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a Structural diagram of cantilever conveying trough system
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Tab.1 Parameters of hydraulic cylinder and stroke components
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Note: @ denotes the swing angle of the cantilever conveyor trough. /

denotes the length of the cantilever conveyor trough, mm. and b denotes
the distance between the rotary axis and the connection point of the
hydraulic cylinder, mm.
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Fig.2 Simplified model of damped cantilever conveyor trough
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Fig.3 Hydraulic cylinder model and mesh diagram
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Fig.6 Vibration signal processing for hydraulic cylinder
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Fig.7 Cantilever conveyor trough vibration acquisition site
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Construction and validation of damped pendulum model for cantilever
conveyor trough based on Lagrangian method

Qian Pengfei!, Gu Jiabao!, Tang Zhong®*#*, Lu Ting!, Gu Tingwei!, Shuren Chen?, Lao Liyun3

(1. College of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China; 2. College of Agricultural Engineering,
Jiangsu University, Zhenjiang 212013, China; 3. School of Water, Energy and Environment, Cranfield University, MK43 0AL, UK).
Key Laboratory of Intelligent Equipment and Robotics for Agriculture of Zhejiang Province, Hangzhou, 310058, China.
Abstract: During the operation of rice combine harvester, the cantilever conveying trough will produce unbalanced
swing, which leads to the problems of high failure rate and low harvesting efficiency of the whole machine. The
purpose of this paper is to establish a damped pendulum model of the cantilever conveyor trough of the combine
harvester based on the support of the hydraulic cylinder in order to accurately analyse the unbalanced pendulum
phenomenon generated during operation. In this paper, a certain model of rice combine harvester is taken as the
research object, and its cantilever conveying trough system is analysed by force and its dynamic model is established
based on Lagrange equation. In order to determine the values of hydraulic cylinder stiffness k, damping ¢ and total
excitation F in the damped pendulum model of the cantilever conveyor trough, firstly, a static analysis of the hydraulic
cylinder was carried out by using the modal analysis software Workbench, and the value of hydraulic cylinder stiffness
k was solved to be 1.0236x10% N/m. Then, the modal analysis of the hydraulic cylinder was carried out, and it was

learnt that its main vibration mode corresponded to the intrinsic frequency of 60.604 Hz, and the vibration acquisition
9



test was carried out for the hydraulic cylinder, and measurement points were set up at the front end and the rear end of
the hydraulic cylinder. The hydraulic cylinder amplitude is obtained by integrating the acceleration signal, and the
logarithmic attenuation rate of the amplitude is In2. The intrinsic frequency and logarithmic attenuation rate of the
amplitude are substituted into the damping formula to find out the damping ¢ of the hydraulic cylinder, which is 228.58
N - s/m. Finally, half-width and full-width field harvesting tests were carried out to obtain the external excitation of the
conveyor trough F. Four measurement points were set up at the connection between the cutting platform and the
conveyor trough, and the acceleration signals collected during the field tests were processed using the quadratic
integration method and the Fast Fourier Transform (FFT) to obtain the amplitude of the cantilevered conveyor trough
and the main frequency components of vibration, so that the excitation characteristics were obtained and the basis for
the verification of the subsequent dynamic differential equations. The excitation characteristics of the cantilever
conveyor trough were obtained and provided the basis for the verification of the subsequent differential equations of the
dynamics. After solving the parameters in the damped pendulum model of the cantilever conveyor trough, it is
necessary to verify its accuracy. The ODE45 function in MATLAB is used to solve the equations of angular velocity
and pendulum angle of the damped pendulum model of the cantilever conveyor trough, and the amplitudes of the
pendulums of the measurement points 3 and 4 in the initial and steady state are solved, and compared with the
amplitudes of the actual pendulums of the field test, which show that the theoretical solution of the amplitudes of the
pendulums of measurement points 3 and 4 under the steady condition is very good. The results show that the
theoretically solved pendulum amplitudes of measurement points 3 and 4 are very close to the test results under stable
conditions, with errors of about 1.11% and 4.30%, respectively, which verifies the accuracy and feasibility of the
damped pendulum model of the cantilever conveyor trough established in this study.

Keywords: model; simulation; pendulum; lagrangian equation; parameter calibration
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