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Optimization Design and Experiment on Finned Double Plates
Rice Moisture Content Measuring Device
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(1. College of Engineering, Heilongjiang Bayi Agricultural University, Daging 163319, China
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Abstract; In order to improve the accuracy of on-line detection technology of rice moisture content, the
parallel plate capacitor was taken as the research object, and the fin type double plate detection method
was adopted to optimize the detection value. Taking the plate thickness, plate spacing and relative area
as experimental factors, the capacitance ratio sensitivity test was carried out by quadratic regression
orthogonal combination test method. The optimal plate structure parameters were obtained as follows:
plate thickness was 2. 98 mm, plate spacing was 101. 60 mm, and relative area was 32 583. 69 mm*. The
prediction and correction model of moisture content based on nonlinear autoregressive neural network
NARX was established by Matlab software. The parameters of model structure and optimization algorithm
were determined by comparative analysis. The error analysis showed that the NARX prediction model
based on the quantitative conjugate gradient algorithm was the best. The hidden layer of the model was 1
layer, the number of neurons was 5, and the lag order was 3. Compared with the 105°C constant weight
method, the calibration error range was within + 0.5% , the maximum deviation was 0.65% , the
minimum deviation was 0.26% , and the average deviation was 0.44% . Compared with the static
capacitance water meter, the deviation fluctuation of on-line test of rice drying production was small,
which met the requirements of rice drying production.
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Tab.2 Experiment scheme and results

N (R

;; o TE WA WEL
7 ! : } C,/pF  C/pF € /G,
I I 1 I 39.49 3211 1.23
2 I 1 -1 39.49  31.59 1.25
3 1 -1 1 20.76  29.18  1.02
4 1 -1 -1 3872 27.66  1.40
5 -1 1 1 30,09 24.66  1.22
6 -1 1 -1 3831  36.84 1.04
7 -1 -1 1 36.53  30.19  1.21
8 1 -1 -1 27.47 2198 1.25
9 1682 0 0 39.49 3211 1.23
10 -1.682 0 0 3420 31.96  1.07
11 0 1.682 0 38.01  28.79  1.32
12 0 -1.682 0 28.05 2550  1.10
13 0 0 1.682 3206 24.66  1.30
14 0 0  -1.682 3420 2442  1.40
15 0 0 0 37.41  33.40 112
16 0 0 0 39.49  38.34  1.03
17 0 0 0 35.68  34.98  1.02
18 0 0 0 3579 29.09  1.23
19 0 0 0 39.56  38.78  1.02
20 0 0 0 36.19 3514 1.03
21 0 0 0 37.54  36.09  1.04
2 0 0 0 31.54 3062  1.03
23 0 0 0 32,16 3153 1.02
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Tab.3 Variance analysis of capacitance ratio
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X, X; 0. 042 1 7.36 0.0178"
X; 7.953 x10 3 1 1.39 0.2593
X3 0.03 1 5.30 0.0385*
X3 0. 14 1 24.13 0.000 3 **
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Fig.4 Impact of interaction on capacitance ratio
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Tab.4 Better conditions of electrode plate

WARJERE  HerlaEE  AXER A
P R
h/mm d/mm A/mm? Y,

2.98 101. 60
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2.97 100. 34
2.96 102. 54

32583.69 0.999 484
35093.57 0.999 354
33370.64 0.998 884
35261.28 0.998 579
34705.93 0.998 244
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Tab.5 Algorithm model optimization evaluation results
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Tab.6 Results of evaluation of number of

neurons and lag order
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of rice moisture content
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Fig. 12 NARX regression prediction of rice moisture content
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Tab.7 Result of moisture content test %
P53 For IAE FRifEfE A i 2
1 19. 87 19.22 0. 65
2 19.22 18. 63 0.59
3 17.85 17. 36 0.49
4 15.28 15. 65 0.37
5 14.37 14. 10 0.27
6 15.96 16. 34 0.38
7 15.30 14.95 0.35
8 18.28 18.93 0. 65
9 17.51 17.07 0.44
10 17.27 16. 84 0.43
11 14. 18 13.92 0.26
12 14.22 14. 54 0.32
13 18.13 17. 60 0.53
14 17.27 16. 84 0.43

B2 7 AN, % 7K R e KA 224 0. 65%
e/ MEXHR2E 4 0. 26% |, S FIXTHR 228 0. 44% |



52 4]

T R DU B SR A 245 SR 3 D
5.2 KBFERELMK

IKRE TR AE S 5 o AL R TR 2 A %
TN T a7 KR SRR R AR A, Bk
RHR 18% ~20% ., N4 P E IR T K A 24 1 %%
BT T RHLEL TR -0 BE R0 5 6 A LHEAR
WA KRS T RS 7R LR AG I 2 B 5] 14 B

Bl 14 R S e
Fig. 14  Installation of test device
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