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[ dbstrace T/n'\ /mpu -mumqu!n Lthe pwmcmwm

! nmwun[’l!} overhang eftecr on the railial Jorce densiy i

b!i{\frfcw DC mmm(b’l/)( Ay The rnu/.vrm;; effect has been

wsed 1o (11/(.'1"{ the performance of the radial flux-densin in]

BLDCA and halwice the Sorccim the axial direciion o e

reduction of ithe Vibraniom |30 eeuiverlint magnetic ciicun

nenvork method(s. /J/’ MONND s used for the acetrare an

c’ffucnf analvsis” of radial foree de msiry, The radial fmr.
"rr'e.'mrw\ mc‘ (m'f alarcd Dy AN Ol STOSS tersor dnd. thi

ﬁeqmm

diseree Fowier
“ransform

sappropriare Py
length i mu/mm steveture and the magnetization patern

Spectia are m_fri[l_uf by the
From -the analyvsis) resulrs. .

Uforithe ue."m fion o the m’w.m:m are proposcd

Key wm'd.s‘." !;u’n’r current brake,

Conveetive-diffision
e‘(,'uarfrm. Gulerkin-{7:\1

( pwind-FEM

ik Introductmn

'BLDCM /in computer Imul disk dnw. has. 'hc
vezhano structure in which PM length is longer than

| the stator stack in the axial! L]!It’(_ll()ﬂ The ov c‘:hdnw'
effect has been used o enhance the perturmans_e of’

radial flux in BLDCM. but 11s precise contribution 10,
pertormanws 1s not well known [11]- (2]

In addition, the electromagnetic 'load per \UlleL
fatio ;1 BLDCM  becomes larger. owing to, the,,
development of the motor design technology and the
energy  magnet. | Accordingly.  the
Problems ot vibration and c.;ubqequun noise emissien
©an be significantly increased in BLDCM. (e

The most frequent source of vibration in BLDCM
Is Caused by radial torce dueito the electromagnetic

foree.  The problems, of. vibration .and noise are

mremelv Irouhluomu when the forcirig 'f frequencies
the, radial iforce | matchone or ‘more. of 'the

_meChamcal o1 str uuum] resonant frequencies 'in the !
machme[ 3. Ihucinrc 1_[ 15 1mportant to know the gy,

T82-333 (1](} 4366, E-mail : 11]1tb.a_nur:.keti.rt‘.kr

dirgap flux density distribution d\.Ll!Td[\,l\ fm thell
‘prediction of back-emf’ wa\utorm cogging torque and
radial force.

In this paper, 3D }"\/1('“\]\4 is used for the md afl
force density analysis considering the ov erhungeftocy)
Cand various magnetization patterns such as sinusoidal. o

square and trapezoidal. 3D EMCNM \Li')plL]TlLHm_.
magnetic cquivalent circuit by numerical l\_Lhniqm
using - distributive | magnetic circuit | parameter,
| permeance [+]:"Appropriate PM length m overhany
structure s proposed based on the analysis results |
The frequency spectra of the radial foree densities
have been alsoinvestizated hx using the dm,uu |

Fourier transtorm with :eaput tothe: varation ot
overhang ratio.

it Anal\ Sis metlmd

3-D equivalent i magnetic . circuit!| neiw ork s
constructed by connecting lhc unuolds(nodtx ot
dd_JdLL.l'll Ll(.f'ﬂt‘ﬂt‘: through the permeance as shown in

Fi IE
et}
T ol iy
'(‘z‘~1,_j,'ic)__ '
(z;-f,k-f)'
_ - ik)
Figl 1 -D cqun dluu mas_mm. (_IILUI[ at nod (r./. R0
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The flelcl variable of the centr 01ds magnetic sua]ar
- potential(MSP), .is decided by the permeance and
magneto-motive force(MMEF) involved with them.
The magnetic flux and magnetlc flux -density in r

direction between node (i k) and node (1] 1.4) are_"

: La]culated as Tollows[ J
(D’ ;.5 il =P’ .-41,::'({}_;.';.1. - (-‘-!,..j—';.:\ "'““E.-..m.:\- )
where L S unknown \/ISP and [:; s MMF of the
‘P‘\«l or sIa[o: W mdmfT

T_he,-mag-m:ri_c' flux continuity - condition at a

node(r,/ k) 1s given by
g B g o D i
i <1J,_,;M it P Tl k)

The system mam;\ cqudunn is L)hmmcd by (1) and
i3 Iol all nodes, suuh that,

i 'x\-’he:‘.e [P] is-’t_hc permeance coefficient matrix, UL is

matrix of node MSP, “and 4 F} s forcing . matrix |

(=Permeance » MMF of stator.current or PM).
The "distribution 'of 'magnetic tlux density in
BLDCM is calculated by (1), and the radial force
density acting on the' surface of the teeth are
“calculated using the Maxwell stress tensor as follows:

ml B -B)
124,
1

.h'

L 24,

- where /lis force per unit area. B is the flux density. n (s

"'the normal component. 7 is the tangential Lomponcnt
and JIARE the pt,rmeabzht\' il

3. Analvsm model
‘Fig. 2 shows the spindle BLDCM model and r-z

_'planc with ov erhang structure for hard disk drive. The

Motor 1s exterior-rotor type with 8 poles, 12 teeth and

3 phase full bridge circuit. The magnetization pattern’
ot PM. ring tvpe plastic Nd-Fe-B, is assumed to be |

-sinusoidal. square and trapezoidal respectively.

R 5B I il il | (4y:l

'The BLDCM model has asymmetm ‘structure

magnetically in the axial direction. Therefore, in 2D
| analysis. it cannot consider the flux fringing and the

leakage flux effect in the axial direction because the

2D analysis assumes that the physical quantity such ag | '
linkage flux is constant or the analysis region has

constant structure in the axial direction, Consequently,

| 'in | the BL_DCM with axial ‘overhang structure, 3)
‘analysis 1s necessary, although 2D analysis 1s much
‘easter and faster than 3D analysis'in ‘modeling and

computation time. Table T presmls the spEL ification |
- of the analysis model. imit -

Fig. 3 shows the mesh of dna]yqzs model, l"he '
_analysis model . 15 divided . nto clementary
volumes(elements) of hexahedral 1 shape. The node’
number and element number are 38,280 respectively.

a )Anaiwxs model fnr HDD spindle motor drive |

1(1/\0
i
()!f’ihd”” WA
SH R
I -'sz"amr . 'A ;‘UM

syl )Lw ha}zu fr il
(b} 1-z p.l'e:me

FIQ 2. The BLDC‘\/I model and Iz
; struczure |

Table1. Speciﬁca_tion of analysis model!|

Sratorili s LR e .

Slot number, .. 12 QOuter radius . 15.25(mm) _
Prasesimini. i 3 Magnet thickness |1.2(mm |||
Phase resistance 5.9(€0) 'Magn_gt height  3.7(mm
Turns per phase 57 Remanent G 7Ty
Stack height | 2.5(mm) ||| Coercivity - sk Amy|

Inner radius | 7.25(mm) |

Outer radius| | 113.8(mm) | Overhang 0.8(mm)

1anL w 1th overhang

Airgap length | 0.25(mm) | :
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| F]g . Mesh of Elﬂd[\SIS mod I |

' Fdr the consid'crmg the movement of the rotor. the
magnetization  distribution| is represented | by the
function using 'the Fourier serics which changes
-according. [ to | relative! ! posttion: ot the | PM.

Consequently:3D-EM(7 \M need not remesh process

for the analvsw region ‘and more etticient than D
- ﬁmte element dﬂcl]\ \I\ !

4. Analysis results il |
' The value of the muham. rato (/a /:_.-) 13 mrm]_ il
‘such as 0.5, | and 2 respectively for the m\utlgalum'
of 'theoverhang structure effect on the radial torce |
density in BLDC M At no load condition.the radial |

flux distributions in the airgap centeraccording 10 the

[variation of magnetization | distribution o PM are
| shown in Fia. 4. Due to the teeth and slot structure. the |
(dip appears in the radial flux| distributions of the
.airgap, _ - .
. Fig. 5 shows the \LLlUI’ dlsmburnm of thL fux!l
Cdensity in sz cross section using 3-D EMCONM! The

remarkable Ieakdﬂc flux in ov erhang section of the

PM can be seen. which cannot be considered hyv i
. analyals It 1s known that the radial flux distribution
Jover the  stator. surface 1s enhanced dm o the

overhang structure in PM.

The fixed 3 pownts on the center lmc of the svrtas.e '
L of the teeth is selected in order to ‘nvestigate the|

| radial force density at the different positions of the.

teeth because the radial force density does not act on

| the surface (.()HSIdI‘L[]\ The Fig. 6 presum the fl)\dd i

points of the teeth.
Fig. 7 shows the radial force, dcnsltv at the cemer
pomt of the teeth when the mgrhamz ratio(hs /) s

0.5, 1'and 2. respectiy ely in trapcmldal mduneu/atlon

dlstnbutlon

sinuseidal wave _]'
-lrapezoidal mave
= SRS M e

: Arrgap i].ux-dm_lsﬂy Ee

(g ) 7::(4—_40 oo [T ey
' Electical angle (degree) |

[ Fig, 4 Radial flux density distributions with variation of the

l'l‘laUI’lt_tl?ZlIlOﬂ usm‘nutmn of PM.in BLDC \l

FigisuThe flux density iz cross section

Cteeth

i g 6 Fixed 3 pom[s on the :,urfaLe ot rhe teelh

01 T

L Ratre 2 T Rdtm il Ratm gy

()T-')

 Radial force density (Nfm-)

o I e T e e
H Time {msec) | |

Fig, 7 Rddml force density acts on the point 2 aceording

1o the overhang ratio in trapezoidal dlbtnhuuon_. I
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The winding of cotl is assumed as Y tri-phase
connection - and the shape of end part in coil is not
considered. As shown in Fig. 7, the radial force
distribution of the case with 2 overhang ratio is the
svmmetric  but others are less symmetric.
Consequently. in case of 2 overhang ratio, it is better
than others in vibration reduction of the BLDCM.

Fig. 8 shows the comparison of radial force density
distribution acting at the fixed 3 points on the center
line of the surface of the teeth in trapezoidal
magnetization distribution. For a period force density
distribution of the middle point 2 is relatively
symmetric but other points are less symmetric due to
flux leakage between magnets and lrmgmg at the
stator slot- -openings.

Fig"9 represents the' LOI'ﬂ')ﬂ"ISOﬂ of radial forLe_

density distribution at point ?_Lluzordmﬂ to the

| Nariation| of magnetization patterns such as

simusoidal, square. and trapezoidal respectively.

In/cascof the 'squarc the radial force density

.dl&tll")utlon 15 the mmt asvmmt.lnc and hd\ a bad
“effect on' thL vibr atlon and noise.

P0G S e e TR

Pomnt 2 = Pont 3

s, Hiin ]

Qg

Ot

i

7
2

2

Rl

SO T e e ~s0
Tume (msec)
- Radial force density distribution at points 1, 2. and
3 in trapezoidal distribution (overhang ratio 1).

oo

6}

-Tr up‘zolchu — Square | |

Y e e RS

':é

Q.07

=3
o
G

&
o
L=l

Rarclial fore density ( Nomm ™)

)
o014

o T e s 123.9 135.2
Vet 1.)111&;11 angle (dey?
- 9. Comparison of radial force density distribution at
pomt 2 with respect to magnetization patterns

(overhang ratio 1).

L2 5]
=

Fig. 10 shows the spectra analysis of the radia]
force density in Fig. 7. The excitation frequencies are
integer multiple of 720 Hz which is the value of
multiplication pole number and rotation frequency.

5. Conclusion

[n this paper, the radial force density acting on the
surface of the teeth in BLDCM is analyzed considering
the overhang effect and various magnetization patterns by
3-D EMCNM. In case of*overhang ratio 2, the radial
force density is more symmetric than those of the
ratic 0.5 and 1. ' _

- The magnetization patterns having effect on the
radial force density are also investigated. In case of

' the square. the radial torce density distribution 15 the
most asymmetric and has a bad e’r*cu on fhe v mrauon_
-and notse.
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