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A Study on a Displacement Measurement Method of Magnetic
Levitation System Applying the Inductance Characteristic
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ABSTRACT

The magnetic levitation system has great advantages, such as little friction, no lubrication, no noise

and so on. But the magnetic levitatjon system need a stabilizing controller because it is a unstable.

system in natural and it need a sensor for displacement measurement to control the system. In this

paper, we proposed a sensorless method fo measure the gap between the magnetic pole and the levitated

object with application the inductance characteristic which vary according to gap. We made a driving

circuit which supply simultaneously the control input PWM (Pulse Width Modulation)

signal and

the carrier PWM signal to estimate the gap. Because the inductance is a function of gap, and the

current of the carrier signal is a function of the inductance, we could estimate the gap from the .

measurement of the current of the carrier signal. Finally, we investigated the validity of the proposed

method through the experimental results
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SI2LASRESBEI XA 6 W A 3E, 19961 ,359



2 A} FE

2] PWM F3}4= oF 2 4[kHz]=2 3lgich 1 ]
olelgt Aloiql pwwr s by PWMohe A |55y ET TEITIT T FEELE I Tr TTIT

g FEslo] QA a7 fal, £ AP P |

vwA 4913 £xr} w2 IGBT (Insulated gate i SRS LI R RV ARIR AR AR RN RN SERORAT]

bipolar transistor) 2~z}& ap&3}e] o, 17l 4] ! !

To® #3457} 0l BHEshE 49 2Za) 9 The carrier bwmsignal

EdAsEo) T, Tet 7357t wal Adas [

22357 9lg =aAxejelth IGBTY Wolxg | 1w

FE5] AL dolx FEAE ICE o) 3y

= T ‘ - |2
wgl, Kzt Ab4-¥l AAHAE Fag B4 Control ihput bwm| signgl

A2}l e

2.0[Q2]°1%0xh

[e)

o i
b molo] 52t ARE A FPYL ol &
dlo] FAsls, ol 49 ARAEE Aoy
of Fopel e I WES Alzel ik se)
lesH Q7] WEol o] AFFoM ubE AFTHARL
Zalolo} @) o AEE FEer) dlshel, 2
ATNAE MAX2S £AE ABolel T4 For

7} 31.25[kHz], = Z(Bandwidth)o] 6[kHz], &
H 247 e AEg A g 53 9y
(BPF : Band Pass Filter) 2 ¢]-£-3}¢ict, a8]la
235 AlZE Ay AFoluz AEA-2F 9
2 (RMS-DC circuit) & E3A1AH FA=A19 ¢
We A3he FHa, old ARA AF

o3
2+ AD536A] Ak O]—Q-?S}-OI] a2 FAsd

rﬁﬁr&
"‘Eéﬂ-{w

3.2 A3 zZn o pE

Fig. 3¢ 80cl196kci Soll 4] ®rgsle wld PWM
mbo} @)ojqlze) PWMulE e ~32g 3
el Fie] a9 80cl9ekcR =
PWMZ2 s1o7 uste ukd PWMalE el
2 9les, o HEL 80cl9ekcH = o]-of A
*“"1"“’”"1 2(ViZ 7tsd A arell o -&-3fe]
2E 12 355 Aol PWMslelrt,

Fig. 4% uk PWMaslsl alejgdede] PWMsir}
Zx o] MapMoel)] stallx]7] 2™l "t sz
T A5 Fxo] FFFA =HE Holyw gttt ofuf
HAzpel] shsfl Al Aol % dksa dekel Ay
Aare 8[V] AFHYolr],

Fig. 5= &9 F4$1xo) o

o%)

—

&

4

=

2

<o
3l

°]

Rl

Sqolth, AFe dold A4S olgsted Ay
FAEA) 920, A8 A0ls A4 KEYEN.
CELB-72)9) 484 £ 2AQelA 1%0)1 ¥
360,32 STEZEE|X| A 6 A 3E, 19961

.1 ms
S.0 v T

Fig. 3 The carrier pwm signal and control input pwm
signal

Lhh

=g
oy
. o
-

Ty
% o
>
-
=
[ Eutuns o
g f Sv—
=

T
Fig. 4 The superposition signal by carrier pwm signal
and control input pwm signal

F y7b QAERA Lol Aodshs Jusb 2] ulEe]
o, AlAlS A7) YAl A EAEEEe] 0.5mm]v]
Gl Aol 2 FAgle] AHER oA Ao
A7), =, g4

e HeE
~0.5[mm] A}e}& Faz,
AArbste AgAs f=d iz}



275

2.5

225

n
o
«©
—-

-
]
(4]

o

-
n
[$3]

Measurement voilt [v]

u=0.5

..
o
[<=]
\

0.75

05

0.25

v=3y+0.46

0.2 03 0.4

05

0.6 07 08 0.9 1

The gap of the levitation object [mm] v

Fig. 5 The relation between the measurement voltage versus gap y

A=) HAHL yE AAsstd oy g2}
y=r (v, Zt):"}5"1’*%1{—0.14125 (8)
Fig. 6(a), (b FAEAE AfIdsir)Z-e o2
HRE & el zatsled A3 R A)wEa
A= Bl Awrh w2 #Hejx WA (KEYENCE
LB-72) 24 A3 71 vepd aolr), o (b)

9] Su=A Ao ol WA
2[ms] 2 A (setting) 3}, o]
WA 2 A= A9
ke FAFAE Ae #HolA
A9 ol Ze] x| s}elv)
o whgko g 27} i 7)9l
Hell 4 o] WA=

~N

B oATA AR AxszE AST A9E o
50[ms]7h g we] EWA SWeE A%l tia
oz 7= sk, B Ao ol4H AE 32 F

"‘,-“ ' v "_.J'J' A l‘r“f‘

50 ms /7 ‘

286 mv /

1.307 v A

58 nms
8.5 v
-1.414 v N

-
(a) The redponses of rheasured cidenir

T

IS

(b)Y The respordses of lased sensor

T
Fig. 6 The responses of measured circuit and laser
sensor

ARLFESSEEX A6 A 3E, 1996 19,7361



RMS-DCw 513] & o] #3) x| €l ~ (capacitance)
£ A MAAE Aoz A=, o Fole
22 L AFE dof & A AzbEo)

RO

1.2 =
2 QAT A7 A glel AxAe] Q1
"eh dsle] gheke AL olgsm, A7 &
B olUAE Haser) stel Aol 9 Alxs)
Mg AEE PWMs a0z Aael F3 st
Qrbak ¥, AAMe] st WEAES] AR o

o %3 He] (band pass filter) 2 RMS-DC3] =
(Root Mean Square-DC circuit) & £34]|A #A=3h
F, ol% olgatel WAE I Wb A2
A A 2] ~ (sensorless) vbH] & A ekdtgl o], A glsl=
wye] edde AEsy] fdstel 2YAE A
@ F AL Fejo] ohe3t 2o AEE gtk

(1) 43 A abele] bl 0.15[mm]
~0.5(mmlel M 24 Age] A H¥Hez
sare o alsith

O

(@) & AFlH Atk WAL Sguss} Al
= 7} éﬂmﬂu PR A, A @3 2
]/ﬂ-t‘ﬂ- _/[t I}

£ o] Bas}w,
obgel AR AFWHE ol &ste] 7R
AAEAANRE sk e B2 dAT

(1) ¥pik, 1993, “AGT LR R OB & il

362 /stRLASTESSEEX| A6 A 3E, 1996

SR, RHAL S HIEE, Vol 32.4, p. 301,

(2) k73, AR, A4, 79, 1995, “z7| 8
4 Al2Elell ZQlg Ale]r] A G AT
(Iy", 3=ubar)#3k3], Vol 19, No. 3,

(3) BxEeE, 1993, “MRELLHEE#MZ, oo+
itt, pp. 6~36.

(4) KHIER, 1993, “BREFHEN o0 & $HrR
HU,OH AHE B8 &3k Vol 96, No. 899, pp.
876~879.

(5) D. Visher and H. Bleuler, 1990, “A New
Approach to Sensorless and Voltage Controlled
AMB, s based on Network Theory Concept,”
Proc. of the 2nd Int, I Symp. on Magnetic Bearing,
pp. 301~ 306.

(6) Y. Okada, K. mastuda and B. Nagagi, 1992,
“Sensorless Magnetic Levitation Control by
Measuring the PWM Carrier Frequency
Compontent,” Proc. of the 3rd Int, 1 Symp. on
Magnetic Bearing, pp. 176~ 183,

(1) AA, AZA, ©o1FH, 1995, "HFAEE o
4§ FEAIAAEA L] Ao, " FHF2SAE
8t3]#], A|5¥ A1&, pp. 49~57.

(8) o735, A3, 1996, “27]FAF A2 7kl
g Aozl AdAe] A& A7, F=ubso)d

&3] F oL,

—_

ol



