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A multi-conductor array capacitor device for grain dryers

and its measurement analysis

LIU Cong LIU Jue CHEN Dachang FANG Chao
(School of Electrical and Electronic Engineering, Wuhan Polytechnic University, Wuhan, Hubei 430048, China)

Abstract: [ Objective] To address the limitations of traditional single-point moisture measurement in complex drying environments, a multi-
conductor array capacitor device was designed for moisture content measurement inside a grain dryer. [ Methods] An array of 8 conductor
rods was arranged to measure the capacitance between each pair of adjacent rods, from which the average dielectric constant in the inter-rod
regions was calculated to enable real-time moisture monitoring during the grain drying process. [ Results] High-precision capacitance
measurements were achieved using an FDC2214 capacitive sensor controlled by a Raspberry Pi Pico W. The relationship between the
dielectric constant in regions with varying moisture content and the corresponding water weight was validated, generating a two-dimensional
dielectric constant distribution map. In environments with uneven humidity distribution, the device rapidly and stably detected moisture
diffusion and accurately fitted the improved Dobson model. During the fitting process, the maximum standard deviation of the dielectric
constant was 3.98, with an average value of 1.27. [ Conclusion] By adjusting the physical structure of the test setup, the device can measure
the average moisture distribution in any spatial unit of grain.
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Figure 1 Conductor bar schematic diagram
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Figure 2 Software flowchart

99



100

&

MmEEES5EsE4HiE FOOD EQUIPMENT & INTELLIGENT MANUFACTURING

B 2828 | 20254 4 A | BRRS5HM

15.4 mm
PLI PRI
vee vee 2020 Vee ol
Al Bl i ﬁ 2 = R
: 18117 cp2 3 ko kO
AL 810 AL 2 IN0B | 17156 Gps &;‘ eure
NG VSS NG VSS 15, i 7 : o o12
QINe s 4 oz N 3 [ ors A >é>£ 5 XQ '
S16 §7 Si6 §7 K = " "
RN 2 SR e BiXers  of T X’ég BT169D BT169D
gsie s v SIS S e i o a « N
SI3 sS4 S13 s pr ]
B SR SR Hhs 1050 crr 1 11 Al A2 A3 Ad
S A2 oS 320 A2 9 12
I S2 19 AT S S2fjg 8B BrRE] 2
1510 SIS Gpg 1810 S1Ug 6P 7 GP10 GP21 4 1 &
| 219 ENNT GRS | 259 ENQ7GpIo 616 GPI1 GP20 13 |5 | A2541WV—8P
\M CND A0 [16—Cpe ‘\M ONDA0Ngcpn | SPGED IO g 1 = -
ps PBEINC Al f{e—¢ BING Al S Gpi3 B 1 == =
cps NG ALISCr cri3mNe  ALIsCPR | 4 17 o o
3¥cps CPI7_19| 18
ADG706BRUZ 20— L 19
1 : 20 20 Q14 Q16
= KH-2.54FH-1X20P-H8.5 KH=2.54FH-1X20P-H8.5 SBT](,.;D BT169D SBTW)D Smmgn
N ) et
PR R SRR o 2 2 o
R N B1 B1 B1 Bl
Ul LI . N
M,‘ | 18 pH g;‘ . T Hb AR
=5283 v
zzzz IN3A
‘h SCL mip2NE o IN2B ulo
SDA ppc S INTAH TN 5 IN3B_ 1
‘ 3 LRIyOC2RGHT [GEIOTINOR ¢ 15 T 5 Srwsill
il ADDR INOA N2A 3|2
2A_4)3
4
8 an 1
£_22 INIB 5
ZREE L3 1 I _6¢
L P 18 pH .
. 33pF ZX-PM2.54-1-6PY
e | INIA
1k {100 0| 10 nF
INOB
RI2
L4 7
e 18 pH g
0kQ 33pF
. -
= FDC221445 INOA

B3 REw%HA

Figure 3  Acquisition circuit schematic diagram

125 B E K 8 AT UHE 4 B 13 Z1AH AR 5 A T
HEAT IR, T 5 6 R 3D 4T B AR, N K B R
100.9 mm, 5& & 7 58.1 mm, & H 51.5 mm, SR K
515 mm, BN 1.5 mm, SRR ELG B BE R 26 mm, 3K
G AR g T S TR IR & K iy 16% , WAL 4 T .

A 4

WA %A

Figure 4 Photo of the simple warehouse
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Figure 5 Experimental data of central dripping
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Figure 7 Changes in dielectric constant with central dripping and edge dripping
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Figure 8 Dielectric constant vs water weight curve during central dripping and edge dripping
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