The Japan Soci ety of Mechanical Engineers

3504

A A 2505 (C 4)
76 %& 772 5 (2010-12)

#@3C No. 10-0562

HXUR EWEDI-ODF TH—/NIZ & B 2 RITAIEHEE

AN T L N S N
ez kR B R 2

Observer Estimation of Two Dimensional Position for an Active
Electromagnetic Levitation Conveyance System
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In this paper, the estimation of an object’s horizontal and vertical position while it is being
levitated and conveyed by an active electromagnetic system is proposed. Position estimation is
necessary to implement an anti-sway control on the object. An observer performs the estimation
based on magnet current and voltage output, from two Hall elements. The validity of the proposed
method is confirmed by experiment with an actual conveyance system.

Key Words: Magnetic Levitation, Hall Element, Two Dimensional Position Estimation, Observer,

Conveyance Control
1. & € & Iz

GEE, BMREEBERIIBVT, B EMEOMER
Hicv—FerrEoffe HE2FETHE, BV

YOHECEBOMBEHREL L2, ZhbDEry

DR D IZEREA OB & BREA ORMBRETIZE Y i)
LNTFR—NBFOBMKERNOMBEHET 2K
2 ESERMRESRTWED-O, c oMtk
FLEHEO1 BHEOHDMBELEHELTWS. —F,
REBCERICRAE T AR EEROBEBENEMZ 57201
W, ®EXm GREHR) EEsEAm OKFEHM) O
&E%ﬁm#%%ﬁﬁ%6:k#6,@#w$~w$
FIZ& B 2 REFENDMEHESRE SN TNDO.
i, BEROR—NVEBESH ORI HALE % H
ETHLDOTHD. BFBEAMLLMBEZHEET HHEED
BREL LT, BFRKOBEHPEHETHDZ L, m—1
EBE L EROBEMIZIE /A ABREENDT2H, n—
NRTZANEEERT Z LI K > THEBEOMBEN
BELHZE, SLIKIEMACEFEREE ST
WRWZ LR ENRFET NS,

I T, AR TIE, EERDOF—NVEEST R
L TRIEA 7 — 2R T 22 LT, ZLEWEk

* FEfaRfT 201047 A 20 .

*IER, BBETHEESFHEMEREFHH TEEH (& 501-0495

AHET R ELEE 2236-2).
*2 ?ﬁifk%‘l“%‘%ﬂ%‘%&%uﬁéiﬁﬂ(@ 657-8501 A TH#EX <
3 ?;gﬂ ﬂéél)f%‘éi“%“%ﬁ)\%ﬂ%#&“/x 7 5 LEEH® 501-1112
I BT 1-1).
M IER, BHITEKRYE TEHERER (S 470-0392 EHT/N

EHIA\FE 1247).
E-mail : kobayashi@gifu-nct.ac.jp

DSHE - KN B2 MET HHELZREL, BEfRE
HoOMEl, /A4 XBREEERBOBFEEZEELE
AT L AMBHELRNTS. RIEE LT,
BN BOHREBEZAVZREZ 4 — KRy 7tk 3
ZER L, BRF LR OMESMOBENDOHE
BEL2ERICKVFHETS.

—%, R#7 L—r OFIRMERSHIEIIZ BV T,
BEHFESEIZFY U CTIEEA S S — - 2R 5
& T, BREEREENS RS SRV EESRRE

ERTVAY, AT, ZOFEPRESE LS

HIENCER LB A OB L, RS OR
YikoONBHEEDORESKRIET 5.

2. % B ¥ B

+15V
25
Magnet 2505 e
RL)| ; TLO7A

010 D/A 16bit
AD524 Converter
h1 ha Amp. t
] ™ 10
X . AD524 x PowerPC
! Yy 603e
X/ === Y [amp.| [Amp.
Hall elemnt T 10 10
HG106A H X e AD 16bit
' i Converter
' AAA
' h ha
vZ SteelBall [

Fig. 1 Magnetic levitation system.
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Fig. 2 Experimental result of magnetic force.
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Fig. 3 Experimental result of magnetic inductance.
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Fig. 5 Hall voltage for steel ball position (right side).
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Fig. 6 Hall voltage for magnetic current.

WIZERERDALIE (x,y) & B—/VEE b, hy OBRZE
FARBDIC, H4, 5 OFHBFER?S, K 7ITHE
PLE x & F—IVEE hy, by OBEF% (y=0) %, 81z
KEALE y & AR—/VEBE by, by OEME (=1) %77

4 . .
04=1.25A
: : : D'L:=1.00A
;3 ........... ( ............ B A'I‘=0.76A .....
~ : T : +1=0.50A
[ - -
8) B .
:._(—50 2,
>
®©
0

-3 15 0 15 3 45
Position 2 (mm)

Fig. 7 Hall voltage for magnetic current.
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Fig. 8 Hall voltage for magnetic current.
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Table 1 System parameters.

Parameter Value l Unit
m 63.7x 1073 [kg]
g 9.80 [m/s?]
R 4.57 Q]
X 5.00x 1073 [m]
I 7.64 % 10~! [A]

k 5.53x107° | [Nm?/A?]
Xo 2.20x 1073 [m]
0 8.45x 1073 [Hm]
L 1.31x 107! [H)]
Lo 1.19x 07! [H]

a 2.17 [V/Am]
b 6.99 x 1072 [V/m]
P 2.51x 1073 [m?]
q —3.10 x 10! [-1

r 2.58x 107! [m]
H 1.31 [V]
kx 1.72 x 102 [N/m]
k; —-1.63 [N/A]
k., 1.25 [Ns/m]
ky 1.57 x 10! [N/m]
cy 7.97x 1073 | [Ns/m]
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Fig. 11 Root locus of Oy =diag(gx, 1,9x,1,1).
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Fig. 14 Experimental results of initial response.
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Fig. 15 Experimental setup of conveyance system.
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Fig. 17 Acceleration input.
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Fig. 18 Simulation results of conveyance control.
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Fig. 19 Experimental results of conveyance control.
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