MATLAB MODELING AND SIMULATION OF HIGH ORDER
SYNCHRONOUSE MACHINE MODEL *
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Abstract :

The enhancement and development in machine modeling is done by
extraction of machine parameter ,generally, the advancement in computational
tools and good understanding of machine characteristics ides to determine the
best machine parameter which its near to practical case .

The stability in voltage transient of electrical power system is relatively a
new problem , since the voltage stability phenomena can be divided in to long-
term voltage stability and transient voltage stability . The complete, modified
and simplified model of synchronous machine is presented in this paper, also
for simplicity the separation between Automatic Gain Control (AGC) and
Automatic Voltage Controller (AVC) of synchronous machine is done .The
separated models can be used for studying the transient stability response of any
synchronous generator .

The neural controller is used in this paper to obtain the best response for
the system and obtain a good response rejection for the disturbance .

The proposed and the simulation method has been implemented using
MATLAB software.

) i) (B aganll o g Adlal) & e GadAIL) DA e aly AdSlall Jiaga dlagd B ghail) g Gueand
AiS Lall 49 pua ) ol giiall dla) g agd (2 aola dpluaad) o) B Jualad) kil (P g o Y
- AdSLall Alaad) LAY (ha Uy 8 Uil

ae JSiyg Lo ddpand] JSLiall (e yiad Al gl ABUaY dalai) B el agally 4 ) i) o
Gagd) 13a b gaad) Joghal) agall JiEial s el agad) i) ) acdl o) oS gl )i Al gl
135all (AVR  &AGC) O Juailly (3 sall Jasuu adg ¢pal ial) A gall Janall g Jalsl) 73 gadl) (985 a3
OSay Adly o) 138 cufl Mg aghy Almdal gl ga N AN ey clliy agad) g 2 o o sy G)AN
Lol Aot o 80 fany eas o Lagha JS Ao oSa Ml (AVR &AGC) o Juail
Al g ASpddly ilall ) LAY 3 ) A 3 (S Adsleay (Al

= oda o L) o Jpand) g AUl dlaii Juadl plaeY Gl 13a A e huad) asdiul

MATLAB gl 3 o LgilShan af 4a jiall 48y jhall g aldall) o dga A1) o LY (b

" Received on 31/10/2007 , Accepted on 9/4/2009 .
*
Asst. Lecturer/ Technical Collage / Almusyeib .



Introduction to Artificial Neural Network (ANNSs)

Neural networks are composed of simple elements operating in parallel. These
elements are inspired by biological nervous systems. As in nature, the network
function is determined largely by the connections between elements. You can train a
neural network to perform a particular function by adjusting the values of the
connections (weights) between elements. Commonly neural networks are adjusted, or
trained, so that a particular input leads to a specific target output. Such a situation is
shown below. There, the network is adjusted, based on a comparison of the output and
the target, until the network output matches the target. Typically many such
input/target pairs are needed to train a network.[1]
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Figure (1): Basic configuration of

Neural networks have been trained to perform complex functions in various fields,
including pattern recognition, identification, classification, speech, vision, and control
systems.
Generally Three ways to represent ANN with Matlab:

- Using (nftool) function :graphical user interface

- Using (nntool) function : graphical user interface

- Using command-line program

1:Simple Neuron [1]
A neuron with a single scalar input and no bias appears on the left below.
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Figure (2): Basic neuron configuration



The scalar input p is transmitted through a connection that multiplies its
strength by the scalar weight w to form the product wp, again a scalar. Here the
weighted input wp is the only argument of the transfer function f, which produces the
scalar output a. The neuron on the right has a scalar bias, b. You can view the bias as
simply being added to the product wp as shown by the summing junction or as
shifting the function f to the left by an amount b. The bias is much like a weight,
except that it has a constant input of 1.

2: Transfer Function [1]

The transfer function net input n, again a scalar, is the sum of the weighted
input wp and the bias b. This sum is the argument of the transfer function f.

Many transfer functions are included in Matlab program . Three of the most
commonly used functions are shown below.
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Figure (3): Different Transfer Function [1]

Introduction To Synchronous Machine:

To implement the simulation model, of synchronous machine a schematic
diagram of important component is shown in figure (4) [2].
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Figure 4: Schematic diagram of governor and AVR of the Synchronous Machine [2]



Each block in figure (4) will be explained and discussed bellow:
1: Automatic Voltage Regulator (AVR) [2]

A simple Automatic Voltage Regulator (AVR) is presented with a first order
model of synchronous generator as shown in Figure (5):
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Figure (5):Automatic Voltage Regulator —~AVR

Since:

Vin(s) = Reference input voltage V(s) = Error voltage signal
V(s) = Amplifier Voltage Vi(s) = Exciter Voltage
Vout(s) = Output Voltage Vs(s) = sensor voltage

Ka =Amplifier gain constant Kg=Exciter gain constant
K= Generator gain constant , Kgr =Sensor gain constant

Note: All values of required constant are in per unit.

2:Governor block
The governor block works as a comparator to determine the difference

between the reference power (APrs) and the power (1/R)Aw .The governor output AP,
is:
APy(s) = APrr(s) — (1/ R )Aw(s) --(1)

where R represents the speed regulation [4]. Speed governor output (AP, )will be
converted to steam valve position (APy) through the hydraulic amplifier. Assuming a
linearized model with a single time constant 7, [3]:
APy(s)=(1/(1 +8Ty)) APys) - 2

3:Turbine block [4,5,6]
A turbine is a rotary engine that extracts energy from a fluid or steam or gas

or another material. The simplest turbines have one moving part, a rotor assembly,
which is a shaft with blades attached. Moving fluid acts on the blades, or the blades



react to the flow, so that they rotate and impart energy to the rotor. Early turbine
examples are windmills and water wheels. Gas, steam, and water turbines have a
casing around the blades that contains and controls the working fluid.

The turbines are the source of the mechanical power in any synchronous machine,
The simplest form of model for steam turbine can be expanded by using a single time
constant 7. The model for turbine associates the changes in mechanical power (APy, )
with the changes in steam valve position (APvy). The general transfer function is [4]:
G1(s) =APn(s)/ APy(s)=1/(1+sTy) == 3)

G1(s): Turbine transfer function

APy, :Change of mechanical power

APy :Change in steam valve position

4:Automatic generation Control (AGC) block

Automatic Generation Control (AGC) is one of the most important issues in electric
power system design and operation. The objective of the AGC in an interconnected
power system is to maintain the frequency of each area and to keep tie-line power
close to the scheduled values by adjusting the MW outputs the AGC generators so as
to accommodate fluctuating load demands. The automatic generation controller
design with better performance has received considerable attention during the past
years and many control strategies have been developed [2,5]

Simulation Result :

In this section the complete system model has been examined by applying step
input voltage response to check the effect on terminal voltage transient response also
the separated voltage control has been tested.

Voltage disturbance has been applied to ensure the accuracy of the separation
process .

1- Complete System Simulation Model

Figure (5) represent the simulation model for the fourth order synchronous generator
drawing by Matlab- Simulink , all data for this model are listed here since the
following data illustrated the optimum time constant extracted from the result of
Walton[3,6,7]

The table bellow shows the time constant values for the model

All values in the tables shown below are taken from previous studies in [6,7].

Table (1) Optimum time constant [3,6,7]

ROTOR CIRCUIT POLES ZEROS
TIME CONSTANT TIME CONSTANT
F 3.9517 0.9087
J 0.1481 0.1257
K 0.00838 0.00688
L 0.000937 0.000775

The F,J,K and L refer to the rotor branches parameters




Some data are required before represent this model such as turbine gains , governing
gains constant ,and excitation control system parameters .The values chosen form
previous work in this field .

Table(2):Turbine and Governing system values (all values in per unit) [3,6,7]

KD R H Tg TT
0 0.8 0.05 10 0.2 0.5 0.2
Table(3):Excitation control system values ( all values in per unit) [3,6,7]
Vref | KE KG | KR |[Kl1 K2 K3 K4 K5 TE TR VL
1 200 |1 1 02 | 1.5 1.4 101 |05 |0.005|0.05 |0.05

The Simulink Simulation Model for fourth order generator without any controller has
been demonstrated in Figure (6) and each Scop response are plotted in Figure(7)
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Figure (7 ): Scope Response for Figure (6)

Since figure (7) show the scope response for each branch in figure (6),the scope(1)
represent the unite step input ,scope (2) represent the first error signal , scope (3)
represent the amplifier response , scope (4) represent the error signal , scope (5)
represent the first order generator response , scope (6) represent the 2™ order
generator response , scope (7) represent the 3 order response , scope (8) represent the
4™ order response , scope (9) represent the 4™ order response multiplied by gain (0.5),
scope (10) represent the terminal response voltage , scope (11) represent the AGC
response , scope (12) represent the error signal in AGC part.

2 — AVR Control System Simulation model



To demonstrate the controller effect on terminal voltage enhancement ,the model
tested with and without controller .

2.1: Model Without Controller

The separation process between (LFC &AVR) can be done since the
simulation results illustrate and prove that (when using the same data that applied for
synchronous generator control system before and after separation the obtained result
are very nearly in the transient response shape) .This mean that, each of the two
control system can be processed separately .Figure (8) shows the AVR of fourth
order simulation model after separation from general system model, also the
disturbance input is applied on the same model to prove the separation accuracy
process before and after separation.
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Figure (8)Automatic voltage regulator of Fourth order Model simulation without controller
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Fig.(9): terminal voltage response before Fig.(10): terminal voltage response after
Separation separation

From Figure (9) & Figure(10) the very small effect will appear when the separation
process is done ,this important point is Invested in studding the system since the each
part (AVR and AGC)is taken separately therefore the simple model after separation
will be analyzed without effect on all model .Table (4) show the small change in time
response parameter



Table (4) : Time Response Parameters

Terminal voltage | Overshoot Rise time Error steady state
response
Before separation | 1.73 0.110 0.201
After separation | 1.65 0.099 0.182

Figure (11) and figure(12) shows the disturbance effect on output responses for 4™
order model
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Figure (11): Automatic Voltage Regulator of Fourth Order Model with disturbance input
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2.2 Model With Neural Controller



From the previous section the disturbance input effect on the output signal
clearly ,therefore the Neural controller is used here to reject this disturbance and
enhance the output signal when step input is applied , the block diagram for the neural
controller with important synchronies machine parameters is shown in figure (14)
and the output responses are shown in figure (15) and figure (16).
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Figure (14):block diagram for the neural controller with important synchronies machine parameters

The Exciter , Amplifier and Generator blocks explained in the previous sections.
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Fig.(15): terminal voltage response with Neural Fig.(16): terminal voltage response
controller Neural Controller with disturbance



Conclusion :

From the previous results, some important points about the model and its responses
can be concluded as follows :
- Really can be separate between voltage and frequency controls in synchronous
generator model due to the very weak coupled process between them.
- From separation method can be study the model in details and enhance the
output response by adding a controller
- The accuracy of the separation process is provided and done by examine the
two control system before and after separation when large disturbance occurs
at the terminals of synchronous generator .
- Very good response for the synchronous machine obtained when the Neural
Controller is integrated with a complete system.
- High rejection for any disturbance with Neural Controller .
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