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Robust Actuator Fault Detection and Isolation In
a Multi-Area Interconnected Power System

Istemihan Genc, and Fikret Caliskan”

Abstract— A robust actuator fault detection and isolation
method is proposed to detect and isolate the governor faults in
a multi-area power system in which the frequency is regulated
by an area-wise decentralized load frequency control system. A
bank of unknown input observers that are robust to the
changes in the load demand is used while each unknown input
observer is sensitive to all actuator faults but one. Each
unknown input observer, as a residual generator, is driven by
all outputs and all inputs but one. The proposed scheme is
tested on a two-area power system composed of 5 generating
units through simulation studies which show that the governor
faults can be detected and isolated successfully.

Index Terms—power systems, fault detection and isolation,
unknown input observer, load frequency control

I. INTRODUCTION

OAD Frequency Control (LFC) is a well-known method

of maintaining frequency and power interchanges of
interconnected power systems. Any fault in the actuators,
controllers or sensors in the LFC loops may cause
unexpected deviations in the system’s frequency, power
interchanges and loadings of generating units. Therefore, the
faults occurring during implementation of LFC need to be
detected and isolated.

Model based Fault Detection and Isolation (FDI) has been
extensively used for detecting, isolating and identifying the
faults in a system based on the comparison between the
system’s available measurements and its mathematical
model [8]. Specifically, Unknown Input Observers (UIOs)
have been used for robust FDI in which the observers are
insensitive to disturbances [1]-[9]. The application of FDI in
power system dynamics and control has recently been
studied by some researchers. Aldeen and Sharma [10] have
introduced a software approach to fault detection and
identification in the LFC loops of interconnected power
systems. Through their approach, which is based on the
failure detection filter, faults occurring in the load frequency
control loops and in the communication channels have been
studied. In [11], Aldeen and Crusca have proposed a fault
detection procedure based on the UIOs to detect
transmission network faults and to isolate their exact
locations. They modeled the faults as unknown inputs
decoupled from the state and output measurements.
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Recently, by means of UIOs, a robust FDI procedure to
detect and isolate sensor and controller faults occurring in
the LFC loops has been applied in [12] by the authors.

Normally, in a LFC system, the governor and turbine
units or controllers can be characterized as the actuators. In
[12], only the faults in the integral controllers of the LFC
system have been considered and treated as the actuator
faults that may occur in the system, whereas, in this paper,
UIOs are designed to detect and isolate the governor faults.

Simulations have been performed for a simplified model
of a power system composed of two areas. The effectiveness
of UIOs in detection and isolation of the governor faults has
been demonstrated.

Il. RoBUST ACTUATOR FDI SCHEME BASED ON UIOs

A dynamical system subject to actuator faults can be
expressed as

X = Ax + Bu + Ed + Bf,
@
y = Cx,

where x € R™ is the state vector, u € R"is the input vector,
d € R? is the unknown input (disturbance) vector, y €
R™ is the output vector and f, € R" is the actuator fault
vector. The equations for a full-order UIO for the system
above can be defined as

z=Fz+TBu+ Ky

)
X=z+Hy,
where X € R™ is the estimated state vector and z € R™ is the
state of the full-order observer [8]. The matrices F, T, K, H,
which are the design parameters, are selected such that the
unknown input is decoupled from the residual,
r=y—Cx=U—-CH)y—Cz (3)

The necessary and sufficient conditions for an UIO are
given below [9]:

Q) rank(CE)=rank(E)

(i) (C,A)) is detectable pair where

A, = A—E[(CE)"CE]"*(CE)TCA ()

To design a robust actuator FDI scheme, the dynamical
system (1) can be rewritten [8] as
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% = Ax + Bul + Bf} + b;(u; + fo) + Ed

- . d
- i, ifri . -
x =Ax + B'u +Bfa+[Eb‘][ui+fai]forl 1,2,..r
x = Ax + B'u! + Bif} + Eld!
y = Cx, (5)

where b; € R™! is the iy, column of the matrix B, B! €
R™ (=1 js obtained from B by discarding the iy, column by,
u; € R is the iy, element of u, u’ € RO~V*1 js obtained
from u by discarding the iy, element, u;, f,; € R¥™ is the iy,
element of f,, f! € RC~D*1js obtained from f, by deleting
the i, element ;. E* and d'are defined as

) . d

] fori=1.2,..r (6)
The residual generator can be stated as

' =F'z' + T'B'u' + K'y

ri=(U-CHYy+Cz' fori=12,...r (7

In order to design robust UIOs for actuator FDI, the
following equations must be satisfied:

Z
HICE' = E!
T'=1-HC
Fi=T!A—K!C must be Hurwitz
Ki = F'H!
K'=K!+ K} (8)

Each unknown input observer is driven by all outputs and
all inputs but one (see, Fig.1). When a fault occurs in one of
the actuators, e.g. i-th actuator, each norm of the residual
vectors will satisfy the following:

78\l < Thp and Pk|l = Ty fork=1,..i=1,i+1,..7

where Tip,’s are isolation thresholds. A robust and UIO-
based actuator fault detection and isolation scheme, which
consists of a bank of UIO’s is depicted in Fig. 1.

I1l. FDI APPLICATION TO A TWO-AREA POWER SYSTEM
UNDER LFC

A two-area power system with an area-wise decentralized
LFC as a supplementary control for frequency regulation
can be represented as in the block diagram given in Fig.2.
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In one area of the test system, three generating units,
whereas on the other area, two generating units are assumed.

In order to analyze and develop a FDI scheme for the
actuator faults, the actuator and plant dynamics can be
distinguished as follows:

Assuming that the system is subject to actuator faults, the
dynamics of the plant involving the turbines and generators
can be expressed as

X =Ax + Buy + Ed
y=Cx ©)

The state vector

X = [f APy, fAfl Afy APgll

APglz APng fAfZ Afz APng APgZZ] ’ (10)
where Af; is the frequency deviation inarea j and AP, is
the deviation in the generation at the [-th unit of area j and
APy, is the tie-line power flow deviation. The disturbance
vector,
d =[Ad; Ady], (11)
where Ad; is the change in the load demand of area j. The

control input vector, which is composed of actuator outputs,
Ug = [Angll Anglz AXg1213 AngZl AngZZ] (12)
where AXg,;, is the deviation in the governor valve or gate
position of the I-th unit in area j.

The dynamics of the actuators involving governors with

the LFC system behavior can be represented as
JICR = ARxR + BRuC + FRx

Urp = CRxR = XgR (13)

where

u. = —Kx = [APyyy  APciz; APy3 APy APy,] (14)

comprises the deviations in the speed governor changer
positions AP, ;.
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Fig. 2. Block diagram of LFC applied to a two-area system.

IV. SIMULATION RESULTS

The actuator fault detection and isolation method is
demonstrated through simulations performed for the two-
area test system described in the previous section. Here we
investigate only the actuator faults, where the governors are
considered to be the actuators in the system.

The UIOs generate the residuals such that the detection
and isolation of the faults in the actuators can be performed.
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The successful designs for the UIO are robust to the
unknown disturbances, which are the changes in the load
demand in power system control areas.

In the simulations, we assume only one governor fault at
a time in one of the generating units belonging to an area. A
change in the load demand is simulated to be a step input at
time t = 5s whereas the actuator fault occurs at time t =
7s.
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The existence of the UIOs and the success in the
operation of the proposed FDI method are strongly
dependent on the selected set of observed variables. In
order to design the full set of UIOs, the vector of measured
variables, y, is selected as follows:
y= [Af1 APgII APng APg13 Afz APng Aszz]T .
The squared norm of the residuals for the no actuator fault
case and a case in which GOV 3 is faulty are given in Fig.
3 and Fig. 4, respectively. As we compare the residuals in
both cases, since only the residual corresponding to GOV 3
is insensitive to the fault, the actuator fault of interest can
easily be distinguished.

Time-domain simulations regarding the changes in the
frequencies of areas for the cases when the governor fault is
assumed and when no fault exists in the system are given in
Fig. 5 and Fig. 6. The governor fault considerably affects the
transient response of the frequencies with an increase in the
overshoot and the settling time.
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Fig. 3. Norm of residuals when no actuator fault exists.
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Fig.4. Norm of residuals when GOV _; fault exists.
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Fig. 5. Frequency deviation in area I.
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Fig. 6. Frequency deviation in area I1.

V. CONCLUSION

In this paper, a robust actuator fault detection and
isolation method has been adapted to isolate the governor
faults in the interconnected power systems with LFC. In the
method, unknown input observers have been designed and
utilized in a power system composed of two areas.

It has been presented that the proposed scheme is able to
detect and isolate actuator faults, which are the faults in the
governors, by a proper and feasible selection of observed
variables. The proposed method shows the operator which
actuator is faulty, thus the faulty actuator can be replaced
with a healthy one for a more reliable operation of the
interconnected power system. The method and its results can
easily be generalized to a multi-area power system network.
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