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Abstract

A first-order-reset element (FORE) controller is modified to adjust the vibration attenuation characteristic of a magnetic
suspension system. The proportional-derivative (PD) feedback control is the simplest control method of stabilizing magnetic
suspension systems. In the PD-controlled system, restoring force is produced with the proportional element and damping effect
is produced with the derivative element. Meanwhile, a feedback control using a FORE has been proposed to stabilize magnetic
suspension systems. The FORE replaces a linear integrator built into a first-order low-pass filter by a non-linear integrator. The
proposed controller can stabilize a magnetic suspension system with one element. The restoring force and damping effect are
generated simultaneously. However, the two effects could not be adjusted separately. To adjust the vibration attenuation
characteristic, the FORE controller is modified to adjust the transition value at reset. The characteristics of the modified
controller are studied through numerical analysis. Then the effectiveness of the modification is demonstrated by several
simulations and experiments.
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Fig. 1 Block diagram of M-FORE with modified reset method.
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Fig. 2 Simulated time history of the input, output signals and, Fig. 3 Frequency spectrum of M-FORE output when 1Hz
target value of after reset in the M-FORE. sinusoidal signal applied.
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Fig. 4 Frequency characteristics of M-FORE. These figures show difference in the cut-off angular frequency of o and the gain of target

value after reset p.. The upper figures represent the gain diagram, and the lower figures represent the phase diagram.
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JICHAT 5. ERIEEOGTEEZX SR T. FEERY—7 Y MY o7 B SRS VIS X o T, $RiETI
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TV —DLBEHDOH T ARG I Lo TR L T D, B EIRES, B U2 X o3T B R OUKARA O
SIE, ¥ v THRMETEHY Ao TS, B HARERE P EHOTW S, EREADOIIRIZX 6 1R
FTEIIC, 40Dl 5 OOBMIC X > TSN TWD. ZHiE 3 AHERIEZ S 2 %3 Th D0, K
WRTIT—2DEHA & LTHWTIEY, $RE M 1 HHEOLREBEIHIE L T\ 5. BESHRHA (Floator) DRER
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Fig. 5 Photograph of one-degree-of-freedom magnetic suspension apparatus.
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Fig. 6 Schematic bottom view of electromagnet. Fig. 7 Schematic top view of floator.

[DOI: 10.1299/transjsme.20-00015] © 2020 The Japan Society of Mechanical Engineers



Ishino, Mizuno, Takasaki and Yamaguchi, Transactions of the JSME (in Japanese), Vol.86, N0.891 (2020)

mi(t) = kyi(t) + ka(t) )
Z 2T,

m D BEREEY—T N, ARG Y, LR EREE &

x I E A NN VA

ki A7 Yy REAA OB 2 W51 16%%Kk

i : = A )VE

ks s ATV N DN 2 W5 1EREK

Wl RO ClE, BB LA VEROEFEMEE x,io & T2 8, kBLIVLITRXOBLODDL O IZEFTZ L
MNTED. (é‘-éﬁ;é% S B AR SRR AR, 2018)

_ o
b= Loy ©
,L' 2
k=, (—0) %
To
ZZ T,
L. : SANDAHE YRR

W, EICHEAEESS 2 VD & KRR DT VI e “TIRORLEERE LTEZD I ENTED.
BELTCNWDa br—TTh, _IRALERETLKENTED (A8, 2018). LrL7ed s, Zoar ke—7
IEE R EGERDOE By E % < Gielze, FEEIITaA NVOEF>A X7 X RS E Y, BRGSO
NEENFEL 2V M LT < RS, ZOOARGmHILTIE, EEGEROEHEERZ A, a4 Ui E
WMEE Lo THRHELT, 74— FKRv 795,

EREAT A VRO AL TR D HRRRITRAD L 9127 5.

di(t)
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3.2 EERIERL

M-FORE Z /=2 b —Z 2& RS0 7 1 v 7 X% X 8 127, EERCTIIIRA THbI -5y
Oy bu—7FEIL, DSP 2% L5 dSpace DT 4 XL ar hr—TF (DS-1005) AV V2=
L— g v & BRI OHIEIRISEEE 21X MATLAB & Simulink % FAV 7o, SN S0 [us]& Lz, =2 b—v
a2 U CHHEELZ 50 [us]& L= A TF—1E&2 AV TW D, 7= HIEgH ) & By o & oK,
EEEERO 7 A > O—HEB1X, DSP NIZ TR L7z, D78, FBRTIET v 7O A AIRKD XL ST 4 ¥
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k, =k, .k (30)

Displacement

Digital
Controller

Fig. 8 Block diagram of magnetic suspension system with M-FORE feedback control.
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AT CIR 72 L A TV » REEADRT A= Ny v S L > TRELELHLTLED. TDi=d, Ty
BN —EIT D8, FERRFO A M-FORE & WHNIHRIERE s a e, 72721, B7e 58 7e 2 R R
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EEZOND. £lo, ZOWHEDRIEIL p OERKE L THMOKREL RDEANRH D, 72720, FREER
TIEH LB A XD 8lump iZ EH o727, b X ABMT 5HZ LN TEeh o7 (shino et al,
2019) .

4.2 IEERAANIIHTEHSaL— a3 @R
X 10 [CEE A2 AT L L, ZUSHT2HAEM x DV P —Y 2K ER~d. 2> he—J07 4 U F
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(a) Output voltage of M-FORE. (b) Displacement.
Fig. 9 Time history with constant disturbance applied.
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Fig. 10 Lissajous figures of displacement to reference input. These figures show the difference in the frequency of the input signal.
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