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Development of a Coplanar Electrode Capacitance Moisture Sensor
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Abstract

A coplanar electrode capacitance online moisture sensor was developed, which has higher precision,
more compact configuration and easier installation compared with traditional parallel electrodes and
cylindrical moisture sensors. An active shield electrode was invented to block the outside electric field,
thus the stray capacitance was decreased and the precision and sensitivity of the sensor was increased
according to finite element analysis. A comparative circuit was used to avoid the influence of shield
electrode on drive electrode. Experiments were conducted on grains with 6% ~36% moisture content on
a custom-built equipment. The relationships between sensor output frequency and grain moisture content
were investigated for each temperature condition and the result was compiled into software to realize
temperature compensation which decreased the error from 5% to 1% . Experimental validation proved that
the sensor had a small measuring error of 1% and was applicable to moisture content range of 6% ~36%
and temperature range of —10 ~80°C.
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Fig.2  Electric field of un-shield sensor
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Fig.3  Electric field of active shield sensor
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Tab.1 Result of repeat test of wheat moisture %
- RS RV
1 2 3 4 5 6 7 8 9 10 11
15°C ) H {8 9.7 10. 1 11.2 12.7 13.1 13.6 14.3 15.2 15.7 18.2 19.6
25°C M+ AH 9.8 10.3 11.4 12.9 13.4 13.7 14.6 15.5 16.2 17.5 19.8
50°C I+ 10.0 10. 6 11.7 13.0 13.8 14.0 15 15.8 15.5 17.3 19.1
(. 9.6 10.2 11.4 12.8 13.4 13.8 14.5 15.3 16 18 20
e R R 22 0.4 0.4 0.3 0.3 0.4 0.2 0.5 0.5 -0.5 -0.7 -0.9
- RS QY
12 13 14 15 16 17 18 19 20 21 22
15°C 0 H 22.7 23.4 25.2 26.7 27.1 28.6 30.3 31.2 33.0 33.2 36.3
25°C M+ AH 22.8 23.3 25.4 26.9 27.4 28.7 30.6 31.5 32.9 33.5 36.8
50°C I+ 22.0 23.6 25.7 26.0 27.8 28.2 30.9 31.8 33.1 33.3 37
bR 1 (E 22.2 24.1 25.3 26.2 28.0 29.2 30.3 31.0 33.4 34.0 36. 1
e R iR 22 0.6 -0.8 0.4 0.7 -0.9 -1.0 0.6 0.8 -0.5 -0.7 0.9
R2 MEGKEEEMINHLIXBER
Tab.2 Comparison of repeat test result of wheat moisture %
. 4k K
1 2 3 4 5 6 7 8 9 10 11
S50°C (8 (A IR B2 9.7 10. 1 11.2 12.7 13.1 13.6 14.3 15.2 15.7 18.2 19.6
50°C ) (8 ( TG IR B #h 2 ) 11.1 11.2 12. 8 14.5 12.1 13.7 13.4 16.5 17.5 16.2 21.6
vl (1 9.6 10.2 11.4 12.8 13.4 13.8 14.5 15.3 16 18 20
e RN iR 22 (IR A ) 0.4 0.4 0.3 0.3 0.4 0.2 0.5 0.5 -0.5 -0.7 -0.9
e R iR 22 (TG IR B A ) 1.5 1.0 1.4 1.7 -1.3 1.6 -1.1 1.2 1.5 -1.8 1.6
. rEYR 2E N £ 1% , P &K 4336 Tk F] 6% ~
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36% , I B Y - 10 ~ 80°C o 3 3 7 i H Al Y
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