International Journal of Engineering & Technology, 7 (4.8) (2018) 1-6

International Journal of Engineering & Technology

Website: www.sciencepubco.com/index.php/IJET

SPC

Research paper

PID Control of Hydraulic Turbine with Excitation and
Synchronization Systems

Ahmed Ibrahim Jaber Alzubaydy!, Vadym Dorohobid?*, Mykola Borozdin®, Ruslan Zakharchenko®

ICollage of engineering University of Diyalal, Iraq
2Poltava National Technical Yuri Kondratyuk University, Ukraine
3Poltava National Technical Yuri Kondratyuk University, Ukraine
“Poltava National Technical Yuri Kondratyuk University, Ukraine

*Corresponding author E-mail: vdorogobid@gmail.com

Abstract

Hydroelectric energy is a major source of renewable electricity in the world. The industry is continuously searching for ways to improve
the efficiency and reliability with which it produces energy. Here suggested a PID approach to turbine governor by utilizing human expe-
rience. The simulation model of Hydro Power Plant was constructed based on mathematical equations that summarize the behavior of the
power plant. The simulation model of power plant is useful in stability studies. Simulation models are suitable for use in large scale sys-
tem stability studies. The PID controller is designed and tested for three phases to ground fault by simulations which are reported in this
paper. Results obtained by simulation show the rapidity and robustness of the PID controller. This controller is able to maintain the gen-
erated electrical power characteristics in spite of the changing user load.

The invention and design of stabilized system means the ability of the system working with different load and fault. Controlling voltage
system represent control an active power in electrical power grid by increasing and decreasing the generator voltage. In this paper com-
pleted models test that stability and flexibility of the Synchronized generator with over exciter, and under exciter by Governor and Exci-

tation systems.

Keywords: distributed generation, synchronous generator, active power, voltage regulator, speed regulator.

1. Introduction

Hydro-electric energy is the most important renewable energy in
the world [1]. It provides energy to various loads. User load re-
quires a uniform and uninterrupted supply of input energy. The
load demand varies continuously. It affects the terminal voltage
and frequency. The objective of the control strategy is to generate
and deliver power in an interconnected system as economically
and reliably as possible while maintaining the voltage and fre-
quency within permissible limits. Hydro-electric power station is
equipped with hydraulic turbine governor and excitation control.
Hydraulic turbine governor controls the frequency intern speed of
the turbine according to load variation. Reactive power require-
ment is controlled by Excitation system [2]. The control of Active
and Reactive power keeps the system in the steady state [3]. Sev-
eral controllers such as PID controller, intelligent controller,
Adaptive controller have been applied for the turbine governor of
hydroelectric power plant [6- 11]. However conventional PID
controllers are not suitable for such complex high order time de-
lay, nonlinear system process. The fuzzy logic was an important
technology and a successful branch of automation and control
theory, which provides good results in control of power system.
The fuzzy logic is first presented by Zadeh in 1965. It is widely
used for nonlinear, complex, renewable energy, modeling and
power electronics [12, 13].

“Hydro Power Plant” simulation model of hydropower plant was
developed by utilizing the blocks available in MatLab simpower

tool. The hydropower plant model is made up of following com-
ponents [2], [4-5]

Excitation control

Three phase Transformer

Three phase Loads

Three phase Short Fault

Three phase source

Synchronous Generator

. Hydraulic Turbine Governor [5]

Electric power systems can be defined as the systems which can
deliver energy in real-time. It means the ability to generate,
transport and supply power at the term you push button to turn the
light on. The systems of electric power are not storage arrange-
ment system, like gas and water systems. Instead, generators sup-
ply energy according to the need of request. The process of gener-
ation means producing electrical energy in the power plant then
convert it into the power high or low voltage depend on sending or
receiving case.

The power plants produce energy as Hydraulic, chemical, solar,
wind, geothermal, nuclear, heat, mechanical, and other.

The Transmission lines transport electrical energy over long dis-
tances to the distribution places with high voltage power.

In the last, substations convert this high voltage electrical power
into lower voltage power by using stepdown transformer. The
transmission lines are more convenient for the delivery of electri-
cal power energy to its terminus, where it is once more altered for
residential, commercial, and industrial consumption.
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2. Main body

To obtain a stable operation with alternating current AC power
system, the voltage, and frequency must be approximately with
constant values or varying with a partial and under control mode
according to oscillating of active or reactive loads. Active power
flowing depends on the energy coming to prime mover, and speed
of the synchronous generator (SG). In contrast, control reactive
power is linked to the voltage at the terminal. Excessively electric
active power load would cause speed breakdown, despite the fact
that more reactive power load would effect voltage failure. To
remain constant with load generator the frequency may be con-
trolled by its speed, if actions remain signal on the load terminal,
or definitely are the over strong in definite area of a power system,
this may be called isochronous control. On the contrary, when the
SG is portion of a big system of power, and electric generation is
collective by two or more SGs, frequency, and speed. The speed
could not be controlled to stay constant because it would prevent
generation division among several SGs, by control with speed sag
may solve this problem in order to allow reasonable generation of
distribution. Automatic generation control (AGC) deal out the
generation duty among SGs, according to that, the speed control
system of each SG controls its speed or frequency with sufficient
speed sag so that preferred generation allocation is achieved. In
the figure (1) all the following apparatuses can be distinguished:
Speed governor and the excitation system.

Prime mover/turbine and SG.

Voltage, current, and speed sensors.

Added PSS to the voltage controller input.

Power system electromagnetic field (emf), Es, transmission
line (XT), step-up transformer.

Excitation system consists of equipment used to provide DC field
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power for a synchronous machine, by including all control and
protective functions to the specific field [1]. We define the portion
of this system to provide power to main field as the "exciter" Fig-
ure (2). This is the sours of the main field voltage, Efd and current,
Ifd. The exciter may be a rotating power amplifier like an AC or
DC generator. If the exciter is an AC type, then the output must be
rectified to DC. Either stationary or rotating rectifiers accomplish
the conversion from AC to DC.

The exciter also may be a static device with some form of solid —
state converter/controller. The amount of power required to pro-
vide the magnetic field to the generator to operate. The verity of
magnetic field different from machine to machine. A very rough
rule of thumb is that it takes typically 1% of the machine's output
power to excite it at rated power and rated power factor.

Control and | Power
protection > Exciter [ |_’ sys-
tem

Exciter system  Main field Generator

Fig. 2: Power system /Generator / Excitation System

The percent of machine output required to excite the field tends to
be lower for high-speed machines driven by gas or steam turbines
and higher for low-speed machines, such as those driven by hy-
draulic turbines. The Automatic Voltage Regulator is responsible
for controlling and regulating the output of the synchronous ma-
chine. The AVR works through the exciter. In some cases, the
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Fig. 1: General synchronous generator control system
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Fig. 3: Hydraulic turbine with Syn. generator

AVR is a part of the exciter; in other cases, it is a separate device.
The pilot exciter is the device that supplies power to the AVR.
Model of synchronous generator is connected to hydroelectric
turbine (Fig. 3). This model represented by a three phase generator
has rated apparent power is 200 MVVA, with 13.8 kV voltage and
112.5 rpm speed. Generator is connected at time t=0.1 s, to the
three-phases transformer (210MVA, 13.8 kV/230 kV), whose
terminals are connected in delta. Three-phases ground fault take
place on the 230 kV buss, the fault is clarified at time t=0.2s. Dur-
ing this sample, this system could be initialized in order to start in
steady state with the generator supplying 200 MW of active power
and observe the dynamic response of the machine and of its volt-
age and speed regulators. The design of the PID controller de-
pends on the experience of a human expert. Present paper de-
scribes PID control system for small hydroelectric power station
are to establish turbine governor. Controller is an artificial deci-
sion maker that operates in a closed-loop system in real time. It
gathers plant output data, compares it to the reference input, and
then decides what the plant input should be to ensure that the per-
formance objectives will be met. [14] We take the speed differ-
ence from the measuring system as an input for Rotor speed is
compared with referenced speed to find speed deviation. This
speed difference is input for The output control signal is control
signal for Gate opening mechanism. The gate opening mechanism
consists of servomotor. This control signal drives the servomotor
which intern controls the gate opening. PID system for defining
the control signal of turbine gate opening mechanism is mentioned
in present paper.

The model is considering regulator servomotor, turbine and gener-
ator. The servomotor is used as governor and it is regulated de-
pending on the signal coming from PID controller. The model was
designed using Matlab-Simulink. After the controller based hy-
draulic controller was designed, the simulation results were ob-
tained for three phases to ground fault. Results are observed on
four scopes which show such parameters as generator terminal
voltage, excitation voltage, stator current, rotors speed.

In order to test the control system in response of the generator
voltage and stability the generator model run up to 20 s and 12.1 s
times been upgraded alternator voltage by 0.05 pu for a period of
0.2s.

The Fig. 4 show generator voltage has stabilized after 2 s of run-
ning system.

0.6
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0 2 4 6 8 10 12 14 16 18 Time.s

Fig. 4: Generator voltage (pu) with Time (s)
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Fig. 5: Value of the control signal voltage Gen
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Outgoing control of PID type voltage AVR where increased signal
controlled by 1.7 pu at the starting generater as in Figure (5).
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Fig. 6: Reactive power (pu) with Time (s)
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Figure (6) represents output power in pu. In time 12.1s the signal
has small peck for 0.02s.
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Fig. 7: Active power (pu) with Time (s)

18 Time.s

Figure (7) shows a slight swing of active power at 2s going to
stabile. After 12.1 the system becomes unstable for 0.2s

Over Exciter. The purpose of this test is to study generator behav-
iour of incitement and the responsiveness of system control.

Model has time with 20s at 12.1s the system will become over
exciter because the voltage excitation changes to 0.15 pu.
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Fig. 8: Generator voltage (pu) with Time (s)

Figure (8) represents the value of the generator voltage when the
generator is increased voltage by 0.15 pu, as shown in figure. The
control system in response voltage AVR.

0 2 4 3 8 10 12 14 16
Fig. 9: Generator current (pu) with Time (s)

18 Time,s

Figure (9) shows the value of the generator behaviour by increas-
ing the voltage will increase power for up to 1.1 pu due to rising
reactive power Q.

1 VV \s
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Fig. 10: Active power (pu) with Time (s)

18 Time, s

Fig. 10 shows the value of effective active power at time 2s when
the system going to stable.

o
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Fig. 11: Reactive power (pu) with Time (s)

18 Time,s

The power will increase to 0.6 pu at time from 12.1s to 19s (Fig.
11). At this time the system has stable condition.

Under Exciter. The purpose of this test is to study behavior gener-
ator under excitation the incitement and the control system in re-
sponse to the voltage of the generator and the stability system.
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Figure (12) shows the values of the generator voltage where  at
12.1s the generator voltage decreases to 0.1 pu and voltage reach-

es 0.95 as shown that system response control voltage.
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Fig. 13: Generator current (pu) with Time (s)

18 Time,s

Figure (13) shows the value of the generator where the voltage
drop at the increased power up to 1.1 due to the consumption of
reactive power.
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Fig. 14: Active power (pu) with Time (s)

Time, s

Figure (14) shows the value of the active power pu where
a slight swing can be recognized.

Fig. 15: Reactive power (pu) with Time (s)

Figure (15) shows the value of reactive power Q at the low voltage
up to Q =-0.2lI1.

With over exciter the active power will get a small swing for 1 sec
to get stability since increasing the value of generator current will
cause increase of the reactive power as in previous picture shown
with power factor reach up to 0.89.

With under exciter we notified that the value of generator current
would become lower than normal value because of absorbing the
reactive power with small swing of active power of generator with
power factor reach to 0.98.

AVR is power control to protect network from raising and lower-
ing the generator voltage, since the stability of power will have
bad influence on generator system. So the engineers try to limit
the high and low excitation current under exciter or over exciter
by pushing the voltage return back to the system.

Finally, the generator is protected from the high voltage fall in the
range of 65-70% of the voltage drop. The methods developed will
determine the limits of the values that govern the system.

3. Conclusion

The simulation results prove that PID based turbine governor has
good performances. Moreover, good transient and steady state
responses for different operating points of the processes can be
achieved. Synchronous generators being nonlinear will be suitable
for it.

Finally, in this paper we test the stability and flexibility of the
synchronized generator with over exciter and under exciter by
governor and excitation systems.
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