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ABSTRACT

The dissertation titled as, “DESIGN OF EXCITATION SYSTEM FOR SYNCHRONOUS
GENERATOR USING DC-DC CONVERTER?”, deals with the introduction of the basics of the
excitation system, synchronous generator along with relevant power electronics, power converters
and PWM technique. The basic aim of the dissertation is to design an excitation system for
synchronous generator using power converter that is the application of DC — DC boost converter,

which can control the terminal voltage under all kinds of operation conditions.

It includes the analysis of the boost converter along with its designing and simulation at
different loads in open - loop and close - loop conditions. The methodology for the design and
development of excitation system for synchronous generator by DC-DC converters using PWM
technique, involves sensing of the terminal voltage of the synchronous generator compared to a
constant value (which is the supposed value of the terminal voltage of the generator as per the
design parameters). Thereafter the difference of the two is amplified and a pulse is generated by
the pulse width modulator proportional to the difference, which is further given to the switch like
IGBT or MOSFET which generates a pulse, which in turn changes the duty ratio and maintains

the output again, so this forms a complete close loop system.

The whole system, that is synchronous generator integrated with the close — loop boost converter,
is given different load conditions and the outputs are simulated in Simulink, which concludes that

the terminal voltage of the synchronous generator is maintained same all-time.
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Chapter 1: THE INTRODUCTION

1.1 GENERAL INTRODUCTION

The consumption of electrical energy has been increasing at a rate higher than that
witnessed during the previous century. Across the era of 2006 - 2030 authorized estimates indicate
a total of 44 percent rise in power consumption of the globe [1].Due to the rise in the global
electrical energy consumption it is the need of the hour to increase the overall power capacity but
the deregulation of electrical power has been a main subject of concern, which has dropped the
stocks in large power plants. A solution to this set back is to apply new electrical power sources
in upcoming times, and in additional the production, distribution and transmission ought to be in
such a manner that the custom of the power have to be technical competent and way to preserve
power at the final -user ought to be made.

A method to fill the gap is by applying power electronics in the present systems. [2] It is
one of the upcoming technologies in electrical engineering, being used in different applications
[3]-[4].Important parameters of power delivered are frequency and voltage which were controlled
by the large power generator units (synchronous generators).In new systems the power electronic
interface is the one which regulate the voltage, frequency, and power which link the energy source
to the grid. This leads to fast control of active power and reactive power, which are typically the
key parameters to control the frequency and voltage of the system.

With the recent development in the power electronic devices, control conversion from one
from to another form has become increasingly simpler. Three important problems which are
achieved with the use of power converters are: efficiency, reliability and cost. [5]

Now with the application of these power converters[2]-[4] a new design of excitation
system is proposed for the existing synchronous generators, with the help of Pulse width
modulation [6] in the Dissertation, which tries to overcome the problems, faced in the traditional

excitation systems.






1.2 EXCITATION SYSTEM

The process of generating a magnetic field in the synchronous machine by means of an
electric current is called excitation. Its functions are to supply direct current to the generator field
windings, improve the stability of the power system, control the reactive power flow between the
generator and the grid, regulate the generator terminal voltage, and provide limiting and control
functions to the generator when it works in association with the machines connected to the grid.

[8]- [9] Figure No 1.2 shows a block diagram of the excitation system of synchronous generator.

Limitation and

protection unit
Measuting
elements
Reference Electric power
value svstem
———={ Controller Exciter Generator =
Power svstem
stabilizer
Figure 1.1 The Excitation System of Synchronous Generator
1.3 LITERATURE REVIEW

The effective control of the output of power system is an important method to overcome
the upcoming energy crisis and its quality [5]. Since the regulation of the terminal voltage of the
synchronous generator has been a major concern, over the years. Initially the linear regulators
were used to control it, but had poor efficiency and output percentage was also less. [7] - [9]. Now,
with the advent of power electronics, the power converters do the need full job with good

performance index and efficiency. [1] So, as with the change in operation conditions or variation



in the load the voltage remains constant, which has also been mentioned by M.P. Kazmierkowski

and R. Krishnan. [2] In their paper.

F. Blaabjerg, Z. Chen and R. Teodorescu, [3] have introduced the role of power converters
in various renewable energy sources, and there applications such as in wind, solar, hydro etc. They
have also shown that the behavior and performance has improved, and they help in reducing
energy cost. Mohan, N., Undeland, T. M., and Robbins, W. P [18] and M. H. Rashid [29] have
displayed the various possibilities of use of power converters. Also how the working of converters

can control the voltage and frequency of the system.

As, there are various kinds of generators Tesla, Nikola have mentioned about alternating
electric current generators in detail .Shih-Jung Yang, Wai S. Leung, and John S. C. Htsui, have
discussed about types of excitation system, there advantages, and there suitable application. [36]-
[37]. Chan-Ki Kim, Byung-Mo Yang Bong-Eon Kho and Gil-Jo Jeong [38] have talked about
Performance Analysis of Excitation System of Synchronous Machine.

With the implementation of PWM with the excitation the overall output response increases. Dr.
Diya and Ali Al-Nimma, have mentioned about the parameters and how they are able to control
step response/transfer function for a certain range for constructing a close loop converter with the
application of PWM. After which RfanYazici have shown the real time implementation of system.
[26]. A. Davoudi, J. Jatskevich and T. D, Rybel [ 14], have talked about the pulse width modulation

technique which makes it faster for response to generate.

Though not much of work has been done in this field of using DC - DC converters as
excitation system, as this is a new application of the converters, still S. Masri and P. W. Chan, [30]
and Hong-Woo mew, SeUng-Ki SUI [37] have showed the results of controlling only the output

of boost converter with variable input.
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1.4 AIM OF DISSERTATION

The main objective of the dissertation is to design and develop an excitation system using
DC - DC converter for regulating the terminal voltage of synchronous generator for variable load
conditions.

So, that with the change in load, the output terminal voltage of the synchronous generator
remains constant. The proposed system increases the reliability of the generator, and the overall
performance. This system has fewer components compared to the conventional excitation system.
During the decreased in input line voltage the field voltage is able to be stepped up to uphold or
to rise the field current with the help of close loop boost converter.

This is achieved when, a Terminal voltage is sensed and compared with the reference
voltage with a comparator. Thereafter the error is amplified and process through a PI controller to
generate a pulse for switch, which enables to regulate the voltage given to excitation system of the
generator. As, the error is positive, there is a drop in the terminal voltage and the pulse width
increase. When the error is negative, there is gain in the terminal voltage and the pulse width
decreases. PWM technique is used to control the output of converter, so the input for the converter
is derived from the generator terminal and its output is controlled by a switch such as IGBT or
MOSFET.

This aims to intensify or enhance the performance of the system and upholds the terminal
voltage constant for variable load. Also the proposed excitation system aims to achieve lot of
advantage which over the traditional system: It provides fast control of reactive power, improved
steady-state response and transient tesponse, also overall increased stability characteristics and

most important it provides high efficiency.

1.5 DISSERTATION STRUCTURE

The Dissertation titled “Design of Excitation System for Synchronous Generator Using
DC - DC Converters” has been divided into six chapters reflecting step by step approach.
Chapter 1: “THE INTRODUCTION”, this chapter comprises of the basic concepts of
synchronous generator, important parameters for working of synchronous generator, excitation
system, power electronics, power converter, pulse width modulation, along with the literature

survey, the aim of the Dissertation and it also includes the structure of Dissertation.
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Chapter 2: “THE DC - DC CHOPPERS?”, this chapter includes the basic introduction, followed
by the concept of linear voltage regulator and a basic switching converter, after that it introduces
the types of converters and explains in detail the DC -DC buck converter and the DC - DC boost
converter. Further the analysis of DC - DC boost converter is done, then the various open loop DC
— DC boost converters are designed with different parameters and same is checked with different

load conditions for respective outputs.

Chapter 3: This chapter titled as “THE CONTROL SYSTEM DESIGN OF THE DC -DC
BOOST CONVERTERS?” it includes the basics of pulse width modulation, PID controller, control
flow chart which explains the complete working of the close loop converter. Next the modeling of
a close loop dc—dc boost converter is done, and the final design and specifications of DC — DC
close loop boost converter are specified, along with its structure in Simulink. Thereafter its output
are obtained for different load conditions. In conclusion a comparison is done between chapter 2
and chapter 3 outputs i.e. same design parameters of boost converter but with and without PID
controller.

Chapter 4: “THE DESIGN AND SPECIFICATIONS OF SYNCHRONOUS GENERATOR”
This chapter includes the basic parameters for the design of synchronous generator for the above
mentioned application and its Simulink models.

Chapter 5: “THE INTEGRATION OF THE DC - DC BOOST CONVERTER WITH THE
SYNCHRONOUS GENERATOR?”, This chapter includes the particular designed synchronous
generator from chapter 4 which is integrated with the final close loop DC —DC boost converter
from chapter 3 and then the output is checked with different loads for the final working of the
system.

Chapter 6: “MAIN CONCLUSION AND FUTURE SCOPE”, this chapter comprises the
conclusion of the entire Dissertation and also states the various advantages of choosing and
designing the DC —DC boost converters as excitation system, along with the further scope of

research and development of same concept in different applications.

12



Chapter 2: THE DC -DC CONVERTER SYSTEM

2.1 INTRODUCTION

The DC - DC converters are the power electronic circuits that change a DC voltage level
to a different DC voltage level, providing a regulated output. The DC-DC converters are usually
utilized in applications that need manipulated DC power (power), such as, television receivers,
computers, contact mechanisms, health instrumentation, and battery chargers [17] - [18]. The DC-
DC converters are additionally utilized to furnish a regulated variable DC voltage for the

application of the DC motor speed power. The main purposes of the de—dc converters are:

+To change a dc input voltage Vs into a wanted dc output voltage Vo

+To power the dc output voltage vs. load and the line variations

+To cut the ac voltage ripple on the output voltage below the needed level

«To furnish isolation between the load and the input source, though isolation is not always required
*To guard from electromagnetic interference (EMI), the supplied system and input source

+To fulfill different nationwide and global protection standards.

The DC-DC converters work in one of two manners reliant on the characteristics of “the

output current” [17] [18] that are as following:

1. Continuous conduction
2. Discontinuous conduction

The continuous-conduction mode is explained as continuous output current present above
the whole switching period that is larger than zero, and the discontinuous conduction mode is
well-explained as discontinuous output present across each portion of the switching period that is

equal to zero.

13



2.2 THE LINEAR VOLTAGE REGULATORS

A simple circuit is one method of changing a dc voltage to a lower dc voltages as shown in
Figure No 2.1.The output voltage is where the load current is manipulated by the transistor [19].
The output voltage could be manipulated above a scope of 0 to roughly ebullient to input voltage
Vs, by just regulating the transistor base current. The result of the output can be completed by
base current adjustment. As the transistor operates in linear region, consequently this kind of

circuit is known as “a linear DC -DC converter or a linear regulator”.

l' CE -

311_*% L i e t
| RV, — 7, l\ /j Ry T

AW

Figure 2.1 A Linear De —Dc¢ Converter or Regulator

The transistor in result operates as a variable resistance. Nevertheless it could be an easy
method of changing a dc supply voltage to a lower dc voltage and manipulating the output, but the
low efficiency of this circuit is a main drawback for power system applications. Due to The power
loss in the transistor, it makes the circuit inefficient, in case if the output voltage is (one-fourth) of
the input voltage, the load resistor absorbs (one-fourth) of the source power that leads to an
efficiency of twenty five percent. The transistor absorbs the supplementary seventy five percent
of the power supplied by the source. Lower output voltages results in even lower efficiencies.

Therefore, the linear voltage overseer is appropriate only for low-power applications

14



2.3 A BASIC SWITCHING CONVERTER

An alternative to the above mentioned regulator is the application of the switching
converter. In a switching converter circuit, the transistor works as an electronic switch this circuit
which is called as a dc chopper and an ideal switch is shown in Figure No 2-2. (a) When the switch
is closed the output is alike as of input. Figure 2.2(b) shows when switch is open, the output is

equal to zero. The output of switching equivalent of converter is shown in Figure No 2.2 (¢) [19]

. S

%
+ + + +
, L = ~
(O S Re——1 hE v
() (h)
Vi
Vs
. Closed Open
DT T !
2, i)
T 6= DY
(c)

Figure 2.2 (a) A Dc-Dc Switching Converter (b) A Switching Equivalent of Converter
(c) The Output Voltage of the Switch
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The output voltage is in the form of a pulse which is formed from periodic opening and

closing of the switch. The average value or the dc component of the output voltage is expressed

as
T pr
1 1
Ko =~[¥’,‘(r)rﬁ =—/L;:fr =¥.D (CRY
=T _ T _
0 0

The dc constituent of the output voltage is manipulated by adjusting the duty ratio D that
is the fraction of the switching period to that the switch is closed whereas f is the switching
frequency. Also the Figure No. 2.3 shows the relation of the duty cycle and the pulse width for

various values.

D= R o=t {an (2.2)

e [P 2NN/ 5]

Period 2

Duty Cycle 30%

Pulse Width

Duty Cycle 50%

Duty Cycle 90%
VEARR | 2 L L \\

Duty Cycle = Pulse Width x 100 / Period

Figure 2.3 Duty Cycle Verses Pulse Width
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2.4 TYPES OF DC — DC CONVERTERS

The target of a DC-DC converter is to supply a regulated DC output voltage. These
converters are broadly classified into three categories namely: linear mode, hard-switching mode
and soft switching mode. Further all these categories are divided into various parts as shown in
the Figure No. 2.4. The dc- dc converters discussed in this Dissertation is from the hard —

switching mode, non-isolated — boost converter.

DCDC Converters.

| Soft-Switching
(Resonant) |

Zero Voltage |
Switching
(2vs)

Zero Current
Switching
A {zCs)

Parallel
Regurators

H !
| | | Buckl One Multiple -
Bovet £ | BUAY M Booetet, X | switch switch |
| i 3 i i
} 1 e g .

\ R Y

ikt
E  Half L Full |
- Pul F  Bridge 'ﬁridgel

Figure 2.4The Classification of D¢ —Dc Converter
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There are two major kinds of converters which either decrease or increase the output and are

discussed in detail below:

2.4.1 THE BUCK CONVERTER

The buck converter is also called as a step-down converter because the output voltage is
less than the input. Figure 2.5 (a) shows an LC low-pass filter added to the converter. Diode
provides trail for the inductor current. Figure No 2-3 (b) & (c) shows the equivalent circuits of the

Buck converter for switch closed and for switch open respectively [19]. The output of the buck

converter is:
V,=¥D @3)
0 S
'r‘"z
———; ¥ = TETIE™ 2
* TS l Fch ‘l .
s ol | - £
) | 8 o =
x’_.? i :} ¥ - _'-g:__ ’@
(e
Vo =By W

et F el
o = rpyren
+ -
Wy == L e ﬁ lr-'-'
=
<)

Figure 2.5 (a) The Dc —Dc Buck Converter (b) The Equivalent Circuit for the Switch Closed
Converter (¢) The Equivalent Circuit For the Switch Open Converter
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The key to the analysis for the output Vo is to observe the current and voltage of inductor
first for the switch closed and next for the switch open. The overall change in inductor present
above one period have to be zero for stable state operation. Average inductor voltage is also
equivalent to zero [20].Figure No. 2.6 displays the buck converter waveform (a) the inductor

voltage waveform (b) the inductor current waveform (c) the capacitor current waveform.

(a)

i i

(c]

Figure 2.6 Waveforms - (a) Inductor Voltage Waveform (b) Inductor Current Waveform
(c) Capacitor Current Waveform
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2.4.2 THE BOOST CONVERTER

The boost converter is additionally known as a step-up converter because the output is

more than the input. This switching converter operates by periodically opening and closing an

electronic switch. Figure No. 2.7 displays the boost converter (a) the converter circuit (b) & (c)

shows the equivalent circuits of the Boost converter for switch closed and for switch open

respectively [19]. Output of boost converter is:

V
T 2.4)
a
1—B
e Al i:,'---
“JTTTO " 1'_“""} -
'3 fe
+ & L Jl < =
..u\._._".N = -
(O ; B £
ﬂ : T
e
% I ;"".
CIETO0 O - A
——
+ iy -
¥ x l\—‘) ‘__1_\ 3 ".:,1
(fe)
vy = Vg— Fh
— e - "
e
— 1. \ +
g T é -
Ve '::,/' "l\ = Vo
(c}

Figure 2.7 (a) Circuit of the Boost Converter (b) Equivalent Circuit For the Switch Closed Of the
Converter (c) Equivalent Circuit for the Switch Open of the Converter
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Average current in the inductor is computed by knowing that the average power supplied
by the source have to be equal to the average power absorbed by the load resistor. [21]Figure No
2.8 Displays boost converter waveform (a) the inductor voltage waveform (b) the inductor current

waveform (c) the capacitor current waveform (d) capacitor current waveform [19]

]
i
A —
[nm "
(losed Open
DT L1 |
min [~
¥ L
J DT T
() (¢)
I I f{_‘
[nm B T

1111/ DT T i
DIT lT t y ///A/})?f

(h) (d)

Figure 2.8 Waveforms- (a) Inductor Voltage Waveform (b) Inductor Current Waveform
(c) Capacitor Current Waveform (d) Capacitor Current Waveform
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2.5 ANALYSIS OF THE DC- DC BOOST CONVERTER

The simple “dc —dc boost converter” is displayed in Figure No. 2.9 [19]. It operates by
periodically onset and closing an electronic switch. [25] It is known so because the output voltage
is greater than the input. The analysis of the dc —dc boost converter in voltage and current
relationship considers the following:

1. The Steady-state situation should exist.

2. The switching period is T, the switch is closed for period DT and open for period (1- D) T.
3. The inductor current, has to be continuously positive.

4. The output voltage is held steady at voltage Vo. And the capacitor is extremely large.

5. The constituents are ideal.

'
ST e
i | ic

Ay
7.

Vs ‘CD -

—

Figure 2.9 The Boost Converter Circuit

2.5.1 ANALYSIS FOR THE SWITCH CLOSED OF THE BOOST CONVERTER

VL ;?
.4 SR » -0 O—w
& —

Figure 2.10 The Boost Converter with Switch Closed
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As shown in the Figure No. 2.10 [19] when the switch is closed, the diode is reverse biased.

Next Kirchhoff’s voltage law in the trail encompassing the source, inductor, and closed switch is

Inductor current (change) is computed from

Ai; B Aiy 3 V.
At DT L
Therefore for the switch closed
DT
(Al dosed = 31

2.5.2 ANALYSIS FOR THE SWITCH OPEN

Vr 7 E.S—' J‘:.}

L

di di; ¥
L o S L

e

Iy

\_/

~T

(2.5)
(2.6)
2.7

Figure 2.11 The Boost Converter with Switch Open

As shown in the Figure No. 2.11 [19], after the switch is opened, the current of inductor

cannot change instantaneously. The diode becomes forward-biased to furnish a trail for inductor

current. Presuming that the output voltage Vo is a steady, the voltage across the inductor is

ve=V,— V=1

di, ¥—V¥

dip
T odr

dt L
23
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Inductor current (change) while the switch is open is

Ai, Aly EBE—¥
Ar (1 —-D)T L (2.10)
(AL T “a)f‘il — DT Q.11

As per the pre assumptions it should be steady-state operation. The overall change in

inductor current must be zero.

(A1 )ctosed T (A‘Ff.}npcn =0 (2.12)
I-;DTL;_(H.- Kl —D')T*O (2.13
L L
Solving on behalf of Vo
ViD+1-D)y=Fk(1-D)=0 (2.14)
Vo= _+i"'_ (2.15)
=z &0
The average value of inductor voltage must be zero for periodic operation.
_ _ (2.16)
h=ID4(E -1 -D)=0
Solving for Vo yields the same result as
e v
° =1 =D (2.17)

The above mentioned equation demonstrations that if the switch is continuously open,
Duty ratio D is zero, the voltage is equivalent to input. But as the duty ratio is greater than before,
the denominator becomes lesser, resulting in a greater output voltage.so, the boost converter yields
an output voltage that is larger than or equivalent to the input voltage. As in case of buck converter,

the output can never be less than input for the boost converter.
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Now, when the duty ratio D approaches 1, the output of the converter goes to infinity as

per the equation mentioned above.

The Output power is

Ve
R} = 2= I’;fﬂ .
R (2.18)
Input power is _ i 515
VS 1-'1" - le A
Equating both powers
iy L;': _ [V/(1 = D)F B Vf (2.20)
'L R R “ — D}j
Solving, it further
2.21
/ FI VORL 221
"f == X — o -
* AT—DyR_V.R W,

The average value is used for determining the Maximum and minimum inductor currents,

which is as given below:

v

Ay SRIN | 2.22)
[mﬂ ]f vib 3% '
et O AT 7 NS
A | /AL )| (223)
Nl 2 TA-DRS A
The borderline between continuous plus discontinuous inductor current is taken into
account, assuming the inductor current to be always positive.
Iin=0= ‘x %;DT 2.24
min - (l _D]ER 2L ( . )
A — = HDT: D (2.25)
(1—-DyYR 2L 2Lf
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OR

The least possible combination of inductance plus switching frequency is

(2.26)
1—D)’R
U e = &q_)
— e
Lin = B 2.27)
2f
For designing aspects, it is beneficial to precise L as following.
. ¥.DT | V.D (2.28)
:ﬂf;_ ﬁf;,f
For The Output voltage ripple, the change within capacitor charge can be calculated from
A
|AQ] = (_R—) DT = CAV, (2.29)

An expression for ripple voltage is then

, (2.30)
e LDT _ VD
RC  RCf
b 2.31)
v, RCf
Capacitance in expressions of output voltage ripple yields
D (2.32)

=R
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2.6 THE DESIGN OF OPEN LOOP DC- DC BOOST CONVERTER

For, using a boost converter for a specific output the boost converter given below is
designed with specific specifications, because it voltage values are in corresponding to the
required field voltage of synchronous generator used in the system. It has further been designed
as close loop, with specific values of PI controller in Chapter 3.The open loop DC —~DC Boost
converter is given different load conditions to determine the output. Further the analysis of the

output is done at the end of the chapter.

2.6.1 THE DESIGN SPECIFIC PARAMETERS OF THE BOOST CONVERTER

All the parameters set in the table below are calculated by the formulas mentioned in the
section 2.5.The calculation starts with fixing the required output voltage value, and choosing the
input value, (in this case it is chosen as per the required field voltage limits of the synchronous
generator). These two basic and the most important values, help in calculating the duty ratio as per
the formulae 2.4 mentioned in the section 2.4.2, thereafter the value of series inductance is set by

the formulae 2.27 of section 2.5.2 and value of conductance is set by formulae 2.32 of the same

section.

SYMBOL PARAMETER VALUE UNIT
Vi INPUT VOLTAGE 30 \%
Vo OUTPUT VOLTAGE 40 Vv
R LOAD RESISTANCE 50 Q
L SERIES INDUCTANCE 570 nH
C CAPACITANCE 660 uF
D DUTY RATIO 0.25

f SWITCHING FREQUENCY 15 kHz

Figure 2.12 Parameters of Open Loop Boost Converter
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2.6.2 THE SIMULINK MODEL OF THE BOOST CONVERTER

The Figure no.2.13 shown below is a Simulink model of the open loop DC -DC boost
converter designed with the specific parameters mentioned in the previous page. The load

resistance for it is 50 Q

e et

Serias RLC Branch o2 1

OC veltage Source

Figure 2.13 Simulink model of open loop boost converter
2.6.3 THE SIMULATION OUTPUT OF THE BOOST CONVERTER

INPUT VOLTAGE
40 : : ; T z :
T e gl A ) BTl (7 Ry 4 X <A S ]
2 : : : : : :
5 z ! 5 ! ! :
e I e Lo
20 i i I | I I
0 0.05 0.1 0.15 0.2 0.25 03 0.35
TIME
OUTPUT VOLTAGE
T T T T T
w [ R T F i T S I
@ '. ' : : :
Q- [N, S A T e T ’
3 . ¥ '. ' ;
> 35 — ------------ ----------- .
10 i 1 | i i i
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
TIME

Figure 2.14 Simulation Output Of Open Loop Boost Converter
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1

After designing the boost converter, to check the output, the system runs for a simulated

time period, and then the output is achieved, the first graph is of the input voltage and the second

one is of the output voltage, which is near about the calculated values but consist of ripples.

2.6.4 COMPARITIVE STUDY OF “OPEN LOOP DC - DC BOOST
CONVERTER” WITH DIFFERNET LOAD CONDITIONS

Now to study the accuracy of the designing of the open -loop boost converter, it is

important to check the same with different load conditions apart from the designing one.so, two

different values are given in the variation of 5 Q of the load resistance, and the output is compared.

2.6.4.1 CASE1

In this case | all of the designed parameters are kept the same, except the load resistance, which is made

45Q

THE DESIGN SPECIFIC PARAMETERS USED IN THE BOOST CONVERTER

SYMBOL PARAMETER VALUE UNIT
Vi INPUT VOLTAGE 30 A%
Vo OUTPUT VOLTAGE 40 A%
R LOAD RESISTANCE 45 Q
L SERIES INDUCTANCE 570 nH
(S CAPACITANCE 660 uF
D DUTY RATIO 0.25

Figure 2.15 Parameters of Open Loop Boost Converter

29




THE SIMULATIONOUTPUT OF THE BOOST CONVERTER CASE 1
The first graph is of the input voltage and the second one is of the output voltage, this

voltage has a little dip in the value which is near about the calculated values due to the change in

current. But consist of ripples.

INPUT VOLTAGE
- ! | ! ! . !
w BT A prommmres R SRR gttt [ ]
Q : : : ; : :
5 30 : : : : !
Q ! ! : ! ! :
P PG A’ A rommnmmnmesieenem s prampessnssenaassanes 7
20 | i | i i i
0 0.05 01 0.15 02 0.25 0.3 0.35
TIME
OUTPUT VOLTAGE
. : ! ! !
w S CT % & S N SN g e 7
Q : : : : ;
TN U I EABN e N A NI\ T N g
|-j i H i i
o : ! ) :
e S ta it Cor e b Pk SR Tt SRSSERELLLY s WAl WP o
30 | i i | | i
0 0.03 0.1 Q.15 0.2 0.25 0.3 0.35

Figure 2,16 Simulation Output Of Open Loop Boost Converter

2.6.4.2 CASE 11

In this case II all of the designed parameters are Kept the same, except the load resistance,

which is made 55 Q

THE DESIGN SPECIFIC PARAMETERS USED IN THE BOOST CONVERTER ARE

SYMBOL PARAMETER VALUE UNIT
Vi INPUT VOLTAGE 30 \
Vo OUTPUT VOLTAGE 40 Vv
R LOAD RESISTANCE 55 Q
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SERIES INDUCTANCE 570 uH
C CAPACITANCE 660 uF
D DUTY RATIO 0.25
Figure 2.17 Parameters of Open Loop Boost Converter
THE SIMULATION OUTPUT OF THE BOOST CONVERTER CASE II
INPUT VOLTAGE
0 ! ! ! ! 1 .
y B FEP NS § xRV 2 2 o5& & — oo -
P : : : : :
= % : : : :
17 2 A2 S0 EAE - N\ AN PR S ;
” i i l i i i
0.05 0.1 0.15 0.2 0.25 03 0.35
TIME
OUTPUT VOLTAGE
! ! | 1
’ I AN 77 ST s R
o ’. : ; ;
x TP B W N L N TR\ 97 ey STRSS 8, BN A ey .
5 ; . . ,
g TR 5 W7 el N e A XU e — -
| B ’. i
0.15 02 0.25 03 0.35
TIME

Figure 2.18 Simulation Output Of Open Loop Boost Converter

The first graph is of the input voltage and the second one is of the output voltage, this

voltage has the value which is near about the calculated values due to the change in current due

to increase in load, But consist of ripples.
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2.7 CONCLUSION

After getting the outputs from different load conditions of the design of open loop boost
converter, it can be seen and concluded by mathematical values as in section 2.7.1 or by graphical
comparison shown in section 2.7.2. It can be noted that the output is not accurate or same for all
the loads. Also the output consists of ripples as clearly visible in Figure 2.20 (a), (b) and (c). So,
to improve the accuracy the close loop d —dc boost converter have been employed and there

performance is reported and analyzed in chapter 3.

2.7.1 MATHEMATICAL VALUES

INPUT SERIES CAPACITANCE LOAD OUTPUT
VOLTAGE | INDUCTANCE RESISTANCE | VOLTAGE
\ uH uF Q \

30 570 660 45 39.60
30 570 660 50 39.75
30 570 660 55 39.80

Figure 2.19 Mathematical Values of Different Loads of the Open Loop Boost Converter

2.7.2 GRAPHICAL COMPARISON

The input for all the cases has been the same of the converter, be it open loop or close

loop.
INPUT VOLTAGE

“‘0 E ! ! 1 ! !
w B e A i g e i i
o : '. : : : :
£ | : '. : :
2 ; : : ; : :
" Gz s Gl R B I M i

2 i 1 i i i i

0 0.05 0.1 015 0.2 0.25 0.3 0.3
TIME

Figure 2.20 Shows the Input Graph for All Cases
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ORIGINAL DESIGN: LOAD L =50 Q

OUTPUT VOLTAGE
T T 1 I
. e e
O 4 : :
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I i I |
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TIME
(a)
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TIME
(b)
CASEII:
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Figure 2.21 Simulation Output of different loads of the Open Loop Boost Converter
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Chapter 3: THE CONTROL SYSTEM DESIGNING OF THE DC - DC
BOOST CONVERTER

3.1 PULSE WIDTH MODULATION (PWM)

In converters, the average output voltage should be to a desired equal level, irrespective of
the fluctuations. In Switch mode, the dc- dc converter uses the switch to change a level to
alternative level. Average result of the output is measured by controlling switch duration in

converter. The Figure No 3.1[25] below show a basic dc —dc converter, switch —mode concept.

+ n

‘I-.}u é‘—‘_‘_—._(‘__ L] "—)l
)

- I ri

Figure 3.1 Switch — Mode Concept

The average output value of the voltage depends on ton and tor The duty ratio is defined as

the ratio of on duration to the total switching period. [26]

In PWM, switch control signal, are obtained from comparing an error signal, with a
repetitive waveform as shown in Figure No 3.2. [25] When the difference between the actual

output voltage and the desired value is amplified, the control signal is obtained.
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Figure 3.2 Block Diagram of PWM

Y

If the switch control signal is high, when the error is greater than the saw tooth waveform

which further causes the switch to turn on. As shown in Figure No 3.3 [25], [27].

i Vv trol
The duty ratio is expressed as D= e, IS 3.1
Ts Vst

v, = Sawtooth voltage

/T J// / Veantrod (amplified error)
ng
'./ | i
; R i
|
|
|

Switch On On
control
signal

Y

0

Veantmi =Y st

oft, OIS

e b 4 vc\‘mll;\l'(" ot
-
ton Ll
_~— T, —’i

(switching frequency f=1/Tg)

(b)
Figure 3.3 PWM Signal
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3.2 PID CONTROLLER

PID means proportional-integral-derivative, it is a special type of feedback controller. The
output is based on the error obtained between the desired values and measured variable. Figure
No 3.4 displays the block diagram of the boost converter using PID controller. [28] Schematic
diagram consists of a control circuit and the PWM modulator. The control circuit has a voltage

divider, an amplifier and a PID controller, whereas the PWM modulator consists of a saw tooth

Vi
R P Ve K
Controller
O + f—0
S Vet

voltage generator, a master clock, a comparator and an R-S flip-flop.

Figure 3.4 Diagram of the Boost Converter Using PID Controller

3.3 CONTROL FLOW CHART

This is a basic control flow chart of the working of the PID controller with the Pulse Width
Modulator. This describes the basic functioning of the above mentioned .It initializes from taking
the output of the system and feeding it to the pulse width modulator (PWM), it reads the feedback
value, Vou Then it compares the feedback value to the desired input value. Now if the feedback
value is equal to the desired value, then the normal working of the system is continued, but if the
feedback value is not equal to the desired value, the duty cycle changes.in this case if the feedback
value is greater than the desired value, it reduce the duty cycle and if the feedback value is less

than the desired value than the duty cycle, the duty cycle is increased. Further as per the duty cycle
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the pulse width is changed by the pulse width modulator, and the new generated pulse is again

feed to the system. This function is continuously carried for the whole operation period. [29]

Start

— Output pulse (PWM) —

v

Read feedback value, Vg

Yes

Feedback =
desired value?

Feedback =
desired value?

Yes

L Reduce duty cycle Increase duty cycle =

Figure 3.5 Control Flow Chart
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3.4 MODELING OF BOOST CONVERTER

It is a useful method for developing the transfer function for the de-dc converters [30]

Figure 3.6 (a). Switch Is On (b) Switch Is Off of A Model of Boost Converter

SWITCH ON-

The equation are determined for the switch on state as shown in Figure 3.5 (a), which are

mentioned below

dl (1) 1
L =—(V.<I (1)R, =V )
dr L i L L o (3‘2)
.o 1 v
w5 L &) 77

SWITCH OFF-
The equation are determined for the switch off state as shown in Figure 3.5 (b), which are

mentioned below

) 1 B
- _I(Vi ~1,(DR) (3.4)
Vo (3.5)
dt CR

@
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The transfer function of the boost converter is

Vi) V.
G = -= ) _ (3.6)
(1—d) sC(sL+R,)

The transfer function of the PID controller is:
A

KP - K‘" (3.7)

G (:';:KP+K!.—“—=(KP+K"_)

15
z—1 z—1

With the help of discrete equation given below [30]

(3.8)
1+ G, )G =0

Keeping the criteria as were settling time ts = 0.02s and damping ratio &= 0.8 the values

calculated are-

PROPORTIONALITY GAIN, Kp=5.3

INTEGRAL GAIN, K;=0.37

3.5 THE DESIGNS OF CLOSE LOOP DC- DC BOOST CONVERTER

For, using a boost converter for a specific output an open loop dc —dc boost converters is
designed with specific specifications in chapter 2, as it voltage values are in corresponding to the
required field voltage of synchronous generator used in the system. Now in this chapter it has been
designed as close loop dc- dc boost converter, with specific values of PI controller calculated with
the help of transfer function as mentioned in section 3.4.The dc —dc Boost converter deign is given
different load conditions same as given in chapter 2 to read the outputs of each and compare with
cach other. Further the outputs of the open — loop dc — dc boost converter and close —loop boost

converter with same parameters and load are compared by the end of the chapter.
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3.5.1 THE DESIGN SPECIFIC PARAMETERS USED IN THE BOOST CONVERTER

SYMBOL PARAMETER VALUE UNIT
Vi INPUT VOLTAGE 30 A
Vo OUTPUT VOLTAGE 40 Vv
R LOAD RESISTANCE 50 Q

L SERIES INDUCTANCE 570 uH
C CAPACITANCE 660 pF
D DUTY RATIO 0.25
Kp PROPORTIONALITY GAIN 5.8
K; INTEGRAL GAIN 0.37
F SWITCHING FREQUNECY 15 KHz
f SAMPLING FREQUENCY 15 KHz

Figure 3.7 Parameters of close Loop Boost Converter
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C icetat Craask) Clink)

MOSEET and internal diode in parallel with a series RC snubber
circuit. When a gate signal is applied the MOSFET conducts and

acts as a resistance (Ron} in both directions. If the gate signal
falls to zero when current is negative, current is transferred to the
antiparallel diode.

- Parameters—
FET resistance Ron (Ohms) :

Joa

internal diode inductance Lon (H) :

o
Internal diode resistance Rd (Ohms) :
|o.01

Internal diode forward voltage Vf (V) :
o

Initial current Ic (A} :
lo

Snubber resistance Rs (Ohms) :

led

Snubber capacitance Cs (F) :

inf

[~ Show measurement port

Cancel

Figure 3.8 Parameters of the Switch Used In Close Loop Boost Converter
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Discrete PID Controller (mask) (link)

This block implements a discrete PID controller.

Parameters

Proportional gain (Kp}:

|5.3

Integral gain (Ki):

|0.37

Derivative gain (Kd):

o

Time constant for derivative (s):
11

Output limits: [ Upper Lower ]
|[100 -100]

Output initial value:

C

Relational Operator

| Applies the selected relational operator to the inputs and outputs the resuft. The top (or left) input ||
corresponds to the first operand. : g.

Main | Signal Attributes
Relational operator:
[~ Enable zero-crossing detection

Sample time (-1 for inherited):

E

Cancel Apply

Figure 3.9 Parameters of the PID Controller and the Relation Operator Used In Close Loop
Boost Converter
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3.5.2 THE SIMULINK MODEL OF THE BOOST CONVERTER

antinuousd
powergui
71 . Dy
‘ s I
: gl
4 Eeopat
; Q|4
== OC Voitage Source a2
cis
Discrete
PID Controller
ional
Fg;::::w PID Add Constant
L 3— T
sawiooth
(a)
INPUT VOLTAGE D
50 P In2 o .
el
] LOAD OUTPUT VOLTAGE
49 + I
Constant
Add

Discrete

PID Controller DC -D CBOOST CONVERTER

(b)
Figure 3.10 (a) And (b) Shows the Simulink Model of Boost Converter
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3.5.3 THE SIMULATION OUTPUT OF THE BOOST CONVERTER

After designing the boost converter, to check the output, the system runs for a simulated
time period, and then the output is achieved, the first graph is of the input voltage and the second

one is of the output voltage, which is same as the calculated values but does not consist of ripples.

INPUT VOLTAGE
" '. ! ! ' .
w B N promeemenes F R RERESAAE o
& : : : :
g &0 ! ! : '.
e s e
20 i i | I i |
0 0.005 0.01 0.015 0.02 0.025 0.03 0035
TIME
OUTPUT VOLTAGE
’0 ! ] | J. ] ] ! '
w BTG pasmesng S )Y, -3 8NN AT770% AN\ (@ 2 R b 7
o : : : : : :
40 g E ; : j : = i ’
Q : ' : ' !
Sl | S | o o Tl EEELCLRCE booeeeiend et R S §
| 1 I | I i I

30 x ]
0.01 0.0105 ~ 0011 00115 0012 00125 0013 0.0135 0014 0.0145

TIME
Figure 3.11 Simulation Output Of Close Loop Boost Converter
3.6 COMPARITIVE STUDY OF “CLOSE LOOP DC — DC BOOST CONVERTER
“DIFFERNET LOAD CONDITIONS

Now to study the accuracy of the designing of the close -loop boost converter, it is
important to check the same with different load conditions apart from the designing one.so, two

different values are given in the variation of 5 Q of the load resistance, and the output is compared.
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3.6.1 CASEI

In this case I all of the designed parameters are kept the same, except the load resistance,

which is made 45 Q

THE DESIGN SPECIFIC PARAMETERS USED IN THE BOOST CONVERTER

SYMBOL PARAMETER VALUE UNIT
Vi INPUT VOLTAGE 30 Vv
Vo OUTPUT VOLTAGE 40 v

LOAD RESISTANCE 45 Q
L SERIES INDUCTANCE 570 pH
CAPACITANCE 660 pF
D DUTY RATIO 0.25
Kp PROPORTIONALITY GAIN e
K; INTEGRAL GAIN 037
F SWITCHING FREQUNECY 15 KHz
SAMPLING FREQUENCY 15 KHz

Figure 3.12 Parameters of close Loop Boost Converter

THE SIMULATION OUTPUT OF THE BOOST CONVERTER

INPUT VOLTAGE
0 ; ; '. ; '. T

- — L A Py A8 A S Al EE D ST SE— .

30
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] R e et e .

TIME

VOLTAGE
s
o

TIME
Figure 3.13 Simulation Output Of close Loop Boost Converter
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The first graph is of the input voltage and the second one is of the output voltage, this

voltage is same as the calculated voltage, irrespective of the load difference cause of the feedback

provided in close loop systems.
3.6.2 CASE Il

In this case I all of the designed parameters are kept the same, except the load resistance,

which is made 55 Q

THE DESIGN SPECIFIC PARAMETERS USED IN THE BOOST CONVERTER

SYMBOL PARAMETER VALUE UNIT
Vi INPUT VOLTAGE 30 v
Vo OUTPUT VOLTAGE 40 v
R LOAD RESISTANCE 55 Q
I SERIES INDUCTANCE 570 uH
€ CAPACITANCE 660 pF
D DUTY RATIO 0.25
Vi INPUT VOLTAGE 30 v
Vo OUTPUT VOLTAGE 40 \
Kp PROPNALITITY GAIN 5.3
K; INTEGRAL GAIN 0.37

F SWITCHING 15 KHz
FREQUNECY
f SAMPLING FREQUENCY 15 KHz

Figure 3.14 Parameters of close Loop Boost Converter

THE SIMULATION OUTPUT OF THE BOOST CONVERTER
The first graph is of the input voltage and the second one is of the output voltage, this

voltage is same as the calculated voltage, irrespective of the load difference cause of the

feedback provided in close loop systems.
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TIME
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> NP SO SRS (NGl IR St 2SS SRR SRS RS
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TIME
Figure 3.15 Simulation Output Of close Loop Boost Converter
3.7 CONCLUSION

After getting the outputs from chapter I and chapter 111 a comparative study can be done.
It is concluded that the outputs from chapter II are not that accurate and also consists of good
amount of ripples, whereas when the feedback system is introduced in chapter 111 that is the PID
controller with properly defined values of proportionality gain and integral gain, the output
attained is also accurate and ripple free. It can be seen by mathematical values as in section 3.6.1

or by graphical comparison in section 3.6.2

47



3.7.1 MATHEMATICAL VALUES

OUTPUT VOLTAGE WITHOUT PID CONTROLLER

INPUT SERIES LOAD OUTPUT
VOLTAGE | INDUCTANCE | CAPACITANCE | RESISTANCE | VOLTAGE
Vv uH uF Q v
30 570 660 45 39.60
30 570 660 50 39.75
30 570 660 55 39.80
OUTPUT VOLTAGE WITH PID CONTROLLER
INPUT SERIES LOAD OUTPUT
VOLTAGE | INDUCTANCE | CAPACITANCE | RESISTANCE | VOLTAGE
% uH uF Q v
30 570 660 45 40
30 570 660 50 40
30 570 660 55 40

Figure 3.16 Mathematical Values of Different Loads of the Close Loop Boost Converter

3.7.2 GRAPHICAL COMPARISON

The input for all the cases has been the same of the converter, be it open loop or close

loop

INPUT VOLTAGE
4 . | ! ! T '
W . e AT TSR SRR prmmmmeme I jrommes 7
o ; : ; :
g o : : ! : : :
> 25 — ------------ : ------------ ------------------------ -
20 | | i i I f
0 0.05 01 0.15 02 0.25 0.3
TIME

Figure 3.17 Shows the Input Graph for All Cases
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3.7.2.1 ORIGINAL DESIGN: LOAD L=50 Q

w
As it is seen, that output of the open loop converter that is without feedback is not accurate
and consist of ripples, whereas the output for close loop is same as calculated and does not consist
of the ripples.
OUTPUT VOLTAGE WITHOUT PID CONTROLLER
T 1 I T I
o o hossiidisnssn s e ss e s man d ame e o bonsenrnsen .
CD ) L} :
< SN ; R  FU | IO . L T e 5
3 v ¥ '
o :
> 35 __-..______...________.--_______-.-_._'_____.._______..-______..-______..___f ___________ -
30 | [ l | n i
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
TIME
QUTPUT VOLTAGE WITH PID CONTROLLER
:'U T T T T 1| T T T
- 11 45 et demmmam— IV A% C | oS 14 i ......... AT, TR Looamesien Lumsnmamn —
2 a
g 40 : ! T et e =
> 35_.4 ___________________ P SR [t P I o
30 | i | i i i | |
0.01 0.0105 0.011 00115 0012 00125 0013 & 00135 0014 0.0145
TIME
Figure 3.18 Simulation Output of the Open Loop and close loop Boost Converter
<
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3.7.2.2 CASE I: LOAD L=45 Q

As it is seen, that output of the open loop converter that is without feedback is not accurate

and consist of ripples, whereas the output for close loop is same as calculated and does not consist

of the ripples.
OUTPUT VOLTAGE WITHOUT PID CONTROLLER

0 ; ; ! : ' :
Y L VSO S S
Q : . : : :
ARl S 7T PR FOSTUSIEE B Fessosioino — e =
e ; : :
g T oeeeeaoea T ISTEENE R .

30 I ] | I I ]

0 0.05 0.1 0.15 02 0.25 0.3 035
TIME
OUTPUT VOLTAGE WITH PID CONTROLLER

- : : ! j : 1 : :

TS, — PR . AL ENVYP AN AT W LE0 RUues g S _
w ; : : : : i : : :
2 : : ' : : : ‘ '
R ARG S s S B
Q j ] : ‘ : '

35--n-e-- bommomme e oema o S VA7 J B e TRSH ST D Liseee e A — [ P —— -

i i | | | i i i |

30
001 00105 0011 00115 0012 00125 0013 00135 0014 00145 0.015
TIME

Figure 3.19 Simulation Output of the Open Loop and close loop Boost Converter
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3.7.2.3 CASE II: LOAD L=55Q

As it is seen, that output of the open loop converter that is without feedback is not accurate and

consist of ripples, whereas the output for close loop is same as calculated and does not consist of

the ripples.
OUTPUT VOLTAGE WITHOUT PID CONTROLLER

# ! ! ! ! !
w L] i S e s ------------ R ----------- .
< . : : .
g 40 I v bl e ""'""""‘“I"‘""""'?'""""""':‘""""":‘ """""" =
> 35_ ----------- [ ‘-------.-—_Ir ------------ :: ------__‘---i ------------ i_------'___-: ----------- =

30 | | i 1 i I

0 0.05 0.1 0.15 0.2 0.25 03 0.35
TIME
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TIME

Figure 3.20 Simulation Output of the Open Loop and close loop Boost Converter
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Chapter 4: INTRODUCTION TO SYNCHRONOUS GENERATOR

4.1 GENERAL

The devices employed for the generation are called the generators. Among the various
types of generators, the one discussed in the Dissertation is synchronous generator. It is an
electromechanical machine which produces alternating electricity, it is a kind of machine which

converts mechanical energy into alternating electrical energy. It is also called as an alternator.

42 THE DESIGNS SPECIFICATIONS OF THE SYNCHRONOUS
GENERATOR

- Synchronous Machine (ask) (link)

Implements a 3-phase synchronous machine modelled in the dq rotor reference
frame.

Stator w:ndmgs are connected in wye to an |r1terna! neutral pomt

Configuration 3 Parameters ] Advanced l Load Floww I
Preset model: INo >
Mechanical input: fMechanical power Pm i
Rotor type: ]Salient—pole B
Mask units: |SI fundamental pafameters Bl

Implements a 3-phase synchronous machine modelled in the dq rotor reference
frame. '

Stator windmgs are cunnected in wye to an lr'rternal neutral point.

Configuration Parameters I Advanced } Load Floww 3
nNominal power, voltage, frequency, field current [ Pn(VA) vn(vrms) fn(Hz) ifna) ]
[[ 111.9e3 440=sqrt(3) S50 0]

| stator [ Rs(ohm) Ll,Lmd,Lmq(H) I:
[[-26 1.14e-3 9.0e-3 7.0e-3 ]

|| Field [ Rf'(ohm) LIfd'(H) 1:

- [[0.13 2.1e-3]

Dampers [ Rkd'Llkd' Rkqgl',LIkql' ] (R=ohm,L=H}:
[ 0.0224 1.4e-3 0.02 1e-3 ]

! Inertia, friction factor, pole pairs [ J(kg.m~2) F(N.m.s) p() I:
[[24.902]

Initial conditions [ dw(%) th(deg)} ia.ib,ic{A) pha.phb,phc(deg) Vf(V) I:
1[0 -111.483 53.9768 53.9768 53.9768 -173.297 66.7033 -53.2967 17.8876]

™ Simulate saturation




B Synchronous Machine (mask) (link)

Implements a 3-phase synchronous machine modelled in the dq rotor reference
frame.

Stator windings are connected in wye to an internal neutral point.

Configuration I Parameters  Advanced | Load Flow l
[~ Display Vfd which produces nominal Vt

Sample time (-1 for inherited)

[-1

Discrete solver model lForward Euler

| ¢

FS

Synchronous Machine (mask) (link) — = = s

Implements a 3-phase synchronous machine modelled in the dq rotor reference
frame.

neutral point.

Configuration I Parameters I Advanced ~ Load Flow I

Generator type !PV

Minimum reactive power Qmin (var)
{-inf

Maximum reactive power Qmax (var)

iinf

Figure 4.1 Parameters of the Synchronous Generator
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4.2.1 THE 111.9KW SYNCHRONOUS GENERATOR CONSTRUCTED IN SIMULINK

762V 111.5kW
SYNCHRONOUS GENERATCR

Figure 4.2 The Simulink model Synchronous Generator

The Figure No 4.3 shows the Simulink model of synchronous generator used for final

design, the notation are as following:

Pm is the mechanical power

Vf is the field voltage

M is the measurement list

A, B, C is the three phase of terminal output

4.3 CONCLUSION

The 762 V 111.9Kw synchronous generator was particularly chosen for the system as it
was suitable for the design. At different loads field voltage was calculated by verifying the output

terminal voltage. The output terminal was supposed to be fixed for all loads that is 762 V.

The input and output voltage of the dc-de boost converter were decided by the load
conditions of the generator. The input voltage was decided at no load condition and the output

voltage was decided by the full load condition, keeping the terminal voltage fixed.

FIELD VOLTAGE LOAD TERMINAL VOLTAGE
30 NO LOAD 762V
40 FULL LOAD 762V J
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Chapter 5: INTEGRATION OF DC - DC BOOST CONVERTER
WITH THE SYNCHRONOUS GENERATOR

5.1 INTRODUCTION

This is the most important part of the design of the excitation system for synchronous
generator using DC — DC boost converter. In this chapter integration of dc —dc boost converter
will be done with the 762V 111.9kW synchronous generator. We know, that the function of the
excitation system is to maintain the terminal voltage of the system, so to verify this the whole

system with be checked for different load conditions.

5.2 MAJOR SPECIFICATIONS OF THE COMPLETE SYSTEM

SYMBOL PARAMETERS VALUE UNITS

Vi INPUT CONVERTER 30 v
VOLTAGE

Vo OUTPUT CONVERTER 40 Vv
VOLTAGE

Vf OUTPUT TERMINAL 762 Vv
VOLTAGE

F SYSTEM FREQUENCY 50 Hz

Kp PROPORTIONALITY GAIN 53

K; INTEGRAL GAIN 0.37

Figure 5.1 Major Specification of the complete system
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5.3 THE DC -DC BOOST
GENERATOR

CC Veltage Seurce

782

Caonstant

)

INPUT VOLTAGE

1 -
g:’ -

PID

D —
Discrete
PID Controller

Discretz
PID Contraller

PR AR

e

CONVERTER INTEGRATED WITH SYNCHRONOUS

]

Voltage Measurament

— &

s

()

o
b

| —————
DC -D CBOOST CONVERTER

h 4

Outd

]

TE2V 111.500

SYNCHRONOUS GENERATOR

L

TERMINAL VOLTAGE

(b)

56

Figure 5.2(a) and (b) Shows the Simulink Model of Synchronous Generator



5.4 SIMULATION OUTPUT OF THE WHOLE SYSTEM

Now to study and check the outputs of the whole working of the system, that is the close
loop dc —dc boost converter integrated with the synchronous generator, the system is given
different load conditions, as per the calculations and theoretical work, the system should be able
to maintain the same terminal voltage in all conditions, though the output current will change as
per the input load. The basic input of the boost converter is 30 V and the terminal voltage required

all time is 762 V.

The following five cases are considered, and the output is shown below
5.4.1 CASE I: LOAD L =50 kW

SIMULATION OUTPUT

In the Figure No 5.2 as shown below, the first graph is of the input voltage supplied by
the boost converter, which is maintained as 30 V. The second graph is of the output terminal
voltage of the synchronous generator, as it is visible that will the load L =50 kW the output is

maintained as 762 V, which help in achieving the main aim of the whole system.

INPUT CONVERTER VOLTAGE
Kh| T T T

o W Wt eSS 2w SV m— ]

30 : ;

VOLTAGE

I IR )... Ol . oY (— -

29 i i
0 : :
TIME
OUTPUT TERMINAL VOLTAGE

1000

500

VOLTAGE
[==]

i I I
0.15 0.16 0.17 018 0.19 0.2 0.21 022 023 0.24 0.25
TIME

Figure 5.3 Simulation Output Of Load L = 50 kW
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5.4.2 CASE II: LOAD L = 60 kW

SIMULATION OUTPUT
In the Figure No 5.3 as shown below, the first graph is of the input voltage supplied by

the boost converter, which is maintained as 30 V. The second graph is of the output terminal
voltage of the synchronous generator, as it is visible that will the load L= 60 kW the output is

maintained as 762 V, which help in achieving the main aim of the whole system

INPUT CONVERTER VOLTAGE
k)| T T T

30

VOLTAGE

295 frmnnmnensoanens Jernasnnna D RRECRRLICERTEE e seea S -

29
0

1000

500

VOLTAGE
[==]

Figure 5.4 Simulation Output Of Load L = 60 Kw
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5.4.3 CASE III: LOAD L =70 kW

SIMULATION OUTPUT

In the Figure No 5.4 as shown below, the first graph is of the input voltage supplied by
the boost converter, which is maintained as 30 V. The second graph is of the output terminal
voltage of the synchronous generator, as it is visible that will the load L = 70 kW the output is

maintained as 762 V, which help in achieving the main aim of the whole system

INPUT CONVERTER VOLTAGE

2 : : : 1
| IVUU—— N N . A -
w : ! ; :
= : : g !
5 30 ;
Q ':
2 295 O A3 das A T N josoossmoostutans !
29 | ] I i
0 0.05 01 0.15 02 025

TIME

VOLTAGE

0.15 0.16 0.17 0.18 0.19 0.2 0.21 0.22 0.23 0.24 0.25

Figure 5.5 Simulation Output Of Load L =70 kW
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5.4.4 CASE IV: LOAD L = 80 kW

SIMULATION OUTPUT

In the Figure No 5.5 as shown below, the first graph is of the input voltage supplied by
the boost converter, which is maintained as 30 V. The second graph is of the output terminal
voltage of the synchronous generator, as it is visible that will the load L = 80 kW the output is

maintained as 762 V, which help in achieving the main aim of the whole system

INPUT CONVERTER VOLTAGE
3 T T

305 -, ---------------- .

VOLTAGE
(%]
=

TIME

1000

500

VOLTAGE
=

Figure 5.6 Simulation Output Of Load L = 80 kW

5.4.5 CASE V: LOAD L =90 kW

SIMULATION OUTPUT
In the Figure No 5.6 as shown below, the first graph is of the input voltage supplied by the

boost converter, which is maintained as 30 V. The second graph is of the output terminal voltage
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of the synchronous generator, as it is visible that will the load L =90 kW the output is maintained

as 762 V, which help in achieving the main aim of the whole system

INPUT CONVERTER VOLTAGE
k)| T T T

T
A E— SRR — S— — ]

VOLTAGE
3

TIME

1000

500

VOLTAGE
=

i
0.15 0.16 0.17 0.18 0.19 0.2 0.21 0.22 0.23 0.24 0.25
TIME

Figure 5.7 Simulation Output Of Load L= 90 kW

5.5 CONCLUSION

This chapter shows the results of the complete system that is “The DC —-DC boost
converters integrated with the synchronous generator”. The close loop dc —dc boost converter act

as the excitation system of the synchronous generator.
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The whole designing process had stated from designing the open loop dc -dc boost
converter, whose output was verified with various load conditions, but resulted in non-accurate
output. To overcome this PID controller with specific parameters was integrated with open loop

dc —dc boos converter, which became as close loop dc —dc boost converter.

The output of close loop dc —dc converter was verified with different load conditions,
which resulted in accurate results, from there it is concluded that it is suitable to be integrated

further with the synchronous generator.

After selecting the design parameters of the generator, it was integrated with the close loop
d c-dc boost converter. Finally it is observed that with various load conditions the terminal voltage
of the synchronous generator remains the same. Though with different loads the output current is
changing, but with the help of PWM, the pulse generates and duty ratio chances, which maintain

the terminal voltage constant.

This particular result is shown in the section 5.5.1with the help of the mathematical values.
Finally it can be seen that the output terminal voltage of the generator remains constant, for

different load conditions, hence the objective of the system designed has been achieved.

5.5.1 MATHEMATICAL VALUES

INPUT VOLTAGE LOAD TERMINAL SYNCHRONOUS
OF DC -DC BOOST kW VOLTAGE SPEED
CONVERTER Vv (RPM)
A%
30 50 762 1500
30 60 762 1500
30 70 762 1500
30 80 762 1500
30 90 762 1500
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Chapter 6: CONCLUSION AND FUTURE WORK POSSIBILITIES

6.1 THE CONCLUSION
In this Dissertation titled as “Design of Excitation System for Synchronous Generator
Using Dc-Dc Converters”, the regulation of the terminal voltage has been accomplished for
variable load condition, so with the change of load the voltage remains constant. The proposed
excitation system has lot of advantages over the presently employed system.
e Adjust the field current through increasing/boosting the field voltage for drop in line
voltage.
e Fast control of reactive and active power.
e Improved steady-state response and transient response.
o Overall increased stability performance/characteristics
o Fast dynamic response
e Low output ripples
e Reduction in number of controlling devices
o Less power dissipation from chopper circuits
e Control and regulation of the complete output voltage achieved with the pulse width
modulator
¢ Overall reduction in size of the system
e Overall reduction in the cost of the system
e Overall performance increased
e Provides high efficiency
Since the energy consumption is increasing, at a rate higher than that witnessed during the
previous century, a method to fulfill the need and to intensify the overall efficiency of power
system, Design of Excitation System for Synchronous Generator Using Dc-De Converters can be

incorporated in various energy sources such as small hydro.
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6.2 FUTURE SCOPE

The DC —DC boost converter can be replaced by the DC — DC buck - boost converter, for
better performance in any kind of operating conditions. The buck converter controls the normal
generator terminal voltage, under fault conditions the boost converter can increase the field

voltage. Later a real time implementation can be done to verify the results even practically.

This can be implemented for sources like, wind, small hydropower plants, IC engines all

this can be analyzed in future.
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