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Abstract

In order to develop new non-destructive techniques for measuring corroded steel plate thickness, we
investigated on an electro-magnetic measuring technique and an electro-magnetic acoustic measuring
techmique. ‘

The fluctuation of voltage in a detection coil by magnetic flux transmission through a steel plate was
recorded by a personal computer when a excitation coil is driven by a step current. The 2nd peak of the
waveforms was found to be correlated with steel plate thickness. We extracted 3 parameters of the peak,
namely amplitude, half value breadth and delay time, and examined those quantitative dependence on
steel thickness. The delay time is the best parameter for thickness measurement because it is the most
stable to a change of coil lift-off and magnetization current. We also conducted electro-magnetic
simulations with FEM analyses and measurements of magnetic permeability and chemical composition of
the steel plates, and made clear the effect of material parameter deviation to the thickness evaluated.

An another thickness measuring technique was investigated by using an electro-magnetic acoustic
resonant measuring apparatus(0.2~17MHz) and a sensor composed of a transmitter coil, a receiving coil
and a permanent magnet. Measurements with this system were carried out on a rolled steel plate under
tensile load or no load, and the effects of acoustic anisotropy and stress of steel plate to resonant frequency
were verified to be small enough for thickness measurement. In the measurement of steel plates with
machined rough surfaces (maximum difference of thickness=0~1mm), it was confirmed that the resonant
peak amplitude goes down rapidly to small with roughness growing large over 1IMHz, and thickness
measurement is difficult in this region. In the region of 100KHz~1MHz, the amplitude still remain large
with the rough surface plates, but unfortunately noises generated at the sensor and the apparatus
becomes large. Development of an electro-magnetic acoustic resonant measuring system with low noise in
the region of 100KHz~1MHz is essential for thickness measurement of corroded steel plates.
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15 t=12.0 (mm)
J No Slit .
@ [ slit Depth 5mm (Exciting Coil Side)
.% 3 slit Depth 5mm (Sensing Coil Side)
E 1.0
©
g 2 % %
b= g 2
@ 7 % 7
N o5 2 7 7
£ % 27 %
5 7:n N7
0.0 Z =
Amplitude Delay Time H.V.B.

H14 B2 —rEEEBIIET 20 REDLHR

EibN5,

%72, RIE. FEREZ. UIREOFEEI & - TIRE
ERRRELMET 525, BRI NS BICEET
%, BB RZ2BOMEE > TE D, WEFHI
FFELWHEL WS LB TE S,

322 ERERBIRELESEEINECLIERE

F—4 O

() EBiRAE

25 v T IREERE B RERE 2 & b EBRE
T 570, BREFRRKIC X 5 EBHEEE N BToM
WOBMRRAEET ., ER7—2 L BRI L 72,
ThEAVT, EBF—2on5 Yy XFORREI2WT
HIEE L 7z,

MR, BEaA VB L UBHaAVEZhER DS
R ENTEREZC L > TeT bl (K15
ZM|), MRE. oA tEaf vy 7 47
ERSA—F LT, B4 VEEEZFHE L, B
WERIZ, b M0 1ImsOAT v TEHRE Lz, %
HEABESICT 570, x=500mm & y=+100mm®
BRETIZ, BBERZ PV RF vy Lo LEE
L7z,

BIREEERIC & 2 BERITIC . WERESOME
FERBBHETDH 5, HERBEBERCH > TV IE
S DRER T ATz, HOBERESRIET OB
BALEIC k> TZE b 5729, 200, 300, 400037 —
ZICOWTEHE L, BACAVEMRERER L.
BH a4 VIZAHEROKE RADES R — Fic B
EhTWVBDT, KRELIEFOMEEZFREL 7.

EHECIX, A—ETH 2 PRENEL 2 HiKZE A
iz, 8oy FLELZD, BHRICOAI VX
FPECTCOLAEEENED B LEL, I T, Huni
SRR D BRERPE 2 EFEL 7z, MR 5 AE30mm.
HE50mm, EEt RE) oV v 72bHL, T
nchfGaA v (BEH260) LEtHafl BEE
110) 2% =37, L OBEER. B2 A vic

¥
' Exciting Coil ‘
170 /Z_B" Aie
48
§“JL—ﬁ" E Steel Plate
A w
|_+ A
(T o~
S_QWI 5
= les2 £
« Sensing Coil
4300
$500

®i15 27 v TS REEENTER
#£2 25 v TR A EESR

Steel plate | Relative permeability . | 200, 300, 400
Resistivity o (Q-m) | 16.0x10°

Exciting coil | Relative permesability ¢ 1
Resistivity o (Q-m) | 10.0x10%

Sensing coil | Relative permeability 4 1
Resistivity p (Q-m) 1

Air Relative permeability 4 1

0.125A/sec C—EICHEMT 2 EBRE2RML. BHE=214
EBFEZBEEL 72, MHBEOESE & BIREFRMEDRS
®B%2 75 7ML, BEMEOEE > LERER, EHE
DEKRED 6BREURZEHEL 12,

() WBIFEREEBRERICEIZIESR

BHEETICB W T L ER LRI, X T v THEE
FRHNMERCER3HVWE I -2 L, Z0RENT
BEh3 S VABORERE2E— 78BNk, F2
v — 2 ORKIRIE. ENEEE X CHEER IOV T,
FEER{E & FEBRET L 72,

[BESSE0oZEIMH 52 5REDREL]

Eor— 7 OIRIEB & CEBNKEE LIRE L ORFE
ZhZFNE16, H1TICR LT, X ENZE{ERITRE R T
Ho, ERIZNEEOLIPIBEALDDTH S, OH
LOHIIERERTH H0, OHIZ 2 W TIRERKT
%, BRERBEEEBL /2.

RIES & ENBRIOERT— 21k, L ITHER
R H3200~300 D EMEMRNTET ERERMARICHFH L 72, O
FlOS I oW OBRBEIE B & U DT OfER%Z
F3ITR L7z, T 5 HES.0mm & 15. Tmm D HAA 1347
BB L BRBHURSEDITPAS 0T LT o7,
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0. %»x Calculated

'g @ O Experimental

(o] 10-2 . 1 i )
0 5 10 15 20 25

Thickness of Steel (mm)
16 %2 v —7iRIBICE T 2 EE L HE ot

o 1 ' ' ‘

@

L2

~ u =400 p=300

@

£ 104

>

m

a

-~ 10‘2'

[

2 »x Calculated

< @ O Experimental

= 10 2] I Iy () il
o™ 0 5 10 15 20 25

Thickness -of Steel (mm)
K17 HB2E—27BhiEMick ) 3E8 L 380 g

K3 WO & BREEREE R

Thickness | Chemical Composition wi(%) Relative
(mm) Permeability

Fe [C [ Si|A [ Mn|gi [am
6.1 | 99.259]0.097]0.262| 0.062|0.697| 483 | 1536
80 | 99.154|0.120|0.003[0.027|0.940| 358 | 1275
11.9 | 99.865|0.096(0.214[0.020/0.559| 625 | 1528
15.7 | 98.548|0.098[0.304| 0.024 [1.432| 431 | 1107
218 | 99.289[0.097|0.152| 0.025|0.886| 646 | 1580

u i Initial Permeability
o m:  Maximum Permeability

M16% X U172 13 3 i ES.0mm & 15.7mmd O
IO 7 —2 ik, HBHE00EWMBICZHY, 0
B ORI, 3008V HIZH 2 DT, BREZRERE
REF—2ONT Y X ZERBICZOERS—FL
72

e72 L, RACRULBWERDOAERER L. SEng

(10)

FICAWZEL D BEICRERETH- -, BHISE
ERERR TR BHWERE T T B0/ B8,
ERETHY, BEFHECHCHEROEIELE L B
BoTWwhizd, TOLIREBVEVWRELLLLE
Zboh3,

[V7 b A7 RUBBERENS 2 3 2 E0ORT)

WE1LEmmORIC O T, Bilia 4 Vs & Ok
HaA VoY 7 b4 79828 — 7 BEEBICE 2 3%
Rz, K18, KI9icR L7z, EEBERE2O. ABX U
OENTHERITREREZ XHITEL, Z2h2PhY 7 b
720mmOMETHRENL TR 72, BfEHEkEIZE
SR T OV,

BNREE & CHRERRBR A LV egHEas Lo
U7 b4 7 D8N, WETHHET 270108 L
TenNSA=TTHBTERYhot, WMo, RBiEIZC
NEDEEEZIRT VI LS ot, 7. FIE
N BBHEANY 7 b A 7 OBEECIISERET &
EB L DPHBN— L 720, B2 A voy 7 47
DEBETEWEE I L ah o7, Biliaf DY 7
FPAT7ERNSL UL BITIE. BEEF» OHEIN
51 EIREIZBEIN L 725 72,

B ROFEI L T B 27 L Thhid,
B2 — 7 RIBIIFIREBRICHH T 2135 CTH 5,
TTICRIBTR L2 B0, ERCIIFIREERSEN
T2IEEZOEMEIRZNE L Ia o7z,

CNhODERZEZ 570, a4 VE FHEA
B DRETRE B D BEZI AL % Bl fRAT < ok @ 2012 &
L7z. dEHIRERED 5 DESTHD, L.L.7TmmI L D
T=2 %R LT, M6, FIREROMER SRS
ECHRPER URE LHRBEL 25 2 LS o
Teo WERBENKRE L BB L, BHLHBOTBRZ D
GHEZMEAC, MLROEZERICR B, Z0k
R, BUREPKELL RO ERNBROMNEIH b,
FIEEREENSE213E. BEEBEORINE /NS

2.5 T r : :
e t=11.5(mm) »= Calculated
Em o A O Experimental
> 20
o} T T Amplitude
® T o
o 5 1.5 - Delay Time
22 ©
S 2100 pt A
2 < H.V.B.

0.5 . : . .

0 5 10 15 20 25

Exciting Coil Lift-off (Lift-off 1) (mm)

K18 a4 LY 7 F A 7HBRicBT 3
EER L FHE D HE
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2.5 v T T T
- t=11.5 (mm) »—= Calculated
@D .
= 0 A o0 Experimental
= =20
o
= i Amplitude
(3]
o 5 1.5F Delay Time
T @
NS
= =2 1.0f ==
Ee \

0.5 L L L (]

0 5 10 15 20 25

Sensing Coil Lift-off (Lift-0ff 2) (mm)

19 BmHaA VY 7 b 7RICBIT S

EER L BT O B

=
@ t=12.0 mm
o 0.15
[a]
=
3
L.
o010
T E
55 d=0

o = =6.
sz a=17 13258
5 =008 d=3.4 | 1d=10.2
e d=5.1 | Jd=11.9
By :
g Al
5 0.00 : : ’
S 0 10 20 30 40 50

Time (msec.)

M20 SAHPIERIT 18T AR E o BIZE (L
(B REERITRESR)

{lgoltEZ N, £, Bli2ALVY 7 47
QNS LEBAIIE. R0 MEERICNT BRR
BEFOESOSETILICARY, ERERALAA=R
LEE, BUEBNT > CHIBEIh 2 MHEE L b /AN
TRHEBERI k- LEZ N, BEa ALY T b
F 7 RO EEE L DT, HER
e EBRPHENR L EELbN-,
EENEEICHEEREOEENRVPBWIEDARN
bty /Y :
SR ORCRZE EIB IS BERR DA 2B LT 5
. ZORIBENERICL BN 3T Ch BN, E
BT Z0FEINE o, 7T, BEBETcE
7o oA VER LSRN ORREEEER KL
ZLER2LCR L7z, RITEIcRTRE 21 LV OER
WIZ IR I B 1 A REREEEME (d=10.2% /-
1311.9) —HLTWw3D T, HRNELOWEEEL
CROBAZEN, S E2v — 7 BRI T 28 %
BEZBIEPTES, H212 56, FEI¥— 7 OEL

i=12.0 mm

k?ﬁ@@
SaaEE S
TTOT T T Differential of

W P Magnetic Flux

Sensing Coil Output

«d=10.2
<d=11.9

Calculated Magnetic Response

0 1'0 2‘0 SIO 4‘0 50
Time (msec.)
K21 SRAEIC B 2R EERLE LB oAV
HHORAZEY (BRERBITHER)

BRI, MREEEH CRAE L, RO ELMETE
NBRELBoTV S, MERIPEP LUHHREESKE
{ 7z IR EREE ILENFFEIC 5 X 2 BE N E 0,
IR ERERHHE I AN Y 7 P A 70BIc X - TE
WEIFEIN D EREMEERCELON B 20,
BN EEERIRVEEZ BT,

.23 E&®

2Ty THHERERA LI EICE D, FiRiaA N
o6 OEBEHRFICIET 2818 — 2 LHiREERL
TRERR oY —~ 7 2 BT E 2, FEor—72
oL BHE (RIE. BhGRE, 2EiE) LR
E & ofICHEBERER»E S i, BoBhERIIZY 7
M7 BEUBBEROFELZITICL L, HEME
WEDLRRBEEBTH B Z LRI N,
BREREIC & 2 EERITER L BREREE O R
BIMRL T, EBEF— 2 IcBmH 2N, ZORE.
TP DN XBERBOLEEPEETNTWEZ
L. AFEOEAICY - Tid, B, HiEdir b
EMUDFARTE P, 03, RAUHEH CHREDLR
MOFNED P COBELTBLBERH L LA
oo,

¥ 72, oY — 2 RIBIC I ERIBIER B o 4
NN T FTDEERD B, BRIz
EOBEBEBELPICTET,
PIREMEMREACERICE D, KFEIBH
R L CHERISIRER T H 5 2 LB Th o .

4. EMBEREICSSRENE

BEREHIES L 0Bs. FERSTFEABL -8
FREEMTERACTTbh S, ZOHERZEB,IHEE
Thh, BELBRBVLOTEALAvenTw» 5, FEik
MEENRICEBZHOAS - MEZTS 2dicid, B
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ARILE & I3 2R R BT & B ETE O Ic/AME
SELRTNERS2v, BMEEOEIOLTHALE
HOES OB REE IR B Er 52 2
Teh, BEMMBUE EME L U v CEBRE I B
217 5 BHGHE S 2SBEF & h o,

BT EIEEIC & > T, FiRic BT 2 HDR
ROBBERESTRIC 2 0, B L W IERS SRS H R E
EPE LCHIBATREIC /e T E Tz,

ERET LR RO S O—13, BRNERA%F
AU FRBMEHAETH 27-0, BHICEEDBER,
BB CHBAMERETH B, fl2ITBEOER
PL—ADHEHEEICHEATES I LB ShosTW
5, L2L., ZhooBRMEEIIREAMNE 54
BIELEDDDTIE RV, BEMMHOT L L, £0.5mm
EHEAAMMEET 28BN T 2 @HEEIC > wT
. g shTwuRy,

Z T, BWEEHAEEIC VLT, FRPM MR
BRAZEVT, BESMOZ L MME 26T 5505
NS 22 EERICHRS L 72,

4.1 PERE

41.1 oYY RFA
EBRETHEEEECA 22 v S ORE LEEL Y
221TR LTze UV, FEMICE P NZREEB LY
REAANVO R KAME* MBI - BE267T
5, HIOTHICRT L 3Ic, REAa4NVCHETSEK
BRICHE L CRB R E I BERL RS 3

Detected
Signal Out

Magnet

Magnet

Exciting Signal Input

N S

S N
0@oROPOBD _ o@o000@
elelele, |e|e|sles— \

— | ! + + & ~Loreniz Force

Magnetic .
. Ulirasonic
Field © ¥ Shear %

Wave A-A' Section

Induced
Eddy Current

K22 EHGEEF ¥ O L BifE

(12)

D, KAMBDRAPTH2DT, ZDBEFRICED
ABAERE AT MIC BRI CIREI T 2157554 U,
ML o THEPIERL TV, EGTRESH
oML, CrHOETICEZ L, RELE -7
DHFILE > TEEIANICEREEE 4 U, B
Eh3,

4.1.2 ESLEYZFL
BHNFERIC L 2B -SELRE. FEL
FEHBL TR TEVLO T, BRGESHHEER
DLDET 27113, SNE%2A EX€ 25 2 5
LHRBIRTH B, REBRICH - BB L
Sl AF T uy 2 RER2SICEL 72,
EWHEEH £ ¥ (EMAR Sensor) # &% 2 /8
BEFIZ, S—vIFrarva—2oHflishzFy
I et A V- ORRBBEHBFIF L PREE R
REROFHIRBIHIF (25MHz) DEIC L > TE5 N 2,
CNERE - FKEZTEBIET 27 — FEIESRCEH
HIE L EWEBZ L v ICiA 3, BERAKEF 5
(4) KEWWETEZILR, 2ERBZa—2BRD
Ao THARMNOSERNORIBIIRS { h 0, SR
T cHRHEh3ESRELEAT 3,

F=nx (g] @

ZIZT, nBEDEE. ci3EE., d3RELET,
BHERS (AEEF) BFvosrs ey 4 F—ni
REAFEE L B&ESh, PRBKRE (IF) ~ZHzh 2,
EMINTEFEMERET 2720, PREEKEES
HABL U ZNICOEMEEZLET 2ESLRAS
., ZhZThESEEcES I 3,

SNItiZ. DIBREETOESIREERIN, ORI
L5 PHEBEEESDAOHE (L yBETEZL
F. BIERBEEE S o), ORIk 3 4 X
BRick-oTtHmET 2, 2hooEBEMEIZL - T,
ERRERZZERLTV3, 28, 0EOMEESET
5o OHRIEESIC & 2 BRI, 7 — Y @
DA v avf 52RO ZEICHELTED.
ThZhOBpaRE T EEMOFHRIRKD 3IRIE L
%5,

4.1.3 Bohn3HF—»

NR=VFNara—2ic4 v b= N7
VIZME, FOINL YA F—DRKIBARELE
L€ 3T LT &> TEEREE A 24— 7L, B
HERBOBEFRZ ABIMIckD 2, RO BHBUCH
TEIRE. AEHA <2 PABBLNBEERTH
5,

/o, BRI R BRI EICBE L ke T,
BL7—rOBRENMNEBEE2 214 —7 3¢, BEEOR
BeRODLILOIEETH 2, [EELH O & 1%
BRSO T, FEHEEKT S,
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Gate Signal
Continuous Wave | Coherence
Gated AmP. " REE) Timing
EMAT Digital Control
Synthesizer ontrol| _
[;%nsducer . Integrator| g
; Gate a
IF Oscillator| Signal §
®©
c
(=]
o
[
o
v

Mix & IF Amp. Quadrature Phase Gated Analog
Sensitive Detector  Integrator

M23 BEREFRLBEICEIT 5E50LES 2T L

4.2 FIEFEBOERNER

4.2.1 EERNES

EEEIZ I, B16mm X 5 Z16mm X E X 10mmd 2
POV U Y LR L, BREIEEEZEa A NDS
bevHERVE, BAOHLIZESHFETT->T
W3, hE, EX9.6mmB & 24.6mmdDSS4004
OF@mMEICMEIETERLZARY PVEHIERE2 X
241/ U7, HIERERIACTF— R4 {RE
L. 1~2MHzO B L v VI BWwWTL50058 0 F —
YERNEL 7z, fEo T, BAEHRDOLEREIZ0.67TKHZT
b3, MR LIzEBY, BROBFEHIcr -2 %
BT 222 P ABESNT, ¥— 27 OREFEERERED
FigfElR, RE24.6mmTIi366.3KHz. H/E6.9mm T
13168.7KHzTH b, WMEBKEVHBE— 2 OFHK
BREESENC LB oh D, £, ¥— 27 BEHMERE
BT EEFELEHECRENTZ L, E
24.6mm¥ & 9.6mmic2WT, ZNFN1.1%. 0.6%
LANEL, WESEE S LY -7 AREEREIEZ—ET
HBT BT o7,

@) Fp o ¥ =27 ORBEHBBAFIXX TSR 60
LB,

AJ?—-EE %)
o T, ABOESIZ, XA TRDBZILBTE S,
C
d= 5= G)

HFH%3,230m,sec () L LT, Boh/- A
BiEEAwT (6) XTEZZHETS L, 24.4mm.
9.6mm & 72 %, BRAIICHE L -RBOES LIZIg%E
LWENESNSL I EBGhol, FEEEBERES
FHERASORBETH 5,

4.2.2 BERFEOFTE

FEFESHAF © 1, 25 BRICRT LB O HBEZ R
NDOE =B 2 HEET 2, KIZIREISmmd

3 :
t=24. 6mm
S8400
210 ary [ T
) : i
4 :
§1 S S
(]
- t= 9 Gmm
2 ? $5400
< 2 |
| z
1he- | l\ i "I[{_“
! o
0 L. p) ’ J'L ik ﬁ ﬁﬁ\
1.00 1.25 1.50 1.75 2.00
Frequency (MHz)

H24 WEHFEZ ZHMRICE T BEERRY FLOF
3

; Polarizatién:along
9 § Rolling Direction
1 ; | {
- 0»*»"/"' : JRSAY lJL.._._JL J\L‘“J
§ Polarization:45° away
é; 2<WﬂMN,VW\from Rolling Dlrection_
© ! ‘ )
=} .
pu ]
21 Iﬂ ’ z
- }
o
g 0 x.M M’hﬂk(l hkﬂijbk_ﬁ

o

olarization:vertical to
2 Rolling Direction

ININR

1.00 1.25 150 175 2.00
Frequency (MHz)

X265 BEEFEIC KL BLEXRT FLOSEE

SM400B#itR cOEtHlERTH 5, FEE. FE. TE
DEIF 7 W FNEIIRE A B EIE A a2 E¥EIC LT
EfT. A5, BAOBATH Y, FERODHEY— 271
BIAEVARKor— 2R R, AEEoEw
E— 2B TRIZENTWS, Zhix REHFEICE-
TIEROGCIERESL T IC B 2 BER T ICER

(13)
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L7eBRTH 5, ERTHMEEL 728413 FER
FHEBBEIL TV,

FHEZR2 P NDOE— B2 HEEL TWEEES
i, AEESEC Y — 2 oMo B EER. i
AL E L E— 2 OO Rk SER £ RERE I
WEREND B, ZOoDREHEMREIZE > E—T
B, SERFRCES EREEZ WG L&
WHHBIETTH D, M250F — 2 5 5 B
BERkoz L BUAKRRY -2 0 BEERER
107.5KHzTH > 7Dt L, BULREREY—Z70 8
W HERE13108.2KHzTH - 7=, FE % 3,230m/sec &
LTIREICE T 2 L, 2N F115.0mm & 14.9mmic
b, FLOTUNSHEE (+0.1lmm. 0.6%) TH 3
EBgh ol fEoT, REEBEEEZIEL S BIET
NI HIRERZEIC BT 2 ZFEERFEOFEZ/IE v,

CHIZHLT, ZogBL -0 —2Bics
I AEEEREE. TN Fhosie—2r05 5B
BoBuEr—2 LABRBOBHE— 7 2 8ACHET
L. BRENRKELRS, BICAEEILELL B L.
= BREL T 200, BAHEEREEREL
RELS 25, i3, M250HEREH 525H L3EH
DE—7EREBET 3 L. 94KHzTH %25, HEIC
Z#ad s L, 172mméE &b, +2.2mm. 15% D#HE
272 %,

4.2.3 RHODEE

BERETEOBER., M ERLTWAIEHICS
FEEIN 5, WE15mmDSM400BH R <& B L 7-
1.62MHz T I 81 3 LB A I L 51RE 1 OBE%
22617 L 7z OENIREN T EASEEST |17 T
o, @HBREAOEKETCOERMBETH S, IBTIZE
@Eﬁﬁéﬂblﬂﬂx’f:o

JGFIASE T B & 300MPalz SN 2 L LB E
ISEEIIREN T R ASEIE T [ DRI 12-0.27% . EAI5HE
Tl3+0.045% LT B 2 L3 gh o7 THERED
ZIET L, ZhZFN-0.04mm. +0.007Tmm®D /)X

1630 ' i
Polarization:along
~ 1.625F TT————_ o Rolling Direction
= TR -o-—___
5 ““““ -0
> 1620} i
2
3 1615} o e
- | Polarization:vertical
= 1610 to Rolling Direction
S
& 1605
1.600 . .
0 100 200 300
Stress (MPa)

K26 JEHIT & 2 B REBEHELOH

X i1, 62MHz
o :2.3TMHz

tan0=-0.0104(1/MPa)

£
T

2(EN-F10 / (F1+1]0)

~
T

Acoustic Double Refration

=

0 100 200 300
Stress (MPa)

27 IHc &k 2 EEERITELOH]

Resonant Peak Amplitude(Volts)

i
!
{
f

0 12 3
) Lift off (mm)
H28 HIERIBICETZY 7 4 7 0%R

BEBNTRD, WEAERZEALEE LA TR
T EBgh ot

BB, FREETRENL S8 Y — 2 ORI
Rl R IBEE TR EEEET EITh 328 Td 5,
FEEBT LG OBERE ., ERETRT LR2THE
b5, HBEKRENSREL-TH, BEERITIZIZE
B—T®Hb., CHO—KEAHTHEI Lo rs, B
B X AISHBEIERC 0BSEFHALTWL S,
BT HHEE TR, RO v+ 38T
RETOEMEREZ A VT 385, H270F — & 135
ETOBEFER VP DITBEELTWwA I EE2RLT
w3,

4.3 MOEERICk 5 EREDERS

4.3.1 UTRAT7HR
FFECL2BEEMOWENEZBET L. B
BEFRYZERD o 2B &I & 2MNE 2 E T 2 #iiK
PRENRE % 5, MMNE TR v lEmmicEE
TERZRVOT, HEmE OBICH 2BEOREIEE
TAERMETOREEL 2B, 22T, BHBSHLY
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LHAEmEDY 7 b A 7 0FBRICOWTHER -,

IE9.6mm D SS4008H 1 3 T 5 B %1.18, 1.52.
1.855MHz I DB ¥ — V7 IRIBEHEIEE YV 7 b4 7
DEAR % K281 L 720 1~2MHz D B E RS © —
2 ERWEHT 2Ry A XOREIDEPICTRL 72,
V7 A7, BEmE LS aAVTHOBETSH
5, U7 b4 7R T B L, HIBRIES B
TBEIEN ot £/, VI FET7DMEAB L E

Al 3 h=0mm

S
S———
S
S
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-

-

o
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P

oy ) . N
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o 4t ; : h—0.5mm
> X : X
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= : h=1. Omm

Sensor only

0 LAL.‘)JA l ;.L } N E ,: ettty

0 2 4
Frequency (MHz)

() MHEMICEHESTRRMT 2REL 56

VH I AXPERTEIL Lot VY4 X
DOEME, BEHCBIN SN 2 BHBZ AN XY 7 b
FT7ERELEDICEIT B0, Rolt 2 NVFhtk
VHNED ) A X EBNSE L EEZ N, kB,
R b b ik R REEER I EET 2 ESR
A ZXDKEZIZE, 0.06~0.1FN FMRETH- 72,

BR/AXFZHEECTEE, V7 FF72mmlTT
HINFHBR R PVEHEID S HIEEFEZ KD B
LOSERE LI TR B, SRR B 5B EEMN
CE2EEZERIMMBEELELISNLDT,. U7 b F
7 DED» S IEAFEIEHAAELEELZ NS,

4.3.2 TERSIOHE

JEEHM~OBAEEE S 2720, FE Mt
T U 7= FG1RE9.0mm D SS40087 % v, BRGES
WHIBZ R FVEIEZRT> 72, MMEIRESEE
120 AL FCMIL., LESoEEZE
205 52.0mmE CHERBE L. BEEZEN/NIVIELE
TUASEDORE L ¥y 355l v,

F29(@iz b & & O & E Z »0mm. 0.25mm.
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