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Hydraulic Passivity Based Nonlinear Robust Control for
Electrohydraulic System

Xiong Yi Wei Jianhua Hu Bo Feng Ruilin
(The State Key Laboratory of Fluid Power Transmission and Control, Zhejiang University , Hangzhou 310027, China)

Abstract ; Taking into account the strong nonlinearity associated with the dynamics of the electrohydraulic
system, a passivity based nonlinear robust control method was developed for it. In the proposed method,
the Lyapunov function was designed with the sliding mode of tracking error and the pressure error storage
function constructed in the hydraulic passivity theory. Thus the backstepping design process can be
decomposed into two cascaded steps: position tracking and pressure tracking. The electrohydraulic system
has a redundant dimension, as the two chambers of the hydraulic actuator have different areas. The added
internal dynamics of pressure also brought the stability issue. To handle this difficulty, a steady state
working point based assignment strategy was presented. This strategy combines force and flow constraint
conditions, such that it can assign unique desired pressure for each chamber of the hydraulic actuator. As
a result, the nonlinear robust control law was synthesized. Experiments were carried out on a prototype
system to validate the effectiveness of the proposed method. The experiment results show that with the
developed controller, the electrohydraulic system achieves accurate tracking. The error is no more than
5 pm, while tracking constant speed and sinusoidal trajectories. The proposed control method presents
good tracking performance and performance robustness.
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Ay, CHFFIE) /m* 0. 003 063 1 0.001 256 6
Vo /m? 3.0877 x10°*
Vy,/m’ 2.35285x10°*
L/m 0. 205 0. 205
m,/kg 175
R2 RHGEHEBSH
Tab.2 System model parameters
28 K fH 28 HfH
kg /N 1732 |[k,/(m®+s™"Pa™®*-V"") 35635 10"
b/(Nem~'+s) 66351|C,/(m*-s™'-MPa™") 3.3329 x10 7
B/MPa 700
=3 EHFESH
Tab.3 Controller parameters
28 Kl SR B fE
k., 10 000 ko 16. 45
k., 150 w, 0. 001
ke 27 w, 10
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XHE G 58 KA e = [ [ e () (T,

1

7|7, RS TS 2 T i A 1 B e g
BRI BT AR
4.3 ZHRLERSH

S P 255 1 G BB T 2% 000 S



390 | 1 R A= 20154

x, () = A (22) P YR A F, X 5L 500 T 22 HE 5 45
0.01 (1<10) A ) 7 1 AN AHAE BT DL R B e 4 iE R
0.08sin(0. 064w (t-10) -0.57) +0.09 (10<t<166.25) FAS S H IR HR E B 1, A8 X R DL B BRI

0.01 (166.25 <1< 170)

5 P BT RS IE R R ER T 2k K] 6
S SR 2o v UK Bl T 0 B A S s T g
2o BT XPE T IR BhGL S PR O FL S B T
452 ey o IE 52 B I S B ) 7 BRI 5% 2 i 4k LA
B I T B U 22 i 2 DL P 8, L v o7 B R R e 2
PRZE RIS 4. PR 9 D s il 1 9 2 il s A {5 S5

AL AT EE T p, o
0.18 T T T T
0.16 |
0.14
012t
g
S\g 0.10
= 0.08
0.06
0.04
0.02
0 2‘0 4‘0 6‘0 80 l(I)O léO 14‘10 160
i} 1Al /s
K5  FREEIEREBE L
Fig.5 System sinusoidal tracking curves
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Fig.6 Desired and actual pressure curves of
drive hydraulic cylinder
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Fig.7  Actual output force versus force control demand
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Fig. 8 Position tracking error and pressure tracking error
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Tab.4 Sinusoidal tracking error

i 3l A €pax/ M el me/m
1 2.1147 x10 73 4.1543 x10°°
2 2.1459 x10° 3.9987 x 10 ~°
3 2.0843 x10°° 3.9354 x10°°
4 2.0106 x10 ™3 3.9221x10°
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Fig.9 Control signal and load pressure
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Tab.5 Constant speed tracking error NPT — . 5] AXTIEZ M A & M
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