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When the magnetic wheel facing a conductive plate is rotated at high speed,

Eec;ivgd i %arfih ;g;g three-axis magnetic forces are generated. Among them, the levitation and

€Vi1se pr1 3 eqe .

Accepted 5 April 2022 lateral force§ have self- sttablhty and do pot require a se.parate controller to.be
stable. In this study, we introduce a device that moves in space by controlling
only the transfer position in a transport device comprising four magnetic

Keywords: ) ‘ wheels. The relationship between the design value of individual magnetic

Electror.nagne'tlc Aanalys1s wheels and the range of spatial stability is explained using finite element

Magnet%c levitation analysis. In particular, the change in the levitation force according to the

Magnetic wheel overlapping distance from the edge of the conductive plate to the center of the

Non-contact transfer magnetic wheel is described using the induced current density. Because the

Self stability only control variable in the developed system is the wheel speed, we present a
simple logic and test results to transfer the system only by controlling the
speed.
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Fig. 1 Photograph of the non-contact conveying system using
four magnetic wheels
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permanent magnets magnetized axially
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Table 1 Specification of the magnet wheel used in finite
element analysis

HamedExpr
4. 751804007
4.0036e-007
3. 22544007
2.4472ev007
1.665e 007
8.508304008

Part Specification el
Outer, inner radius: 80, 40 mm = e
PM Heig.ht : 25mm
Pole pairs number : 4
Material : NdFeB35
Track Thickness : 5 mm
guide Material : copper
Operating Wheel rotating speed : 3000 rpm
condition Air gap length : 5mm
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Fig. 4 Force variation according to distance from center of the
magnetic wheel to edge of conductive plate
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Fig. 6 Variation of y-axial levitation force for inner radius of
the magnetic wheel
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Fig. 7 Magnetic wheel with another repetitive PM pattern

AA AQQ ro] 40 mmY wiet Bl wsf ro] 0%1 3¢
.

Ch3-C.2 Fig. 70l @] PM9] 4ol FBaj&o] ofd FEiE
= A7|AES AAsk: 7180l HlE PM @42 olo= o
I3 AEE 1EF £ et =99 24 A7) Al B
B3] Folrt. ol2jgh FAoll W A7 ol 71 B
@/} vlas) B9 Fig. 87 2tk oM BajE 42
Type ‘A’2 121 Fig. 79 @42 Type ‘B2 BASHITH A
=3 BA7IA19] 72 p7F 40 mm o)l 7t T g
Aol A9 glovt 40 mmiErh 2 FRiolA yIFE BAHL
Type ‘B’9] 75‘% =717 asHA] i A9] AR AdElE fA

Rom FHolu} F589| Heolle ‘AEth
Atk £3] o7t Zopxlel whet WAYst=
oA EHAE= ZoR weEh
0] 235l= PMZH9 737:]]/d
%oﬂH ZMEU WA A US
15 Fuot2s PMTH] *c}i
A%JOI w—am PMZF A
e B¢

Hi 7]&0

oheF 1.5HH
e o] ARE ¢

z

A

.

1
2

T+ A O

_o|l"

N)
Por
o
rir
oM.

alL
Jo—ﬁﬂi

o o

mlo

sl x}ﬂz

DL oo o Hr dr d
=0Ig‘

oo rx

oA y% F4o

| =

J}-m_

EJ\
=

ﬂl

143

800

e~ —=— Type 'A’
R . A ype
400 T o o\;\s -0 --Type 'B'
0 FZ \U\!ﬁ"‘"*—-—-—-
2 L) L) L) L] L)
;120' O -0 -0--0-0 -0 O..O'/'S"'Q‘-g
2 - =
£ e =,
= 404 \i\i
g .1 FY ~—,
E 135 4 L) I T 1 L T
= ——
90 o-oroioog
o Oﬁ;.\-\.
454 o B
I~
8:
0 FX \g,\.____._-
) L] T
0 20 40 60 80
Radial distance in y (mm)
Fig. 8 Comparison of three-axial forces for PM patterns
360 X
" — § ¥ W
3004 / \'\ &2 LAY
T —,---o--FZ
% 2404 o . O\
S 1804 4. °
< 120 s
I\.\. s
60 Beihens O--een D?
Solid : Type 'A’, Hollow : Type 'B'
0 T T T T T T T T
2 6 10
Number of pole
Fig. 9 Influence of pole number in magnetic wheel
ol wet 54 BN F2e skt 2= 15 How
Held,
3712 A\ g S50l T R BAJlo] Fig. 99 Ut

Ylch vlal 2E2E Type ‘A’9F Type ‘B’E AdEisiith.
2Y ne 47} Folyol wet x, y& A8 S7FeHANE tiAl
7% A7 45 FolA 2tivt © $ofl 23]8 Zashe Ze

(0]

& 4 Atk E=JE, FAM Fig 7oM<} TRIZIAR y& BgEe
Type ‘B’7} & ¢ A% x, z28L 1 wigiel AL sig 4

9Ict. 45 ool 2471 27klo] whet 3% Ale B Zjast
= 12 9] PM) o Fo] 37] o] Aol HlEsiA 7
A3p7] wgoltt, J4o] T L =Y B PMO] VAol of

o} 234 Qe AFS 2o Fig. 9o AXG Anrt 24
A2 oujshe 2L ofUth. Fig. 90 AXIE 34 Azt w

% p7} 40 mm3 whe] Astoln A7|AEe] AEE7 ] Table
1o B }EJ o} Sl offiE 43 o] T4 eI
3% 2% Aol BE B3 A% 2 AL 4 4 Atk
2 X agolMet o] y& BH7]ee Baton Aty 52



Sang Heon Lee, Kwang Suk Jung

SRR s
A 23 W7k 71 Sl A

=P}
o]
S ¢ 4k 2y ALt H}E} 7bo] B oig z|okst EZg
9o o Eﬂ

Al2E A AU Table 10]]

3. F& Al2B9| CiEE AF H|of

ST AETE AAY n&om s|ste AIARES Alof 1Ak
A S|ttt ojfd & Walel W A7 AFl WA
ke 3% AP1ge Ws=S Fig. 100] YeUin. 2808
Z8EE xF e o 1000 rpm RZolA I3k Ze Foj
MA3] ub*ﬂ% &4% % % °‘°t=1 T*PELE 8= yE 92

0

OHHE%]J- ﬁ‘“—’foﬂ EH"J 23 s StEE 3000 rpm7HA]

517] wj2ol] A7|ARe A% &£ HAE 1500 rpm .2 A|3hs}

Three-axial forces (N)

=gl A @5 gl sl

o
Jote FES Ssio] HAIBIGEE N Y ATt St

120090 x_axial force
---Y
T e Z . e F
200 - / e
7
150 ’ ; I
100
504
04 X : test result
L) ) L) ) ]
0 900 1800 2700 3600
Rotating speed of wheel (rpm)
10 Variation of three-axial forces for rotating speed of the

Fig.

magnetic wheel

Fig.

11 Base coordinate and notation of the conveying system

144

2] 7]1% ZFAZ Fig. 110 JeHITh Aloj7]
NEEE 25 SET 99 AA"Y FHgeIA S 944

o] TiOIAIT o]ek AAEsto] y& W9, zFol Tt
BJR1 E(roll) ZI= v Al nHSoRd Mpolth AlARIY] &

AollA ol2d AZHA] HEo] th3t 25 WA E MR
mx=2F,, —2F @
my=2F , +2F,, —mg (€)
[y=—2dF,, +2dF @)

ot Zr2t] A (2)ollM xZF 25 AlofstH yZo] dFEo] ¥t
HEZ (3), (4 olol| A whgsith o2st ERL Fig 12
& 590 o3l &= Sith olAlR, B 9] AR} AFaliE
o yZ ¥4 9A 7, 900 rpmoA 55 mm7} =
of ofH o]FE AE9] £=E YRH AF2 MEL
7,2 YIAZE F= olFoHAN o] W T A7} ¥
yE29] 27]%& wigto] git. olof whef 9] 4

Zo] p7h 50 mmRl YA 2 HIEEg 03] —?—3. 71
g gtk R A5 £58 EHolH AF2 2L
152 OlEohet] T FAL dHEE Yojnz ¥
gt 282 &7t Z7HHolE Bskal 938 Yolx|e
et ol2jdt EAE efshd ol2idt EEZYAIE 2
9] o462 Fig. 133} 70| Al 25 e/} Evfulol). B2
5 A% EF oEo] o AES FUT WFOE F|HA

G QAL RN AEE SN 58 B0l % 4 ek

rol, r:lnl

ol 2

1o
=)

okl JHU
oo = _l}nl

[uf

>
o fu

r2 ol
nIE rﬁ
2

]

o Fll‘

29 40 m

UO“ QH
B

1,
=)
B

>
O.L. l>" —\'.‘7_1‘
N

nT\E

1204 . 50mm

- -~ 55mm  Nominal Iq [ — -
orce = e

[~.]
[=}
'}

IS
(=]
N
\
\
W

Y-axial force (N)
I
i
i
(=)
(=]
=
\\
\
1
\
=

(=]
I

[=2)
(=}

'S
<
1

]
(=]
A

X-axial force (N)

(=}
'}

T T T T T T T T v T
0 300 600 900 1200 1500
Rotating speed of wheel (rpm)

Fig. 12 Variation of a nominal position due to speed change
of the magnetic wheel



Journal of the Korean Society of Manufacturing Technology Engineers 31:2 (2022) 140~146

g
ﬁ!ﬂw

(a) Right motion

—

(b) Left motion

Fig. 13 Transfer of the levitated object through seesaw motion
of front and real magnetic wheels
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