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This paper describes an active electromagnetic levitation conveyance control of a flexible
beam using current and magnetic flux instead of a position sensor. An observer is used to
estimate the position based on current, magnetic flux, fundamental, 1st and 3rd modes of
vibration of the beam, and input voltage to the electromagnet. The controller combines
state-feedback with the observer output to arrive at a new input voltage. Results obtained
with a conventional observer and the disturbance observer are discussed. Simulation and
experimental results demonstrate the feasibility of the approaches.
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Fig. 1  Magnetic levitation flexble beam sys-
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Table 1  Nominal values of the system.
Parameter Value I Unit
m 1.17 x 107} [kg]
g 9.80 [m/sec?]
R 4.57 (€]
N 800 [turn]
X 5.00 x 103 [m]
I 9.69 x 1071 [A]
k 4.69 x 107% | [Nm?/A?]
Xo 1.21 x 1073 [m]
Zy 3.00 x 1073 [m]
Q 6.98 x 1073 [Hm]
L 1.34 x 107! [H]
Lo 1.26 x 1071 (H]
D 7.36 x 1074 | [Vm/A]
q 2.52x 1072 | [V/A]
H, 1.67 x 107! V]
Yo 0.00 [m]
l 0.8 [m]
2 0.4 [m]
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Fig. 4 Frequency response of Notch Filter.

DHHET B, FUEBE fnve = 1/2rTNr) & QE
QNFIZEoT, /v F 74 NVTIEKEATERZOLNA,

1+ (1 - Knp)TNrs/QnF + (Tnrs)?
1+ Tnrs/QnNF + (TnFs)?

GnF(s) =
(29)

ZZT, Knp(=0~ 1)1, /v F 74 N5 EDT
LEIEERY. PLEEE fvr 3HETS 2 kE—
FIREVE L D DRV E ZAIZEREL, 2 RE— NiEE)
BAHEINABEAR S, By V42 TFTiFsE
KT, 2:KkE— NEEEUZ v F7 1 vy OFLEN
B fnr 2EDEL L, BOCEEBSOMNARRND-®
2, DR o TAKEEARLTCLES . FERIZLY,
2 RE— FEENEAT 39[Hz] TH o 722 &5, Huls
JEEE fvp % 32(Hz) £ LT/ v F7 4 V7 %54
L7z, ZZT, Knrp =05, Qvr=1/V2 & L7
K 45355 L2/ v F7 4 VI OFEBRCE TR,

4 DLQG %R R -RE50F Eihx

BRIATLDICAEYE R, FEWEEREREFE
SHTIRETOWEERRIZOWTE LA, |5 I1ZEER
KEOHHEN, X6 [CEREENEEY/RT. D/A
TRENS N T AN—T » SRS EE Y EnL
TDC E—%%5gh3¢5. 2L T, THADELD
FIONIZAT— V%S E S I LI WRERIE L
Wk %475, TIT, Tra—Folht F/V LR
BWENLTCRIAN=T U AIETIEICE Y, HE
T4 =Ny 7P T T35, T/ A5F—TD
MBI a—-FHhEAY > T BaZEICLDEH
T5.

418 (60)

Driver

Fig. 5

Mob '{le Stage
\

Bl [ pmp
)

\ e

AY

\

Flexible Bean

Zc

_JUL*————I/

DC Motor

Encoder

17A%
Converter,

Experimental setup of transfer system.

[v.ias g

Fig. 6

Photograph of transfer system.

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

HERAEM %455 Vol 10, No. 4 (2002)

5 HERGER

RS 58S AT LOHFRTIE, #91[m) % 15[sec]
DANHoE T 2L EA #5780, 4MEI% 0.4[m) % #k
B T, = 6[sec] IMICHAT A2 L2 E 2, &E
BAEE V[V] EEL TS, T/, HsdEs E
\F72 T = 3[sec] DIFHFEDEEEDLITS .

7, 812, AR T, = 6sec) BLU'T, =
3[sec] DRI} L CORGIE L IHEDRERZRYT.
7, 8D (a) & (b) i, LQG #ilH%B LU DLQG i
HHROR L EOHEEME Az, (c) IRTAN=T >
TVZENY BB S EIE Ve, (d) (SEREAAE £
FONTEEORENE Z. ThhH. X 7 OWGEERR]
T, = 6[sec] iZ3F L Tid, RIHEIZ 140[Hz) 2EEIRS)
T LTWaA, Hiokiod LTofZ8I37% <, DLQG i
HRIIEFELRIFLRETHRE S ATV et
WERTE 5. [X 8 DWuEREME T, = 3[sec] ITAFLTid,
2[sec] RDONLED HERENEILTH L AT, RO
PRNAFE L CHEEE Az ISHEE RIZLTWA I &
AHERTED. LQG IR, etk L7 1.5Hs]
REORIRNARE T 2 D123 LT, DLQG Hlif%&
i3, 4sec] RDFIFFIFEAE L 7AHRNASEEE L T\
B ENMERTE S,

KIZH 9, 1012, oAk T, = 6[sec] BLU
T. = 3[sec] DEKIKITHT L TOMSIE LA DR
EINT . WEEROEE TIIETF I EEREL EHKE
CHAEL TSI, LQG HiRE, #EAE
RERFELZEL TS0 LT, DLQG #Hil#H%
Tid, REZ(EFETIELL TV Z LARERTE
5. 2L, Az 3EMNOWEEETH 5720, 1ERELR
B TRZNWZ EITEELZET S, X 9 OfERFE
Te = 6[sec] 123 LTI, 5[sec) HDEED HRERIZE
1ILT5L AT, #2[Hz) BEOBIRNAFA L T
5. LQG fillffiRi3, 4 LSRR T 5012
xF LT, DLQG #lli#lRid, 7[sec] HDIZIERZFAEL
THERNABEL TWA I EHAHETES. M10D
PROXBFR Tc = 3[sec] (23 LTI, 1[sec] ADA S —
D ORARNARE L T, 3[sec] EDEED S HE
LT HEIAHT, BRI —FRE( R o TS
ZEAHERETE B, 10 TiE, DLQG iAot
NEREFSED L) BHRIIRONLeh o 72,

P4, LQG #ilfRE L UF DLQG HiffR% Ay
THETGEF EHoX T, F R OBIRIVITET 575,
EEBRREORERE THIUL, +HITRELL Tisk

-
! 5 10 0 s 10
Time [sec] Time [sec]
(2)LQG - NF (b) DLQG ~ NF

s 10
Time [sec]
(d)

)
Time [sec]
(<)

Fig. 7 Transfer experimental results of flexible
beam with LQG and DLQG.
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Fig. 8 Transfer experimental results of flexible
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Fig. 10 Transfer experimental results of steel

ball with LQG and DLQG.

TAHIEDHRETH S EATRENS. 72, DLQG
HIERIZIZ, BT TlEd MR BRS¢ A50%
bHAHIEITRENT. 2L, BRFLY AT 4,
D& EWERANI LTI HHCTH 5720, #E
RN A BAES LWL ) IREREHERIH L Z 2 5
VENHBLIDEEZ NS,

6 I\Dé

ARFFETIE, BSGRLE Y AT L2 TR 5
BEBIUWE S AT LANCHTAZE2EBELT,
BRA OEGL & BREA ORARE L) fHF H ok —
WEFOR—NVEEDSF TH—/ N DEAL - AL
HETHETHILERFELL. 61T, BEBIV
o ONELIT LT, ML 7 — " X—2
& L-ZEb LA ELE % 2 7- DLQG HlfifR %12
%L, DLQG il ROMGT Mok 0§ 2850 x
WEET A7k EERE T o 7. FEERIER LD,
EEE F WD D LR EYMRITRERNDRAE T 505, +
DEEIIFELU THE TE AT L 2R L 72

(2002 4£ 5 A 10 H3AT)

420

(62)

SEER

(1] RE &S, MZH HE BE B HEFE K, 2%
SEEENE ESRIC X BRGNS Il % v 7o siRE
VAT L, E90 [BHROBEDS A FIsA] v
R LEERE, pp 395-400, 1997.

RE ¥, K& #2, [EH 3, SROIEERmEEC

B3 25RO, %90 [ERIBEED Y £ F 3

TR} T URTY LEERE, pp 409-412, 1997,

AR #E—, Ml BT, EEROBSELE £ 9

0 [ERTIBRED Y A+ I 7 2] ¥Ry LHEERT

4, pp 391-394, 1997.

R IEA, FHE BT, ESRORENGTE, 5 11 [

[ERBED YA F I 7 R 2 RY Y LHEEGE,

pp. 219-222, 1999.

BT B, ESIROIEEAMAI R A EEREL,

RT 4y 7 A - A5 bO=7 REESFHIE, 2000.

o)l B, BE 5, H5s B A8 —A, %

ST SR B PJOHE (B 7 1 — KNy 7

OEM), %110 MAGDA 27 7 L v Agi#amR3C

#£, pp. 197-200, 2002.

ANE Bz, /N IR, 1HEFS R, AR —A, B

a7 ESBROIEERIHRENHIE, 45 11 [ MAGDA 2~

7 7 L v AEEREE, pp. 201-204, 2002.

(8] ik XL, TR IEE, #WEA B GiF —A, X
NG = R U 7S SR ooss s RE L 2 B3 2 R0
Et, % 11 @ MAGDA 2> 7 7 L > AFEHE,
pp. 209-212, 2002.

[9] &AL, EBFPfEE, =Fmin], SR, He HHEIZX
A7 X 7Na—8 OnREE, BARMESRE
(C#8) , Vol. 57, No. 533, pp. 196-202, 1991.

[10] KEORT, SELA 7Y —NickBoNA b - £—2 3
varyho—u, AEROERy MEREE Vol 11, No.
4, pp. 486-493, 1993.

[11] HFTEYE, HAF SRR,
No. 2, pp. 109-111, 1999.

(12] i, NPEEH, SAEES, SEHEEA 7Y — %
FAu-BREFEEou/ N2 M, BAREWMFES
J1% - BHHEEERDUE (Vol. A) , pp. 319-322,
1998.

(13] e~ K 3£, /K 28 B HZ, Y8 EER,
HE, it B AV 7aE ERONELEE, BR

AEM #4%3E, Vol. 9, No. 3, pp. 349-357, 2001.

(14] /ihgele, 4 ARE, IS, SREER it S RER
RAWHERE O o L A, 4 12 EERE
HEBEDY A F 3 v 2 AL R LEEERTE, pp.
387-392, 2000.

[15] Y. Kobayashi, M. Sasaki, M. Okugawa, Y. Hori,
and Y. Takenaka, Position-Sensorless Control
of Magnetic Levitation using Current Magnetic
Fluz, MOVIC 2000, Vol. 1, pp. 317-322, 2000.

2]

[3]

(4]

(5]

—_—

7]

Rl &I, Vol 38,

NI | -El ectronic Library Service



