Thompson-Lampard E2lE X 2¢h olo]a2ole HYY| =% x
Z™MS Qs | HFA MolETF A J|w

55B-9-2

Development of a Non—-contacting Capacitive Sensor Based on
Thompson-Lampard Theorem for Measurement of m-order Displacements

&g - -8HEE"
(Han Jun Kim * Jeon Hong Kang - Sang Ok Han)

Abstract - Non-contacting capacitive sensor based on Thompson-Lampard theorem have been fabricated and
characterized for measuring of m order displacements. To overcome disadvantages of the existed capacitive sensors of
parallel plate type with 2-electrodes and 3-electrodes, the developed new sensor was designed to have 4-electrodes with
a constant gap of 0.2 mm between the electrodes. Two of the electrodes were used as a high potential electrode and a
low one, the other two electrodes were used as guard electrodes. These electrodes were made from copper using RF
sputtering system on a sapphire plate with diameter 17 mm and thickness 0.7 mm. This sensor can be used for
measuring the distance not only between the sensor and metallic target connected to ground potential but also

non—metallic target without ground connection.
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Fig. 1. Principle of the Thompson-Lampard theorem.
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Fig. 2. Plate type electrode based on the Thompson-
Lampard theorem.
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Fig. 3. A round type electrode based on Thompson-
Lampard theorem.
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Fig. 4. Sensing part of the 4-electrodes sensor.
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Fig. 5. Distribution of equipotential surfaces on new sensor.

Y 5 A 70 mme 9% 2HAAE 24d 1 FH
29 AYE (roundness) ¥ A E (straightness)& o] Al
ME AHRslY EAHE A$E 7Hdsted 2D Field FEM
2aHE AEse AEGHS & Ao I FAHE
A7 70 mme 2HAAL 29 fFozg My AL
ANE AR o) /7t A7 AAE HEs7AE A
LZEF 97)¢ cross capacitor® NR[8l8lE EFHA
oA WA FE<Q Aol 700 mm, A 70 mme YEFF A
F& FbFEorsta o] HAA NFTHHE ¥ FFow A
B&As7] A3 AR AA AL A A3 9 SAHE A
olg] AAEXE EAVIHaN AEH|AE st &
A AEHolHY AAZRALE Atmolo] e {FHEL FA
o 9% <l 978, FHAIH I FAAYA 2HAHN L~ &
g SARA, A3 9 ZHAA el FHE FUIR Y
o T8 29 59049 AT 19] A 0 ViowE, A= 3

Norke ne |H

-~

Thompson-Lampard M2{ & X 8¢ alo|a220(e] W £XHZ 28 ™A

Trans. KIEE. Vol. 558, No.9, SEP, 2006

9 M 1 Vihigh), AT 29 48 guard, ¥ FHA =
Hax 2" B FAYR Ao HAsE 2¥AA
28 AEL FAYHeln, A7HHLE FAYH Az
goz afAng, AF 37 AF 1Abold Hr|&F] F &
7 38 ¢ 4 9tk 3 u EHE0] 2gUHS Fo=
AXE glomz 1 29 AT Agrt 77 A
uel SAAHEY Dx7 viEse] FokstAl Hol A7E&H
9] zkol F7IsIA "otk ol AFEUY ¥ FAHA 99
A st & ¥YE Ad=AC E Ho] HABZAZ JeEYY,

Felol 223, 3839 Ad=—_se 418 G Rt

£ AF 304 AF 12 7te @716l 5 SAA o
A Adol Hu AdHE dFEY FE Ao SHE
A nYRYeR ¥ FAAY Edd AL UFS ¢
F Aot oA L FHARE YehlE vlolE g0l AN 4
AgH AAA FoAE el ohlet g F& Ad 2
YREdA FFHo2 AP Uit oAL JEY
245 3ATAM vl ¥ FAHAY BHE vlASA £4
& 5 AFe ond Bt oy AI|8Fo] A9 BH
a7)q v#Hste Jehia dn az2 ARAEH 48d A
FZold A FEFHES ¢ F oA A7 F4 @7} o
= Az BAEE e FEE AEYE & 7 U

coaxial
cable

~

metal
casa 41

alectrodes
for sensing

gapphire
plote

19

{a)

(b)

a8 6. =YE MAMel ek U WEFE(), AMR(b)
Fig. 6. Configuration of the assembled sensor(a), picture(b)



BRBF RN S5BF 9% 2006F 98
a96e 29 949 A8 A4 2Ee B Ro|

o @A Alstele] Aol F& AFAA HI 57
& FA%E, ELANEAN FHRAVEF WA YA
F ¢ 2w ohe 239 BYS ;AP FE2 AR
s,

23 MZHE dAMe wuyF

targst
to bridge ]
capacitive - mictomdter
sensor head
r ]

{b)

a8 7. 4MREE e Fxl(@et Y HIISYEFEeL
x| & 0|88t MEAE(b).

Fig. 7. Equipment for calibration of the new sensor{a) and
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Fig. 8. Capacitance change with displacement of the sensor,
(a) for metallic target (b) for non-metallic target.
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Fig. 10. A measured linearity of a 70 mm diameter, 700
mm length stainless steel rod.
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Fig. 11. A measured roundness of a 70 mm diameter, 700
mm length stainless steel rod.
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