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Abbreviations

DDH           Double-pump direct driven hydraulics 

ADRC         Active disturbance rejection control

TD               Tracking-differentiator

ESO            Extended state observer

NFCL          Nonlinear feedback control law

PID             Proportional-Integral-Differential
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1 Introduction

。
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Pump-controlled system has become the centre of the focus

1. 1 Background

• Fast dynamic response
• High control accuracy
• Large throttling loss
• Low system efficiency 
• etc.

Electro-hydraulic servo system

pump-controlledvalve-controlled

• Eliminates the throttling loss
• Improves system efficiency
• etc.
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1. 1 Background
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Adaptive fuzzy control

1.Time-varying 
2.Nonlinearity

Control based on 
disturbance observer

 Adaptive backstepping

etc.

Unbalanced flow

Pilot-operated check 
valve

Double-pump 
compensation circuit

Asymmetric flow 
distribution pump

Multi-pump 
compensation circuit
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1. 2 Research content
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Build a model, including the DDH, mechanism of the 
crane, and ADRC controller

1 >

2 >

Use ADRC method in DDH

3 > Simulations were performed using two types of 
reference signal with or without disturbances

This paper proposed a control method adopting ADRC 

for the time-varying and nonlinear problems of DDH.
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2 Modelling

。
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2.1 Working principle of DDH
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The schematic diagram of DDH as shown in Figure 1,and 

the list of the components as shown in Table 1.
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2.2 Model
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In the model, the following assumptions are given: the 
hydraulic cylinder leakage is zero; the hydraulic cylinder 
load is an inertial load, and there is no elastic load.

2) Cylinder Model: 

1) Pump Model: 

3) State-space equations: 
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Defining the state variables: 
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2.2 Model
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The schematic diagram of the crane structure is shown in 
Figure 2. the hydraulic cylinder velocity can be expressed by:

 
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2 cos( )

dd ddx dt
dt d d d d

4) Mathematical model of crane

5) State-space equations Model validation: 
This  verifies the feasibility of the deduced state-space 

equation of the DDH.
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3 Method

。
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3.1 Structure of ADRC
ADRC is a control algorithm without dependence on 

the system model. Its basic idea is to consider unmodelled 
dynamics and unknown external disturbance as “total 
disturbance” of the system. 
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3.2 Design of ESO
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The ESO is the core part of ADRC, which can track the 
state variables and estimate the internal and external 
disturbance of the system.

Internal disturbance 

External disturbance 
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3.3 Design of ADRC
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The overall mathematical equation of ADRC is as follows：
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4 Results and analysis
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4.1 Simulation parameters of DDH
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Uses sine signal and actual working position signal as inputs 
to the system, compares the position tracking performance with P 
and PI controller. The simulation parameters of DDH are shown 
in Table 2
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4.2 sine position signal
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The sine position signal was set as：   
20.15sin( ) 0.15

10 2rx t

Figure 5. The sine position signal tracking without disturbance: (a) position 
tracking ; (b) position tracking error ; (c) total disturbance observation.

(a) (b)

(c)
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4.2 sine position signal
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Figure 6. The sine position signal tracking with disturbance: (a) disturbance force ; (b) 
position tracking ; (c) position tracking error ; (d) total disturbance observation.

(a) (b)

 (c) (d)
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4.2 sine position signal
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ADRC reduce
Compare with P 86% 70% 89% 71%

Compare with PI 66% 27% 69% 27%
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4.3 Actual working position signal

No.2016:33

Figure 7. The actual working position signal tracking without disturbance: (a) position 
tracking ; (b) position tracking error ; (c) total disturbance observation.

(a) (b) 

(c) 
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4.3 Actual working position signal
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Figure 8. With disturbance: (a) disturbance force ; (b) position tracking ; (c) position 
tracking error ; (d) total disturbance observation.

Disturbance
Reversing

(a) (b) 

(c) (d) 
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4.3 Actual working position signal
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ADRC reduce
Compare with P 78% 43% 81% 48%

Compare with PI 73% 58% 73% 58%
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5 Conclusions
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5 Conclusions

Compared with PID control, ADRC can suppress 
internal and external disturbances effectively, having 
high position tracking precision and strong robustness.

Although the control method ADRC can improve 
control accuracy on the DDH based on the simulation 
results, it should be compared with experimental data 
for validation. Hence, in the near future, a test bench 
needs to be set up, and experiments should be 
performed with the proposed control method. 
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