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Fig. 1 Magnetic levitation linear slider in practical use
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Fig. 2 Overall image of magnetic levitation linear slider

2.2 AT —H
Fig. 212V =7 A7 A4 X —DEEHZRT. % LA T A X —OBREIRK 2R ET H72OIF -
AHA R — L EBREREE & PATIZR D KO ICAT =X IO T TWD . BEESIZT VI 7
L—Ah L 88440 & MWW THEAE L7 e BN O n — 2 — 3L MC XV E— 20 b 8)
NEHTEY, EOCEEBMEICERY T WD V=TT 7 Fax—FBEROTA FL—
VIR ER O L EICERE L.



2.3 BERATAH—

Linear motor

Hybrid
electromagnet

Open end generator
Air gap sensor

Fig. 3 Levitation slider part
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Fig. 7 Non-contact power supply mechanism
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Fig. 9 Rotor with permanent magnet
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Fig. 11 Electromagnets (Core ABS)
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Fig. 12 Coil winding device

Fig. 13  Gauss Tesla Meter
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magnetic flux density (mT)

Table 1 160turn coil (core material: SS400)

Resistance Inductance [pH]
Coil No,
[Q] 100Hz 1kHz
1 1.67 2786 2052
2 1.67 2795 2014
3 1.67 2795 2043
4 1.66 2775 1995
5 1.60 2739 1970
6 1.63 2737 1972
Ave 1.65 2771 2008
100
80
, =—U1
60 —a-U2
Vi1
40 =>=V2
==W1
W2
20
L Ave
0
0.5 1 2 3

Current (A)

Fig. 14 The generated magnetic flux density ( core material: SS400)
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magnetic flux density (mT)

16

12

Table 2 240turn coil (core material: SS400)

Resistance Inductance[pH]
Coil No,

(@] 100Hz 1kHz

1 2.3 1016 1013

2 2.3 1071 1071

3 2.3 1103 1099

4 2.3 1069 1066
2.3 1003 1000

6 2.3 1119 1112
Ave 2.3 1064 1060

0.5

Fig. 15 The generated magnetic flux density ( core material: ABS)

1
Current (A)
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Fig. 16 [IZEBA DO AT 27, I THMOME & L THRBMEARD SS400 & FEREMEIRD ABS %
Mz, ABS Z W ERAIZ A VOB EZHOEMIHETE 2 X5 I0a7 DRI H 7255
D Lz, Bik%E Fig. 17 8 L Fig. 18 27”7,

Fig. 16 Electromagnets (core material: SS400 ABS)
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WE D KT TFRERIT TV IMRIT SS400 & AV AAE XY &Sy R TEE L. HA
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HY 3 [mm] OFHICHEILI TN,

BHDOE AT EIROM EZAIED 2 & TREI, RKFETIH T8 < B < 7] & 235 RedEAT 7
FCm < KO CHIEHT 5. Z20REI N ERFENEHT & L TREERT A F— %2 17 7 28R
B IE5. 20L& 3IMOEHAICTHTERE Fig. 20 (27, Tu, Iv, IwlZFNENERA
U, V, WICAHOT2EHMETH . BB L% Fig. 21 # AW CHAT 5. &G UICHE Lo
KA &SI NBE < KO ICEREZR L, ZO%REITHMICWRS 3#< X o2 VICERZ
T, BEMNET LEokIZ WICBREZR L CBEBIZITY. ZhLOBELERY KRS Z & Tk
72475, EEIZIE Fig. 20 © X 5 72 3R A HE S EBHAICATT 5. 3MHARHA 1 AMAT
SINDEFERATAL =D A0mm]BET 5 L 5 ITE L.
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S Wi
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Phase of current(®)

Fig. 20 Each current of the electromagnet

Driving direction

Fig. 21 Driving principle
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5.4 7R HE =] Hs

BAFE/EHM A — R(INUCLEO-F401RE) & DC E—% — K7 A /% IC(TA7291P), NAND [=]i#
IC(SN74HCOON) % i Ji L CTHERAIC ﬁhé%E%ﬁ@Té%ﬁ%@@bt.Fga5ﬁ@%@
2B Z R, Fig. 20 O & 9 EiR 2 ERA IR TICITEOmME LEEZ B ELILERDH D.
Z OEEE T PWM il 2 AW CTIT 9 2 &1 L. PWM il & 138K % i - 7= 58 ) % il 4
H5HRD1OTHY, A EeFT7OMOVRBELAL v TF T &ITH 2L THDEINDES % HIH
THHETHD., EBEDANNL SVAFNOE AT O ERAMEED, 4 OFREZ
AL EH L EAHE TN E PWMHIE & MRS, BWEBTZDOAS v F o7 %7528 T, &
YDV AMRIZHH LA E OB EEHEH LN TE .

TA7291P |3 TOSHIBA 8D DCE—Z 7L T VU v P RIANTHY, E—F DA LI
NLERDOME LV FEZ L L TE—FDOE - Wili - A by 7« 7L —FDH Y HZ %217
5 RTANTH D, FHHITERIT 1.0[AlR LR K AERIT 2.0[AITH S, HM L HiIH
> 2 S/HEIR 7D AN IXE — X BELHIECTE D Vref i F 2 ff->THY, T—&~
DOHUNEEFRE N TE D E7, BOEWEE LW ERRERRK AN L T 0, HEREN
2.5[A1% M2 72560, Ty 7AEROREN 1T0[ClE Z 22 & 1% Off ICT DHREN S 5.
TA7291P DF&t% Table 3 [Z7R~7.

Table 3 TA7291P Specification table

Rated Value Rated Value
Logic supply voltage 25 [V] Average output 1.0 [A]
current
Output supply 25 [V] Power dissipation 12.5 [W]
voltage
Operating supply 25 [V] Operating -30~75 [C]
voltage temperature
Max output current 2.0 [A] Storage temperature -55~150 [C]
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SN74HCOON OimPREIKIZER ¥ v 7 Z /= NAND A <TH 5. Fig. 22 0 AB %
SN74HCOON @4 NAND [EI#D A%, Y ZH%2F L T 5 NAND BEHGFEK O A S AB
OB EHE Y OFEGR% Table 5 (2777, SN74HCOON D%t % Table 4 (2777,

Table 4 SN74HCOON Specification table

Rated value

Rated value

Max supply voltage 2 [V] Input voltage 0~Vee [V]
Min supply voltage 6 [V] Output voltage 0~Vee [V]
Min high level input 3.15 [V] Input transition 500 [ns]
voltage (Vee=4.5 [V]) rise/fall time
(Vee=4.5[V])

Max low level input 1.35 [V] Operating free-air -40~85 [C]
voltage (Vee=4.5 [V]) temperature

—_—{1A

1Y
— 1B

Fig. 22 NAND circuit diagram

Table 5 NAND circuit I/0 relation

Input Output
A B Y
1 1 0
1 0 1
0 1 1
0 0 1
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fili /i L 7= BAZ8/3EA A — R(NUCLEO-F401RE) (X mbed & #FPEA %Y, USB mini B % 1 7

LD EBELA—FDA A M= LVRARETH D.

#ot% Table 6 (27”9, A2 AHEZR E

WL 50 ARHV, BlEX Fig. 28 8L O Fig. 24 DBV TH 5. 4T MacBook Air 705 5[V]

OERMAET L LT L.
FZOYVETTO ST AOERST NNy T,

mbed X ARM #23ft¢ 2 a0 34 5 THY, (v FZ—%v T
a— RERN T 5.

Table 6 NUCLEO-F401RE Specification table

Related value

Related value

Main supply 3.3, 5, 7~12[V] ADC 12bitADCx1,1channel
voltage
MCU STM32F401RET6 GPIO pin 50 pins
Pin out LQFP64 MCU supply 1.7~3.6[V]
voltage
Max operation 84[MHz] Internal memory | 512[kB](Flash),96[kB](SRAM)

clock
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ouogmenrded

Nucleo FA01RE

Morpho Headers

CND beader

1999¢t:20000 00
BEEEUEEES

SEREREREEER

N7 (S 10

Fig. 23 Pin arrangement of NUCLEO-F401RE(1)

life.augmented
Nucleo F401RE Enabled

Arduino Headers

BUTTON g [PC13 .

PWM4_3
PWM4_4

SCL
fl o 1201

INSS SPI2|

PWM2_1
PWM3_1 e
PWMI1_IN
PWM4_1
PWM3_2
PWM1_2

PWM1_1 g [SCINIZES
PWM2_3 SCL 1262
PWM3_1 i SDA12C3
PWM3. 2
PWM2_2
PWMI_3
PWM2_3

PWM2:3 | |Analog In

Fig. 24 Pin arrangement of NUCLEO-F401RE(2)
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NUCLEO-F401RE [ZHERDM & ZRET L& PWM $lIHOT = —7  —HARET D
Ao 2 IO ) 2% S Table 7D X 91 TE %5 X9 NAND B IC & E—#—F T
ANEMABEDET SO % 4 FER LT, EHRHEE R ICH W IC OEEHT Fig. 28 D X H I
o TS, BFROMEZRDDHEZANDA high 7»> PWM D155 (IN2)A% high ORI
TAT291P @ 4,5 222 1,0 23, BIROM X 2D D550 low 7> PWM OfF 5723 high D]
134,56 B2 0,1 WA ESND KO ITEREREE & 3% L7z,

mbed Power for
electromagnets

Direction of

current signal FWM signal

Electromagnets

Voltage control circuit ouTi

ouT2

Fig. 25 current control circuit model

NUCLEO-
FA01IRE  IN, T

= TA7291P

— 4

]

N,

Fig. 26 Logic diagram circuit
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Table 7 Detail of each 1I/0

NUCLEO-F401RE OUT SN74HCOON OUT Direction

of current

IN 1(Direction of IN2 (PWM signal) 1Y 2Y 3Y 4Y 1Y

current signal)

1 1 0 1 0 1 0 Normal
1 0 0 1 1 0 0 | =
0 1 1 0 1 0 1 Reverse
0 0 1 1 1 0 0 | e

{
<
€
t
{
5
¢
¢

zmooé

5

Q

.9

o
000000

wO OO0 0O

000000000
0080000000
0090000000

0000000
5000000

OO0
0000000000E0000000
o
C

00
OO0

O
O

\
00
COC
OO0 0 .
OC\,OO\ @ |
OO000 00 (
'LOOOOOOOLOC, QOOOOO0OO0 |
kOOOOUOOO\.&OOOOOOOOU& O
AODQ“*““AAOOOOOOOOOOO )
- - COOO0QO0000
: 00000000
200000000
- 20000V CO000
0000000000000 000O00 0
0000000000000 000000
0000000000
=D 00000000
SO00000000 0
vwOO0O0000000 0
wvoswO000000000
0000000000000 .
00000000000 000

CO000OO0OGOO0

0000000000000 0
OCOOOOOO
o109
00

J )
co(,\.oooon w» OO 0000

OO00000000C
COO0000 0000000000

)

0

Fig. 27 current control circuit model
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I O B
Vaz 3A 3B 3Y 4A 4B 4Y Vo 3A 3B 3Y 4A 4B 4Y
SN74HCOON SN74HCOON
5 1A 1B 1Y 2A 2B 2YGND 1A 1B 1Y 2A 2B 2YGND
o [T T ] **PR36-3A
: . — r
S GND!
[ r :
| | OUT1
1 [ ouT2
123 456 789 10
TA7291P

Fig. 28 current control circuit

55 7mr I A

mbed 2234 TEAWTT B ST AOBYEZ{T57-. NUCLEO-F401RE (21X PWM D15
5M& LTDI11, D10, D9 %, &\ FmHdfEE & LTDS8, D7, D6 #iiHlor L LT
WREL, mEitOmE LEAZE L CERHERKIC AT L.
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6. YIal—iav

6.1 val—varikik

WA O 3T K HHEE T DEAIZ OV TR D728, FEM BSGfETY 7 b7 =7 IMAG %
ATy Ialb—va v &fT-o7. SolidWorks TRUE L7z 3D 7 — % & fIWVERA O 2 7 Ok
& LT SS400 & ABS M L7z &7 V& HWHERE ) D2 A Ji <72, SS400 (TR &2 AT S
ZHDIZONTH Y I al—varafTolz. ABS ZHWE b DT aA Lvo&EH%E 160 [%
T L 200 EERXIZOVWTY I 2 b—ya r&fTo7c. 4 3 A WIZE Fig. 20 (2R &EifE % 10°
TEICANL, ATAF—FFETHIC 40mm]BE S 7. £ OERETH @< ) TH D HE
S OfE L EREW, AT A X —OFEORRIEICONTHATZ. £, UKD ICERAD
7RI SS400 & ABS Z AW O RE T ITE WS ) L EREM, 2T A ¥ —DALED
BRMEIZ SN T H 7.

6.2 HEHET) &2 E A

W DIEERIZ AT A X —OIT M LRGBS bDETT7 AL L, Whnmz~A T A
ELTe. HEENOMHEN T T ADRNIA T A X —NHEITH IR, ~ A F 2O MIEH 7 mic
Ll LEEWT S, 2O, EITHRICERICONTHEND T T 20 b~ A F R T 5
MEEZZEREMES. ATA X —TZERLY b FRIOME TILETH ISR, ZEREZH
DI E 5 & i & \THEE S MBI < 720 Z OALE TR T 5. W, NN~ A F AT
AN AALE I AL ER EFETIL, ZOMELY FRITIIRED L2 h» s, BTITETH
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Fig. 29 Relationship of between thrust force and moving distance

(Core:SS400)
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Fig. 30 Relationship of between thrust force and phase of current

(Core:SS400)
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Fig. 31 Relationship of between stable point and phase of current
(Core : SS400)
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Fig. 32 Relationship of between vertical magnetic attraction and phase of current

(Core: SS400)
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Fig. 33 Shape of electromagnet core ( Hec change model)
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Fig. 34 Relationship of between thrust force and phase of current

(Core : SS400 He8mm)
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Fig. 35 Relationship of between stable point and phase of current

(Core : SS400 He8mm)
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Fig. 36 Relationship of between stable point and phase of current
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Fig. 37 Relationship of between stable point and phase of current
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Fig. 38 Relationship of between stable point and phase of current
(Core : SS400 Hc14mm)
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Fig. 39 Shape of electromagnet core (R change model)
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Fig. 40 Relationship of between stable point and phase of current
(Core : SS400 R1mm)
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Fig. 41 Relationship of between stable point and phase of current
(Core : SS400 R2mm)
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Fig. 42 Relationship of between stable point and phase of current
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Fig. 43 Relationship of between thrust force and phase of current
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Fig. 44 Relationship of between stable point and phase of current
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Fig. 45 Relationship of between vertical magnetic attraction and phase of current

( Core : ABS 240turn)
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Fig. 46 Relationship of between stable point and phase of current
(Core : ABS 160turn)

37

Magnetic attraction(N)

Thrust Force(N)



N
(=)

0.5

w
o

—t
o

Cl) o
w1
Magnetic attraction(N)

Moving distance(mm)
N
(@]

0 60 120 180 240 300 360
Phase of current(®)

Fig. 47 Relationship of between vertical magnetic attraction and phase of current

(Core : ABS 160turn)
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Fig. 48 Running experiment(Core:SS400)
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Fig. 49 Result of the running experiment (Core:SS400)
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Fig. 51 ZE(LEFRCUSTOM 5 CPS-3030)
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Fig. 52 State of floating run experiment
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Fig. 55 Moving distance per current cycle 10 degree (Core:ABS)
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