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Robust Fault Detection for Hydraulic Servo System

Using Disturbance Compensation and Adaptive Threshold
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QIU Lihua and WANG Zhanlin
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Abstract: The paper studies model observer-based robust faolt detection system for an aircraft hydraulic servo sysiem, pre-
sents the disturbance compensation and adaptive threshold design methods, and enhances the robusiness and sensitivity using
them. Simulations demonstrate that the detection method proposed can robustly and rapidly detect the small abrupt and slow drift

faults of the servo system.
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2 FAEAPLER (Model of hydralic servo)
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Fig. 1 The architecture of an aircraft hvdraulic servo system with disturbances and faults,
and the scheme of a simplified model-based observer
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3 R T AR B ] 38 iR 3 (Design of fault
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4 BiE R {H18 31 Design of adaptive thresh-
old)
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5 Fi4bEH Eid it (Design of disturbance
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Fig.2  The scheme of disturbance compensation and robust
residual generation

REE 2, TS ERE () A,
raels) =[g1(s}G,:\(s) + g5 Juls) +
g1(s)Gy (shdg(s} + gi{s)Gef (s) Fi(s)
(8)

S R FR 200 7
rals) = QUsr(s) — rals)], (9

He, 0(s) i —EEGEE RN BB,
TEZRE AR M RN R WA, W E
Mg T4, T2 - R, e — R
Ht R — 45 2 SR T 41, 3 HF T S R R )
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6  EPER N B Sinmlations of fault detection)

{FH £ 7 MATLAB f9 SIMULINK I3 F # 17
8 iCRREHEATEE RERBN 0.03s, R
B R A (6s) B RIHES

u(e} = 0.65sin(2x - £/3). IBWERR Q(s) = 1.

6.1 MLY% TES M (Physical parameters of the hy-

draulic servo)

2.
P, = 14{MPa), go = 4.3(L min},
K. = 494 10°%(V/V), K = 1.73 - 1075(V/V),
1.0 - 1¢(mA/V), @, = 628(rad/s),

-~
1

fo=C =045, A= 18110 ),
E=70:-100(N/m’}, m = 9{N-+s/m},

K, = 0.38(V/(°)), K, = 4.3+ IF(N - m/(?))},

Koo = 2.51 « 107 (m’/N - s},

R=4.1-107(m), K, =1.39-10°((*}/m},
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6.2 T {ESi8 X (Definitions of disturbances)

a) AR EE; b) B E DT H,
dg(e) = 10"6qusin(10 c 1 +0.25); ¢} ABTI
Flt) . BTRESHEN A ERS D ER
BEDRY K, B, HEAIR ALK, = Koz
VKo RGHERBEENE 6, B
R AR
6.3 (A% B Definitions of faults}
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B ( Simulation results using adaptive threshold in
case of no disturbance compensation }
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Fig. 3 The detection residuals in case of the servo
amplifier fault 7,
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Fig. 5 After using disturbance compensation.the detection
residuals in case of the abrupl and drift faults

6.5 TFHL40 2 T i BE# B 45 3R ( Simulation results
using both disturbance compenastion and adaptive
threshold )
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7 &5t (Conclusion)
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