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ABSTRACT

In this project a normal three-phase induction motor as a capacitor self-
excited Induction generator(SEIG). The thermal limit of the stator windings being
the limiting factor, the capacity of the SEIG is determined. The steady-state

P of such induction, g intaining a constant terminal voltage
is analyzed under resistive and reactive loads. Typical experimental results are also
presented. An analytical method employing Newton-Raphson technique is used to
obtain the desired performance. Certain performance indices are defined which

would provide guidelines in the d t of induction generators systems
including the voltage regulator. It has been found that for normal low power
motors, the maximum power that can be extracted as generators is 148% 10 160%
of the motor rating for resistive loads and 118% to 128% of the motor rating for
0.8 power factor (PF) loads. Capacitive reactive volt-ampere (VAR) required to
maintain constant voltage at 1.0 p.u. speed is in the range 85% to 140% of the
power rating of the motor with resistive loads and 100% to 140% with lagging
loads.
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CHAPTER 1
INTRODUCTION TO INDUCTION GENERATORS

INTRODUCTION:

A three-phase induction machine can be made to work as a self-
excited generator when its rotor is driven at suitable speeds by an external
prime mover and its excitation is provided by connecting a three-phase
capacitor bank at the stator terminals. The induced emf and current in the
stator windings will continue to rise until an equilibrium is attained due to
the magnet i.e. ion in the hine. The topic has received

considerable attention in recent years in view of the suitablitiy of induction
generators for isolated power generation using conventional and renewable

ENergy SOUrces.

Such a induction g compares bly in cost, ease of
P and mai with a con | alternator. Owing 1o the
changed emphasis on energy pr bl the develog of suitable low cost

isolated power generators, driven by energy sources such as wind, biogas
etc. is indeed a promising alternative. The acceptability of these generators
as viable generating units would be decided by their ability to provide
desired voltage and frequency at all low speeds. The development of static
power converters facilitates control of the generated power 1o the required

voltage or frequency levels.

33
33

34
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OBJECTIVE:

To design and fabricate an efficient Self-excited Induction generator
with an additional identical stator winding which leads to constant speed

operation and improvement of power factor.

NEED OF THE PROJECT:

Today mostly synchronous generators are used for power production.
Whereas in Wind power generation synchronous generator is not effective
because of its

1. DC excitation of the rotor.
2. High cost.

3. Maintenance is costlier.

To overcome these problems Induction generators are preferred for
power production in Wind Engineering.
Induction Generators are commonly used due to advantages such as
1. No excitation of the rotor,
2. Availability,
3. Low cost,
4. Ease of Operation,
5. Maintenance and

6. Rot with a con’ | alternator.
A Three phase Induction machine can be made to run as a generator
when its rotor is driven at suitable speeds by an external prime mover.

3

Chapter 3: The design details, design of exciter winding, load winding and
Selection of capacitance is detailed in this chapter.

Chapter 4: The test results, tabulation, block diagram and the
Characteristics of the desigr d Induction Generator are
described in this chapter.

Chapter 5: It deals with conclusion and scope for the future development

METHADOLOGY:

1. Design of stator with an identical delta-star winding

3. Coupling of DC Shunt motor with Induction generator to give mechanical
input power.

3. Testing of the machine without capacitor bank.

4. Testing of the machine with capacitor bank.

LIMITATIONS IN INDUCTION GENERATOR:

1. Consumption of reactive power from the grid.
2. Inrush of starting current.
3. Low power factor.

SOLUTIONS:

® To run the induction machine with additional stator winding i.¢. delta-
star winding which has the following advantages.
1. Reactive power drawn is reduced
2. This helps in attaining constant voltage and frequency
3. Improving power factor

ORGANISATION OF THE PROJECT:

The report describes about the use of an induction motor as an induction
generator also the power factor improvement, the design of an identical
delta-star winding in the stator and also about self excitation using
capacitors.

Chapter 12 1t introduces the need, problems and solutions of the Induction

G with the methodology used for operation.
Chapter 2: The theoretical section of the project is discussed in this
Chapter.

CHAPTER 2
THEORETICAL SECTION

AN A e



CHAPTER 2
THEORETICAL SECT 10N

2.1. DC SHUNT MOTOR

DC shunt motor is the prime mover used to run the Induction
Machine. This motor is particularly used because of its constant speed. DC
motor is used here instead of a wind wurbine which is used to run the

Induction Generalors.

The main characteristic of the DC Shunt motor is as long as the
voltage is constant, which is generally so in practice, the flux produced is

also constant. Hence DC Shunt motor is called constant Flux motor.
‘ Doln |
ESEne |
Where

@, is the Flux in Weber.
1. the shunt current through the field winding,

The above equalion proves the constant speed operation.
Speed-Torque characteristics

/1
[}

3
|
|
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Fig 2.1. SPEED Vs TORQUE

of the 2 ted power has been found to be

ppropriate. The study ded to cover a wide range of standard motors up
to 100 KW are also studied.
Thus the normal Induction motors can be employed as Self - excited

generators, with the constant speed prime movers.

The study from J.B.Ekanayake tells the principle of operation of the
three- phase induction generator under single-phase loading has been
presented. The three phase generator can be converted 1o a single phase
generator which can be used for small Hydro schemes as single phase
Induction generators are more expensive than three phase Induction
generators.

Studies from N.Kumaresan and M.Subbiah confirm that the delta-star

figuration of an Inducti hine has been successfully applied for
wind-driven grid-co d Induction g I Thus design of a
| Inducti hine as a self-excited Induction generator leads

to the improvement of power factor and about self excitation.
2.4. CAPACITANCE REQUIREMENTS:

Capacitors or the Capacitor banks are required for excitation of the
stator winding (delta in the new design). This excitation of the winding in
the generator proves the generator is Self — exciting. The minimum value of
the capacitance reguired for initiating voltage build —up in a three phase self
excited Induction generator using the steady state equivalent circuit model is
determined in detail in the next chapter. A consideration of the circuit
conductances yields a 6 th degree polynomial in the per — unit frequency.

9

2.2, INDUCTION MACHINE:

T i

feature of the Induction machine is that if the machine is made to run below
rated speed it acts as a Motor if made to run above rated speed acts as a

Generator.

Here in the project an induction motor is made to run above rated

speed by using a prime mover as 2 Induction Generator because motors are

cheaper than installing the generator itself.
The characteristics of the Induction Machine is as given below.

Where N=-Ns N=0 N=Ns N=-+Ns
5=1 s=1 §=0 5<0
BRAKING MOTORING GENERATING
REGION REGION REGION

2.3, LITERATURE SURVEY:

The literature survey deals with the comparison of performance of the
new design of an identical delta-star winding of the Induction machine with

that of the conventi | Induction

The study from §.S.Murthy, B.P.Singh has confirmed that a normally
designed Induction motor can be successfully used as a three phase self-

excited generator for low power pplications. In order to intain constancy
of the generator terminal voltage, it has been shown that the values of
capacilance varies over @ wide range. For the machines considered, the
desired range of capacitance KVAR variation has been found to be 85 to 185
94 of the machine rating. The criteria of limiting the starting current in the

8

The polynomial can be solved for real roots which enables the value of the
minimum capacitance 1o be calculated.
These minimum values of capacitance in the project deals with two

mainpurpof-e.‘l'heym
1. Capacitance ted in the excitati n side serve as self-

Excitation of the Induction generator.
2. Capacitance connected in the load side or the generating side is for
the Improvement of the power factor.
Thus design and selection of the capacitor banks play a major role in the
project.

2.5. USE OF DOUBLE WINDING

The Conventional Induction machine has only one winding in the
stator. (i.e.) either star of delta as shown in the figure. An innovative delta —

star three phase winding, developed earlier in 3 — phase induction motors, is
ted Induction G tors. A method

applied for constant speed grid —
has been developed for the prediction of the performance of the generator
with such an unconventional winding. 1t has been demonstrated that with a
suitabl itching arrangement, the prop 4 delta — star generator can
result in increased real pOwer delivered to the grid and reduced reactive
power drawn from the grid, as compared 0 2 fixed stator configuration. The

facility of using the star mode of the generator while connecting it to the grid

with much reduced inrush current

hines are ly used in almost all applications. The
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FIG 2.3. DESIGN OF A SELF-EXCITED INDUCTION GENERATOR WITH AN

« Now the capacitors

IDENTICAL DELTA-STAR WINDING

(The load side is also called as the generating side).

« With the capacitors on both sides experimental results

» Power factor is

measured using these values.

are connected to the load side of the generator.

are tabulated.

2.6. OPERATION:

SINGLE WINDING:

The conventional Induction machine is made o run as Induction
generator and experimental results are tabulated.

The power factor is calculated for the normal Induction machine and
the readings are tabulated.

DOUBLE WINDING:

Initially the supply is given 10 the DC motor which acts as a prime
mover to the Induction machine.

The motor runs at a constant speed say 1500 rpm.

Now the supply to the Induction machine is given through the auto —
transformer and the voltage to the delta of the excitation winding is
gradually increased.

The speed of the DC motor s varied to the above rated speed as to

make the Inducti hine act as a G 1t
The capaci initially d to the itation side gets
charged.

Now the autotransformer supply is switched off. The charge stored in
the capacitance is sufficient to excite the delta of the stator winding.

This is called as self — Excitation.

Load is © cted to the newly designed star wi ding of the stator.

Readings are tabulated and the power factor is measured.

12

CHAPTER 3

DESIGN CONSID! TIONS



CHAPTER 3:
DESIGN PROCEDURE:

3.1. DESIGN CONSIDERATIONS:

The design of the Induction Generator involves the study of suitability

of the conventional Inducti Motor. The principle-limiti factor in such an

application is the thermal Timit of the stator windings. Therefore it is evident
that the induction motors can be used in generation mode only for low power
operations, while the large power operations require some special
modifications from the conventional design to remain thermally stable.
There are many more factors (hat affect the use of induction moLors as

generators.

The studies done by Murthy, $5. et al was find the practical

suitability of the induction motors as g tors. They considered various

features including the above mentioned one to study the applicability. These

studies were used by us before we started to design our own scheme

stand-alone operation of the self-excited induction generator.

The use of the induction motor as a generator generally has a cost
advantage over the other conventional modes of generation owing (o its
simple and low cost construction. Due to its robust construction, less
maintenance is required by a induction motor, this advantage is passed to the

induction generator. With the development of the various static power

converters has led to the wide P of ind 8 rs for low
cost power generation.

There are two alternatives for the development of i duction
based generating system.

factor on the capacity of the power generation rather than the rotor cage is

pable of with fing considerable thermal overload. This thermal
instability arises due to the fact that, in the generating mode the stator
winding carry a current equal to the vector sum of the magnetizing current
and the rotor current. Whereas, in motoring mode the stator winding carries
a current equal to the vector difference of the rotor current and the
magnetizing current. Thus the allowable range of the induction generator
operation with 2 imposed limit on the rotor current does not contain the
entire available range of the stator current, this implies that power can be
extracted from the generator even under the condition when the rotor current
is more than its rated value and the stator current is within its maximum
limit.

3.2. DESIGN SPECIFICATIONS OF THE MACHINE USED IN OUR
PROJECT:

The machine used in our project is a 2 hp (2.2 KW), 3 phase, 400 V,
3.4 A, 50 Hz, 4-pole squirrel cage induction motor.

The main dimensions of the machine are D=13.9 cmand L = 10 em.
3.3, DESIGN OF STATOR WINDING:

Flux density in the stator core (By) = 1 Whim’® (on assumption)
At the core, the flux density, B o, = B

Current density in the windings is taken to be 6 Afmm’

Redesign the induction machine to obtain the required generator

operation.

Use the existing available induction motor as a self-excited induction

generator.

There have been efforts to sp ifically design the induction &

for large power applications. While it is not economically feasible for low

power applications. Generally for low power applications it is preferred to

use the available i duct hine. Hence, we have used an available

induction motor for our project work.

ROLE OF “AIR-GAP VOLTAGE TO FREQUENCY “RATIO:

It is desired that the induction generator should provide a constant
terminal voltage even under varying loads. In practice, a drop in terminal
voltage and the frequency is an observed feature under varying loads. A
constant voltage alone implies an increased air gap flux for the induction
generalor would result in a continuously varying magnetizing reactance. But
a constant “air-gap voltage 10 frequency “ratio would ensure the operation of
the induction generator at & constant air gap flux. Hence it is necessary 10

consider the “air-gap voltage to frequency ratio” for a constant flux

operation of induction generators.

ROLE OF THERMAL LIMIT:

It is desirable to have 2

motor or as @ generator. In the case of the squirrel cage motor whe

operated as a generator, the heating of the stator windings is the limiting

16

CALCULATION OF THE FLU X:

Flux (®)=2* (core depth) * (length of the core) * B,, Wh. (3.1)
The factor 2 is multiplied to get the actual flux, since only half of the flux is
distributed in the stator core (@2).
Hence,
Flux (@) =2* (1.7*107 m) * (104107 m) * (1 Whim®)

=34x 107 Wh.

3.3.1. DESIGN OF EXCITER WINDING:

The number of the tums per phase was obtained from the EMF
equation,
E =d44%0* @y * Ty * Ky Volts. (3.2)
Here the Es is 400 volis, and the winding factor (K.) is 0.9-

Hence to find the unknown p _we substitute the known p in
the EMF equation.

400 = 4.4 * 50(34*107") *0.9* T

T = 588.82 turns/ phase.

There are totally 12 coils.
The number of turns per coil = wms per phase / number of coils.
The number of tums per coil = 588.82/12

=49,

We have taken 48 turns/coil for the fabrication of the excitation coil.
“The excitati inding is © d as delta.

hine that jons equally well either as a

n it is



The excitation winding was fabricated with wire of 22 SWG (d = 0.711
mm).

Current in the exciter winding =6 * = * (0.711 Y/4=238A=2A,

3.3.2. DESIGN OF LOAD WINDING:

The load winding is connected in star. Hence the terminal voltage is 1.732
times less than that of input voltage.
Therefore, on applying the EMF equation,
(400/3) = 4.44 * 50 * (34*10™) * 0.9 * Ts
The number of tums per phase (Ts) is 339.957.
The number of turns per coil is 28.
The load winding was fabricated with a wire of 20 SWG (d = 914).
Current in the load winding = 6 * x * (0.914)' /4 =4 A,
These two windings are placed in the stator core as two double
layered windings, with load winding at the bottom and the excitation

winding occupying the top position.
3. 4 DETERMINATION OF CRITICAL CAPACITANCE:

Equivalent Network at Excited Frequency:
Equivalent circuits where all the parameters are referred to rated

frequency, assuming all inductive are p I to the

frequency. The circuit shown in the figure 3.1, where the symbols a and b
have the following significance.
The slip S can be expressed as § = (a — b)/a. Furthermore, since S is

negative, b is greater than &,

Where,

(a-BRXL
M ety
x RIX_+(a-BPX (X +X)
e T e e
Ry +(a- bR X
Zyp= Ran +j Xan
Rup=Ry/a+Rep
Xan = X; + Xcn
The admitiance Y, and Y up are given by

R, X
s F -y

RLvXi  RertXl

- a’X,
U RvaXE | Rira'X]
pra’Xy Rpra’Xy

By KCL, the sum of currents at a node should be equal to zero.
(Vifa) ( YAYi+Yan) =0.
For successful build up V1 should not be equal to zero.
(Ye+ Yo+ Yan) =0
aR,

4--—“—--0
Ri+a®X; RostXL

21

FIG 3.1. EQUIVALENT CIRCUIT OF THE SYSTEM

The equivalent circuit can be simplified into the form shown below.

zn:d
FIG 3.2. SIMPLIFIED EQUIVALENT CIRCUIT
20
a? _ a?X, Xu __o
X, Riea’X: Ri+X
From the above equations a 6 th order equation can be performed
T
pat gl g g PR
o and

Solving this equation we take the largest positive real root a »

determine the minimum capacitance as follows:

c.- 1 ‘:—r‘l._ru]
e Rt RtV

Under no-load,

"
-



Hence, C , is given by,

c 1 [xl."‘xl"‘xd}
2xf,Zal | XX+ XD
[ ks -x‘ o _F.[fs o XT N
m

Fig 3.4. EQUIVALENT CIRCUIT OF LOAD WINDING WITH

EXCITER WINDING OPEN

Using these formulae and simplifying the equations the value of the

capacitance is found to be

b = 0l10pu

Amax = 0.9309pu

Xep = 2.0559p.u.
Xe = 23848 p.u.
C min — 14.3 [.IF
3
CHAPTER 4
TESTS AND INFERENCES

4.1. TEST PROCEDURE:

MAGNETIZING CHARACTERISTICS:

Magnetizing characteristics is an accurate version of no load test. The
machine runs at a very low slip at no load under rated voltage and hence is
assumed to be zero. In magnetizing characteristics we adopt the following
procedure.

The circuit connections are as shown in fig 4.1(4.2).

The autotransformer is set at zero and the supply is switched on.

e The prime mover (in this case a DC motor) is driven at the
synchronous speed of the Induction machine.

« The autotransformer tums ratio is varied and voltage is brought to
rated value in steps.

« The current drawn by the induction machine is noted at each step.

« The terminal voltage Vs current characteristics are drawn.

« This curve gives an idea of the saturation in the machine. Also if the

input is measured at rated voltage, this can be used in determination of

equivalent circuit.

CHAPTER 4
AND INTERFACES
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PERFORMANCE EVALUATION OF SEPARATELY EXCITED
INDUCTION GENERATOR:

» Connections are made as per figd.3 {4.4).

o The field rf are set at mini position and the DC motor is
started using a starter.

« By adjusting the DC field the speed is brought to the synchronous
value of the induction machine.

« Zero position of autotranstormer is ensured and the AC supply is
switched on.

« The capacitance is varied and the performance is observed again.

« The asynchronous generator is loaded by increasing the speed till the
rated output is obtained.

PERFORMANCE EVALUATION OF SELF-EXCITED INDUCTION
MACHINE (UNDER RESISTIVE LOAD):

« Connections are given as per fig 4.5(4.6).

s The DC field is set at minimum and the motor is started using a
starter.

o Desired speed is set by armature or field control.

s Capacitance is varied to bring the rated voltage across the induction
machine.

« Resistive loading is done.

Varying the capacitance does maintenance of voltage under load.

Varying the speed carries out the finer adjustments in voltage.
26



PERFORMANCE EVALUATION OF SELF-EXCITED INDUCT 10N

MACHINE (UNDER REACTIVE LOAD):
« Connections are given as per fig (prescribed for resistive load).
« The procedure used for resistive loading is followed.

« Since the excitation is very sensitive to inductive loading, loading is

done carefully to prevent drain of capacitance resulting in 100 %
regulation.
27
A
)
Delta Stator Connection
Fig 4.3. Separately Excited Conventional 1G
=
P |
BN

Delta - Star Stator Connection
Fig 4.4. Separately Excited Double Winding 1G
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FIG 4.1. Magnetising Characteristics of Conventional 1G

e | l ?"‘?—J ) » @4 —1 =,
o I : BB l
I
- | & L0 ) fakaw |
g | b -

e ] S U e
Delta-Star Stator Connection

Fig 4 .2. Magnetising Ch istics Of Double Winding 1G

.

Delta Stator Connection
Fig 4.5. Conventional SEIG — Resistive Load

. ,L, ‘ i
L:.—

o rn durarrm em
e

Delta — Star Stator connection
Fig 4.6. Double Winding SEIG — Resistive Load



4.3 TABULATION:

The test results are tabulated for both the Conventional Induction

Machine and the newly d

d Induction

hine with and without

Capacitors. They are as follows:

SINGLE WINDING IG CHARACTERISTICS:

SLNO VOLTAGE(V) CURRENT(A) |
1 100 0.60
2 150 0.80 1
— 3 | 20 T oes
q 250 (KH
5 300 135 |
3 350 155
7 400 178

TABLE: 4.1. MAGNETIZING CHARACTERISTICS

31

SNO| V [ KA) | CluF)
(A2}

1 400 23 0

N(RPM) | WATTMETER | Voc ToctA) | T6(A) _FF—|
READING | (V)

(WATT)
| w1 W
1500 | 840 40

168 | 6 04 (0354

2 [405] 30 o

1518 | 1180 260 a0 | 85 | 032 |068

3 | 405|276 4

1516 | 1080 360 | 140 97 | 032 |0.76

4 | 405 | 265 &

1516 | 1060

405 | 3.1 12

400 140 | 112 | 032 [0.77

53 | 1320 340 | 140 | 123 | 030 |

TABLE 4.4 LOADING OF SEPARATELY EXCITED INDUCTION

GENARATOR WITH CAPACITANCE

DOUBLE WINDING 1G CHARACTERISTICS:

[ SNO [ VOLTAGEM) cuam-:mm"l
| a5 10 ‘]
2 85 I
3 125 Ted |
[ 165 e |
5 W00 235 ]
=% T 201
T & 00 I 3x |
L

TABLE 4.5: EXCITATION WINDING MAGNETIZING CHARACTERISTICS

33

SNO | SPEED | VOLTAGE TA) | CAP. (pF) | Voc(V) | THA)
(RPM) | ™
T 1 Fa| ¥
408 400 [ [ 1o o_az
2 1395 | 395 0.55 ] ‘I 188 0.63
3 1340 | 400 0 W[ 18 0.64 |
G -—F Lt SIRTALRI i G
4 1% | a0 1.55 20 180 o_@d

1
TABLE 4.2: RESISTIVE LOADING

T I =

VOLTAGE | SPEED | CURRENT(A) | WATTMETER | Voc | Inc | PF
SNO [ (RPM) READING | (V) | (&)

(WATTS)

| | el R |

1 400 1500 1.55 240 [-200 205 | 1.8 [037

z 400 1516 205 680 0 | 205 | 40 | 048 |

3 400 1525 23 Y000 | 200 | 204 | 5.20 | 0.69 |

4 300 1540 29 1380 | 440 | 198 | &4 | 0.19

| |

5 400 1550 31 1830 | 640 | 198 ] IZ.ZJ 0.79

TABLE 4.3 LOADING OF THE SEPARATELY EXCITED INDUCTION

GENERATOR WITHOUT CAPACITANCE

SNO VOLTAGE(Y) CURRENT(A)
rs g (N TR, Tos
F—r——F = & ] — 15
% & 165

a 163 1.92
=== 1 20 *‘" — 216 |

6 330 238
w2 | W0 I 31 k

TABLE 4.6: LOAD WINDING MAGNETIZING CHARACTERISTICS

SNO | NEREM) | VOV) | 1L(A) | Cexc(UF) | Cuoas(UF) WATTMETER | Voc | If(A) 'ﬁr_}
READING | (V)
(WATT)

" W1 w2 N
1 1530 | 400 | 216 [ 1 800 200 | 172 | 032 {067
2 1540 | 400 | 239 a 4 720 330 | 169 | 031 | _.'rs_"

I3 1545 | 400 | 2.80 e 1§ [so 0 |70 u.zg_ﬁmﬂ
3 1550 | 400 | 3.12 4 5 |1 0| 175 | 026 |0.81

s 1 1560 | 400 | 29 20 2 0R0 400 | 173 n?‘oﬁl

L_ J S [ gl £

TABLE 4.7 : LOADING OF SEPARATELY EXCITED INDUCTION

GENARATOR WITHOUT CAPACITANCE
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4.4. PERFORMANCE ANALYSIS:
SPEED AND VOLTAGE STABILITY:

The controllability of voltage is much smoother in a double winding

1G than the jonal one. By adjusting the DC field of the prime mover
and the capacitance simultaneously constant speed, constant voltage
operation is ot d. Constant frequency operation is also possible by

reducing the capacitance so that the machine operates at lesser slip. Two
graphs are plotted based on the readings obtained in table 4.2 and 4.7.

1450
1400
by
-~
SPEED N
= 1350 < "
RPM -~
1300 ~
e,
~
b
1250 Ty
e
e %
~
-
1200
on [ 1 15 2 5 n
LOAD CURRENT

FIG 4.7. COMPARISOM OF SPEED VS LOAD CURRENT

!
Iil!l&!ili

— -]
e e e w w w w §
ACMETISSG IR 1

Fig.4.9. Conventional 1 M/C

AASTETISP CHARACTIRISTICE OF DOSNLE WIEEHE 16

Fig 4.10. Magnetizing Characteristics of the Double Winding 1G at Various
Capacitance
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POWER FACTOR:

In separately excited operation since the excitation is now supplied to
different winding there is a slight improvement in the power factor.

The tables illustrate this effect.
MAGNETIZING CHARACT ERISTICS:

Since the original motor was designed for a higher flux with a starting
current of almost 3.0 A the core withstands higher flux density. Hence the
saturation effect, which the authors claim could not be established
prominently. Nevertheless the characteristics of the conventional and double
winding induction machines are provided below:

Fig. 4.8. Double Winding 1 M/C
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CHAPTER 5
NCLUSION
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CONCLUSION:

The project has confirmed that a normally designed induction
motor can be successfully used as a three-phase self-excited generator for
low power applications. For each of the four machines considered in this
investigation, it has been shown that the maximum available power, as a
generalor, is in the range of 118 percent to 160 percent of the respective

motor rating.

In order to maintain the y of the generator terminal
voltage, it has been shown that the value of the capacitance varies over a
wide range. For the machines considered, the desired range of capacitance
KVAR variation has been found o be 85 10 185% of the machine rating. The
criterion of the limiting the stator current in the determination of the
maximum generated power, has been found to be appropriate. Test results
confirm the validity of the analytical method employed.

Thus the normal induction motors can be employed as self-

excited generators, with constant speed prime MOVErs,

1. To impl { in wind engineering

2. To provide max power factor with low cost

3. To reduce the increasing prices

4. To implement in portable gen-set with low power and

Non-conventional energy plants.
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SUGGESTION FOR FUTURE IMPROVEMENT :

1. To impl in wind engineering

' &

2. To provide max power factor with low cost

3. To reduce the increasing prices

4. To implement in portable gen-set with low power and
Non-conventional energy plants.

5. Control switch can be used 1o change the connection depending on the
wind speed.

>

By altering the magnetic circuit of the machine the coefficient of

coupling can be improved to unity.

7. With efficient cooling and improved design of the frames the two
winding machine can approach the conventional machine in rating Vs
volume.

8. Design of winding without phase and space shift can be attempted.

9. Applying voltages of different values and natre (AC - DC or AC with

different juencies) at the windings speed and power factor

variations (in terms of supply frequency) can be studied.
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