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Consideration on Resistance Due to Inner Conductor of Coaxial Cable of Eddy-current Displacement Sensor
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A coil of an eddy-current displacement sensor and an impedance/output voltage converter are connected by a
coaxial cable. AC resistance of the coil is broken down into DC resistance, resistances due to the skin and proximity
effects and resistance due to acting magnetic field on an inner conductor of the coaxial cable (the resistance due to
inner conductor). In this paper, we derive the theoretical expressions of the resistance due to inner conductor for ease
of calculation. The result shows that resistance due to inner conductor is approximately 0 Q when the distance from

the coil to the inner conductor is 3 mm.
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Fig. 2 Arrangement of coil and coaxial cable (unit: mm).
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Fig. 3 Structure of copper wire (unit: pm).
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Fig. 4 Structure of inner conductor (unit: pm).
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Fig. 5 Magnetic field made arbitrary by circular coil.
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Fig. 6 Model for deriving the expressions for eddy current

losses generated in strand of inner conductor.

&H 1 oH

——z 4= e GkPH =0 (A/ 7

or’ +r or s (A/m) @
=K (m™) )

-
~—

2T, o AJEEHEads), i BREERME/m), p
PEHLER(Qm)

3.2.3 fEELOSIE

(DM HRROMREE RO OV TR
5, Fig. 6 \ITRLEX ST, (DFEET - 488, ()%
BRI : SRR, Q)RR : 285, @ 3 >OEEIckIT
DR OME H, & Hy BIXOH X ENENLTO X
T2 D[9],

(1) fEERI : &R 0<r<m)
H, =CJI,(#kr) (A/m) ©®
B =2A (m?) (10)
P

ZZE, G R AMm), T B I Ea kv

RIS, . SRR ODOBRER (= popo Him, gy =118),

uo : BZEOFHBBEMM), p,: SBROEHR

(=113 uQcm)

72k, SRSROHGEREER 1. VIRRHEEIRI R (BT
TEF model BHV-55) % FAVWCHIE L Tked7z, AR
FIEFEMZ I WTFRITIC L B &, RER I=1mA %
Uit L7z & ZTNERERIZMER 3 2 BER O S O KE
IX23A/m CTho7z (Fig 8 BMR), #IT, WHROES
40 A/m & U CERS M2 HIE L TRz, ko
RO TN, B-HNA—F I3 CH Y, Bk
Lu, = 118 Thol, £z, MK OWHE

(p=113pQem) X7 4 VX NV<)VF A —% (HP
34401A) ZFHVTERI LT,

(74)

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

HARAEMESEE

Vol.18, No.2 (2010)

(2) TSI : SR (n<r<n)

gEs, (D SR T R -0 e, (2) fEEk

H,, = C,J,("?k,r)+ B,K,(*k,r) (A/m) (v I GRER) - (225) O28BRETHY, FNFh
k=2 (m?) (1)  PHERFHIIGLL 2D,
P (1) SEST R - 0 (SR
ZZI, Gy By FRE(AM), u, - SEIRO B _ A 14)
(Epope HM, 1y :0999991), K, : &2 FfEn ik Hlron 2=
R~ BB, p): SREEOIRGE(1.72% 1078 B B (um 15)

Om)
(3) fEEN : 225 (< r)
H=H (A/m)

IA

(13)

3.2.4 BERSAE

WO RN OB OBER LR ERD B, RIZHE
BOBREIZBIT 52BN, BRI AEREM[10]%

22T, E,: EROBMEDeRS (Vim), r @ 8
HR D1 (m)

(2) #EEI (GRERD - I (EX)
H, rmry H, rer, (A/m) (16

T ZIZ, o BRROPEE(m)
R(14) - 16)2> HEN FFENE Y CTC, FRICE %

Ju(jS/zkl’i) _Jo(js/zkzrl) “Ko(jl/zkz’]) G 0
0 To(i" k) K, (j"k,r,) G |= (A/m) (17)
j3lzp1k1J1(j3/2k1’i) _.is/zpzszl(jS/zkz”l) “jl/2p2k2K1(jv2kzrl) B, 0
kKXY, B C, G BIIENREN T TREND,
"2 ok H ) . o .
G = J—/)A”h{"J oIl YK, (k) + 55, Ko ()} (A/m) (18)
jl/z H :3/2 ;12 : :3/2 $1/2
C, === {-p ko (T )K, (P ) + § o, (VK Ko (1)) (A/m) (19)
j3/2 H :3/2 :3/2 :3/2 12
B, = {=pk 3 Gl (PR ) + ol 1, ) 3o (1K)} (A/m) (20)
3,k -1,(ikyr) —K, (k1)
A= 0 3o kyry) K, (7k,1) (Q2/m) 21

j3/2p1k1J1(j3/2k1r1) —j3/2p2k2-]](j3/2k2’1) _j1/2p2k2K1(jl/2k2r1)

325 FBRIAETIWERE

FRICHETHIENESH - Y OIRERE PH)
RO D, HHRR L SRR T AR SHIZY

DOINEFRBEZNEI P, P, L T5L, P(HIX P
L P,OITHY, PHENI T THREND, 7k, KX
FOTAE Y AT (NIREERFEERL TN D,

P(H)=FR+P,

npkrCC" . . . . 5 3 o,k S (e .
=_'—€Uj]#{f/2]1(.| ” klri)‘l203/2 kn)—=j " 1G7 k) 1,G klrl)}“’%[_rzczcz {13/' LG k) 1,67 k)

=75 k) LG ko)) + 1CC (P 1 G k) LG ) = 1,67 k) 1L,G kn))

—inCB (i ,G7 k) K, G k) = 7 K G or) LG b))+ 567G B, {72 1,67 k) Ko GV k)
-7 K G ) LG n)) = inB,C (T K G k) LG n) =37 5,G7 on) KL (7 kyn))
+inBC {7 K G lorn) 1,G77 lor) =37 3,G7 r) K, G kor) )+ 1B,B {72 K G717 or) K, 72 Kyry)

—i"KG kKo )} - nBoBy (17 K G ) K, G k) =57 K G ) Ky (7 )] (W/m)

(22)

(75) 151

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

HARAEMFEER

Vol.18, No.2 (2010)

3.3 PEREIRIZEIRS ST

Fig. 7 I[CHEMBIAET HMMERBEOET N ER LT,
FAXIZBWNT, BUhKEAz ICRAET DR ERE
PHA2)DF1ZRD D Z & CTHRBICHEAT HIRER
B P ERDDZLENTE D,

FF, FHROPLE EOTEDOR =0, z=2) |
WAETHEAESHIZY OWEFRBEZRD 5, RIT,
FRICBUT BIEREEY 6 IROZIAT P(HA2)) Tl
LTHIGIT % Z & T, BHUTET DIRNEE Py ovskd
LD, PIkR LB,

r= [ Pane W) (23)

2T,z A VAYRE D & UL EOEE DR
E TORBEm), zo: MEIHE P(Hz(2)) =0 W/m &
RHEEDz(m), d: AANVEERENHERE T
D FERfE(m)

WIT, PIREB ISR Ny =7 AR D NVIHETH B

DT, JBRITAT BINERE Py% Nyf555Z & CTH
EREIRICER T MEREERD T, SHITEHR T2

THEID Z & THNERELRI zﬁlﬂﬁ*é?&m Ry, ZEHT D,

R =t
Ny : ma%%él
4 FAELERAS LUCERERELOLE

Fig. 8 {22 A N BIAET DREF O S - Bt %
R~z R(OZEANTROZFHEME FEM TE LN
TR E R LU Th D, FEM iFHTET /LI Fig. 7 1R L
7BV THY, #H1 AR 12 K27 0L
7o IMAG-Studio Ver 9.01901m (#ili5l 42 = ¥kot/AH
IEERESRAT) A RV TRRIT L72[11], REESZ2H
JELTHRRED A v v =2 DRE X% 4 um, BROFHREL
FOGFRERED A v ¥ = 30 h 2 um & L7z, Bl
{ﬁ& FEM DRSO E HIZ 1.6 %N T—H L TEY,

BRDEEMEE TR LTV A,

Flg. 9 IIMEREDHEMR r=0m) TR H2MEHL
Te b TITHAET HHAE I H 72 OIREE-RA
YTHY, WERE P IR E AW TR L, [
BR L L5110, P o« HXOBUERH B,

Fig. 10 13X Hulh EOEZE O SICRET L HE &
b=V OIWETE TH 5, HEmEIEMEL, Fig. 8 1R
L7z H@ERQOIAAA L TRD 7=, Z 0%
Excel 2003( Microsoft Office )& VT, 6 t(kDZIAL,

XNy (Q) @9

5—%—&?
[N, (.

152

Coil 2.15 Strand of

inner conductor

& 4.56
l @3
N
N
I
N
N
2]

P(Hz) P(Hzp) PHz)

Fig. 7 Model of eddy current loss in strand of

inner conductor (unit: mm).

Magnetic field H; (A/m)

Distance from coil, z (mm)

Fig. 8 Magnetic field produced by coil vs. distance from

coil (r=0m, /=1mA, f= | MHz).
0.20
G
=
E 015
Q
2
Q
- 010 e
5
E
=
o
2 0.05 [
o]
[sa]
0 i |
0 5 10 15 20 25

Magnetic field H: (A/m)

Fig. 9 Eddy current loss in strand of inner conductor vs.
magnetic field (*=0m, /=1 MHz).

PUH)CEBLLTH Y, 7 Difr IR R LCTh B,
T & 5 LTl R & OFABEMRENT 0.999 Th 77,
X BIZHEBUCRAET DIERIR Py, RPN

(76)

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

H A AEMS4ARE

Vol.18, No.2 (2010)

0.20

Approx1mat1 on

P(H(Z)) az +bz +Cz+d2+ez+f‘,+g
0.15 -8 :

Calcuiated

0.10

0.05 |-

Eddy current loss P(H-(z)) (mW/m)

-1 0 1 2 3 4 \5>
Distance from coil, z (mm)
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