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Abstract: Power systems may revelation the harmful and undesirable chaotic phenomenon in certain conditions. This project
describes the control of a chaotic oscillation in power system. Chaos may lead the power system to voltage instability and voltage
collapse when voltage stability conditions are broken. Chaotic oscillations are very sensitive to parameter and initial conditions
of power system. Many controllers are projected in practical to suppress the chaos and avoid voltage collapse. In this thesis, a
Conventional Sliding Mode Control is applied for removal of chaotic oscillations. The aim of the controller is to remove the
chaotic oscillations and bring the order to the nonlinear system. It is also shown that the proposed controller assurances the
system state convergence to their desired ethics. To demonstrate the effectiveness of the projected controller, MATLAB
Programming is done.
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I.  INTRODUCTION
Generally, the electric power systems are embraced of three-phase AC systems which is operating basically at constant voltages.
Voltage stability refers as the ability of the system to maintain steady acceptable voltages at all buses of the power system under
normal operating conditions and after being subjected to some disturbances too. Due to increase in the loads demand, faults on the
system or any other changes which is affecting the system conditions, the disturbances produced.
When a disturbance acting on the system causes an overpowering and progressive change in the bus voltages, the power system
comes into voltage instability state. A low unacceptable voltage profile in a significant part of the power system may be led by The
sequence of events associated voltage instability which led the system to the voltage avalanche[1].
In past decades, significant research and development work has been undertaken to gain a better insight and develop analytical tools
for system stability studies. Though interconnected transmission networks result in economical operation and increased reliability
through mutual support, they also contribute to an increased complexity of stability problems. The complex transmission network
may worsen the consequences of instability in such cases[2].
In the past twenty years, power system instability is one of the main reasons for large-scale blackouts all over the world. Modern
power system is forced to operate close to its stability limit due to the growth of power demand and other constraints for structuring
new power plants and transmission lines. Recently, electric power systems have become huger and more complicated as stability
problems have become more complex as interconnections become more extensive.
Power system is a very complex nonlinear system. So, there may be the chance of exhibiting unstable behaviour. This complex
nonlinear system frequently leads to problem that are related to its safety and shows unstable operations. Power system comes into
transient stage when the disturbance happens. If the disturbance is small then continuous oscillation follows and if the disturbance is
large then the system may come into chaotic behaviour[3].
Many researchers studies the chaotic marvel in power system which were mainly focused on the effect of chaotic oscillations in
power system. The main cause of these oscillations and its relationship with power system instability were also studied in [9-13].
During the analysis of stability of nonlinear system, it is very crucial to study the nature and dynamics of its response. It is obvious
that a complex nonlinear system shows chaotic oscillations under certain initial conditions. It makes the system dynamically unstable,
causes severe problems and ultimately leads to operational instability.
To supress these chaotic oscillations and voltage instability, different kind of the sliding mode controllers are used [6]. Chattering-free
time scale separation SMC was applied in [8] to power system chaos suppression. CSMC and Super Twisting SMC are implemented
in [11] for the chaos suppression.
In the early 1960s, Russian scientists invented Sliding Mode Control and it is known from Variable Structure Control (VSC) and also
stated in the article of Utkin in 1970s [4]. SMC has a simplicity and robustness in contrast to system uncertainties and instabilities.
That’s why it studied widely and effectually for the implementation in control problems[5].

©IJRASET: All Rights are Reserved 4027




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429
Volume 9 Issue VII July 2021- Available at www.ijraset.com

Il.  SINGLE MACHINE INFINITE BUS POWER SYSTEM MODELLING
A. Dynamic Model Of The Power System
Under some consideration, a three-bus system is consisted by the power system as shown in Fig. 1. The infinite busbar is
represented by E;, ¥, and #,. The Generator model is represented by E,., ¥,, and &,,, the load bus voltage and phase angle are
represented by ¥, and &. This considered system also involves an induction motor with a PQ load in parallel. [10]
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Fig. 1. Considered three-bus power system

The rotor motion of the generator is specified via the swing equation, [13][14]
M.E,, +dp.8 =B, - B @h)

S = )

The generated electrical power,

F=- Er;:; Vi SIN(Bi) - By Vo Vi SINE - & + 6 ) (3)

Using (1), (3) and (2), we get
M.ty = - dpy @iy + Bt Epy Vo ¥y SINEG - By - 8y ) + Er;:; ¥, SIN(Ey) (4)

B. Model Of The Power System Load
The load model comprises of a dynamic induction motor representation for industrial load which is in parallel with a constant P-Q
load and a constant impedance load representing residential plus commercial load. Here, load demands are voltage and frequency
dependent.
P (scheduled) = B, + P, + k.8 + Kk (V, + TV,)
Q(scheduled) = @y + @, + ko, & + kg Vy + kppn . VP
®)
where,
B,, 0 = The constant real and reactive powers of the motor respectively
P,, ¢, =P-Q loads that can be varied for getting load flow result
T = Time constant of the motor
Kpwr Kow Koy kg and k. = Empirical constants that characterize the load
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Fig. 2. A modest power system
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Initially, the load flow has a flat start with I, = 1 pu and ¢ = 0. After that new P

[=ch)
0.

Figure is modelled as Thevenin equivalent circuit to make it convenient to account for the capacitor by adjusting £, and ¥, instead
of including the capacitor in the circuit. Therefore, the voltage, admittance and angle of Thevenin equivalent circuit can be
expressed as,

and 0 .., are calculated with ¥, = 0 and 0 =

(2ch])

—1
cosBn +1

V,=¥2 - 2c¥,cos 8, + 2

c¥y *sin G,

r -1
g, = &, +tan
o L—c¥, tcos8,

The real power of the load bus is being supplied through the network is expressed by,

P= - E Y5 Vpsin(0 +6) - ExVy ¥y SIN(@ - &n + The reactive power of the load bus is being supplied through the
b )t (¥ SiN(Ep) + Vi SINER)). Vi (6) network is expressed by,

Q= E,¥V.cos(o +8;) +E,. WV, ¥V, cos(0- &,.+t68,)-
(V3 cos(8,) + ¥, cos(8,,). Ve (7)

Using the above equations (5), (6) and (7), we get
ko0 = Eg¥g ¥ co s(6 + &) + E, WV, cos(d -
*’-;rr;_gm) - ku‘u-v:, b ':?n b '?L - (kr.'u: _F[;
cos(fy) + ¥,,c08(8,,)). V¢ (8)

TV Ko Koo = Ky Kooz Vi + (Kpy Koy - Ky ko) Vi
- Ko (En Yo Vpsin(é + &) + Em ¥y Vi
COS(5 - by Em)) + '[*-E'u ((Fnr Sin(ﬁ“é)) +
Vi Sin(en:))- IIr:rL: -Fy - PL) - kﬂ[._l(E[; l'r[;
1, cos(s+8;) +E, WV, V,cos(0 -5, +
Bin)) + kpy (Vo COS(83) + ¥y, COS(6,))
Vi @t Q)
©)

By gathering the equation (2), (4), (8) and (9) represent the power system dynamic model.

C. Calculation of Equilibrium Points

By setting the left-hand side of equations (2), (4), (8) and (9) to zero and solving the non-linear algebraic equations by the Newton-
Raphson method, the steady state equilibrium points &2, w?, &%, v,° can be calculated.

By taking the first partial derivatives of the right-hand side of equation (2), (4), (8) and (9), the Jacobian matrix of the load flow
equations can be calculated. The determinant of the Jacobian becomes zero when these equilibrium points become the saddle node
bifurcation points.

det(J) =0 (10)
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By equating the determinant of (J) to as well as by neglecting higher order terms and assuming that the cosine of a small angle is
equal to one and the sine of a small angle to be equal to the angle itself in det(J) will take the following term:

kg Eg Yo + By Vi - Z(kr.'u: +¥+ V)V, =0

. Pyl -
(= Rgu +.E|-|':|-I + Em Yl

¥V =

L

(11)

- T
2Rgpz + 7 + Tl

. Tyl r 23
(= Ry +.|":T|-|':|-I + Epq ¥l

2= -@n (12)

5 g
4{Rgyz + ¥ + V)

From equation (9), the load active power at bifurcation is obtained.

P = ;__L(krlm L 1”;‘; + (kpw kv = ko kpo) Ve - 'E"u'u.-(P[:' -

P) + km_,(l:?c. + QL - Q)) (13)
The other equilibrium points ¢, 4, and «w,, can be obtained by solving the nonlinear equations (2), (4), (8) and (9) iteratively.

By substituting the parameters values given in [10] in (4.4), (4.8) and (4.9), the equilibrium points for ¥;, Q and P can be obtained.
The parameters of the generator are such that¥,,= 5, 8, = —5,E,, = 1, B, = 1,d,, = 0.05 and M = 0.3. Te parameters of the
network are such that ¥, = 20, 8, = -5, E,;=1,¢ =12, ¥; =8, 8, =12, and E; = 2.5 Te parameters of the load are such that k.. =
0.4, &y, = 0.3, ky, =003, &y, = 2.8, ke = 2.1, T=85, B, = 0.6, @, = 1.3. All the parameter values are in per unit except the
angles which are in radians.

By applying these values of parameters, the power system model can be written as,
Gy = Wy
Gm= BV SINO -8y 12 )y Ty
6= psVLC0S(0 -8y - p2) - psVL COS(O - pr ) + pl +
PVl TP @t Pt ouy
T}L = Pz Vi €oS(0 - &y - 13) + PraVp cOS( - py5) +
PLeVi + P1r Vi + PraQ+ prst Uz
(14)
Here the values of parameters p1-p19 are as following:
pl =16.66667, p2 = 0.087266, p3 = —0.16667,
p4 = 1.88074, p5 = —166.6667, p6 = —666.66667,
p7 = 0.20944, p8 = 496.87181, p9 = —93.3333,
p10 = 33.33333, p11 = 43.33333, pl2 = 26.21722,
p13=0.01241, p14 = 104.868887, p15 = 0.13458,
p16 = —78.7638, p17 = 14.52288, p18 = —5.22876,

p19 = —-7.03268.

The state variables x, ®-,%a, x, is taken instead of 5, . w,.. & ¥, respectively. So, the state variable x,-x, is written in such

-

that [x, x0 %3 %,]7= [ wmd Vi1
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Hence, the power system dynamic model is determined by following expressions:
=X
XK= PixgSin(xg-xt o) taaat g
H3= Ps¥y COS(xz-Xy-ph) - Peky COS(az- ;) +ppxi +
Poxyt Po@rt Pt uy
Xy= Proxy COS(Xg- X0 - Prg) * Praxg COS(xg - pys) +
PreXitpirxat poQyt Pt us (15)

The fourth-order model (15) of the power system is simulated when w; = u- = 0 and with §,=11.37 to obtain the results without
using controller.

The thesis’s main aim is to design controllers meant for the power system so that chaotic oscillation can be suppressed.

For that let x4, x.4, x5y and x4 represent the desired values of x,, x., x5, x, respectively which satisfy the following two
equations:

1) x,4=0

2) P1xagSin(xag-x1gtpP2) tPs=0 (16)

D. Transformation Model
To signify the errors between actual and desired states of the system, the transformation model is obtained. So, the following
transformation is proposed to facilitate the design of the controller:
S1=ay-oay
Zg = Xaq
Zz3 = PragSin(wg - xyt ) + Prw g SiN(aay - xat po) +
Paa
Z4=X3- X3g 17
Here, =, (#), 22(t), Zz( £} and =4 () assurances that when they converge to zero at t—oo, then the system states x; (¢}, (), x5(t)
and x4(t) congregate to their desired ethics, respectively.

The system model is given by the expression (15) by applying the transformation (17) can be described as,
2,52z
E, 523
2= i+
2= fo+ Tz (18)
where,
fi= P Pz oxyg SIN(ag - 2+ po) COS(xp - x+ pyg) +
Pr(Praxgcos(xg-pis) * peai tporg tpe @t
Prg) SIN(xg- 2, po) + Proay COS(xg -2yt po) (psxy
COS(xz - 2y = Pa) - P COS(x5 - pr) + P + g 2y +
Pro Qut puy) t x5 (Proxysin(rg-x+ ) +py 20t
Ps)
fo= pex COS(ag-x, - pn) - pexy COS(x5- pr) + pexit
PoxatpQut P

Ty = Pru, Sin(xg - x,+ o) + Pruyx, COS(xg - x4+ po)

Uz=1y (19)
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The transformed model (17) is used to design the controller. The controllers will be designed to power the state variables z,{#},
Z2(¢), Z2(t) and Z3(t) to congregate them to zero as t—oo, so that the system states xy(t), ¥z(t), x(t) and x4(t) meet to their
desired ethics.

E. Design of a Conventional SMC to suppress the chaotic Oscillations

The first step for the choice of the sliding surfaces, is the design of sliding mode controllers.

Here two sliding surfaces are design for the two inputs of the power system. For that let &,, 3., n,, ., ¥, and K, be positive
scalars. Hence, the sliding surface 5, and 5, are formed as,

S5,=Za Bzt Bz (20)

S5;= 24 (21)

Theorem: By applying the sliding mode controller Iy and %z to the transformed model (17), the state variables =i (¢}, 2= (£}, Zz(t)
and z4(t) ensures its convergence to zero as t—oo.

= -fi -Biz5 - foza - ??L(zﬂ + izt .Ir-?:z:) - KLSign(z!
+ Bz, +.Ir—:‘|:z:) (22)

T =-fi - .24 - Kosign(zy) (23)

Proof:

Differentiating (20) and (21) with respect to time (t) and using (18),

S =2+ B3, + 2, = fi + UL+ Biza + flazg (24)

By substituting the value of % and @z from (22) and (23) respectively,

5,=- 0,5, - K;sign(s)) (25)
5;=2,= 5 + Tz =- 1,5, - K=sign(5.) (26)
The expression descried below is satisfy by above dynamic equations (25) and (26):

5:8; = - mi 87 - K;i5:sign(Sy) = - ;iS¢ - K; |51,

fori=1,2. (27)
When §; # 0, the dynamic equations (25) and (26) assurance that 5;5; < 0 for (i= 1, 2). Whatever the trajectories associated with the
discontinuous dynamics (25) and (26) show a finite time reachability to zero from any primary condition which providing the
scalars 8,, 3., n,.1.. K, and K,are positive scalars where the gains &, and &, are strictly positive and large. Hence, to reach the
surfaces 5, = 0 and 5, = 0 for finite time the dynamic equations (25) and (26) give the assurance.
Determined that 5, = 0 for finite time, by the equation z3 + 8z, + 5.z, = 0, the variables z; (¢}, z=(t) and =z{t) are overseen after
such finite time. Since z, () will asymptotically converge to zero, the decision is made here from the transformed system (17) that
=2t} and zz(¢) will asymptotically converge to 0 as t—o0. As 5, is driven to zero in finite time, z.(#) will congregate to zero in
finite time.
So, the conclusion is made that the sliding mode controller inputs (25)-(26) gave the assurance of the state variables z;(t), zz( £},
Z3(t) and Z4(t) to zero as t—oo. Thus, the controller (25)-(26) guarantee that the asymptotic convergence of the states of x (¢},
xo(t], x,(t) and x4(¢) to their desired ethics for t—co.
To reduce the chattering associated with the proposed sliding mode controller, the switching function sign can be replaced by the
saturation function, such that,
Sat (5;) = { sign (%)), Zi>e€

{ 5i/e, 5 <e (28)

with e is a small positive number.
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I1l. RESULT ANALYSIS OF THE DYNAMIC POWER SYSTEM WITHOUT CONTROLLER
The results of the programming without controller are shown in figures 1 to 5. Figure 1 and 2 show the waveforms of the machine
angle &, and the speed deviation w,,. V/s time without applying any controller respectively.

/ \ | | ] |
o[ A VRV T R

Voo

uos

1 14 1 1 2
Time (sec)

Fig. 1. The machine power angle &, v/s time without controller

Fig. 2. The speed deviation 1wy, v/s time without controller

The graphs of angle 5 and load voltage ¥, v/s time without applying any controller are shown in figure 3 and 4 respectively. These
graphs clearly showed that the chaotic oscillations are present in them in the presence of the disturbance. So, to mitigate these
chaotic oscillations from the system, the implementation of the appropriate controller should be necessary.

004

0.02,

i 2 4 ] Ll 1 12 “ 16 18 2
Time s2c)

Fig. 3. The load power angle & v/s time without controller
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0 2 + G 8 0 12 % 6 18 2
Time (sec)

Fig. 4. The load voltage ¥; v/s time without controller

Wi (radisec)

L 1 1 1 1 1
032 034 036 038 04 0.42 044
delta_ (rad)

Fig. 5. The machine power angle &,, V/s w,, the speed deviation without controller

Here, the graph of angle 3,, versus «,, without controller is shown in figure 5 which represent that in finite-time, the system states
are not congregated near their desired ethics because of the chaotic oscillations. For the system congregate to their desired ethics by

eliminate these oscillations, controller is applied in the system.
For the programming of the dynamic power system model (15) with controller, the control inputs «, and wc. should be variable with

the disturbing parameter ¢,. So, the programming results are obtained for system with control inputs «,and . as given in (22) and
(23)and g, =11.37.

IV. RESULT ANALYSIS OF THE DYNAMIC POWER SYSTEM WITH CONTROLLER
The results of the programming with controller are shown in figures 6 to 12. Figure 6 and 7 show the waveforms of the machine

power angle 3., versus time and the speed deviation ws,,, Versus time with controller respectively.
It is cleared from these figures 6 and 7 that whatever the oscillation produced, is suppressed when SMC controller is used into the
closed loop system. The machine power angle &,, and the speed deviation wa,, Of the system converges to their desired value within

2 to 5 sec which means the proposed controller works well.

[ 1 12 1 16 18
Time (sec)

Fig. 6. The machine power angle 4, v/s time with controller

©IJRASET: All Rights are Reserved




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429
Volume 9 Issue VII July 2021- Available at www.ijraset.com

Wi (rad/sec)

=

4
0 2 4 6 8 1 2 " 1% 8 2

Time (sec)

Fig. 7. The speed deviation w,, V/s time with controller

The graphs of the load power angle & and the load voltage 17, versus time with controller are shown in figure 8 and 9 respectively.
These graphs clearly showed that the chaotic oscillations well suppressed as SMC is applied into the closed loop system but the
responses suffer a little bit from chattering problem.

o

0 H 0 5 B 0 2 0 1 18 il
Time (sec)

Fig. 8. The load power angle & v/s time with controller

i
) 2 4 6 [ 0 ? N % 1% 2
Time (sec]

Fig. 5.9. The load voltage ¥; v/s time with controller
Here, figure 10 and 11 show the graphs of inputs of CSMC u, and u- V/s time, in which the chattering problem is observed. Here,

u., produces an aggressive chattering problem. To suppression this chattering problem, higher order SMC can be used by means of
obtaining better results.
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Fig. 10. The input of CSMC ¢4 V/s time

03 3 036 038

038
deta, (12d)

Fig. 12. The machine power angle &, V/S w, the speed deviation with controller

The graph of the machine angle s, v/s the speed deviation w,, with CSMC is shown in figure 6 which shows that the system states
are converged near their desired ethics in finite time as controller is applied. So, it can be concluded that the proposed CSMC works
well but its transient responses suffer a little bit because of chattering problem. Nevertheless, this problem is overcome by using the

higher order SMC.

V. CONCLUSION

In this paper, the problem of controlling chaos in a power system is studied in this thesis, for which the three- bus power system
model is used. It is obvious that there might be present the chaotic oscillation under certain initial conditions which is very sensitive
to the initial conditions and system parameter as power system is a complex nonlinear system. So, any small changes to them can
break the stable oscillations. Here, Conventional SMC is used to suppress these chaotic oscillations. Because of this controller, the
states of the dynamic power system converge to their desired values in finite time and concluded that the proposed controller works

well.
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VI. FUTURE SCOPE
In future, the problem of suppressing chaotic oscillations, chattering phenomenon and peak overshoot will done by using other types
of sliding mode control schemes like Higher Order SMC, Super Twisting Second Order SMC, Advanced SMC, Terminal SMC and
Discrete-time SMC as well as observer-based controllers.
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