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ELECTRIC POWER SYSTEM WITH GOVERNOR DEADBAND

NONLINEARITY: MODELING AND CONTROL

IMAM R. M. EL-SEDAWIE

ABSTRACT

This paper presents studies of the duynamic performance of a hydro-thermal power
system under the effect of governor deadband nonlinearity. The describing
function approach is utilized to handle the nonlinearity beside a linearized state
space model for the rest of the sustem.

A new model is developed for the lpad frequency control problem of a two-area
hudro-thermal power system comprised of thermal and huydro plant which differ
widely in their characteristics. The optimal and decentralized control
approaches are applied to control the behaviour of the system.

It is found that the principal effects of speed governor backlash nonlinearity

produce more oscillations in area frequency deviation. Alsp, it is observed

that the proposed control technigues improves system response and succeeded in
stabilizing the sustem.

¥ Lecturer, Dept. of Electric Machines & Power Engineering, Faculty of Engineering
& Tecnology, University of Helwan, Helwan, Cairo, Egupt . '
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INTRODUCTION

Power systems have been growing in size and complexity with increasing
interconnection between sustems. Interconnected operation ensures a more
reliable power supply by sharing spinning reserve capacities during emergericies.
In additibn, it results in more economic operation when the diversity of the load in
the different areas can be advantageously used. The problem of multiarea power
systems based on linear models has received attentions of several authors [1-3l.

In power systems the speed governor is a class of physical transmission elements
which has the property of saturation, deadband and husteresis. "~ All governors
have deadband, which are important for speed control under small disturbances
because the deadbands affect the stability of the sustem [4,51.

Few work has been done concerning optimization of power systems- taking the
effect of governor nonlinearities. Reference [4] studied the effect of the
governor deadband nonlinearity by considering a symmetrical two-area power
system with reheat steam turbines. The dynamic behaviour of an electric power
system is also investigated in [6] under the effect of speed governor rate and
position limits. In the present work, we apply the proposed control
algorithms for the design of power system controller to a two-area hudro-thermal
with governor deadband nonlinearity which differ widely in their characteristics.

The describing function approach is used to linearize the sustem and then
to derive the model of a hydro-thermal power system. The proposed Gontrol
technique is then applied to the developed model.

DYNAMICAL MODEL FORMULATION WITH GOVERNOR DEADBAND

Hudro-electric power sustems differ from steam electric power sustems in that the
relatively large inertia of the water used as a source of energy causes
a considerably greater time lag in the response of the prime mover torque to a
changing gate position. Also, for hudro turbine, there is an initial tendency for
the torque to change in a direction opposite to that finally produced [3].

Governor deadband is defined as the total magnitude of a sustained speed change
within which there is no change in valve position, or in other word it is a measure
of its insensitivity to changes in sustem speed and is expressed in percent of
rated speed, a typical value of which is 0.06% [4]. By representing the governor
nonlinearities by the block shown in Fig.di. Following [4] and using the
describing function analysis, the backlash nonlinearity introduces a time lag
associated with the zero in the governor transfer function, as shown in Fig 1.
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Fig.i. Backlash nonlinearity with speed governor model.

Then, the transfer function of the speed governor with backlash nonlinearity is
ofven bu 141 ; oy
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where Ni and Nz are called the backlash coefficients and are given by:

Ny = -5{; - sin"'(% —1) - (% — 1)cos( sin &R _ g )] (2)
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where A and @ are the constant amplitude and frequency for the input sinusoid:
waveform to the backlash, and K is the slope of hysteresis shown in Fig 2.
A tupical value of backlash is 0.06. However, by refering to the discussion in 087
it is found from Fig.3 that A/D=4 will imply a backlash of approximatelu 0.05%.
biwit)

Slope K

awe)

k-

edaathadle S
b

Fig.2. Governor backlash nonlinearity

This value of A/D for backlash of 005% is chosen for digital simulation in '
work. Refering to Fig 3, the following backlash coefficients are obtained
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- Fig.3. Coefficients nf gnvernor deadband against A/D
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The usual value of slope K of the curve in Fig2 is 1, and the tupical value of the
ioad frequency control response indicates w = 2xf with f = 05SHz or W = =n.
Then from eafi)

02
Xgte) 08 —2£ 5

i " o R . SOt (4)
als) 1+ 5Ty

The block diagram of a two-area huydro-thermal power sustem with governor
deadband is shown in Fig.4. The thermal system (area 1) consists of non reheat
turbines whereas the hudro-electric system (area 2) is considered to be equipped
with a mechanical hydraulic governor.
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Fig.4 Block diagram of 2-area hudro-thermal power system with
governor deadband nonlinearity.

The state vectors for the thermal and hydro areas respectively are defined as
follows.

xTy = [ 88, Awy AP, AXy ] ©
T

where Mi is the voltage angle deviation (rad) in area i, i=1,2 ; Aui is (.he angular
frequency deviation (rad™ in area i, i=1,2 ; AF'gi is the deviation in mechanical
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power (pu. power) in area i, i=1,2 ; AX . is the deviation in governor pa_sition {p.u.
power) in area i, i=1,2 ; Ag; is the deviation in gate position (p.u. mr) in area 2;
The speed changer positions AF_4y and AP_5 in p.u. power (uyup) in area i and 2,
are the two control inputs to the power sustem. The dunamic equations can be
derived by the block diagram shown in Fig 4 as follow:

a8y = & Buy )
M1=ﬁi7_;““1:“"bi[“’gi-ﬂpd1'“°tieiz3 @
AP, = —i— ax, @
_ 1
a8y =4 Awy 1
1
= -—-——------1 —TuS (13)
8Fg2 = 15 osT,,8 8 .
Ag, = —4 _ AX (14)
9z = 14+7T a2
t2
Nz
Ny + =58
BXgy = —Th—pfls [ &P ; — Ejp Auy ) (L)
The expression of u;, i=1,2 can be substituted from the following equations
where ACEi is the area control error and is found by -~
Aw.
1
g-t I ACEi dt. = Aptiel + ﬂi T = a7

where §; is the freguency bias parameter which determines the amount of
interconnection during a disturbance in the neighbouwring areas.
The system equations can easily be written in the compact form

X =Ax+Bu+Td us

where x is a ( 9xi ) state vector, u is a ( 2x1 ) control vector, and d is a ( 2x1 )
disturbance vector. The state distribution matrix A ( 9x9 ), the input matrix
B ( 9x2 ) and the disturbance matrix I' { 9%xZ ) in this case, have the following
structure:

-l
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where for area i (i=1,2), E; is the area freguency response characteristic; Hi is
the effective rotary inertia (p.u. MWS™), Di is the load freguency constant (p.u. MWS
rad ); T;: is the turbine time constant (5); T i is the speed governor time constant
(8); Tw is the water starting time constant in seconds (hydro area) T 7. is the tie
line power flow constant at operating conditions; aqo is constant;

¥
N, T E
2 T 42 1.
Y, = &= _ 2 [-1+—=1; (20)
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The transient response requirements of the system necessitates the minimization

of the function
o

min J....j(A812+Aui + 85,7 + 8oy + u? v upf ) ot 24)

The objective of the next section is to design controller that generates speed
changer command signals, AP_, and AP_,, which minimize the function (24) subject to

the system dunamic constraint given by (i8).
OPTIMIZATION SCHEME

The dynamic of the interconnected power sustem may be described as an
interconnection of N subsustems represented by
N

i = Ax; +Bu+ZHuxJ.1.~1.2,, - (25)

Associated with each sn.:bsgstem is a performance index J; of the form
I = 42 It x; TQx; + ug 'Ryjug ) ot (26)

where x; is the nl—dxmensiunal state vector of the ith subsustem, u; is the m1
dimensional control vector, Q is at least a positive semi-definite matrix, and R is

a positive matrix. Also

A; = block diag. [ Ag, Ap sl AN

B; = block diag. [ By Bopooooeee » By %
and H;; is the interconnection matrix. The problem is how to find
dec:ent.r‘ahzed controller y; of the form

w=—-Fx, i=1Z... » M @7
which minimizes J;. Consider the isolated decoupled subsystem in which the

“

interaction vectors are assumed to be zero

xi=Aixi+Bi Ui, 1.2 L& e , M (26)

pach of subsuystems described by (28) can minimize J it when the control vectors
are given by

u = — R TR 0 i=12 . N @9
where Py is summetrio pogitive definite solution of matrix Riccati equation

AR+ PA -P CBRTIB TR vy =0 (30
Then the closed loop decoupled subsustems are given by

An T
=(A1_F1Rl Bl Pl)xl 3 i=1,2, ......... ,N . (31)
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using the control uy of (29), the sgste: (25 is described by
i=12,......... N (32)

. -1, T
=

We can observe thal this decentralized scheme is developed to improve the

performance of the system.

In the next section, the decentralized technigque is

applied to the power system model.

SIMULATION RESULTS

The following numerical data have been used by [1,6] for load Freﬁuencg control
studies of th: two-area hydro-thermal power system: .

Sec; My =£D3 p
05 Sec; T iz = 0.02704; 312 = -4; Bi = BZ = 0.425.

My = J.167 pu; Dy = 0.00833 p.u,; Ei = 0416 pu; Tyy = 0.2 Ser; Tti =03
u; Dy =0008 pu; E; = 0013pu,; Tyy = 1.2 gec; Typ = 05 Sec; Ty =
Furthermore, the speed

goverror backlash coefficients are given as in section 2.

Case study 1:
We condider the uncontrolled power system; ie. uy = up = 0, with and without
governor deadband nonlinearity. The system dunamic responses are presented
in Figs.5-8. The principal effects of governor deadband nonlinearity in this
case is to produce more oscillations and instability has been observed. '
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Fig. 5 Fig. 6
Case Study 2:

Following the decentralized control optimization technigue as in section 3, and for
the sake of comparison, the closed loop sustem has been simulated in each of the

following cases:
a) The complete decentralized control ( decoupled )

b) Decentralized control with interaction ( coupled )
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c) Centralized optimal control

The simulation results are shown in Figs. 9-42 to illustrate the effect of
governor-deadband nonlinearity. It is observed that the increased oscillations in
the systbm response as a whole in the area frequency deviations and the stability
of the sustem is not threatened by using the control technigues adopted in this
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It is found that the proposed decentralized controller give satisfactory results
for this system having comparatively strong interaction among its areas. The
results indicate that zero steady state errors in freguency can be achieved.
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1

Morever, the settling time is reduced ( about 6-8 sec ) better than other
conventional controllers [4] ( about 120 sec ).

o

CONCLUSION

A new model for a hudro-thermal power system with governor deadband nonlinearity
has been developed in this paper. The decentralized control technigque has been
applied to the two-area model. It is found that the principal effects of speed
governor backlash nonlinearity produce more oscillations in area frequency
deviation. Also, it is observed that the decentralized and centralized control
techniques improves system response and succeeded in stabilizing the system.
The results indicates that the proposed methods can simplify the design of control
system for large-scale power plant.
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