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Starting characteristics in an ac linear induction type magnetic levitation system for a non-magnetic thin plate
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This paper deals with the compatibility of power saving operation at stable levitation and smooth operation at
starting levitation to an ac induction type magnetic levitation (Maglev) system. Electrical equipment with highly
inductive reactance such as an ac induction type maglev system is low efficiency; therefore a phase advance capacitor
should be inserted to achieve power-saving operation. However, as the power factor approaches to 1, the system does
not allow gradual levitation of the thin plate at the start point because steep starting current flows through the circuit
owing to a ferroresonance phenomenon. Accordingly, we added a switching function by inserting two different
capacitors into the circuit and tried the improvement of starting levitation. We described the system configuration and
the experimental results of serial levitating operation in this paper.

Keywords: Magnetic levitation, ac induction type, aluminum plate, phase advance capacitor, ferroresonance.

1 [FL&HIC

T—F EDEREIFIMEERIL = A L8k TRERY
SNDTD, BREIND Rz A v E—F o 2 35FHE M
L%, ZOFHEMICK LRSI — & TR A T8
TOHILETHRLZUEL, FEE—FTlEars o4
T D L CAAEEN A RIET D, BiEA L
—Z A LR R ERCERE 7 — Ry 7 4h
IR REENFRETH 5, MER LEHETO—oThH
HRMFERRE L1441l cB T b EEDa /L L
PO THERSNTBYFERY T/ X 2 52F+ 5
BLled, 61T, SRLNERRICEBINDZ X0
1 LRGN EER & 70 B 2 L h, B—FHIC
FEANIRAVEER 3% <A U TR B, St - TASIRER
BRI L DR B ITH L Cb Rk E IR
HETHY, BERFEE L TER T Yo fj
BET LD, ZHUCL W EREEOAENBER I
HEELENTREL 72D,

—JF, EHa T kB R E, EXILE
RATIECEMES Y5 Z L 28K 5, EYHIERK A
BT 5 LIk —EBLETHERESEICHGET
EDHTLING, EBE A ME LT 5 BRI R
FEHTHD, LnLans, RiHEARST R
EBEDGE, SRLEETMREOEBIZL YA &y

L KB B, T930-8555 BILM#E 3190, &
HWIRFRFBR T AR (L5,
ohji@eng.u-toyama.ac.jp

TELRE

B APENT D Ehh, HREMETOERE
DR T2, O TIEE EROT_HAEhR 2582
bEEREZ D,

EFELIY, RFHEARAF LORBICESE, &
DI ENBHERT 2 X5 TRUERR Y vi— =R
WASIF LR LT2[5), RiahEaiE, 3 TR
BLE U 7= RWEERAA D> B O ERERIC X 0 7 RPN
IMERZ AR L, ZOMWMERIC X AR & ERERIC X
WIRFER LS HATHD, —FH, KT =
N, B EENERIZIRA U IRER o R L O
WZHEDET, B U7 s B 5 b DR A 44
RERDHZETT VIV THNCHRED BRES (7 o~2—
V) BIESEDFATH B[S, 6], 2T r—L
ARV =TSR EEBICT, ThETIEL
7« BNS) « T o=V R RIRHCAR LRER B %
HeRB LT2[7), Z OB ITIEREIE S B ER OB, %2 JEHE
THETAZ L ZHME LTEBY, FEXAEDH
HIERTHAELRNWdIC Y, % EEOR Bisdhii IO
PEIERF DB NI OBLERLETH 5,

ARG T, e = TRE R BRI L
a5 oY 28 L BOESIEEIC SV T
T5, SBIT, F LB OtE L AE S ELROR
HaFEBT LD, fHarT o L 5EE
IRENEER AT S 12D THET 5,

2 TRFBPEXZTHIZFLESDRER

Fig | 1I3ZZHT v _— R =7 R HIEE O

220 (220)

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

AR AEM #2256 Vol 20, No.l (2012)

AV =TSR EEEE UTEESE S, £72, &K
5=y MEEFETEDLN, ZITEl 2=y Mk
FERRIR LT D,

Fig. 2 \Z EBREERE & FDEKK 274, EM1 & EM2
EENENEO L ORI Thiblid %, BlH 1
EfRH7=Y SEDOaA VERT &L, EAD
E# CIHEREOREEZ FFObD & T 5, ElRMEH
@ EM3 [X[EETEOABLE L7 REE TR O % B
45, BERIL, TTANEEESE PC LTE
% L, DSP(mtt, s-BOX)% /I L CE/IHEEZ(NE, 4510,
2KVAmax W ANT 5, 2Tk 7mrI<7 i
Fig. 1 An oblique drawing of an ac Ampere type maglev ERBEREBREME LT RREARRTE, 24

system (one unit). DA CRI— D IE5ZI(120Hz) & FIINE 2, BIERIT,

BIWEESR NSO ET 4 VF NIRRT — R —Z (54

T, WI2I0)0 B L, SEEA~DANBER L TCANE

Waveform Power Digital power ﬁ@ RIMEERES D, R7, AlREOR EFEL—

shaper Amp.  meter P—ZfL Y v Y(omron, ZX-LD40)% 4 B LERD

PURB DRI AAIET D, /3T — A —F DRBRIZHHRE

BOTOOER T Y G, C 2B ERRICESIZE

ST A, EHaLF I T VAT T OEN

BIEFE CHERL L7- 2 o7 R 212 K W AT L CTE
Mt 5,

3 BE-ERAE
Fig. 3 13 EM1, EM2 Otk % —> Th B, Ziud

o | |
(] [f| (| e
s | s |
(] | ] [ww] |
L L
Fig.2 Experimental setup. Use of EM1 and 2 enables the Eiattem ‘I__J L:E}l’attern 2§ ......... T

same operation as an ac induction type maglev. Eight coils

and one capacitor were connected in series in each circuit. Fig. 3 Three polarity pattens of EM1 and EM2.

Table 1 Measured circuit parameters.
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Fig. 4 V-I characteristics in each pattern.
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Fig. 5 Circuit structure in starting levitation test.
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- 1 15 e g6
g 120F----- I 0.83Cr 0.99Cr 0.83Cr ]
Z L i
— | I I = 15 —
< I £ |2
g A z =
= o | 3 o)
s o | E :
2 L
A= L ! % 1 &
0 10 15 25 — 1, ~
Time [s]
Fig. 7 R.m.s. value of applied ac voltage. v A N SN B L VT
g PP g 0 10 20 30 40 50°
Time [s]
42 FEBHER Fig.9 Levitation height and input current with the
THES LT DY YR R L LT, switching function
ANTER LR EEOBMRE T, Fig 8 1%, A= 200
TP 099C, T—EDHA, Fig. 9 IZUESEE AT [
STEHETH D, HgSi@ BRAG B 9 BRI E 1s50f 1
231 Arms 725 2.2 Arms [ZABITEEII L, FHUZeEn Z’ﬁ 120: -
_M%ﬁﬁﬁi%%%¢6JU%Wi%@;%mkﬂ o ook
on
6 mm DA —/—3 2 — Mﬁ%’éi L7z, FkRlC, 12 N
IEFRITIE, BAAK) 42 FMEICTBHTAS 2.0 Arms 7> 520 _
5 Q50
uﬁwwa%ﬁilm%%@u%Tféo—ﬁp@ = 7
BEIR 21T > 7256 Fig. 9), BItAH D 5 HERICERM. [ ]
%14 Amms & 720, ALRRIZH B OMCTE LR BT 5 R B ¥ I R P R
DIHERTE D, BAtA 15 BEIZ, 0.83C 15 0.99C, Input current 7, [Ams]
IZEIY B ABICER FHE L, Al I3 3 mm o Fig. 10 V-I characteristics at starting levitation test.
A N—=Va— e EHITF EENE AT S, Fig 6
L0, 099G, TIFA 50 Vims ETETF ST HE 2 F%10ﬁﬁi%§£%ﬁ@V4@@T%@ PO

Arms TOEEENFRETH 5, S 52, Bh 25 IS AV E—=Z A L DB STV D I L D3RR
%H%@T/&w/;% KU D, BEOR & TE 5, AT E= /T/’&%%&ofzﬁ> A =2
(2 ALERITIE & AN EE T80 k_%f@ LT3, YT Y EE L NCAETIUEE IRIREEE TA— N

224 (224)

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

AA AEM F438

Vol. 20, No.1 (2012)

—a— MR LA DRER ESW S T & AR
ThBLBEABND,

5 F&¥

AFETIE, HpE) =T RE DEEORET
HABNFEMIC L, ABE/ERDOTODO—FET
HOHER T T Y TONFERE LR, 3 EED
RN Z — %L, IE 1 A& TO VI RHEIZOW
CTHEL, FEMY T 7 F R EEROEND, FHE
PEASERY WE L ERAIRIRAE & R 3N L — TAME R
TAEZEMNHERE N, —F, NEE UHEICRET
BT LICk o THELIARZEREIIIE-T Al &
WO LAbESE N B E 2T 5, ThiTL, Vb
— & W TS T IR K BV RARENRMED
ST AR, Al ERODIE S R0RE) £ 1R & 2R
B TDa LT oI X 2B REES WL TE D
ZEERLE,

BiE

ARFZITEIE (21686070) DB & 52 1T TAT AL E
L ZZIEEHOBEEERLET,

53
AL £ OEE T 02 UL TFIORT,

Appendix 1 Dimensions of linear stator and Al plate.
Plate
Material alminium (A1050)
Electric conductivity 3.54x10" S/m
Dimensions 180 mm x 120 mm x 2 mm’
Linear stator (per unit)
Yoke
Material silicon steel
No. of pole 4
Pole area 15 mmx30 mm (EM1, EM2)
15 mmx15 mm (EM3)
Pole pitch 60 mm
Total length 240 mm
beight 145 mm (EM1,EM2)
160 mm (EM3)
Coil
Diameter of copper wire 1 mm”
No. of turns 417
Coil beight 90 mm
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