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Adaptive Robust Control of Active and Passive Pendulum
Suspension for Large Boom Sprayer

CUI Longfei XUE Xinyu LE Feixiang DING Suming
( Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract; In field operation, the boom must be kept parallel to the ground or crop canopy, resulting in
unwanted movement of the boom due to the unevenness of the soil surface. The most important vibrations
affecting the spray distribution pattern, are rolling ( rotational motion around an axis along the driving
direction) causing spray boom motions in the vertical plane. In order to reduce the unevenness in spray
deposit, the majority of current agricultural sprayers are equipped with a vertical suspension system to
attenuate roll of the boom. The suspension tries to keep the boom at right angles to gravity by isolating the
boom from vibrations of the tractor or trailer. Aiming at the problem of low accuracy and poor stability
caused by parameter uncertainties and random disturbances in the passive and active pendulum type
suspension system, the adaptive robust control algorithm based on model compensation was developed.
Firstly, the nonlinear dynamic model and geometric equation of the pendulum active and passive
suspension were established by using the dynamic analytical modeling method. Then, based on the
nonlinear model of the suspension system, the design of adaptive robust controller was carried out, which
integrated many parameter uncertainties existing in the suspension system and the electro-hydraulic
position servo system model, and also took into account of uncertain nonlinear factors such as
uncompensated friction and disturbance of the system. It was proved theoretically that the designed
controller can guarantee the transient performance and steady-state accuracy of the output tracking control
system when the model parameters were uncertain and nonlinear. In order to make the designed control
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algorithm easier to understand and apply, the active and passive suspension of 28 m large boom driven by

single rod hydraulic actuator was used as an example. The platform was tested and verified by the control

algorithm, and the Stewart six-degree-of-freedom motion platform was used to simulate the motion

interference of the chassis. The proposed controller and feedback linearization controller, robust feedback

controller, and PID controller were compared on the test bench. The maximum tracking error of the

designed adaptive robust controller based on model compensation was 0.148°, while the feedback

linearization controller was 0. 201°, the robust feedback controller was 0. 51°, and the PID controller was

0. 48°, which verified that the design of the controller can ensure the asymptotic tracking performance and

steady-state tracking accuracy of the control system by using a smaller feedback gain coefficient in the

presence of parameter uncertainty and disturbance.

Key words: boom sprayer; active and passive pendulum suspension; electro-hydraulic servo system;

model compensation; adaptive control
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Fig. 1 Schematic of typical pendulum active and
passive suspension device

L3 2 89 3. i aEr 4. o s WU ()
6. FHREINEL (47) 7. FEHE 8. FHREINGL (£) 9. B (X)
10. TR e 2

1.2 BEREHHFEE

W55 25 AT AR PR AN S (14 b T 47 B B, 55 i e 257
A 35 5T VE R S BRI AR FE 8 30 (R T
FHLETHE T 0 B BERE 1 2 ) | A% SC 32 B AT (7R
s S A TR SE
1.2.1  ZZEHLA LA ) 72

MH%%T% S A IR B AN 1 2 B

B2 mekTph iR 2R e i

Fig.2 Schematic of pendulum boom suspension
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Tab.1 Main parameters of controlled suspension
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Fig.8 Comparison of tracking error results of four controllers
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Tab.2 Performance indices during last three cycles

after entering steady state (°)
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