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ABSTRACT

This study presents an analysis the parameters to generate electromagnetic
fields of the three induction coils with a winding of 50 turns which consist of Type A
has one layer, Type B has two layers and Type C has three layers. The electromagnetic
field of Type C was found to be 11.9% more intensity than Type B and 29.3% more
than Type A, and it was found that Type C increased the output voltage of Hall Effect
sensor more than Type B and Type C approximately 12.9% and 37.4% respectively.
The temperature of core Type C with an excitation current at 1 A was found to be
3.5% hotter than Type B and 5.1% more than Type A. The measurement of aluminum
thickness with an excitation frequency lower than 1.4 kHz is suitable for identifying the
thickness of 1, 2 and 3 mm. In terms the measurement of metal which consist of steel,
stainless steel and aluminum, it was found that the output voltage of steel more than
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9asbiinszuaaduiliauAIf U Ui eI 1uREILANIFITUN 2.3 (n)

wssrulnAnszwaadUTIwansluaunsh (2.7)

V=V_sin@=V_ sinwt (2.7)
— ) /V:Vmsmm
MW _
R I1=1_ smot
Vi
‘ al
z Y
< v >
Q)
V=V__sinot

max

(n) (@)
5UN 2.3 2sasnsglriihaduilenuiiinuniuiieeeiause?
MnuuAvenseualiinfilvaiuiwun g nuanIfEnIs (2.8)

VoV sinot
] =— —_max Sin @ (28)
R R

Avainseudliinasiirnasan We siner =193 (o =90°) wansaunisi (2.9)

q

]max = @ (29)
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I=1_ sinwt (2.10)
ayunavensasliihnszuaaduillanufiuue081Red fall

1. nszwalndnazusenulviiasdmamentu
V 4 a0 A4 e w
2. waveInszualnii I=E W 1 war V A9 Aagniaddssvaansehaliliinay

wsamulnin

2.3.2 2995ANsTRadauLlaruAmMteUN N IR ERe7

JUN 2.4 (n) wansashiihnssuaaduidlonuduntedniesegases Ing
wsanulfnsswaaauUTLansluann1sn (2.7)
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I:@sin(a)t—zj (2.11)
X 2

L
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a1 [
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Y 9

! A . 72. Y d‘
MBLUB sm(a)t —E) =1 aglansaunisi (2.12)

[ == (2.12)

wnuanmsi (2.12) Tuaunisi (2.11) agldaunsi (2.13) 1
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1=1 sin(a)t—gj (2.13)
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X, oL 2&

2. nszualilnazussulviaziimadieiu 90 a9
3. Wewn X, =oL=2xfL dswiu X,af wio adudniiniuonlnudilsiunseiu
a o A d' a a = Y1 1 a o a A ¢
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H(s) =R _RC (2.18)
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Pnaun1senanfosuisuuaadiiuiteudldnszdunisideaunuuiwan i
1 Eens 1% 1 [ 1 o [ < (Y ° v o
ranlvigugulanawdivdnuasAraninnisilnivesian dududsdmiuinunaing
anveasnszualuaruuuiuiafanlave Feaanmliduyulinisudmdnuazataninnisi

Infihvesianldlunisvenaotuanifianisnan 2.2

M990 2.2 ANAUTUIIUN AN kA ATEN NS T e e Tag [23]

Aan wlvgusulenIaLvan

Yan AnannAsEn i (S/m)
' (H/m)
ayaiiiley 1.26 X 10° 3.77 X 10
AuRULaaLUDS 410 4.52 X 10 1.75 X 10°
WIANLEL SS400 251 X107 1.00 X 107

2.6 nguijgesavilagues [24]

2.6.1 Usingmsalgadioniila

LwIRRfugIuvetgedoiilagnasuleduandlugui 2.13 taglugui 2.13 (n)

L)

waAnIRU TR WA AT uIaUne WU voaes Wusu Tunsdiduunwesidunnasanglniii

9

lngsiainiuiandiilnihasdaaliiinnszudlniinluanudandinlni Weuiladives

Toussrulniinneseudaniiilii navesussiulnihanaseuasdaviivaug

Taandinas AUNNLWAN
J 7 7
b Iy | I,
7 v 7
) | - | 1
< |t < ||
T 111 T 1]
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v o

JUN 2.13 () waminisnseiuawnudmanadlluuiuiavesTagdai i lufiamems

anfdunseualniihladiu Wevhnsiadussiulnimnaseudandniluihazinisdsing

voerussaulninnasenTunLanes Fausingnisaliignisendn “sedioniila”

AauUsrng 9 MAnnUsingnisalgedioniilauuuwiudninlninuanadagui 2.14 uas

AN ITRIYNUARIAIALNITA (2.23) - (2.26)

A —— —

JUT 2.14 fudseng 4 MnUsingnisalsedieilauunduiaiilih
o E, Ao duuliinuesgoaf iU unsuaniees Laansaun1sves £, asaun1si (2.23)
E,=vxB (2.23)

NAUNITTNAUMLNEANIaUINlNTve9898 fo Henduvasanusmveglsya (v)

q

LAY AMIUTNAUINLLEN (B) LAz IlTe8er19seningtIBEaningg (w) Ueans uamiyes

swdvaumlnivessed aglaaunisausesdnglniivesged (v, ) asaunisn (2.24)
V, =wvB (2.24)

o AnuFmmelszq (v) wanefsaunisn (2.25)

y=—"-—1— (2.25)
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de 1, Ao Usmwnszualwihiilvariused (A)
g, M8 A1Uszgdlannsou (1.6 x 10 C)
N, A9 AnunuILUuTeIwIne (1/cm’)
4, o Wuiiwihdevessed (cm?)
d Ao AUNUIO9T

NANUFUNUSTENINEUNTTA (2.24) hay (2.25) @1U15095UN8N1SADUAUDIVDITRA

v v

Aumndsiunninnnueseea nseualninnlvard ueofLarAUNUILLLYDINING LEAIA S

AunST (2.26)

v, =—1 (2.26)

2.6.2 goaviilALduLgas [25]
lutlagiudugesuimanidugunsalndeuduuin esanawnsaldauls
PAINNATY DILTU I UEDSNITIUNITATINTUAIUAUS A5 VSe Aemslunisiedaudn
[ YR~ fa < a & v 1 ) = 1 %’ v
wazdudugunsaiidnnsetindiesnuuuinlvanusanuniusenisduasiiou Hu wazuila

s 2 & sk & s 1 & a =~ a ° @1 A o " & I
‘eﬁ@ﬁL@WLWﬂL"ZIULGU’EJﬁﬂﬂ’eJL‘ZiuLGZI’eJiLLQJmaﬂ’EJﬂg‘ULLU‘UWUQ‘V]%%V]’N’THﬂ@@LN@&JE’W’]&JLL@JL‘ViaﬂEJQI‘u

[

USuseu 9 fduwes lnewsladiudritauuudvandnudnuasididy 9 lown Ay

o

v " g " P v o o ¢ ¢ @ @ ¢ Y
Winauuwiman wag Tauslvian (wile, 1) Bedygrandnnvesgedoniiadusestudy

'
a 1 L A

HIAFUNANIINAMULT UL AN ANIVDIFUIULULMAN ST U BRI UL NTIVIUAINULTY

'
|

YosauINkimansau q iuandvualiagifinussdiuneidne Sendt “ussiuged (Hall

=

Voltage)” uamsgoatemiiladumesldlumnuideiinegun 2.15

Y

Ui 2.15 sedlovliilaifuwesiues A1301
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NFUN 2.15 uansgedieriflaiuirasives A1301 1asead1are 4 dauiauanns

AN 2.3

A15199 2.3 vungedeilaiulasiuas A1301

AL UIA (Mmm)
A 14.99+0.25
B 3.02+0.08
C 0.79
D 4.09+0.08

diow 1 Ao wsssulwihvnddounasdielnnssuanselugng 4.5 59 6 Va1 2 fie 21
n37199 wag U1 3 A wisnuliirvieen sedieiilafuiwesiues A1301 asiiAinsnauAues
Aoauungn whiu 2.5 mv/G lunmsldnudietausssuliihvsenlagltfiauuwimén
nlfhazdussdulnilnnaseududuagil 2.5 v IngUszana driliFanda Offset voltage lae
ﬁaiﬂaaét,a%hﬂﬂLe?iul,szjai‘ﬁgmwuﬁﬁmﬂﬁmuwﬂ&mﬁua@j 2 JUUU fB LH uag UA uans
Tusuil 2.16 (n) Favks 2 JUuLUILTHAnaUALBdDAUIILIMENUANGsfuLT e gavgd

Aeuoniasuulasly ﬁmamﬂugﬂﬁ 2.16 (v)

1301 Device Sensitivity vs. Ambient Temperature
265

2.60 —

' UA Package/'/
2.55

‘ $‘ : 7
\ 5 vt
2.40 ://

2354 ; . . . . . y .
-50 25 0 25 50 75 100 125 150
Temperature (°C)

3-Pin SOT23W (suffix LH) 3-Pin SIP (suffix UA)

Sensitivity (mV/G)

(n) ()

JUN 2.16 dnvarsedioniladuees
(n) JUkvUBRdENTIAT DS

(¥) HanTENUFBRMUNINBUBN
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N1599NLUVLAZANHUIIUIVY

o =i

msiiumAdsluidemsinvinavesnseudlnlihuagaudfinssduuaainimient
dWefinlszansnmeenisnevauesauuwanliiihvesgedienifiaduges lumuidels
vimseenuuusasiiihdmiunsefunisadeaumiimanliiivesueaamioniuay
sonuuuTRaInigthedalsdususiitianuuanaieiy 3 sULUY oRnwIAMITneS
gosaanudeni taud nszudlnidiluasuvnainmdond usssulniinnasounain
wilenii pudunuvesaaInmileath E‘W’mLLliWiﬁﬂlW‘W’]LL@SQN%QQGUENLLﬂumﬁEJ’Jﬁ’]
Tudiuvesnsiinseiianlave lauwn wman aunweasazezgiiilen lneUszyndldgedion

Wegugasdmsunsiainisiaeunlasaunuudmanlifivewaainmiening 3 suwuy

3.1 299sandaaurundmaniniinazasasuiasarauiuusiian i

3.1.1 asesnudaauinusivaniuiin
Tunseenuuuiastilnauuudwmaninii gl dedesiiinduains (Function
Generator) §u HP-33120A U 3.1 (n) shednyanandusuleismivisasvensdya uia
Aanalod (Class AB Amplifier Circuit) d1m¥uveenszualifiniiienssfunisaiig
aunuwimanluihvesusanmileath wazesadalaalay (Oscilloscope) Ju RIGOL DS1052E
U7l 3.1 (@) grldiitedudaygaomnmamieniuazisasiidnaunuwimanliignuans
Tugui 3.2
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RIGOL SSI%E..

U 3.1 desiledmsuisesiinauuusivanlylii
(n) wiearuindayeyias (Function Generator) U HP-33120A
(v) ppaPaladlay (Oscilloscope) 4 RIGOL DS1052E

TIP120
oQ/
5 Watt
T 415V

0.1uF N/ 1N4ool

1 . E
?smcwavc N/ IN4001 —

signal
% e L
100/ TIP125 —
5 Watt =

UM 3.2 wasiudinauiuudndn i

110D

dl o a 1 [ = o a oA v
JUN 3.2 uannaasndeauuwdmanliiwisorsvenedyyrasiananaetiiiold

venenseidliindmsunsedunaawmileni Wenszualnihanesesidadyyinsi

[

2995Aaae Uz asNalinszualwinilvanuseanmilenuniinngweny 32 i
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3.1.2 2sasudasArduunsivaninii
TunsfiansannisiUasuudasiauiuwimaniniivesunarnnie i 3
sUnuu laldeadioifladuigesives A1301 Saufulrsasuuasmauuuimanlninlily
dmSuulasaauuusuwanlvduduaussiumalin ameludszneulusie 3 1935 Ao 2993
ﬂﬁaamwﬁqq (High pass filter circuit) 2935v818L5IAUlUANIzRAASU (AC voltage
amplifier circuit) tazavasuiasaussnuliiinszaduiduausiulniinssuanss uans

aswlasmaunuudmantiihuiusedieoniladusesuzun 3.3

/ AC voltage to DC voltage circuit

Hall Effect sensor AC voltage amplifier circuit
—_—— e i e ———————————
| U/ |
Al301 Fm-—--- i [1] * 14— +15 v :
1
~ _:_ e 1 E E :
ILyF 110KQ | :’15‘,TE D636 2] |
|1}
+15v—]f—{4 L |
A x P (_E RMS to DC :| 1
+5V I B m
1 L N 1 1KQ !
= ‘/; T a o= L
| =
| 3 " 1 KO 7 8 - 1
High pass filter circuit | / Outp l_lt to — |
Arduino g 1
= 1

JUTN 3.3 2easuUasAnauuudmantngy

3.2 ﬂ']'iE]E]ﬂLLUU?Jﬂa’QﬂL‘WﬁlEJ'Jﬁ']
nsassunmamieatildesniuuvamamienivdalvdussduandieiu 3 sUnuy

PoduaIATesUANATEIY SWG Lwas 30 fiflvuaduriugudnans 0.3150 mm waglduny

weslsidmiudunamieni mssenuuuanmamisiihelinlsduosdia 3 JULUU uans

[

D!

3.2.1 vaaawidleirguuuu A (Type A)
FUIUTUVDIVARIANDILAS 1 TU AI8T1UIUTIUIUNITHU 50 F8U/TU WUTBU

wnueslsvimeruIEUNILANENaI 10 mm KAZAIHETY 20 mm LAAIRIFUN 3.4
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0.32mm 532 mm

ww 00T

10.0 mm

3UN 3.4 vaaawidlgnigunuu A

3.2.2 ananwileirzuuuu B (Type B)
FIUIUTUVDIVARINNBILAY 2 TU $I831UIUTBUTUNITHY 26 has 24 SOU/TUY

fusauunueslsivwndsuAugnans 10 mm MeANeTd 10 mm UaRdAsFUN 3.5

5.63 mm

ﬂﬂlm 1

10.0 mm

5UT 3.5 aamawmilgaiiguiuy B
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3.23 mﬂa'mmﬁmﬁ']gmmu C (Type Q)

IIUIUTUVBIVARIANDILAY 3 TU AIEA1UIUTBUIUNITHY 18, 17 wag 15 58U/

[
1Y Ly

Fu WussuunuvleslsivuaduRugudnats 10 mm Mmeaue 7 mm wandluguin 3.6

0.95 mm 5.95 mm
]

4
=
g
=

| |

| |

10.0 mm

3UN 3.6 vamawillgniguwuu C
= A v y A A o =~
nsAn¥RAYeINITRNLULIRIAMTEITUANA1NTY 3 sUuuu laldinTeslainduead

915 JU LCR-816 dmsuinmnnudumuuas A umieiiivesaaamiteiinnuandly

31J‘1‘7i 3.7

~ Yl _SPEED | [ — i
LE206497nH BN~ ™ @ @@
0 2.401 . e
Fi2. 0800 Kz }aiﬁ'é:r $ C:« Qﬁ@@ :
ol OIS v | — AL E]

POWER
=1 mo

VAAINLANYIUN
A/

5UN 3.7 nisdadianusinumusazaianumteniveniesloinieadens

U LCR-816
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3.3 1A589laluN1sIALasA2819luN1SNNaBg

33.1 A3asilalunsin
nsfnwimsinesvesunmnuilonh liun anszudlwiidilvariuueain
wilgai wsaduliihanaseuvaatamioni ausuminlihvesuaanmieniuas
gampivesunumilenir dldiaiediedn 3 viin Ao faAfinesuuuAinoasu FLUKE-115
(5U 3.8 (M) gnianlddmiviadnszualuiiuazussiulnliianasenvaaiamienin
\n3osilofnaunuusivdntudingu SDL900 (§UT 3.8 (¥)) dwmuthunldiaaunuusivin
Iwihvosvaanmieniuaziedosingumgiisu midi LOGGER GL240 (5U71 3.8 (m)) dwiu

TawaztufinFgaumaivesunumileni

7_'::7 |1srm€mm:1

midi LOGGER GL240

(m)

Ul 3.8 Ledesiletn
(n) TaRTiwesiuuRIneaiu FLUKE-115
(¥) 1n3eailoTmauuutimanluiingu SDLI0O

(A) 1303 Ingamaiisu midi LOGGER GL240
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3.3.2 Yaglavzilidunsdifnuilunisnaass
Tusuddedliudanisfinnsandegistaglavedu 2 dau fe anunun
avalileuwazyiinianlave
3.3.2.1 fA7pgeAnaviuiazgiiiey
myinemuniaslans leldezgiidonfitlvuinauniie 50 mm way
877 50 mm MEANIMLITILANSTY 3 YU fo 1, 2 Wag 3 mm
3.3.2.2 fedviiadanlans
fegsvintanlavgldidonldiedataglangAuandaiu 3 vile
o dnusiuiues $S400 exgfililn uazaumuEAUD 410 MEBYUIALALANLMUNTIVINTY

Ao A211NI19 50 mm UagdlAuend 50 mm A8ANNNEY 3 mm Aeandluguin 3.9

(n) ()

(R)

JUN 3.9 Taglanelddunsddny
(n) MANUNULUBS SSA00
(v) pxgilifley

(A) ALAULAALUDS 410
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3.4 MsPRNUUUsTUUATINIRTaqlany

3.4.1 szuunsdadanlang

sruvdmsvimsziianiave louwn wan awnuaauazevaiifey lneUszendly

<)

godevliladugesnsiainisuasuudasauuwiminiiiiaindsingmsainszualwaiuuy

v o

WuRTanailii Tuniseenuuusyuvilaldiadesnuiindymuniuieaseeodyyio

q

yiararaUineveunseualnindmiunsquunainuiledtir Ing Arduino Mega 2560

rev3 gninldsuaussiulninviesnansedieniladuwesuazansuinszgniaiulilu

a

roufiimasielddmiviieseinadely ununwvesszuuasiainianlans uansdegy

3.10

finatns

PR R ORI L — goalnila

< «
LYULYDI

/ 2993ulagA

vaanawieiin gunusitaninila

S o Ay 2995V
wn3oeindadyyin oo

=

Yiamandal

ADURAMBTAMIUIATIZN Arduino Mega 2560 rev3

JUN 3.10 ununmszuunsvindanlave

3.4.2 N159BNBUUTIUUATIVIN
A1509NLUULNUINFI08 9l e IghNuaz ASAATaNTAUNLY 3 mm dwmSulu

WNeTanlangmgruInALnie 100 mm AUEN 100 mm UagAdEs 50 mm lunns

[%
U I3

3
a < < v a & 1 = N o 6 Yo
Anssgaaoniladuweslagninnsegmilornmamilenil 1 mm wavedlddaniane 1 mm

é‘fﬂLLamﬂugUﬁ 3.11 way 3.12



«—— B8
— godleniialtues
: YAAIANULIUN
50 mm
waadnuieaiin LYIUSDIVARIN
| —
T | 100 mm |
[ |
(n)
— "\
/ AN
ety ~ gadililaduas
g—" —
50 mm q

LNUTDIVAAIN

| 100 mm l

(@)

5UN 3.11 dumuniivesszuunsivinianiang
(1) NMNAINNITODNUUY

(¥) AmnsAasagUnsel
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A10819

/ WYUTDIVARIN

100 mm

-

VAAINLAL

-

\ [ 3
gaaanwl

| 20 mm |

FLruLas

l 100 mm

(n)

100 mm

5UN 3.12 diuniuuuressruunsivindanlany

(A) AININNAITDDAUY

(¥) AmnsARsagUnTel

30
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3.5 N19AEUIIUIRY
Tunsatunuddelawianisiansaiesndu 3 @ oA N15IATIERANISITRDS

YoavAaInmtleni MaATeergiileuwaznsinsenviiaianiane

351 msanzdmnisiiinedvesuaataniieati
ﬂ'ﬂ‘wwﬁma%&uawmammﬁmﬁwﬁgn%meﬁ 16 nszualnihillvarusnain
wileih wsssulnihanasenvaaimuiden auuudivdnlniivessnaramisniuay
qmmﬁmaumumammﬁmﬁﬁ wanInsinsesisaselud
3.5.1.1 msanzinszudlniitsazuseiulnfirveswaatawmieai
lasrmnseualihfilnanuwnaanmisituaz usadulniiinn
AsouAmAwietin 3 sUuuy T8ldmfueshilinauuudvdnlaih Tnefnulutag
AuA 100 £9 2,000 Hz AIYUDUNTIN 6 vP,P%aﬁaaﬁmaiwua%maaju FLUKE-115 gn

Wnlddmsuimseiansswalniflvanuunainmiendn a9 1) wavesadalaglaugn

a

ildiasgiausaiuliinnasenvaminmileni (e 2) dwandduguin 3.13

TIP120
1000/
5 Watt
- T 415V
AN 1
0.LuF N/ 1N4001 / )
i [
— G el
N/ 1N4001 —
§) Vp_p =
100 to 2,000 Hz Q
T T -15V
= 1000/
) 5 Watt

JUN 3.13 uanansianseualiihuazussiulnihanaseuvesunaamie i
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3.5.1.2 M3nsiaunwimanlninvesuaalnwmiieai
AsitAsIviauuaunwimanlniwesunaramiisadiie 3
suwuu laldsauduasesinilaauinnaimvinluiiseweundgn 6 Ves Tug29aua 100 A
2,000 Hz dwmsunisiesizginnuduaususivan i lalda3seloTaauuuiman v
ifln5u SDL900 wazaadioniaduwesives A1301 dmsunsiadauiuwimantniiives

Ypanwileie 3 sUnuu wansn1sinmauuwimaniiiduantlugun 3.14

(n)

(@)

JUN 3.14 myipawinwimaninivesaainmieni
(n) w3nsdetnawimwimvantndalviligu SDLI00

() sadloNifAlwuesiuas A1301
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3.5.1.3 msdenzianudeuvssunumileni
Tudruveamsliaszimanufeunnumisiihvesvamamileniis
3 sUuuv Iddendnwinssualuihil 0.5 uag 1 A dmsunsefurammmienii 3 sUuuy
Huszezia 1 Hr. wagldirdeaingaumgiisu midi LOGGER GL240 sheweluddilavda K

dmiuinuazduiinAgaumgiivewnumniniduvudandduguin 3.15 a1831u3UNs

71A899 5 A9

3UN 3.15 msTngaumgiunumiedn

3.5.2 MsinANUUIRzgiiiiley
nsinanumuezgiidenldlderaiidondidaimmun 1, 2 wag 3 mm e
At nifa 3 suuuu Taenszduvnaamioniersesiidnauuuimvanluidia g
§29A2148 100 89 2,000 Hz AILLBUNEYA 6 Vep TUAIUTDINITIATISRAIAUILLLINAN
I asuudasludmivvesezgiionlfldsedienifiaduivessiufuisasudasa
auuudimanlniiuazietesiiotnaunuusiundnlii Tivhnsasesianua 20 afs §nen

waslunsiiuAwsasulninveanveIgadeiladulaseie Arduino Wdu 5 AS3/AU



1 mm 2 mm 3 mm
augililow | l !
IR A ——

I
wsndillndynin | aswsdygno
UDUNEIA 6 Vep ylipAaael

4 [-1 -4
% Aufl 100 fia 2,000 HZ *** vodiovifinduiod

!

2995uUasA

auruusimanlaiia

paNTimasdmiuiaTet Arduino Mega 2560 rev3

5UN 3.16 ununmszuunsinauunesgiitiey

3.5.3 mydnviadaglane

msfinwinsiaviadaglave laun awueaues 410 wdnuduues SSA400 uax
ovgliflon finnumun 3 mm wintu devnmawierivi 3 Uuuu lunisnsedunisie
awmwiwdnliiveswemaunioiiseresiudaauuudndnlvitldudeendu 2 ms
79809 A ﬂﬁz(ﬁuﬁmmﬁ 100 84 2,000 Hz AIEUBUNEA 6 Vpp W 2 Maneas Tuguves
mMseTgimausimaniihiiudeuadluvestaglangldldsediovifeduse sy
2easulasmauuudmdniniuasiadesdieYnauuudmanlni 18vinsmaassimun 20
ads iemAUesidunnuianainannisindesedionifiadumes fesnsaaslunis
Auaussuliiiesnvesgedienfladuiseddae Arduino Mega 2560 Wiy 5 Ay

a )
UM
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L .

win  ezaliloy  duauiad
]
wiosnniinduann
= MATVU B

= = =i
UDUNAIA 6 Ve yippanded

I3 [~} o &

o4 goareviiilALguaas

*4% @auf 100 g 2,000 HZ ***
2435uUa%A
Aunuwdnluih

Aau MBS AMSUIATIZV Arduino Mega 2560 rev3

JUN 3.17 urunmszsuumsliasgviviinianians

3.6 d@sUn1seanuuuLaraAiueuIdY
Tuduusnaznaninasdmiunssiuunmanionilagliisesiidaauiuuwsiven
Ifuazasasdmiuduniasuressedioniladuigesives A1301 Laldreasutasen
aunuuslmaniniii ludruiaeandniinisoenuuuvaainmieniiuanssiu 3 sUluy
Frasruauseulunisiy 50 seuifuuskanset Ao wIuTuTetnain Thud Type A
Sruuduvnan 1 3y, Type B Suudurean 2 $u wae Type C Snutuunain 3 4 lu
dudiamnanisiodraldlunsdinuauiadu 2 nsdl Ao mumunvesezgiiiloulalid
AUV 1, 2 wag 3 mm wazvindanlavelaeldTanlanzunnsneiu 3 ¥lla Ao widn awnu
aauazergiifloniaaiuvun 3 mm wazgdruganienisaiuauidelainse
Amnsfinefuesvaadamieai n arwd nzudlniin ussiuliin auusimnlaiin

a a

wazgauil waunUssgndliiafnnsinanuvuneralitlnuayyilndaglane

Y
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NANTIINAABNLLAYBAUTIINANITNAADY

Tuunaaiinandenavesnisesnuuuraanumisniiiuanaieiy 3 sUkuu laun
Type A, Type B uag Type C lnglddasziamisifinesane o veswnainmieaiifild
Srufurssinlnauwiwinliiiuuunszualniiadu Tdun Aranuwden Ui
nszualnihfilnanuveaiamieni wsessulnianasonvaatanienin Araudiuniu
yaanmilenth aunuwimanliivsaiamieniuazoumgiunumiednh uaznaainnis
thunmnwieii 3 sUuuU uszgndlddmiuineumuesgiidlend 1, 2 wag 3 mm

wazviinianiane

1 a -4 d' o
4.1 ATNITIULHNDIVDIVAAIALKIULYIUN

HavaIAINISITmesYAaIAwTeddIve 3 YUY Laun Arrumdeddn Ysuau
nsznalninlracuvealamienil wsssulidinnaseuvsalnmilentn ArAuaIuNIUY

Y84UARIALATLEUN amuLL:u'mﬁﬂlw%maamammﬁmﬁwLLazammﬁéuaqLmumﬁmﬁw 14

9 Y

a

Nuivsiudeauuudmaniniienisnszduitnsmaud 100 §s 2,000 Hz feuey

WA 6 Vpp QNULARIAIT

4.1.1 Amnuwilenn
nsnaaesnIsinAtmuuiieliivesvaaamienitfignesnuuuiusn 3

sUnuu laun Type A, Type B uaz Type C lngldinsasiioinioadonslunisiansun nanis

Y

[ |

SamAnanieniuanaiannssd 4.1 uarAranudusrunawindnvewnuneslsviuans
Fap157991 4.2

PISeT 4.1 fanumieihvesaanmieatme 3 sUMUY 91nnsinme
3otueatondlauAraumieriivaainmies Type C 3Avinfu 0.082 mH, Type B
Wiy 0.072 mH wag Type A WU 0.068 mH wansliindesuiuseulunisiun
aIANIBIAY 50 TOUWINTUTTS 3 UL usanduUsAmeIuAumilethan 20 mm u
10 mm uay 7 mmuaziiasudulumsituenanuns dwaliraumieiwoaeain

WTeIULALTUTIdONAARINUANNITA 2.2
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A1919% 4.1 Anuwmilenivesvaaiawileninig 3 JULuy

YA A1AATIERL (mH)
Type A 0.068
Type B 0.072
Type C 0.082

9197 4.2 UanINIAIWINAIAINT U UNLmANvB N UeSLsivnaInmTe
14 3 JURUU 9naun1sh 2.2 wandbiiiiuinaianudugnuniawimanveawnumosisnain
nsmuIndAUTzauiiuie 3 sUluy Wesanndunuweslsinldamlunisesnuuutiy

yiapgaiung 3 sUwuy

=] ! o = 1 =3 '3 = o &
M19199 4.2 mmmmmm%mmmqLL&Jmammaummﬂaﬂammammummm 3 E‘ULL‘U‘U

Wa’mmﬁmﬁﬂ ﬂﬁﬂ??ll%ll‘?ﬂ‘UVﬂﬂLLﬂjLﬁgﬂﬂaﬂLLﬂULwaﬂﬁﬁ (H/m)
Type A 2.45x10°
Type B 2.47x10°
Type C 2.46x10°

4.1.2 wsenulnAnaznszwaluii
AsNaandwsIsulniinnasauanalInwileltwaznsewatniNlvanuwnain
witlgad s 3 JULUU faen1snsERulugaeadmd 100 84 2,000 Hz laldesatalaalayuayiia

ATWBTAIMSUNIT AT ILVNANITNAADILEAIAIAITIN 4.3

dl U U (3 dl U ! U 1 dl o 2
A19199 4.3 AnuduiusvesmudnuALsRulninnaseNvnatnmiletiuas USuneu

nszualnihilvaruaainmieniv 3 uiuy

Frequency Voltage (V) Current (A)
(Hz) Type A Type B Type C Type A Type B Type C
100 0.750 0.762 0.779 1.199 1.170 1.113
200 0.758 0.769 0.786 1.194 1.165 1.109
300 0.769 0.780 0.797 1.190 1.161 1.105
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dl 1 L7 L s d‘ U 1 U 1 dl o a
19199 4.3 (71d) AMNFUTUSYRIRURNUALSIRUl T nnATaNvnaInwlettuasUSue

nszualniihlnadwaainwmiieadime 3 sUkuy

Frequency Voltage (V) Current (A)
(Hz) Type A Type B Type C Type A Type B Type C
400 0.778 0.791 0.810 1.184 1.156 1.100
500 0.794 0.809 0.831 1.177 1.148 1.090
600 0.810 0.826 0.851 1.169 1.138 1.078
700 0.822 0.842 0.871 1.159 1.128 1.068
800 0.841 0.863 0.895 1.147 1.115 1.053
900 0.860 0.884 0.919 1.137 1.104 1.038
1,000 0.879 0.905 0.945 1.125 1.091 1.024
1,100 0.900 0.928 0.969 1.110 1.075 1.005
1,200 0.920 0.949 0.993 1.093 1.057 0.986
1,300 0.941 0.971 1.017 1.076 1.039 0.967
1,400 0.960 0.992 1.040 1.061 1.023 0.949
1,500 0.981 1.013 1.062 1.044 1.006 0.930
1,600 1.000 1.033 1.083 1.028 0.988 0.909
1,700 1.018 1.052 1.103 1.007 0.968 0.892
1,800 1.036 1.070 1.122 0.990 0.950 0.870
1,900 1.054 1.088 1.140 0.970 0.929 0.847
2,000 1.070 1.105 1.157 0.951 0.908 0.824

1NH15199 4.3 wietnunasianshiuseuiisunsekalninnazussrulninnaseuiy

' '
a o )

AruAdasUTl 4.1 uay 4.2 wansliiuindlonruiifunndudmwaliussulnihiinnaseu
YA 3 sULUY fdaiutunuludae uinavesUSunanseualiiingluaniu
anmmwieini 3 sUUU dAanas dosniuseuliihdunseualnidivasiietu %
waranuanisaaesuansliiiuInUSinanseualninilvaruveainmileti Type A fidn
111131 Type B wag Type C auadu {unauinanaiaumiieniivesvnainmieat

Type A fidtaenandialidivsunavanssualiiilvariiuuniian
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Trmg (A)

0.80

L I e e L L A A
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Frequency (Hz)

UM 4.1 Ysunaunsualiihlvaiuvaainmiedni 3 susuu Tugieninud 100 §e 2,000 Hz

L e e e L B e o e e
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Frequency (Hz)

JUN 4.2 ussiulnihanaseuvaainmileniin 3 suuuy Tugieaaud 100 §e 2,000 Hz
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4.1.3 AR IUNIUVARNTEUN
TUAIUYDINITNABDINIAIANUATUNIUVABIALATHIUING 3 SULUU 91003
NAFBIALTAUNITA 2.12 LNBATUIUUIAIAINUAIUNIUYARIANTEIUINLAINN1T AU

ol = L 1 L d’l
WSHUMBUNUAIAINNITNNADILENINIU

M990 4.4 AANUAUYBUAXIAWTEIING 3 FULUU IINNISATLIULAENITNAGET

X, (Q)
Frequency Calculate Experiment
(Hz)
Type A Type B Type C Type A Type B Type C

100 0.51 0.52 0.55 0.56 0.58 0.63
200 0.54 0.56 0.59 0.58 0.59 0.65
300 0.57 0.59 0.64 0.59 0.61 0.67
400 0.60 0.63 0.68 0.62 0.65 0.69
500 0.63 0.66 0.73 0.65 0.68 0.73
600 0.66 0.70 0.77 0.67 0.71 0.77
700 0.69 0.74 0.82 0.69 0.75 0.82
800 0.73 0.78 0.86 0.73 0.77 0.85
900 0.76 0.81 0.90 0.76 0.80 0.88
1,000 0.79 0.85 0.95 0.78 0.83 0.92
1,100 0.82 0.88 0.99 0.81 0.86 0.96
1,200 0.85 0.92 1.04 0.84 0.89 1.00
1,300 0.88 0.96 1.08 0.87 0.93 1.05
1,400 0.91 0.99 1.12 0.90 0.97 1.09
1,500 0.94 1.03 1.17 0.93 1.00 1.14
1,600 0.97 1.06 1.21 0.97 1.04 1.19
1,700 1.01 1.10 1.26 1.01 1.08 1.24
1,800 1.03 1.14 1.29 1.04 1.12 1.29
1,900 1.07 1.17 1.34 1.09 1.17 1.34
2,000 1.10 1.21 1.39 1.13 1.21 1.40
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1.8 -
Type C —de— Calcul‘ate

L6 —&— Experiment
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5UN 4.3 Arenusnuniuvesuaainmitde
(n) vaamwmieniguuuu A
() vamawmilynihguwuu B

(m) wmmmﬂmﬁwgmwu C

NANSNN 4.4 WANIAIANNATUNIUVDIVARIAAREIULIDUILES 19N UT s UL NBU

Fa5UM 4.3 wanalmiulInAu LT UAINa AP NA U UL ALT UL WA S ULAZAIAY
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a

wilenhuesunainfinndwaliiianuiugsdsild Type C famnudmugdian Tae
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] v o ¢ a o v P ~ o W v
M1319N 4.5 ﬂ'J']ﬂJaﬂJWUﬁm@ﬂUﬁﬂJqﬂf‘lﬂigLLa‘lWﬁqmﬂLsﬁﬂigﬁusUﬂa’JﬂLMUEJ'JU’]ﬂUﬂ'J’]ﬂJLGUlI

awmwiwanlnivesweainwienivi 3 JUluy

Frequency Current (A) Electromagnetic fields (mT)
(Hz) Type A Type B Type C Type A Type B Type C
100 1.199 1.170 1.113 4.49 6.24 T7.17
200 1.194 1.165 1.109 4.48 6.22 7.14
300 1.190 1.161 1.105 4.46 6.19 7.11
400 1.184 1.156 1.100 4.44 6.17 7.08
500 1.177 1.148 1.090 4.41 6.13 7.03
600 1.169 1.138 1.078 4.38 6.07 6.97
700 1.159 1.128 1.068 4.35 6.02 6.91
800 1.147 1.115 1.053 4.30 5.95 6.84
900 1.137 1.104 1.038 4.26 5.89 6.77
1,000 1.125 1.091 1.024 4.22 5.82 6.69
1,100 1.110 1.075 1.005 4.16 5.74 6.59
1,200 1.093 1.057 0.986 4.10 5.64 6.49
1,300 1.076 1.039 0.967 4.03 5.54 6.38
1,400 1.061 1.023 0.949 3.98 5.46 6.29
1,500 1.044 1.006 0.930 3.92 5.37 6.18
1,600 1.028 0.988 0.909 3.84 5.27 6.07
1,700 1.007 0.968 0.892 3.74 5.17 594
1,800 0.990 0.950 0.870 3.64 5.07 5.81
1,900 0.970 0.929 0.847 3.53 4.96 5.67

2,000 0.951 0.908 0.824 3.45 4.85 5.54

PNNAAITNN 4.5 WarunasansiuSsuisuauuaunuwmantniinaz Al

[

faguf 4.4 uandlifuinnisnsedunnufigatudssalimuduauuuimnliihossaain
WAt 3 sULUU TAnudiuantiasad Faduramnanusinanseualnihiluaruvnain
mﬁ'mﬁwﬁmm?{qaﬁﬂ%mmmmmlﬂﬁﬂwashuamﬁaam wansliiiuinuSunanseualuii
Taruvnanmisthinalnenseiuanuduauuudvaniii waglugrsanudiieriu

Usunanszualwiflvanuanaiamieain Type A dUsunauinnin Type B wag Type C
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o v ! N o = a a 1% 1 =3 aa v
AINANU LAYAAIALULIUN Type C MUi%’dVlﬁﬂTWELuﬂWﬁﬁiNﬂ‘lﬂllLL%JLMaﬂ‘LWﬁ’mﬂJﬂ’J’]QJL‘UN

11nN31 Type B uay Type A Uszanal 11.9% wag 29.3% auandy wansliiiuiinisiiy

FuuturnaInTuIusaulun s AUTBRLAN L LEUNL L aN LA

Electromagnetic fields (mT)
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—A—Type C

0

— T T 7T
200 400 600 800 1000 1200 1400 1600 1800 2000

Frequency (Hz)
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] 1 ¥ 1 @ N o & o
M19199 4.6 mmmLﬁumummeaﬂlw%mawmmmmummm 3 E‘ULL‘U‘U AINNTTATUIE

LAZN1TNAGDY
Electromagnetic fields (mT)
Frequency Calculate Experiment
(Hz)
Type A Type B Type C Type A Type B Type C

100 4.85 6.53 7.46 4.49 6.24 7.17
200 4.83 6.51 7.43 4.48 6.22 7.14
300 4.80 6.45 7.37 4.46 6.19 7.11
400 4.75 6.40 7.31 4.44 6.17 7.08
500 4.70 6.34 7.24 4.41 6.13 7.03
600 4.64 6.27 7.16 4.38 6.07 6.97
700 4.58 6.20 7.07 4.35 6.02 6.91
800 4.52 6.12 6.98 4.30 5.95 6.84
900 4.46 6.05 6.90 4.26 5.89 6.77
1,000 4.39 5.98 6.81 4.22 5.82 6.69
1,100 4.33 5.89 6.71 4.16 574 6.59
1,200 4.25 5.80 6.60 4.10 5.64 6.49
1,300 a.17 5.71 6.49 4.03 5.54 6.38
1,400 4.10 5.61 6.38 3.98 5.46 6.29
1,500 4.02 5.52 6.27 3.92 5.37 6.18
1,600 3.94 5.41 6.15 3.84 5.27 6.07
1,700 3.84 531 6.02 3.74 5.17 5.94
1,800 3.74 5.20 5.89 3.64 5.07 5.81
1,900 3.65 5.10 577 3.53 4.96 5.67
2,000 3.55 5.00 5.64 3.45 4.85 5.54

9NJUT 4.5 uazan319il 4.6 uandbiiuinesidudmiuaainafouasgalugieniud
100 Hz 819 1,000 HZ 1nn15MAaUSgULNgUAUNITATUIUINNANNIST (2.4) YAaIn

wileath Type A Sidinfiu 7.42%, Type B winfu 4.44% way Type C Wiy 4.23% uay

o

WosidudnnuaanAfougeantutienud 1,100 Hz §9 2,000 HZ vesunaInmtiei

6

Type A §iAWinAu 1.23%, Type B iy 1.34% uag Type C iU 1.51% 8jkiUasigun
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ALAAIAARDUEIEAuTIANDMTRguunaunUsaenseialni lugsaud
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A15199 4.7 Anudusiusvesmuuauukdwvan i duLsssulwieanveg

goaloviiladuges
Frequency Electromagnetic fields (mT) Output of Hall Effect (V)
(Hz) Type A TypeB  TypeC | TypeA Type B Type C
100 4.49 6.24 T7.17 2.34 2.89 3.29
200 4.48 6.22 7.14 2.29 2.86 3.27
300 4.46 6.19 7.11 2.25 2.84 3.24
400 4.44 6.17 7.08 2.19 2.81 3.21
500 4.41 6.13 7.03 2.14 2.79 3.17
600 4.38 6.07 6.97 2.09 2.76 3.13
700 4.35 6.02 6.91 2.01 2.70 3.08
800 4.30 5.95 6.84 1.96 2.66 3.04
900 4.26 5.89 6.77 1.89 2.62 2.97
1,000 4.22 5.82 6.69 1.84 2.58 2.90
1,100 4.16 5.74 6.59 1.76 2.52 2.85
1,200 4.10 5.64 6.49 1.70 2.46 2.81
1,300 4.03 5.54 6.38 1.64 2.37 2.76
1,400 3.98 5.46 6.29 1.59 2.29 2.70
1,500 3.92 5.37 6.18 1.54 2.24 2.65
1,600 3.84 5.27 6.07 1.48 2.17 2.60
1,700 3.74 5.17 5.94 1.45 2.13 2.53
1,800 3.64 5.07 5.81 1.42 2.08 247
1,900 3.53 4.96 5.67 1.39 2.04 2.42
2,000 3.45 4.85 5.54 1.37 1.98 2.38
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3.50 : —k—Type A
3.25 —&—Type B

. —&— Type C
3.00
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— —— .
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JUN 4.6 Ausaiulnivesgedieviiladugesdmsunsiagauuudmantii

ARty 3 sUwuu Tugaeaud 100 84 2,000 Hz

ANANITNARDINITNT 4.7 Wistunaiiensvilssuussiulviivesgedieniiia
FuLgesiuaudfagunl 4.6 nunawssiulnihaneenangedieniiaduwesideldngag

1 & ‘:4' o a v oA YR
Auduauuklmantihvesueainmdenive 3 susuy Suudlduufeiiuiunayes
AUNEUNLLman Wi Tnenavesnismaaes Type C @mnsaasnsaunuaivantuingdl

anudtgaaaLarhsfiuaussiuliivieenvessedieniliaduitesdsnalinssiulniiv

'
a

sanvegodoilmduiresiaAningalulssun 37.4% way 12.9% WeowSeuliieuiu

Type A Wag Type B auasiu

4.1.5 gumpiiunuwileni
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Temperature ("C)

Temperature ("C)

Type C Type B TypeA

L
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5UN 4.7 gaumpiunumileidwewemamilennia 3 suuuy

(n) nsgsumenseualniii 0.5 A

() n3gRuUmMenseRalnii 1.0 A
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4.2 M3Iaanunuesgiiiiey

mﬁmmfmwmazgﬁLﬁauﬁ'mwmm 1,2 wag 3 mm fenaInmiei 3 sULUY
FBn1INTEAUTITIsAINA 100 f9 2,000 Hz dyay unauUlsTLONNEA 6 Ve, l63iNn1s
neaosinaawLulman i fildsunladluimeniesinaunuudndnliiiwaz sedoniiia

Wuwesdmiunsiiansanenuviuiezaiiien wanedadl

A15149% 4.8 AAnuduausksuwdn i uazusaruliiivessedenfladugasdmsu

a

ﬁﬁmmmwwmazg gH 1, 2 hag 3 mm G’T’Jmmmﬁsrsﬁﬂgﬂuw A

Type A

Frequency (Hz) Aluminum 1 mm Aluminum 2 mm Aluminum 3 mm
B (mT) Vi (V) B (mT) Vi (V) B (mT) Vi (V)

100 3.65 1.98 3.52 1.89 3.41 1.80
200 3.55 1.91 3.41 1.79 3.29 1.70
300 3.40 1.81 3.28 1.71 3.14 1.60
400 3.26 1.72 3.13 1.61 3.00 1.54
500 3.11 1.62 3.00 1.52 2.87 1.44
600 3.00 1.50 2.87 1.42 2.76 1.34
700 2.89 1.41 2.77 1.32 2.68 1.23
800 2.80 1.34 2.70 1.27 2.62 1.18
900 2.74 1.28 2.65 1.20 2.58 1.12
1,000 2.68 1.21 2.59 1.13 2.53 1.05
1,100 2.63 1.16 2.53 1.07 2.48 1.00
1,200 2.57 1.11 2.46 1.01 2.42 0.95
1,300 2.51 1.05 2.40 0.97 2.37 0.92
1,400 2.45 0.99 2.35 0.92 2.33 0.88
1,500 2.38 0.95 2.28 0.86 2.27 0.85
1,600 2.30 0.91 2.23 0.82 2.23 0.82
1,700 2.21 0.87 2.16 0.79 2.16 0.79
1,800 2.13 0.82 2.09 0.76 2.09 0.76
1,900 2.07 0.78 2.04 0.73 2.04 0.73
2,000 2.01 0.76 1.99 0.71 1.99 0.71




A15199 4.9 ArAUNaLINwmAn T LazL sl ssedenil A usasdnsy

a a a % N °
Wﬁnim’]ﬂ?qmwuqagquUUﬂJ 1,2 ag 3 mm W'JEJGU@LWUU'JU’]E‘ULLUU B

Type B
Frequency (Hz) Aluminum 1 mm Aluminum 2 mm Aluminum 3 mm
B (mT) Vi (V) B (mT) Vi (V) B (mT) Vi (V)
100 4.95 2.63 4.80 2.54 a.67 2.47
200 a.79 2.55 4.64 2.48 4.49 2.39
300 4.60 2.48 4.46 2.39 4.33 2.30
400 a.4a7 2.38 4.32 2.30 a.17 2.23
500 4.36 2.30 4.22 2.22 4.05 2.14
600 4.24 222 4.10 2.14 3.96 2.06
700 4.13 2.13 4.01 2.05 3.88 1.98
800 4.04 2.03 391 1.95 3.80 1.88
900 3.96 1.95 3.81 1.87 3.72 1.79
1,000 3.85 1.86 3.72 1.79 3.63 1.72
1,100 3.76 1.79 3.64 1.71 3.57 1.64
1,200 3.66 1.71 3.56 1.63 3.50 1.57
1,300 3.57 1.63 3.48 1.55 3.43 1.50
1,400 3.48 1.56 3.41 1.47 3.38 1.45
1,500 3.41 1.50 3.34 1.41 3.33 1.41
1,600 3.33 1.44 3.28 1.36 3.28 1.36
1,700 3.24 1.39 3.20 1.31 3.20 1.31
1,800 3.15 1.35 3.12 1.26 3.12 1.26
1,900 3.07 1.29 3.05 1.23 3.05 1.23
2,000 294 1.25 2.92 1.19 2.92 1.19




A15199 4.10 AAuLEULLlvAn Wi LazLsssu i ssaderiladuasd sy

a

ﬁf\mm’]mmwmasq N 1, 2 hag 3 mm é’ammmﬁmﬁﬂgmwu C

Type C
Frequency (Hz) Aluminum 1 mm Aluminum 2 mm Aluminum 3 mm
B (mT) Vi (V) B (mT) Vi (V) B (mT) Vi (V)
100 5.80 3.18 5.68 3.09 557 3.00
200 5.70 3.07 5.58 2.99 5.46 291
300 5.59 2.98 5.48 2.89 534 2.80
400 5.50 2.88 5.38 2.79 522 2.71
500 5.39 2.80 5.28 2.71 5.13 2.63
600 5.25 2.71 5.14 2.63 5.02 2.56
700 5.13 2.64 5.04 2.54 491 2.49
800 5.03 2.56 4.93 2.47 4.81 242
900 4.90 2.49 a.79 2.41 a.67 2.36
1,000 a.77 241 4.65 2.34 4.53 2.30
1,100 4.60 2.33 4.50 2.27 4.40 2.24
1,200 4.46 2.28 4.36 2.21 4.29 2.18
1,300 4.34 222 4.26 2.16 4.20 2.14
1,400 4.23 2.17 4.15 2.11 4.11 2.10
1,500 4.13 212 4.06 2.05 4.05 2.05
1,600 4.05 2.06 3.98 2.01 3.97 2.01
1,700 3.95 2.02 391 1.97 391 1.97
1,800 3.85 1.99 3.82 1.95 3.82 1.95
1,900 3.77 1.95 3.73 1.91 3.73 1.91
2,000 3.67 1.89 3.64 1.85 3.64 1.85
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1,400 Hz ﬂ'ﬁmmL%’mmuLL;J'mﬁnl%lﬂmazLLiaéﬁJulWﬁwaaéLawLﬂm%uma%mqazqﬁLﬁauﬁ
AIUNUT 2 BaE 3 mm HUANUEANASAULUTRRY WAAILNSOANAIILLANAIIAINUNUA
SN 1 AU 2 mm lasgnatniau LLazmiﬂszéju"Ldemmﬁlﬁlﬁmfjﬂ 1,400 Hz A1AMLTY
aumLLajmﬁﬂlw%u,azLLiqﬁuIWﬂﬂaaéLaWLWﬂLe?iwﬁzfa%cuaaazgﬁl,ﬁwﬁmm‘wm 1,2 uag 3
mm @ansaiuauuanaislieg ety Wesanindunavesmudnnseualnaiuuu

a

& a v =i d' ! =2 ! < a a Vv
HuRerglilounansfsnisned 4.11 Weranudugvauuudmvanliiesaiiilouwiiv
1.26 X 10° H/m waz Arauiliiegaiidouwindu 3.77 X 107 S/m vinlidiuinnasld
AINDTIGINIT 1,400 Hz nsgduvaainmieridmaliaunudmaniuiauisansarnu
a " 1 i a ! :9; v
Auveraiiillen 1 uar 2 mm ualdansnsanggiiuanuunininndt 2 mm dulUld wa
YaaUARIAMNEIRANA1TY 3 JULUY duuildulazaiunsainnsananuvuiesgiidey

[N a [y 1 1 v A ¥ 1 =3
1®LGUUL®EI’Jﬂu LLG]&J?‘YJ’]&JLLG]ﬂG]’Nﬂ‘IJﬁ@ﬂ’J’]iJL‘?JiJﬁ"LJ’]@JLLlIL‘IﬁﬁﬂIW‘W’]

o ! o = dy a a a
1919 4.11 ﬂ?ﬂ’]ﬂ'ﬁ&lﬂ'ﬂmaﬂ‘ﬂﬂﬂﬂi%LLﬁi%aUUUUWUNQQSQNLUUN

Frequency (Hz) AruAnvesnsudlvauuuiuitezgiiden (mm)
100 5.79
200 a.73
300 4.09
400 3.66
500 3.34
600 3.09
700 2.89
800 2.73
900 2.59
1,000 2.47
1,100 2.36
1,200 2.27
1,300 2.19
1,400 2.11
1,500 2.05
1,600 1.98

1,700 1.93




M19799 4.11 (si9) ArFwIANENTaINTELdlMA LU gy

55

Frequency (Hz)

ANuENveINsEalraInuuiuReggliillen (mm)

1,800
1,900
2,000

1.88
1.83
1.79

o ! s & & = ¢ 2 & ) v a a a
MA1919N 4.12 ﬁ’]LiJEJiL‘ZIUGW’YJ’]lIﬂa’]@Lﬂa@u“U@fle’if@ﬁLEJV\IL‘V\JﬁL"U‘LlL%@iﬁ?ﬁiUWﬁ]’]im’]QﬂaﬂJLUUu

PAMUNUN 1, 2 BaT 3 mm 3INAITINVNINUA 20 A9

% Error of Hall Effect sensor (%)

Frequency Aluminum 1 mm Aluminum 2 mm Aluminum 3 mm
" Type Type Type | Type Type Type | Type Type Type
A B C A B C A B C
100 098 09 097 | 09 095 096 | 0.78 0.77 0.80
200 095 097 09 | 097 093 094 | 076 077 0.78
300 097 093 095 | 094 078 086 | 0.78 074 0.72
400 093 08 091 |09 076 083 | 075 0.72 0.70
500 096 092 094 | 093 081 087 | 076 074 0.73
600 080 095 087 | 091 068 080 | 065 076 0.67
700 082 086 084 | 085 061 073 | 066 0.69 0.61
800 088 088 083 |08 078 083 | 070 0.70 0.69
900 083 081 082 | 082 059 070 | 066 0.65 0.58
1,000 078 078 078 | 078 053 066 | 063 0.62 055
1,100 069 063 066 | 064 047 056 | 055 051 047
1,200 063 067 065 | 066 040 053 | 050 054 044
1,300 054 054 056 | 054 035 045 | 044 043 0.39
1,400 056 056 056 | 056 034 045 | 044 045 0.37
1,500 057 061 059 | 060 031 045 | 046 049 0.38
1,600 046 055 051 | 052 035 044 | 036 044 0.36
1,700 038 045 042 | 044 036 040 | 031 036 034
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% Error of Hall Effect sensor (%)

Frequency Aluminum 1 mm Aluminum 2 mm Aluminum 3 mm
(Hz)
Type Type Type | Type Type Type | Type Type Type
A C A B C A B C
1,800 0.36 0.53 0.44 0.48 0.33 0.41 0.29 0.42 0.34
1,900 0.33 0.49 0.41 0.45 0.32 0.39 0.26 0.39 0.33
2,000 0.35 0.45 0.40 0.43 0.25 0.34 0.28 0.36 0.28

A9 4.12 wansliiiuinAianuiadsunatnvessadioiilalduiesdinsy

finsanauinudmantnihiudsusvasainnisinezgiillenfianiumun 1, 2 wag 3 mm

anun 20 Ase daUasidusmnuaataadaulaitiu 1 %

4.3 nyinviiadaglan:

mylesevindaniane louwn manwiuiues SS400 svgiliilon uazawmuaaiues 410

Junsdlfinw Mevnainunieniinig 3 JULUU den15nsgduivaemiud 100 §3 2,000 Hz

NdyyraundugUleduoundgn 6 Ve lnsldinsosinauiusdmaniiituazsedion.ile
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Type A

Frequency Steel 3 mm Stainless steel 3 mm Aluminum 3 mm
(Hz)

B (mT) Vi (V) B (mT) Vi (V) B (mT) Vy (V)

100 7.92 4.13 4.83 2.66 3.41 1.80

200 7.74 4.02 4.79 2.64 3.29 1.70

300 7.61 3.91 4.72 2.59 3.14 1.60

400 7.49 3.81 4.65 2.52 3.00 1.54
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Type A
Frequency Steel 3 mm Stainless steel 3 mm Aluminum 3 mm
(Hz)
B (mT) Vi (V) B (mT) Vi (V) B (mT) Vi (V)
400 7.49 3.81 4.65 252 3.00 1.54
500 7.36 3.70 4.61 2.45 2.87 1.44
600 7.22 3.60 4.54 2.38 2.76 1.34
700 7.08 3.49 4.46 2.30 2.68 1.23
800 6.94 3.95 4.38 2.22 2.62 1.18
900 6.80 3.29 4.30 2.13 2.58 1.12
1,000 6.67 3.20 4.21 2.03 2.53 1.05
1,100 6.54 3.11 4.12 1.96 2.48 1.00
1,200 6.36 3.01 4.05 1.89 2.42 0.95
1,300 6.25 2.94 393 1.81 2.37 0.92
1,400 6.14 2.87 3.87 1.73 2.33 0.88
1,500 6.01 2.78 3.80 1.68 2.27 0.85
1,600 5.90 2.73 3.72 1.60 2.23 0.82
1,700 577 2.63 3.66 1.58 2.16 0.79
1,800 5.64 2.55 3.55 1.56 2.09 0.76
1,900 5.48 2.49 3.50 1.53 2.04 0.73
2,000 5.36 2.42 3.43 1.50 1.99 0.71
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Type B

Frequency Steel 3 mm Stainless steel 3 mm Aluminum 3 mm
(Hz)

B (mT) Vi (V) B (mT) Vi (V) B (mT) Vi (V)
100 10.42 5.88 6.76 3.45 a.67 2.47
200 10.33 576 6.72 3.41 4.49 2.39
300 10.11 5.64 6.71 3.37 4.33 2.30
400 9.94 552 6.64 3.30 a.17 2.23
500 9.75 5.39 6.58 3.24 4.05 2.14
600 9.55 5.25 6.50 3.16 3.96 2.06
700 9.34 5.10 6.41 3.08 3.88 1.98
800 9.12 4.96 6.27 3.00 3.80 1.88
900 8.88 4.81 6.17 292 3.72 1.79
1,000 8.66 4.66 6.07 2.83 3.63 1.72
1,100 8.42 4.51 5.99 2.75 3.57 1.64
1,200 8.14 4.36 5.82 2.67 3.50 1.57
1,300 7.94 4.21 5.67 2.59 3.43 1.50
1,400 7.63 4.06 5.58 2.51 3.38 1.45
1,500 7.32 393 5.44 243 3.33 1.41
1,600 7.16 3.80 5.29 2.36 3.28 1.36
1,700 6.92 3.68 5.13 2.28 3.20 1.31
1,800 6.70 3.56 4.93 2.21 3.12 1.26
1,900 6.49 3.44 a.74 2.15 3.05 1.23
2,000 6.31 3.34 4.57 2.10 2.92 1.19
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Type C

Frequency Steel 3 mm Stainless steel 3 mm Aluminum 3 mm
(Hz)

B (mT) Vi (V) B (mT) Vi (V) B (mT) Vi (V)
100 11.08 6.24 7.22 3.73 5.57 3.00
200 10.89 6.13 7.17 3.69 5.46 291
300 10.74 6.02 7.11 3.66 5.34 2.80
400 10.58 593 7.04 3.63 5.22 2.71
500 10.41 5.82 6.96 3.58 5.13 2.63
600 10.21 571 6.88 3.53 5.02 2.56
700 10.01 5.59 6.77 3.48 4.91 2.49
800 9.79 5.47 6.68 3.42 4.81 2.42
900 9.56 5.35 6.56 3.36 a.67 2.36
1,000 9.34 5.22 6.45 3.29 4.53 2.30
1,100 9.11 5.09 6.33 3.23 4.40 2.24
1,200 8.86 4.95 6.23 3.16 4.29 2.18
1,300 8.60 4.82 6.12 3.09 4.20 2.14
1,400 8.37 4.68 6.00 3.02 a.11 2.10
1,500 8.10 4.55 5.83 2.95 4.05 2.05
1,600 7.86 4.42 5.76 2.87 3.97 2.01
1,700 7.62 4.29 5.60 2.80 391 1.97
1,800 7.34 4.16 5.43 2.73 3.82 1.95
1,900 7.13 4.05 533 2.65 3.73 1.91
2,000 6.93 393 5.16 2.57 3.64 1.85
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TYPE C| —8— Aluminum 3 mm
—@— Steel 3 mm
—d— Stainless steel 3 mm

Electromagnetic fields (mT)
B
T

T T T T T T T T T T T

T T T T T T T I
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Frequency (Hz)

JUN 4.14 anuiduauuwivdniiihdmsuiiansanmin aunuaauas

a a Y = °
@3@J3JLUEJ§J @'JEJGUWLVUEJTU'WE'ULLUU C

TYPE C —#— Aluminum 3 mm
—@— Steel 3 mm
—— Stainless steel 3 mm

Voltage of Hall (V)

1.5 4
1.0 H

0'5-'I'I'l'I'l'l'l'I'I'I'
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Frequency (Hz)

JU 4.15 ussiulnliheedioniiledugesdmiuinnsannan awmuaauay

argililley mevamityriguwuu C

NENT0N 4.13 - 4.15 WerwnasunswhilTeuiigudagun 4.10 - 4.15 IGENSN ok

YPIAWleIdIve 3 JULUU aansafinsaneuuandsesianiany tun wan awsued



63

wazargiidoniininumn 3 mm degrsdaiay Tnawdnaziiimnuduauausivanlain
wasusenulihgedioniiladugesuinnii aunuaauarezgiiilen sudiu iWunauian
Aaudnvesnszualuaruvuiiuiatanlaveildainnisduindimised 4.16 3
awnuudwdnivihansangaiuanlatesnitaunuaanazezgliden viliAanisindng

Y

fuszgnirsawuwimanliivgugiidvauuwimanlaivesgiides dawaliainnudy
awnwimaniniivewndniifigeign wazkan1siawman aunuaawazesgiifoudievnain
WiTeI11919 3 WUU Tuurlduulf ety waaziauLanA1atuA AN AU LLLWAN

Iillee Type C anunsaasawmwimantniiianudugiign

M19199 4.16 ArAUINANLENTBINTE kA aILUUNURY Tanlane

Frequency mmﬁﬂmaqﬂszLLalwa’muuﬁuﬂﬁa@Iam (mm)
(Hz) Steel Stainless steel Aluminum
100 3.56 x 10 2.00 x 10™ 5.79
200 2.52 x 107 1.42 x 10 4.73
300 2.05 x 10 1.16 x 107 4.09
400 1.78 x 107 1.00 x 10 3.66
500 1.59 x 10 0.89 x 10 3.34
600 1.45 x 107 0.82 x 10" 3.09
700 1.34 x 102 0.76 x 10! 2.89
800 1.26 x 10 0.71 x 10 2.73
900 1.19 x 107 0.67 x 10 2.59

1,000 1.12 x 10 0.63 x 10™ 2.47
1,100 1.07 x 107 0.60 x 10 2.36
1,200 1.03 x 10 0.58 x 10 2.27
1,300 9.87 x 107 0.55 x 10 2.19
1,400 9.52 x 107 0.53 x 10 2.11
1,500 9.19 x 10 0.52 x 10" 2.05
1,600 8.90 x 107 0.50 x 10! 1.98
1,700 8.64 x 10° 0.48 x 10 1.93
1,800 8.39 x 107 0.47 x 10 1.88
1,900 8.17 x 107 0.46 x 10™ 1.83
2,000 7.96 x 10° 0.45 x 10 1.79
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=] i s & & 4:4' 2 2 & s o v a I3
A1919 4.17 ALUBILGUAAINUAAIALARDUYDITDALD WA ALTULYDIFINTUNINTUNARN

mmmaauazazqﬂﬁﬂm PANUNUT 3 MM IINNITIANINUA 20 AT

% Error of Hall Effect sensor (%)

Frequency Steel Stainless steel Aluminum
(Hz)
Type Type Type | Type Type Type | Type Type Type
A B C A B C A B C
100 032 031 030 | 041 062 033 | 077 097 095
200 035 033 032 | 045 067 036 | 075 095 095
300 030 030 031 | 041 060 033 | 0.80 0.87 1.00
400 029 027 030 | 036 054 029 | 069 095 098
500 027 027 029 | 037 054 029 | 073 093 097
600 021 025 028 |033 049 027 | 072 0.83 091
700 0.15 017 019 | 023 034 018 | 065 092 092
800 023 024 025 | 032 048 026 | 055 087 097
900 026 023 020 | 031 046 025 | 0.68 0.88 0098
1,000 020 020 021 | 027 041 022 | 049 059 096
1,100 0.19 017 020 | 023 034 018 | 043 053 0.70
1,200 0.15 016 016 | 021 031 017 | 040 0.66 0.73
1,300 0.13 021 029 | 028 042 023 | 047 047 0.65
1,400 0.19 021 024 | 029 043 023 | 056 056 056
1,500 0.17 018 018 | 023 035 019 | 052 042 052
1,600 023 019 015 | 025 038 021 | 048 048 048
1,700 025 020 014 | 026 040 019 | 037 045 045
1,800 023 018 013 | 024 036 021 | 035 034 034
1,900 021 018 016 | 025 037 024 | 041 035 031
2,000 024 023 021 | 030 045 021 | 040 044 044
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5.1 dgunan1ivnass
IINHANITNARBINITEDNRUUVYATIAMTLNITUANFANAY 3 JUKUY NUTINITORNUUY
YAAIANRY LA AU AR ILUTINUIUTBULUNITHU 50 ToUMNNU hAARUUIAFILUTAIY

'
o 4 a

817999 NUMRE UL NAUVUIASTAL WAL TIUIUTUVBIVARINNTEIU1T I8 FINA bARIAINY

e

wileiiinty feil
1.) Type A Srunuduvaaanosuas 1 9u S1uauseulunisiu 50 sou/du Sl 5.32 mm
617 20 mm WagAAUIMEEI 0.068 MT
2) Type B $1unutuwnaavosuns 2 9u Sruauseulunsiy 26 wa 24 sou/du
S 5.63 mm 813 10 mm uag AAATLEth 0.072 mT
3.) Type C Srnuduraaiavoa 3 Tu Suauseulunsil 18 17 uay 15 seu/du

$A3 5.95 mm 817 7 mm wag AANULATEI1E 0.082 mT

5.1.1 Awrsfiwesvaalawiiei
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5.1.2 M3InAnuruiazgiitiey
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Realization of Magnetic Suspension by
Flux-Path Control Mechanisms Lying Lateral to
Magnetic Source

Takeshi Mizuno, Naoki Ishibashi, Yuji Ishino, Daisuke
Yamaguchi, Masaya Takashi(Saitama University. Japan)

Noncontact suspension is achieved with three flux—path
control mechanisms placed in the lateral of a magnetic source
(permanent magnet). The attractive force acting on a
ferromagnetic  suspended object (floator) is adjusted by
moving the ferromagnetic control plates vertically beside it
permanent magnet. Such a configuration enables the effective
gap to be larger than in the conventional flux—path control
magnetic suspension system. An apparatus with three
flux—path control mechanisms is designed and fabricated. In
this mechanism, a ferromagnetic control plate is fixed on one
end of a lever.

Position Control of Brushless DC Motor using
Adaptive Sliding mode Control

Jinsuk Choi(POSTECH, Korea)

In this paper, we propose position control method using
adaptive sliding mode control (ASMC) with timedelay Control
(TDC) for Brushless DC motor (BLDC). PID control for position
control of the BLDC cannot satisfy control need for
disturbance and uncertainty in nonlinear systems. The BLDC
position is controlled by applying ASMC with time—delay
estimation(TDE) and pole-placement control  (PPC).  This
controller solves the performance degradation due to the
nonlinearity component of BLOC and improves performance in
the transient state

09:40~09:55 TA05-3

MOBILE APPLICATION FOR RECOVERING
PARALYSIS PATIENT' S MOTION

Anuntapat Anuntachai(King Mongkut's Institute of technology
Ladkrabang, Thailand)

Paralysis is a symptom when patient’'s central nervous system
is failure because of blood deficiency. The patients cannot
comfortably move their bodies due to muscle hyposthenia.
The restoration requires regularly physical therapy which needs
high accuracy because muscles have dysfunctional. This
thesis represents the mobile application which help to muscle
restoration of paralysis patient. This mobile application
improves accuracy and efficiency of physical therapy. The
physical therapy and muscle operation principles are collected

09:55~10:10 TAD5-4

Use of Deep Learning for Position Estimation
and Control of Soft Glove

Jeesoo Ha(Korea Advanced Institute of Science and
Technology, Korea), Dooyoung Kim, Sungho Jo(KAIST, Korea)

Soft wearable robots comprised of deformable materials have
recently attracted much attention in the field of applications
for its lightness and elasticity. However, there exist some
limitation to the control of wearable robots due to the
complexity of the model and the conditions of the wearer. In
this paper, we propose a learning-based position control
method of soft wearable glove using a deep neural network
(DNN). To analyze our proposed method, we fabricated a soft
pneumatic glove and a control board for the glove based on

and analyzed by this mobile application and iBeacons  open hardware platform data. With our developed system, we
SEeNsOrs. collect
P— =
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Development of Compatible Induction coil with
Pure AC for Hall Effect Sensor: A Study on
Metal Materials Thickness

Witsarut Sriratana., Yannadech — Khwankityotha, Sutham
Satthamsakul(King Mongkut's Institute of Technology
Ladkrabang. Thailand)

This study presents an analysis of the parameters to generate
the electromagnetic fields of the induction coils for the
application of Hall Effect sensor to classify the aluminum
thickness and the classification of the metal materials. In this
research three types of induction coil are considered: Type A
with one layer, Type B with two layers, and Type C with three
layers. Four experiments were conducted. The electromagnetic
field of Type C is found to be 11.90% greater than Type B,
and 29.26% greater than Type A...

Development of Sensor Module for Detecting
the Magnetron Power Based on Microwave Oven
Frequency

Sutham Satthamsakul, Witsarut Sriratana(King Mongkut's
Institute of Technology Ladkrabang, Thailand)

This study presents the design of sensor module to be used
in analyzing the electromagnetic power created from
magnetron by using microwave as the cass study on basis of
Rectenna (Rectifying antenna) consisting of 2 main parts
including sensing part and transduction part. The experimental
results would be used to analyze the appropriate form of
sensor module. This research compared sensor module for 3
forms including Type A, Type B, and Type C. with different
sizes of diameter of wires consisting, by comparing the
efficiency in preventing the leak of measured power.
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Development of Compatible Induction coil with Pure AC for Hall Effect Sensor:

A Study on Metal Materials Thickness

Witsarut Sriratana'”, Yannadech Khwankityotha® and Sutham Satthamsakul®

Department of Instrumentation and Control Engineering, Faculty of Engineering
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Abstract: This study presents an analysis of the parameters to generate the electromagnetic fields of the induction coils
for the application of Hall Effect sensor.to classify the aluminum thickness and the classification of the metal materials.
In this research three types of induction coil are considered: Type A with one layer, Type B with two layers, and Type
C with three layers. Four experiments were conducted. The electromagnetic field of Type C is found to be 11.90%
greater than Type B, and 29.26% greater than Type A. The core temperature of Type C with 1 A current applied was
found to be 3.50% hotter than Type B and 5.14% hotter than Type A. The classification of the aluminum thickness with
the frequency range of 100 Hz to 1.4 kHz are suitable for identifying the thickness of 1, 2 and 3 mm. In terms of the
classification of metal materials with all the three types of the induction coil, it can be separated clearly from the
samples which consist of steel, stainless steel and aluminum. The total error by using Hall Effect sensor is +0.5702%.

Keywords: Induction coil, Electromagnetic fields, Hall Effect sensor, Thickness measurement, Metal materials.

1.INTRODUCTION j

One of several methods of nondestructive testing is UIN Z+5 Z >
eddy current testing, which is based on the principle of Bz= T = (€))
exciting an electromagnetic field on a conductive J R +(Z+£)2 \/ R +( Z_i)l
material. In this way eddy current has been used by 2 2
researchers to detect cracks on the surface as well as the
inside of a material [1], analysis of liquid’s conductivity In this case of alternating current, result of the current
[2], the separation of material thickness [3,4] and (]) flowing through the induction coil as shown in Eq.
thickness measurement of lift-off [5]. These works have @171
highlighted the importance of electromagnetic fields
generation for the eddy current testing, namely, that the v, . Fis V., . . &
selection of suitable parameters for measurement is Z :Esm(ax—i)= 2 1L sm(m‘—;) @

paramount in the reduction of errors and thus enhanced
inspection efficiency. g . ; S

o, thiz ctudy;, thise types of niction ool swers Eq:r(l; E??ctance (L) of the induction coil is given by
designed. The assumptions of the study will be
influenced by the parameter of induction coil such as the
electromagnetic fields density, temperature and the
current flowing through the induction coil. Hall Effect
sensor was applied to analyze the parameters suitable
for the separation of aluminum thickness and the

e UN 7R 3)
41

‘Where u is material permeability of core (H/m), N is

classification of metal materials. Since the output GOEbeE O.f ST 1) WIS C(.nl’ Lis coil length (m), R is
mean radius of coil (m), fis the frequency of generator

VOIFage of a Hall E_Eea sensor can be measm?d (Hz), Z is the position magnetics flux (m), and V, is
variables low values, highly sensitive to electromagnetic peak maximum of sinusoidal signal (V).
fields, a reasonable cost as well as the ease of use and
installation.
Bz

2. FUNDAMENTAL METHODS

2.1 Generation of Electromagnetic Fields

This section describes the variables that affect to
generate electromagnetic fields of induction coil or Bz
magnetic flux density (Bz), as shown in Eq. (1) [6].

Fig. 1 Cross-sectional of coil.
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Thickness measurement of a metal is affected by the
depth of the eddy current (), which is in turn affected
by the surface metal material were the eddy current
frequency (f), magnetic permeability of material (4m)
and electrical conductivity of material (o). The
relationship between these parameters is captured in Eq.

) [4].

1
.o

o=

“

2.2 Principle of Hall Effect Sensor

In the analysis of eclectromagnetic fields from
induction coils. Hall Effect sensor number A1301 is
used to convert the electromagnetic fields into voltage.
The Eq. (5) shows the voltage calculation from the Hall
Effect sensor [2].

R
—-1,B

H

v, = ©)

Where Vy is output voltage of Hall Effect sensor
(mV), Wy is thickness of the Hall generator (mm), Ry is
Hall coefficient (), Ix is the constant current (mA) and
B is magnetic flux density (mT)

3. DESIGN OF THE INDUCTION COIL

This section describes the design of coil used in the
experiments. In this experiment, copper wire standard
SWG number 30 with diameter 0.3150 mm due to
copper wire has the small size, it reduces the dimension
for design of the induction coil and the ferrite core with
diameter 10 mm and length 20, 10 and 7 mm were used.
Fig. 2 shows the three designs of induction coil.

532 mm

5.63 mm

“,:.4 mm 0 i“—ITm ‘ 0.95 mm 5.95 mm
= _ ] S
- E
= £ E i
P : 10.0 mm
§  wem
10.0 mm
Fig. 2 Simulated cross-sections of the three types of

induction coil.

Table 1 shows the affecting of the coil length, the
radius. It was found that, the inductance of induction coil
Type C is higher than Type A and Type B, which is
according to the assumption of Eq. (3).
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Table 1 Inductance and resistance of the three types of
the induction coil.

Samples No.ofturn  Inductance  Resistance
name per layer (mH) Q)
Type A 50 0.06541 0.34473
Type B 26,24 0.07050 0.37857
Type C 18,17, 15 0.08240 0.41602
4. MEASURING SYSTEM

4.1 Installation of measurement

The design of the device for measuring the sample is
shown in Fig. 3. The Hall Effect sensor is located at 1
mm above the induction coil and 1 mm below the
sample.

- Top view

S'lmple
E Hall sensor =

Fruat view I

(m] - *—‘ﬁ|

1
\
|

Fig. 3 Design of measurement process.

4.2 Process of experiment

In this study, a sinusoidal AC signal of 6 Vp.p, with
the frequency range of 100 Hz to 2 kHz to excite an
induction coil. The signal is amplified by a Class AB
amplifier, which is then fed into the electromagnetic coil
as the excitation voltage. The output voltage of the Hall
Effect sensor is processed with a microcontroller 10 bit,
and sent to a workstation for data storage analyzing the
relationship of electromagnetic fields and output voltage
of Hall Effect sensor. Fig. 4 shows completed set of
block diagram of overall system.

TAC Voltage |
o H:II sensor \myhm
100 to 2000 T
Class 15 Microcontroller
Current
Amplifier

Sine-wave Compu[cr I‘ur .mal\sls

Fig. 4 Block diagram of measurement system.



5. EXPERIMENT AND RESULT

The experiments were divided into 4 parts:
electromagnetic fields of induction coil, temperature of
core, classification of metal thickness and classification
of metal materials.

5.1 Electromagnetic fields of induction coil

In the experiment, the instrument used to measure the
electromagnetic fields of the induction coil is the AC /
DC Magnetic Field Meter Model SDL900 EXTECH®
INSTRUMENT.

Fig. 5 shows the current flowing through the
induction coil. Note that the frequency of generator and
the inductance of the induction coil according to the
fundamental theory of Eq. (2) affects the increase and
decrease of the current flowing through the induction
coil. As a result, the current flowing through the
induction coil Type A is greater than B and C,
respectively.

Current (A)

0.85

T T T T T T T T T T
0 200 400 600 800 1000 1200 1400 1600 18300 2000
Frequency (Hz)

Fig. 5 The current flowing through the induction coils.

Fig. 6 shows the electromagnetic fields of the three
induction coils in the frequency range of 100 Hz to 2
kHz. As shows that the frequency increases, resulting in
a decrease in the electromagnetic fields due to the
current flowing through the induction coil of Fig. 5 has
a reduced value. From the results of Fig. 5 at the
frequency range of 100 Hz to 2 kHz, Type C has the
lowest current flowing through the induction coil but
results of Fig. 6 shows that Type C has higher
electromagnetic fields than the induction coil Type B
and Type A, respectively. Note that the decrease of the
coil length and the increases in the number of layers,
results in an increase the electromagnetic fields, which
is based on the assumption of Eq. (1).

Fig. 7 shows the output voltage from Hall Effect
sensors to measure the electromagnetic fields of the
three induction coil. Note that the output voltage of the
Hall Effect sensor is the same as the electromagnetic
fields or the output voltage from the Hall Effect sensor
is direct variation with the electromagnetic fields.

5.2 Temperature of induction core

In this experiment, the excitation current of the
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induction coil is at 1 A. Thermistor was used for
measuring the temperature of core due to a sensitive
response to temperature.

Fig. 8 shows the temperature of the three induction
coils when the excitation with currents of 1 A. The
steady-state temperature response for induction core of
Type A = 42.59 °C, Type B = 43.34 °C and Type C =
44.90 °C. Note that the effect of temperature increase is
due to the increase in the number of layers of induction
coils, resulting in the internal heat accumulation of the
cores.
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Fig. 6 The electromagnetic fields of the induction coils.
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Fig. 7 The output voltage from Hall Effect sensor.
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Fig. 8 Temperature of induction cores.
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5.3 Classification of metal thickness

This experiment concerns with the measurement of
the thicknesses of aluminum. Aluminum specimens of
thickness 1, 2 and 3 mm, with a width of 50 mm and a
length of 50 mm are used. Twenty rounds were used
with a sampling rate of 5 times/sec.

Figs. 9 and 10 shows the electromagnetic fields of the
induction coil and output voltage from Hall Effect
sensor for the classification of aluminum thickness.
Note that the frequency range of 100 Hz to 1.4 kHz is
suitable for classifying aluminum thickness of 1, 2 and 3
mm but the frequency higher than 1.4 kHz that
unclassified aluminum thickness of 2 and 3 mm because
of the depth of eddy current on aluminum surface
calculated from Eq. (4) equal 2.05 mm at the frequency
of 1.6 kHz, the magnetic permeability of aluminum =
1.256 x 10® H/m and electrical conductivity of
aluminum = 3.77 x 107 S/m, it shows that the
frequency higher than 1.4 kHz that the classification of
aluminum thickness between 2 and 3 mm are not clear.
The effect of different induction coils design is no effect
on the classification of aluminum thickness but has a
different effect on the intensity of the electromagnetic
fields.

== Aluminum 1 mm
—&— Aluminom 2 mm
—d— Aluminum 3 mm

585 |
520
455 1N\
3.90
3254

2.60 4

Electromagnetic fields (mT)

185+ =

T T T T T T T T T T
0 200 400 600 800 1000 1200 1400 1600 1300 2000
Frequency (Hz)

Fig. 9 The electromagnetic fields for classification
of aluminum thickness.
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- 2.50 4
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Z 2004
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S 135 Type B
1.00 4
0754 Type A
0.50

T T T T T T T T
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Frequency (Hz)

Fig. 10 The output voltage from Hall Effect sensor
for classification of aluminum thickness.
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5.4 Classification of metal materials

In the classification of metal materials, three types of
samples are used: aluminum, steel and stainless steel
with a size 50 x 50 mm and thickness 3 mm. A
frequency of 500 Hz is used for analyzing metal
materials classification. Twenty rounds were used with a
sampling rate of 5 times/sec.

Figs. 11 and 12 shows the electromagnetic fields of
the induction coils and the output voltage from Hall
Effect sensor can clearly distinguish the difference of
metal materials. The electromagnetic fields of induction
coils and the output voltage from Hall Effect sensor of
steel are more than stainless steel and aluminum due to
the effect of the generation of electromagnetic fields on
the surface steel for resisting electromagnetic fields of
the induction coil is less than stainless steel and
aluminum, which intensity of the electromagnetic fields
on the surface metal depends on the depth of eddy
current on surface metal, as shown calculate the depth
eddy current of aluminum, stainless steel and steel in
Table 2.

10354

== Aluminum 3 mm
=& Steel 3 mm
—d&— Stainless steel 3 mm

Electromagnetic fields (mT)
"
=
I

1.5 T T T
TYPE A TYFEB TYPEC

Type of Induction coil

Fig. 11 The electromagnetic fields for classification of
metal materials.

6.00 -
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= 3.754
=
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S 3.00
&
=
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1.50 4
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Type of Induction coil

Fig. 12 The output voltage from Hall Effect sensor
classification of metal materials.



Table 2 The depth of eddy current on materials surface.

; The depth of eddy current at
Materials 500 Hz (mm)
Aluminum 3.67
Stainless steel 0.61
Steel 0.09
6. CONCLUSION

In conclusion, this research studies the effects of the
induction coils with a number of different layers, which
are 1, 2 and 3 layers. The effect of increasing the
number of layers of the induction coils, the resulting
electromagnetic fields have a higher value. However,
increasing the number of layers of induction coils that
caused accumulation of heat within the induction core.
The application for classification of the aluminum
thickness and the classification of metal materials.
Variables that impact the analysis were the frequency,
the magnetic permeability of materials and the electrical
conductivity of materials which have the effect on the
depth of the eddy current values. Note that the depth of
the eddy current values used for analysis of the
thickness of aluminum and classification of the metal
materials. The electromagnetic fields intensity is no
effect on the classifying of the aluminum thickness and
classification of the metal materials, but it does affect
the output voltage of the Hall Effect sensor.
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