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Construction and analysis of magnetic floating device using Arduino UNO
- Position control using a magnetic-field sensor and field distribution during floating -
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An electromagnet changes it's the strength and the directions of magnetic fields depending on the amount of
electric current and direction of current. This property of electromagnet is learned in the fifth grade of elementary
school. Junior high school 2*-grade students learn the contents that focus on the relationship between current and
magnetic field. Recently, magnetic floating toys are being marketed, and the strange float controlled by electromagnetic
forces has become common. Such phenomenon impresses the existence of non-contact force and attracts children's
interest so as to appear in science textbooks for junior high school. However, the structure of the commercial
products is covered with a black box, so that it is difficult to recall specific learning contents. Therefore, the present
author showed the way of making magnetic floating device from scratch and analyzed the mechanism of its
levitation in order to develop science teaching materials. A simple microcomputer (Arduino) with a magnetic field
sensor was used to control the electromagnet current. Furthermore, the magnetic field distribution during floating
was analyzed by use of the finite element method software.

F—U—F: WHHE
Arduino (Arduino),

(Physics Education), &4 (Electromagnet), &R iF%E (Magnetic Floating),

AIR%EZE: (Finite Element Method)

1.5%

i

DB ICRIET A RIIARRICIN L 2S5 9, TOR
JERICHE ) I, 205~ EEOREERE P&
VTCAHIENTE DL, FEICIEHIME SN 2R 08
L, BEEMoOSWERE ST A VITHNS
BiREZHB L CENREEIALTVwE L) 2L, ¥

WA BAaZEDT5E, TROLOMEIZL ST, §l
ERoVIFELZN T 5, EHZITHBHT LI
oM ET, MOZLRD % LIS 2 ME 120 %

LED, FlEIELIEIITE RV, 2O EITREE, BThHhiuIfGgroL, LirL, MENRTIv IRy 7
S5Lbhbh, WERF VI NVICETLET—V Y a— ZALEN-BE T, FHOBEANETZEORNE L DM

OEM CrEkl) ZIoHTIUE, WRICIERT 2800102
Lo TREMNLIFEIIATTRETH L I EFHI NS,
L2 L, BEREWC & ICHAIC X B 3ERESTTIRE
TWwWh (LHk2)e WHICX o THRHEEDNLT TV 2
s 2 SEBR O HRE OCIk3) THHETINY Ry
b, [Bi L @R oBOEBEANIflibiiz, £ ZITE
HIZOWTOFWHE Wb o0, EHEFTHLHL, ME

HiAg e H © tkato@faculty.chiba-u.jp

WP AR SELZ LML, BEERE Z AR
ZELUTLE S, R FICERE DN & [5HRA 2%
Wz, BN OEEZFEICTER2VWIELHD

%o
AL, BETEMVFCOATIES o724
N %V), CNEMERIETAED T ORI HE 2 (F R

TE& %o FHNEE TN W TOHGRCRER % &2
g, LT, HREEC 0P, BRRPHEAOFHENE
RN E ) B b o2 IS UE, AAEDRZ DR

—375—



TRRPEEFTOIEAE  H68% W : ARFR

B1 BRRERENOER

COEBIILUTICEUEBRINS, A 2#EYE, B BA,C:31J)L,D:
Wi5it >, E : Arduino UNO, F: IV E6V EF, G: T—4—

FZ4/\E, H: USB ¥ (RSO P C EHRERT S)

WG AN 2523, HBHWVIE, BT B R
D BAREY 22 884 % ML AR A TZ T 19 70 B 36 DY R B T BB LS
HBIEAD,

FITHEHESII TR (CE4) ISl EINTw ST
BEBEIL, MIOYATLAZER L, ZoT7aric
AR TAEIC DWW TP LE ST 72 TIE, <A
I R BREAEL00MEECHETE AMH, HRE
OB 2 FEERRER, BHMo i, 3% K
T BAREN D E L, BX O, FNEEEIE L2238
EEEASFEICRBAENTWD, 22771, WRSAIZOW
TIEEHRY R L, PHRYOHEE o TV b,

R T, FRBEEIMERT L2 L 2SI LD
5, ZEOLWHE LRI X AERTIEE &EBA O3
B, BXU, BRASGIIOVWTOEBRELEEY I 21—
YavEfTolzOTENLIZOWTHET 4,

2 WiSRIEEE D1ER

CORMEY AT AL, FEWARA O EHEIZHE D AT
7oA F Y LA BOWII # EITRER O ALV CO T
WO AFT 72 R D TR L, oWk E m

D P B RS ETHRIBS R (HEME) k559,

TG LA2ERE AV CITHT Z & THRIEWIKA D
MEZHIET 2%ETHL, ZOBRBRIBHREL DO
flizd LiZ~A4A I VETEHE SN, BEF25I34 0V C
NEEOLNL, AT YEOHTIZ AL VI T ERD
MEERESIERTEDIEE—F — KT NEIFTHh
BFEFGCGTHY, a4 N~ IEFRIT OV AR H
(PulseWidthModulation, PWM) %= H W72, & B, fli
A L7z~ 4 2 1% Arduino UNO (GCHk5), E—%— K
T4 N IE TAT291P (XXHK6) THAH, PCLETAFT v
FrENs7Tarsssa—FeEERKL, USBr—7
VHERHLTCINZYS 2/ |IZEEADIX, ~fav

S
/ / N \\.
J ‘
K /
by A
o F

$13mm e ERE R

M5x50 7o Lp B

K3 2000534 )VADKE>Y

HMTHET 2. F, SRS ORBRERA~HIZOW
THEIZ R 2 o

2—A BR#EHH X2)

2—B WA (X2)

ME: TIAFy 7BERE (TFx R0 7)),
EfE ¢ 13mm, JEE25mm DA+ + I L4 X 3

fEV 5 AT VONMIZ 2D, AMINC1ID A F ¥ A%
FEEDEDED, A F T ARA IR S R
12559185 %,

2—C a4 (®3)

MR i (KU oLy Y, $032mm), A bu—
(#H, ¢55mm), TAEFM, MBAMARL L (Bkr=
yua—2nXy ¥ E&0mm), AAFv b (M5), A
FUYLAT v ¥y (MHME P 20mm, WEE¢GL5mm, JEE
1 mm)

VEY )7 SR B XA R v 28+ 5, A bO—
DA 8 HE432 7 B X D IHEIZ10mm DY) Y A A %
N, B - TH <. TAEHMKZ E£40mm O S
AR DIRE, ENENOFLICEZESMmORE S v
Y —ThH\FT5, WY ARE ANTZA DO —DHlij % Z 1
PRI 2B TIZEAEGHLETRY FTHET %,
MS5EVFZREL, Ty Yy TRE Y ZHA Fv
FCHEET b0 TDEIKEL72KRY VI %2000% X
T2, O, FMOEMIZIAL VNIBICEXAE RN
IOHEET S, IANVORV MO L2 KB 7 L —

—376—



Arduino UNO % i\ - R0 3418 D VERL & 58T

(a) (b)

S<{ 481 N,{ 481
6 N 6 S

1 2 3 12 3
Vour < VnuLL

Vour > WnuLL

(© '

oltage in IVc Its

o [

th I
I
I
SN
~ I
]

|
(a) B |
3 |
—————— ~+-09 |
| |
N — e s
-800 0 +800

Magnetic Flux Density in Gauss

R4 BEt ¥ TSH481 s (X 7)

f:fib, ﬁ#‘ﬁ? 1 ‘iﬁﬁ VCC (?F";éa-é ﬂé@‘i&o V~ 6.5 V), ﬁﬁ%z [ GND, iﬁ%s ‘il’i’ljj VOUT° ?ﬁéo
(@), (b) I3BHTOHNFEICKH T IEARDEE EZNITHIET B Vour DEE, () 3V =5VDEED
Vour (BiéEh) EEDINEES (&8 OBMMERT. COEZTEOBSTOENIE VW =25V TH 3,

X5 @Rt ¥ & ZOHORE

AZFy PCTREE LT, EEomin oA X059,

AV N T OEEBIZIZ ¢ 13mm O BB (R F Y
LREATZ300C THES, WM E LCHEIL 72 0,
AF Y BFIREGALHI/NE L, I FEALHBEEINS,)
W T — 7T 13 5,

2—D BRtY (X4, K5)

WAL - R o TSH481, BT 2 —7

X o4 - X 41213 Taiwan Semiconductor £ #L4#
At Y TSHAIDF— % ¥ — b (CHER7) IZitik3
TR E M OMRE RS, ZORK Y L2 EBEAD
R (K3 M) W0 AT 5, 72721, v Ho
FIFIIEI 3 TR & ICRRET %0 WA v oIt
BolzH, H5 0L )BT 2 — 7 CTR#ET 5,

¥

Arduino &~ D

%% na"? !lﬁ‘ﬁ'?'n}é.ﬂﬂ j:gﬁ

1 |GND |GND Arduino(GND)

2 |OUT1 |1 =

3 |NC GRS P Lo

4 |Vref [HlEEIEIIRAN Arduino(D9)

5 |IN1 A1 Arduino(D10)

6 [IN2 |AJ12 Arduino(D11)

7 [Vce vy 7HOER |Arduino(5V
AN output)

8 |Vs HATHOEIRAT |6V EHiR

9 INC (FEHE#R) T

10 |OUT2[HF12 a4

K6 £—4—RKZ1/NIC(TAT291P)iEF & Z DR (3LHk6)

B <
b o
2 <
;
g :
: -
] e
d 2
&
TSH481 agn
7 BEROLHZR
N 7] E—F
IN1 | IN2 |[OUT 1|0UT 2
Z by
0 0 oo o0 (&t % RO
i 0 | High | Low [1EEZ
0 1 Low | High |z
7L —%
1 1 | Low | Low (B 1Rf % 546

B8 £—4— N7 1/NIC (TA7291P) DAFMFINT, IN2 i2&
BEEOYYEA (STike)

2—E Arduino UNO

2—F O4)IVphEEA6VEIR (B3Tithx4)

2—-G ET—4%—FZ74N1\EE (K6~EX8)
ArduinoUNO 13 ATmega328P~ 4 2~ (LW 8) #

LIEER & L7z Zfli e/ NUR—- N TH D, avEa—Fk

WETA7-DICLELRKET &, 1 3 ORAKEHE

B R ETOEEP I ROR— FIgERsh, v—u

FEMIEN D IER — FIC X D BREIE D BS TH 5,

—377—



TEAFHEARMELE  H68% 1N : HRFER

A—=FLEZHBEEHOE LY, FUVILVHLNVIET
FaZDOAMNIEIT s ¥ v O—HIIERIEHTX,
Ay FEMEINETO Y SAT— RTERET S

A — F E o [DIGITAL] TH & L7214 4K
(DO~D13) EFT ¥ VDA H B WIZHIITED 25,
INHDH L, FHORNICHT [~] 2555 64 (D3,
D5, D6, D9, D10, D11) % 78 v A E % §# (Pulse
Width Modulation, PWM) &IEh s K07 a7
WHAWEETH B, —F, FiF: TANALOG IN] THES
N7z64 (A0O~A5) &, TFHuzZtrHEnBFIZD
%E, 00510230t E LTHARS D) Z EHT
&5,

E— % — NI A NICICIEBHE— 7 ORIz id e
FOTAT2IP % w7z, FABRmO LR (Ek) X1
ATHb, ZomTOFEMZR 612, T2, MEBEEAED
BT (34 Vv ArduinoZ~0#EHE) %K 7 12587,
TA7291P D Vref (4%FE ) IN1 (5FKE V), IN2 (6
Y V) 1ZFNFN Arduino®» D9, D10, D115 EIE
2T Arduino®iZ 2 %D 1200 2> (TA7291P
DAL LTIZHIGH=1) 7»LOW=0) »Z&->T, 2
A~DH)] (ON - OF FBXUERDIME) A5k F
%, (H8)

I VEIRFAORERE LT, 6VEHAELTVWS, 2
NIZTAT291PO R Yy 7 EBIE L OBBREZ LB L& Th
7% 5% TAT29IPNTI VEOBEFERT S,
FheEZRELTCHIaf VORFIZOY Yy 7 HEIFEVCC (X
6 D7, 2 2 Tlx—#% 7% 5V % Arduino 2* 5 #555)
IVBEMNTHELEND S,

2—H PC

Arduino UNO & USB##t L 72 P C LT (k& B %
Bi3%) Arduino IDE (XHL9) 2@tk d, 7urs o
IVITERIT). FDOTUT T L= RIFAT v F LI
EMb, MYWRT ATy FZPCETI "L VLT
Arduino ARD 2 € 1265345 5 &, Arduino DEH) &
EHICEDOIT= FHRETENS, T— FOXOFEMIICD
WT, FRIZa X Y PHITRTO~@IZ oW T § TRt
W %, 2B, FEWEKOBAOMXIZLY), FELO
WHEY O EEEARRL 2 LI LT, kY
UMD ) @M AS 2 5 [constintcp=838; ], N7
5 [constintep=190; | 2§ 5 UENDH 5,

3. WA

Tl 2 WHREIC T AR O E 2 RS 5 720, F -,
FHEICHE LR E RS 72008k & LT, waea
A IVDTE Y DRER A % 72,

3—A BRECHICLIBAOMEREICOVT

VEBLL 723l 2 B TR ED X ) 121325 &, Filf
WHGTEDERRDL20, 0D X ) 128 E 2 A
LC, EHAHESEAKABADD IZOMEEEE 2 RN
5, BROMN TR WIRETOM I EZME L. 20D
X, BRI A A A TSHAS1IZ X 2 BEFHlE

double x, y;

double recX1l, recX2;
const int cp = 838;
/B3O E EEoOBMEHS
//S D& cp=838RREIZTS
//N OLElE cp=190REIZT 3
const int kP = 60;

const int kI = 50;

const int kD = 10;

void setup () {

/1 O~Q@idftEicTRAS R

TCCR1B &= B11111000; VA ONE)
TCCR1B |= B00O00OO1; /1@, @
pinMode(9, OUTPUT); [/ @®
pinMode (16, OUTPUT); [/ @
pinMode (11, OUTPUT); [/ @

}

void loop (){
recX2 = recXl;
recXl = X;
X = analogRead(9); //*+®
y = min( max( (x-cp)*kP +
(2*x+recXl+recX2-4*cp)*kI +
(2*x-recX1-recX2)*kD, -255), 255 );
a0
if (y»>0){

analogWrite( 9, y ); //*+@®
PORTB |= _BV(2); //+*-®
PORTB &= ~ BV(3);  //++-@

} else {
analogWrite( 9, -y );//*+@
PORTB |= _BV(3); //+-®
PORTB &= ~ BV(2);  //*+*@

}

}
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int a,g;

void fg(){

g=0;
a=analogRead(0);
Serial.print(a);

}

void setup() {
Serial.begin(57600);
pinMode (2, INPUT_PULLUP);
attachInterrupt(@,fg,FALLING);

}

void loop() {
//loop 137
}
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CDLE, WRADATHETLZOICHOENLEXY b
VET Yy xv (A, Ay, A) DA, AJE5EED
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T 5 LR B, = -2 2 (rA,), B, = —22(r4,) TH %
bNb, TIT, 2RIENRY MV (B, B,) ICTEE XY
MV (BuB,) &, rA , 2 RT Y Yy VETHIMIME %
CEWIREND, L7zt o THHMIZrA o H3—E D i
M vy —& U CIEMZR GBI TE b,
X191 COMSOL Tig#t L 7z 22l o4k (72721, W
BE AR T T 572012l pO % B2 —5H2 0
Mo7zbd) ThHbHo Hbiill R A IV Ripileik e Z
D LEOBADEA TS o FEWRIZEDOWIBO A E
RLTWT, BAUMNOHEBIZEBOZREFR LD &
LCH#lko 70 BLF, X120 (a)~(c) i COMSOL o i
BT, AL VORRBA DN L I L22WiH (rz16)
Thbo W NS A EHEHLCE, A1 X 12l -
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NORE SO, &N S SHIZH DS BRO
MEEZRLTW5,

I8(3A10g, B15g Ci2g Di7g [ 17

Z

10
54 mm 11
12
13
14
15
16

B0
w)
o=

B |
$b6 m

x|O[O]O|O| |»

OlO| X | x| %

18
19
20
21
22

/FHERRSE O3

XX X|X|X|X[X|X|X|X[|O

X| x| x10O]O|O|0]O|O|0O

X[ X[X|X|X|X[X|O
X[ X[ xX|x|OlO

A X | XXX X]|X

4

x| x|O]|O|O|0]O|0|O

BERTRE X A AT

anp
[Ny

18 BHANEHNKZE (06 HB\dp13 mm) &7
EEORR (K17 OA~D) I T 22 E L8

K19 (a) COMSOL T L -AREOZELM4E , ZDdbIC
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A X DAL AR LD b ARARA DR DT A58,
X120 (¢)T, TEREABEEBA T D REIAX20 (a)d & 9 7% |k
METIERLLTME GRABAICTI2IME) THDEH I
EMND, BRNBKABAIEDL X2k ) af VER
WL ARSI BHE SN, ERADOIFFIINBIZL > T
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INHDYIalb—vaviERE BRe ey
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20 (b) DG & W T LR LA b7 HASE20 (c) &
—HTHIELEMREL, 2F D, BERFOBRDS
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WALD LT [AP T ORBMEAR] L LTHADEIRT
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8] (1) O— B EBNHFO—D2TH5b, BEOIE
DYy bty b (1LIZT5) EEIMHHTE, UFE
DYy FPAHZIZAN 2 ),

(3 TCCR1B&=B11111000;TCCR1B|=B00000001;
122w T (3CHkL0)

Arduino ® PWM JH B O MR E 13640, $4b
HA0Hz TH 5. TN 1 RN 5 & TRMEK%E64
% (31,372Hz) O#I31kHZIZEHE T 5, G OEEIZLL
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