
—O— cogging torque
—{— total torque

0 30 60 90 120 150 180
Angular position (electric deg.)
model 22| E3EH
6
4 4
2
0+ spoke type
—O— spoke type (semi-closed slot)
—&— SPM type
-2

30 60 90 120 150 180
Angular position (electric deg.)

2 2eol o)|HY SH

03k
[0
=
Jok

Kl
r
OH
1%




Analysis model

mm) [n order to Space Harmonics Field analysis
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Magnetic field by EMC.
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1V Back Iron
111 PM
L= Hy > Z h
11 1 > X
I
Magnets distribution.
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Equivalent Magnetizing Current (EMC) of magnets.
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B Governing equations of each region.

0°A(x,y) , 0°A(X,y) _
ox’ Ay’

—H, I, (%) Region III

B Magnetic Field induced by EMC

00 . B nky nk
N Fo Z %n(nk) s — c - [din(nkx)
£ [pin(nk) e” e™ Hnk
00 nky nk
ﬁ:_&z (nk) ek L€ "3 (nkx)
£ [R(nk) e ™ Hnk
4]

b = —""[cos(nka) —cos nk(a + 0)] J (x) = ib [3in(nkx)

n
P nit s

O 1is the arbitrary value which approaches zero.

J ,,, 18 current density of PM.
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Magnetic field by armature current.

A
|8 Back Iron
I11 I
- H=Hy
I1 ® X A o |T X o x
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1

Arbitrary current model.

B Governing equations of each region.

0°Ak ) Ak )

=0
0x* 0 °
0°4(x, 0° 4 (x,
a)((2 Y) + a}(lz Y) = _HOJ(X)

Region I, III, IV

Region II

A 1s the z-axis component of magnetic vector potential.

J is armature current density.
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B Magnetic field induced by armature current .

Lsinh(nk(g - h))

BX = - Ho 3 B o Esinh(nky) Dlr’l—lz Cin(nkx)
ﬁ:—uo;é—“(nf((nk) D E'ﬁ& (nk)
oE R

et B B

The resultant magnetic field

Superposition of the magnetic field caused by EMC and armature current.
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Shape design of coil area
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The shape variation of winding coil area.

The flux density of each subdivision regions is computed by the
Space Harmonics Field analysis of EMC

The generated thrust would be varied in spite of the constant MMF.
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