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ABSTRACT

This paper introduces the turbine governor (TG) and automatic voltage regulator (AVR)
and new Adaptive Neuro-Fuzzy Inference System (ANFIS) to search for improvement and the
stability. MATLAB use on 3bus system and 3-phase faults between B1 and B2 systems with and
without (TG), (AVR) and (ANFIS) at t; =5 sec. and t. = 5.2 sec. From the results obtained
from the simulations, conclude that the voltage is in a stable state whether the rotor angle is
stable or unstable. (TG), (AVR) and (ANFIS) use in the grid have a role in the transient stability
of the system and the voltage is improved.

Keywords: Turbine Governor, Automatic VVoltage Regulator ANFIS, Voltage Stability.
1. Introduction

Stability is the ability to reach a stable state after eliminating an error or malfunction
in the system [1]. The voltage breakdown in the network causes loss of synchronization, stability
and affects the integrity is in the stability analysis [2]. The frequencies of the machine can return
the synchronous frequency first, through which the transient stability is determined [3]. A control
algorithm can be used to store and boost the energy of two microgrids with a single system and
maintain the state of charge [4]. Voltage fluctuations due to angular instability led to voltage
breakdown, and the cause of the breakdown is a catastrophic fault, in transient cases, which may
not always cause the loss of angular stability [5]. The power was optimized using a machine
learning algorithm and a combination of bio-inspired optimization and neural network was
suggesting [6]. Fuzzy logic Controller was used in PV systems by simulating the monitoring of
the maximum power [7], [8]. Pl with FLC use for power control and optimization [9]- [11].
Using an IEEE 13 Node and a PDS device to locate the error located with the FLC [12], [13]. In
the Iraqi network, to produce 100 KW using PV, the best site is chosen by studying the high
temperature [14]. Stress analysis maintains acceptable levels of response in the event of sudden
or gradual disturbances to obtain stability [15]. ANFIS and Pl achieved by Static Var
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Compensator and small wind turbines and for voltage regulation SVC was controlled by
Enhanced Pl By Genetic Algorithm on Single Machine Infinite Bus to enhance voltage and
transient stability [16]. AC7B and PSS with AVR were useing to study power, frequency,
voltage and rotor angle stability of 9 bus system [17]. Newton-Raphson method and FACTS
used to enhancement of power | IEEE 9 bus network. [18]. To boost the stability, the real power
flow interface indicator was using on the 30-bus network [19]. To improve the voltage on
SMIB, HSVC was applied with AVR and PSS, and the results showed the work of HSVC when
the system was exposed to disturbances [20], [21]. Frequency Division Multiple Access and
Time Division Multiple Access are used to adjust parameters of secondary transmitters and
improved [22]- [25].

Unified Power Flow Controller with Teaching-Learning-Based Optimization technology
are used to control the parameters and boost of power stability [26], [27]. Enhanced Dynamic
Voltage Restorer is used to increase reliability and voltage swell free load supply. VSC of DVR
is conducted to perform its stability with FLC used to detect voltage sag [28], [29]. HSA and
TLBO th set the parameters of Pl of POD with PSS which controller SVC device on IEEE 9 bus
system.

The results show the effectiveness in transient stability, damping oscillation [30]. A
neural network use to investigate the error between the ANN outputs and CFANN has the best
performance to solve the MLR problem [31]-[34]. Three simulation methods are applied to the
neural network and two types of layers. In the first layer he found two neurons and a pure line
function. Use three neurons and a positive line function in the second layer [35]. To use ANN,
solve MLR be follow to define the input and target data and create the ANN. [39].

This paper shows the angle and voltage stability control. The results when TG and AVR
were applied and they were effectively optimized when exposed to perturbation and maintain the
terminal voltage, it is placed in the excitation system.

2. Excitation System Description Of Power System

Fig. (1) shows exciter control system. To make the terminal voltage stable, the excitation
current field should be operated for rapid and continuous control [40]. AVR controls the
generator terminal voltage. The amplifier increases the strength of the regulation signal to that
required by the exciter [41]. The voltage of the synchronous generator is disturbed by the
disturbance in the network so the exciter will respond to maintain the voltage. In order not to
caused excessive heating of the rotor sets the maximum excitatory, to prevent possible loss of
excitation minimum [41]. Dynamic behavior of the excitatory system at rates in [41], [42].

v .
TRi? = _Vsi + (Vrefi - Vl) i=12 ... m (1)
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There is generally a limit constraint on the regulator output is:
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Figure 1. Exciter control system [43]

3. Turbine Governor System
Fig. (2) shows the turbine governor system [43].
Kt- single gain
Tt- time constant
Kg- speed governor is considered with single gain

Tg- single time-constant

Governor valve 1.0 Turbine
A Yo Ky K T
1+Tgs _/ 14Tt s e
0.0
1 W-tly
L3 Wo
Figure 2. turbine governor system [43]
dtg 1 Tr -
TGI—R—i(l—E)(wref—wi)—tg /—1,2,...,m (5)
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4. Methodology

In Fig. (3), Transfer function of excitation system [16]. ANFIS controller dampens the
rotor oscillations of the synchronous generator, input signal of the rotor speed deviation of the
generator w. ANFIS controller is moderate in phase at significant frequencies to make up for the
inherent difference between the field excitation and electric torque induced by ANFIS and
getting to damping oscillation. ANFIS represents the combination of neural networks and fuzzy
inference that works on finding optimization. Its excitation system used a circuit containing KF
and TF.

Ky 1
1+8T, | & Kg 4 STg Ve
AVR Exciter

ANFIS Controller

Figure 3. Transfer function of excitation system [16].

The function of the excitation system is:

er o 1 (7)
Ef KE+STE

Kr — constant gain

Ty — time constant of exciter

The control strategy consists of an ANFIS controller which is an integration of neural
networks and a fuzzy inference system from oscillation inputs w and error to solve problems.
The voltage has been improved by ANFIS.

5. Results And Discussion

Fig. (4) shows 3 bus system when the fault between 1B and 2B. Figures (5) and (6)
represent the angle 1-2 with and without (TG), (AVR) and ANFIS at a fault occurs t; = 5 sec.
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and the fault is removed by opening the breakers of the faulted line t. = 5.2 sec., respectively. In
Fig. (5) the angle with (TG), (AVR) and ANFIS stable and damping oscillation. In Figure (6),
fault is cleared by opening one of the two lines between B1 and B2. The voltage of B1, B2 and
B3 with and without (TG), (AVR) and ANFIS at t; = 5 sec. and t. = 5.2 sec., in Figures (7) and
(8) respectively. In Figure (7), voltage without (TG), (AVR) and ANFIS is stable. In Figure (8),
voltage with (TG), (AVR) and ANFIS is stable. The error has been removed and the original
system has been restored. ANFIS suppresses all oscillations, damping oscillations, stabilizing
and improving the voltage regulation of the system.

Fault is cleared by opening one of the two lines between B1 and B2. Compared with [20],
HSVC used with AVR and PSS when SMIB system was exposed to disturbances to improve
voltage stability.

Figure 6. DEL 1-2 with (TG), (AVR) and ANFIS.
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Figure 7. Voltage (B1__, B2 and B3__) without (TG), (AVR) and ANFIS.

Figure 8. Voltage (B1_, B2 and B3__) with (TG), (AVR) and ANFIS.

6. Conclusion

In 3-bus system, the tripartite fault between 1B and 2B were that if the rotating angle,
whether it was stable or unstable, then the voltage is stable and damping increase. If the inertia
value becomes large, it will interfere with TG and AVR and the system becomes more stable.
The addition of AVR and TG with ANFIS of the synchronous generator reduces unwanted
disturbances, parameters tuning and improve the dynamical response. The results show the
performance of the proposed technique in terms of low fluctuation, ripple, accuracy and speed.
The system is transiently stable s because the maximum value at which the defect is removed is
after these disturbances and the error is removed. ANFIS can suppress all oscillations better.
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