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Design and experiment of density monitoring system for
round baler based on rolling pressure

YOU Yong', MA Pengbo', CHEN Ke', HUI Yunting", LI Sibiao’, WANG Decheng’,
GAO Xiaohong?, SU Jiajia®
(1. College of Engineering, China Agricultural University, Beijing 100083, China;
2. Hohhot Branch of Chinese Academy of Agricultural Mechanization Sciences Co. , Ltd. , Hohhot 010010, China)

Abstract In response to the current problems of the low degree of informatization of domestic round baler
and lack of effective monitoring means for bale density, a set of bale density monitoring system for round
baler was designed in this study. The real-time monitoring of bale density is realized by measuring the roll
pressure during the bale forming process and establishing a function model between roll pressure and bale
density. The monitoring system is mainly composed of controller, signal acquisition module, communication
module, display module and power supply module, etc. It realizes the monitoring of several operational

parameters of the round baler through the roll pressure acquisition device and side tension acquisition

KRB 2023-12-12

EEWMB: AFHEREMERARENLEMALTIE (2021CG0011D); ILFR A B ARG TR T H (2022CXGC020704) ; B K E 7=l H Rk Z (CARS-34)
E—1E&: Aik(ORCID:0000-0002-6026-3414) , B #% L £ SIH, EFENEZWHHH R . E-mail: youyong@cau. edu. cn

BERAEE: EBRECORCID:0000-0003- 0132-4448) , i# I , EZ M FF AW I AR T 5 . E-mail :hyt@cau. edu. cn



H

9 1h JEUK A« H T TR ) TR AL AR % 8 0 R e B0 45 1

159

device. In this study, a test bed is set up to carry out the bale performance test of the bale density
monitoring system. Bundle density is monitored by using roll pressure and side tension as bale formation
indexes to compare the differences respectively. This study conducted tests on the compression law of
wheat straw, established a function model between roll pressure and density in the bale forming process,
and verified the function model based on several bale tests. The results show that: 1) The bale density
monitoring system of round baler based on roll pressure can realize the collection and monitoring of
operational parameters during the bale forming process of round baler. 2) The maximum deviation of bale
density is 4.38% and the coefficient of variation is 3. 12% when using roll pressure as the index of bale
formation. The density monitoring method based on roll pressure can more accurately reflect the size of
bale density compared with the side pulling force. 3) The relationship between roll pressure and density of
wheat straw with 15% moisture content in the baling process is in accordance with the quadratic function
model, the correlation coefficient is 0.983, and the maximum deviation between the calculated value and
the measured value is 5.06%, which makes the compression model able to accurately reflect the
relationship between roll pressure and density. In conclusion, the monitoring system constructed in this

study can realize the real-time monitoring of the bale density. This study provides a reference for the bale

density control of round baler.
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1. Front baling chamber; 2. Roll pressure monitoring device ;

3. Inlet of baling chamber; 4. Steel roll; 5. Back baling chamber.
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Fig. 1 Schematic diagram of the test bench structure
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Fig. 2 Structure diagram of roll pressure measuring device
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Fig. 3 Schematic diagram of rubber roller
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1. Tension sensor; 2. Spring; 3. Adjuster bolt of pretightening force; 4. Connecting rodr; 5. Reset spring; 6. Hange.
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Fig. 4 Schematic diagram of side tension measuring device
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Fig. 5 The process chart of monitoring system
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Fig. 7 The test results of density monitoring system roll

pressure and side tension
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Table 1 The results of bale density monitoring based on roll pressure and side tension.
e FF 4 K J1 Based on roll pressure FLFM$7 /7 Based on side tension
o PRIk R G/ W% R/ RN kg B2/
Bale weight Bale density Bias Bale weight Bale density Bias
1 27.5 138.95 —1.36 28.2 142. 48 4.95
2 28.6 144.50 2.58 26.7 134. 90 —0.63
3 28.3 142.99 1.51 25.5 128. 84 —5.10
4 26.8 135.41 —3.87 24.9 125.81 —7.33
5 29.1 147.03 4.38 25.9 130. 86 —3.61
6 26.7 134.90 —4.23 28.7 145.01 6.81
7 28.4 143.49 1.87 27.5 138.95 2.34
8 28.7 145.01 —2.94 26.4 133. 39 —1.75
9 26.9 135.91 —3.52 26.9 135.91 0.11
10 27.8 140. 46 —0.29 28.0 141. 47 4.21
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Table 2 Calculated and measured results
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of bale density based on roll pressure

A % B/ (kg/m?) Bale density

e &JET/N i 22/ %
Number  Roll pressure Rt Wt Bias
Calculated value Measured value
1 138.6 111.3 108. 2 —2.78
2 145.6 113.7 115.9 1.91
3 166.8 120.5 115.6 —4.09
4 189.1 126.7 120.3 —5.06
5 201.7 129.8 135.7 4.58
6 233.5 136. 1 133.4 —1.95
7 278.2 141.5 144. 2 1.93
8 291.5 142.3 138.3 —2.82
9 323.5 142.9 144.9 1.41
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