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Fig.1 Structure diagram of granular material chute type mass flowmeter
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A': 3D diagram; B: Cross-section; 1. Chute; 2. Capacitor plates
3. Metal shielded shell.
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Fig.2 Schematic diagram of the capacitive

sensor structure
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Fig.3 Structure chart of the data acquisition

system lower Computer
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Table 1 The variance analysis results of three kinds of granular material mass flow prediction models

ORI R P2 KR F-J5 FI ¥J5 FAiL PAiL
Types of granular material Source Sum of squares Df Mean square F value P value
1 Model 3971.0556 1 3971.0556 411.587 6 0.000 3
B
?K %2 Deviation 28.944 4 3 9.648 1
Maize
B3t Total 4 000.000 0 4
I %% Model 3981.8216 1 3981.8216 657.124 4 0.000 1
INGE
Wheat %2 Deviation 18.178 4 3 6.059 5
Kt Total 4.000.000 0 4
. 575 Model 1952.139 8 1 1952.139 8 327.903 7 0.000 4
PUT AR Tib o - o
Pelleted extrusion mixed feed %7 Deviation 17.860 2 3 5.9534
3t Total 1970.000 0 4
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Table 2 Measuring result of maize chute

type mass flow meter
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Table 4 Measuring result of pelleted extrusion mixed

feed chute type mass flow meter

WEBUA/C) BRI kg TR/ kg MIXTR2E/Y WEBA/C) BRRBUR kg BUERNEEE kg AAXTR2E/ %
Chute Granular material Measurement Relative Chute Granular material Measurement Relative

inclination mass feed mass error inclination mass feed mass error
30 28.126 2 6.66 30 279151 7.47
15 50 48.121 6 3.90 15 50 47.180 5 5.98
70 66.4450 5.35 65 61.362 0 5.93
30 29.120 4 3.02 30 28.7011 4.53
25 50 53.318 1 6.22 25 50 53.134 1 5.90
70 67.778 1 3.28 65 62.5327 3.95
30 29.662 6 1.14 30 30.490 5 1.61
35 50 49.635 4 0.73 35 50 49.388 0 1.24
70 69.337 0 0.96 65 64.104 7 1.40
30 29.3011 2.39 30 30.624 3 2.04
45 50 50.1550 0.31 45 50 48.585 3 291
70 72.929 4 4.02 65 63.6197 2.17
30 30.9279 3.00 30 31.8619 5.84
55 50 52.8211 5.34 50 52.364 8 452

70 69.8115 0.27
55 65 64.4559 0.84

*3 BEARERSITNEZNELER

Table 3 Measuring result of wheat chute

type mass flow meter

WEWA/C)  FRETE/kg  PRE e/ kg HRHRZE/ %
Chute Granular material Measurement Relative

inclination mass feed mass error
30 27.0330 10.98

15 50 46.458 2 7.62

70 65.124 9 7.49

30 29.308 6 2.36

25 50 47.249 7 5.82

70 66.081 3 5.93

30 30.034 2 0.11

35 50 50.844 6 1.66

70 68.389 9 2.35

30 29.044 8 3.29

45 50 50.679 7 1.34

70 70.962 4 1.36

30 30.364 0 1.20

55 50 51.405 2 2.73

70 71.5230 2.13
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Design and experiment of a chute mass flowmeter of granular
materials based on capacitance method

LU Kaixin"*,ZHAO Yanhui', CAO Qing"*, YONG Ganwen"”,
WANG Tianbin"?, LIU Jing"*,NIU Zhiyou"*

1.College of Engineering, Huazhong Agricultural University, Wuhan 430070, China;
2.Ministry of Agriculture and Rural Affairs Key Laboratory of Smart Farming for Agricultural Animals ,
Wuhan 430070, China

Abstract A chute mass flowmeter of granular materials was designed based on capacitance method
and according to the difference in dielectric properties between granular materials and air to achieve online
automatic measurement of the mass flow rate of granular materials in the chute. The device was equipped
with an STM32 microcontroller, a capacitance-to-digital Converter chip AD7746, and a plate conversion
circuit with MT8816 as the core chip to build a data acquisition system, achieving effective acquisition of
capacitance of eight-plate rotary excitation sensors.A test bench of mass flowmeter was built.Maize, wheat
and granular compound feed were used to calibrate the relationship between the mass flow rate and the val-
ue of cumulative capacitance. The models of predicting the mass flow of three kinds of granular materials
were constructed, with determination coefficient R* of 0.990 4, 0.993 9, and 0.987 9, respectively.The re-
sults of verifying the accuracy of chute mass flowmeter showed that the average relative error (MRE) of
measurement accuracy for maize, wheat and granular compound feed was 3.11%, 3.76%, and 3.75%,
when the inclination angle of the chute was 15°, 25°, 357, 45°, and 55°, the mass of maize and wheat
mass was 30, 50 and 70 kg, the mass of granular compound feed was 30, 50, and 65 kg, respectively.It is
indicated that it is feasible to use the capacitance method in the online measurement of mass flow rate in the
process of transporting granular materials through a chute, which can achieve the automatic online measure-
ment of the mass flow rate of granular materials.

Keywords capacitance; sensors; granular materials ; mass flow rate ; on-line measurement ; chute
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