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Design and Experiment of Load Controller for Chopping Roller of
Hay Cutter under Disturbance

WANG Zheng'> REN Longlong'®> LI Yang'? WU Yangiang'®> SHU Yu'? SONG Yuepeng'’
(1. College of Mechanical and Electronic Engineering, Shandong Agricultural University, Taian 271018, China
2. Shandong Key Laboratory of Garden Machinery and Equipment, Taian 271018, China)

Abstract; In order to improve the control performance, work quality, and reduce energy consumption of
the hay cutter cutting operation, an objective function was established based on linear predictive control
and combined with the characteristics of the hay cutter cutting operation. The sampling period was
derived from the cutting kinematic error model to solve the control robustness, and the control time
domain and prediction time domain were derived from the cutting dynamics model to improve control
responsiveness. A load controller for the hay cutter cutting roller was designed. Simulink simulation
showed that when the prediction parameter group (sampling period, prediction time domain, control time
domain) selected through calculation and regression optimization was 0.8 s, 15 s, and 2 s, the control
accuracy and robustness were the best, the operation ability was the highest, the response speed to
disturbances was the fastest, the suppression ability was the strongest, and the energy consumption was
the lowest (9.27 x10° J). The on-site test results showed that the optimized predictive parameter group
model cont-roller can effectively track and control the cutting load of the hay cutter, and the product
quality met the standard requirements. At the same time, it improved the operation capacity of the hay
cutter, making the system control response faster, production efficiency higher, and unit operation energy
consumption smaller (1.382 x 10" J). The method for establishing the parameter model of this controller
provided a reference for the design of the control system of a generic forage crop harvester.
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Fig. 14 Influence of experimental factors on steady-state error of rotational speed
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Fig. 15 Steady state simulation results of closed-loop speed
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Fig. 16  Closed-loop simulation results of transient response to positive and negative disturbances of crop feed rate step

TRE TR S R A 5 S R S LR T
I , [a] Ik B ARG T MRS AT, LAAMEE S S HILAY B 10 3h
il S ALZ I S WE e . AR T B
Pk 2 58 G A5 1 RS IR /N, K Sl LG S L T 3
DI PR EE E  Th o Pt A At G T A o £ 5 fil 2 Bl
DU T, Ta) B 385 R 1 IR B e, LIS BV & BB Y
KB T e SR R SRR . A% A
Rl 5 TC e 3 A2 A 5 w7 I () B 3 7 45 R
T8 PR BB R KA S 5 FR R 22 402 9 R

H I, SR A5 2% e S XoF B A9 e o, O 5 B 3 I 3l g
07 Fisf [ 4 3, 75 3] 45 A5 150 6 38 A 42 il B9 BB AE U 3% 10
NS

RT BESHARIIEREE
Tab.7 Disturbance control speed of parameter
group r/min
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Tab.8 Simulation of speed change and response

time disturbance under each parameter group
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EdLsh 31.10 28.21 5.57 25.6

i i) %3] 18.28 7.85 1. 66 25.4
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Tab.9 Simulation and tracking of maximum

disturbance in speed step of each parameter group
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Tab.10 Energy comsumption on chopping step simulation
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Fig. 17  Structure of forage crop cutter test bed
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Tab.11 Main operation technical parameters of

hay cutter test bed
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Fig. 19  Effects of corn straw chopping

x12 FiTFIEREE
Tab.12 Cutting energy consumption of each

control model
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Tab.13 Results of corn stalk chopping test
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