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Abstract

In this paper, a mathematical model of the Self-Excited Induction Generator (SEIG) is devel oped to analyze the operation of it in wind
energy systems. In such type of wind scheme often whole generating system is isolated from the grid and supply electricity to the
remote communities. A wind energy system usually a low/medium speed projects driven by controlled/uncontrolled micro wind
turbines. The single point operation of these generators is realized; in such a manner that speeds, voltage, currents of generators
remain constant under various operating loads conditions. The Electronic Load Controller (ELC) is modeled here for the controlled
operation of WES against various load condition. Here the proposed electrical system are modeled and ssmulated in MATLAB using
Smulink and Sim Power System (SPS) set toolboxes and different aspects of the proposed system are studied. On the basis this model
different characteristics of SEIG with ELC are analyzed which shows its suitability in wind energy systems.

Index Terms. SEIG, ELC, Wind Energy, and Induction generator etc
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1. INTRODUCTION and rotor winding receives its energy from statpinieans of
electro-magnetic induction. Based on the slip vakue M

Small scale power generation near consumer’s pesias works in motor and generator mode as [1, 2, 3, 4nfl 6]:

received greater attention in recent years forimsemote and i In motoring mode (0 < slip < 1), rotor rotates fre t
rural communities due to the cost and complexitsoined in direction of rotating field produced by the stator
the grid extension. Thus, suitable stand-aloneesystusing currents. The slip varies from ‘1’ at stand still ‘0’
locally available energy sources have become aepssf at synchronous speed.

option. Alternatively, wind energy system projectsy be i.  In generating mode (-1 < slip < 0), stator ternsnal
built in isolated areas that would be uneconomisdire from are connected to a constant frequency voltage sourc
a network, or in areas where there is no natiotedtrcal and rotor is driven at above synchronous speed by a

distribution network. Since wind energy system ectg
usually have minimal reservoirs and civil constrmctwork,

they are seen as having a relatively low envirortaldmpact SEIG employs cage rotor construction with shuntaciprs
compared to large hydro [1]. connected at its terminals for excitation. The $teapacitors
may be either constant or variable. The IG has s@mjlar
construction as induction motor with some possible
improvements in efficiency. As the speed duringuicttbn

prime mover.

The development of low/medium speed and innovative
synchronous generators specially with Induction éators

(IG) have received attention from numerous indigidu generator operation is not synchronous, it is @abed an
around the world. IGs offer several advantagesytirdiand asynchronous generator. There are numerous adesntdg
wind power plants compare to other generators alvigilin the permanent magnet synchronous generator which disteeh
market. Its construction, self-start quality, lowaimtenance below [1, 3, 4, 6 & 7-10]

and low cost draw greater attention from the |astadies of

i Brushless and rugged construction
WESs developers.

ii. Low cost
iii. Maintenance and operational simplicity
2. SEL F'EXCI TED | NDUCTI ON GENERATOR iv. Se|f_protecti0n against faults
Induction machine (IM) is quite popular with isadtmicro- V. Good dynamic response _
Vi. Capability to generate power at varying speed

hydro power plants. It is a singly-excited ac maehiStator
winding of a 3-phase IM is connected to a 3-phasscarrce
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3. SEIGWITH OTHER GENERATORS
Generators

Based on

future the

the

requirement
synchronous generator (alternator), is commonlyd ws®d in
researchers focusing on Permanent
Synchronous Generator (PMSG),
Generator (DFIG). These generators used to conthert

conventionally

Doubly Fed

in WESs

Induction

As compared to the synchronous generator in a SEIG;
brushless and rugged construction and capabilitgetwerate
power at varying speed and which mean substantia¢ase in

Magnet

mechanical energy of flowing water into the elextienergy.

Table 1: Comparison of SEIG with different generators uised/ESs

the efficiency. Table 1 shows the comparison of GGHElith

other generators used in WESs on the basis vapiaasneters
[2-11]. Table 1 clearly describe SEIG that it coldd the
better option for low/medium speed application$uiture and
specially in WESSs by considering all the parameters

S.No. Parameters SEIG Wound Rotor Synchronous PM SG
Induction Generator Generator with
coiled field
1. Construction Simple and Complex Structure Complex Structure Simple and Rb
Robust
2. Operation with Slip | Reliable Slipping rings for DFIG Slipping Rings iddle
ring
3. Large Scale Small capacitor | Inverters for 25% to 50% | Large Scale Inverte Large Scale
Inverter Appl. bank of nominal power Inverter
4. Inverter Control Simple inverter Complex inverter Control Simple inverter Simple inverter
Requirement Control Control control
5. No. of Controlling | One controlling | Two controlling One controlling One controlling
Inverter required inverter inverter inverter inverter
6. No. of Rectifier+ 1 Rectifier+ -- 1field controller + 1 Rectifier + 1
Inverter linverter linverter inverter
7. Slipring -- No Slipping Rings for Regular No Slipping Rings
Requirement BDFG Maintenance
8. M aintenance Low Maintenance| High Maintenance High Maintenance owIMaintenance
9. Torque Behaviour Flat Torque Wavy Torque Wide range Torque Flat Terqg
10. Cost Low Cost High Cost High Cost Low Cost*
11. Weight Small Large Large Small and Light
weight
12. Efficiency Medium High efficiency with DFIG | High efficiency in a| Better Efficiency
efficiency wide range of load | At low speed
13. Power Coefficient Low power Low power Low power High power
coefficient coefficient coefficient coefficient
Capacitor Needs Needs Capacitors| Needs Capacitors Ease of Voltage| No need of
Control Capacitors

4. MATHEMATICAL MODELING OF SEIG

The considered SEIG-ELC system consists of an iauc
generator capacitor bank, consumer loads (statiwedbk as

i The change in resistance due to the change in
frequency and temperature is neglected.

dynamic loads) and ELC with control circuit andsksown in

Figure 1. The dynamic models of symmetrical thrhage
induction machine are derived considering the foiihg

assumptions [10]:

ii. The MMF space and time harmonics are neglected.
The core loss is neglected.

The dynamic model of the three-phase squirrel-¢gadection
generator is developed by using a stationary deg agference

frame [5, 6, 8, 10 & 11] and the relevant equatians for
mechanical and electrical systems given below.
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Te = (3P/4) Lm (igs idr — ids iqr) (D)
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Fig.-1: Schematic diagram of three-phase SEIG with ELE an
Load

Tshaft: Te +J (2/P) sz}( (2)

Thed andq axes voltages in the stationary reference frame are
as follows:

Vas = (2/3) {(va— (W2) - (W2)} (3)

Vgs = (2/3) {(V3wy/2) — (V3vi/2)} 4

The derivative of the rotor speed from (4) is
P.Wg= (P/2). {(Tsharr Te)/J} (5)
Where, (all quantities in the rotor reference frgme

= developed electromagnetic torque of the

Te
SEIG

Tehait = electromechanical torque of the SEIG

P = the number of poles

Lm = the magnetizing inductance

igs = g-axis component of stator current

igr = d-axis component of rotor current

ids = d-axis component of stator current

iqr = g-axis component of rotor current

J = moment of inertia

Wy = rotor speed of SEIG

p = [d/dt]

Vs = direct axis component of stator voltage

Vgs = quadrature axis component of stator
voltage

VaVpVp = voltages at induction generator
terminals

4.1 Modelling of ELC
The aim of an ELC is to reduce the cost of a winérgy

system installation by replacing the mechanicalegoer with
an electronic circuit. The basic principle of an(Els that the
electrical load on the generator must be consteen ¢hough
the consumer load may vary in an unpredictable mafrom
zero to full rated load of the system. In the exanthange of
consumer load, a ballast load is adjusted so kiatdtals load
on the generator remains constant as [10]:

Pout=PFP+ Py (6)
Where, By is the generated power of the generator (which
should be constant),. s the consumer power andg B the
dump load power. This dump powergRnay be used for
space heating, water heating, battery charging,kiogp
baking etc. Figure 2 shows the diagram of ELC veitimtrol

circuit [9-11].

4.2 Simulink /IMATLAB Model of SEIG

A simulation model is developed in MATLAB using Sitimk

and SPS block set. The simulation is carried ouM&TLAB

version 10 with ode23bysolver. The electrical systés
simulated with different loads and modeled usirgjsteave and
inductive elements. The unbalanced load is modelsidg
breakers in individual phases as depicted in Fighr& he
parameters of the various components of the syatengiven

in APPENDIX-A.

Fig.-2: Schematic diagram of ELC with Control circuit

Vimax = 2R ig + 2L pig +vy (7
pvg = (ils—i)/ C 8)
iL ={(vd/ Rad) + S (WRuL2)} 9
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Where L source inductance, {Rsource resistance and C
filtering capacitor and S is the switching functiodicating
the switching status of the IGBT switch [APPENDIX-B
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Fig.-3: Simulink/ MATLAB Model of SEIG

5SIMULATION RESULTSAND DISCUSSION

The performance of the SEIG is studied with variopsrating
condition like in wind energy power plants. Thefpamance

of PMSG is analyzed with the Resistive Load and Rload.
The simulated waveforms of SEIG electromagnetiquer
(Te), rotor speedcf), 3@ Stator Voltage (M9, and 3o
current (k9 are shown in Figures 4-9 for different operating
conditions. Following cases are taken for study:

5.1 Sdlf-excitation and Voltage Build up

In this case, SEIG is started at no load with etidh
capacitors of 200 uF per phase. Figures 4-5 shoiag®
build up for all three lines at SEIG terminals, aeipor
currents, Electromagnetic torque and rotor spegplectively.

1

Inld)

Fig.-4: Three line voltages & currents build up at SEIG
terminals

Fig.-5: Torque and rotor speed and Frequency of gemerate
voltage of SEIG

5.2 Resistive L oading of SEIG

Initially SEIG is running under no load, at t=1 seesistive

load of 1.5 kW (Appendix-B) is switched on. Loachds a

heavy current at starting but after 1.2 sec.,titeeto a steady
state value. After that at t=1.2 sec. SEIG agaiitck@s to no
load as shown in Figures 6-7.

5.3 Three Phase Fault at SEIG

Initially SEIG is operated with a resistive load 100 W. A
three phase fault is considered at the load telmata=2 sec.
Fault is applied for the duration of 0.1 sec. TH&GS cannot
sustain the short circuit due to failure of exdédatand the
voltage collapses to zero immediately without aiaypsient as
shown in Figures 8.
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Fig.-6: Three line voltages & currents at Line-A build atp
SEIG terminals
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Fig.-7: Torque and rotor speed of SEIG
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Fig.-8: Three line voltages, currents and Torque speed of
SEIG terminals

54 LineLineFault at SEIG

A line to line short circuit is applied between tlimes A and
B at the load terminals for the duration of 0.1 feen t = 2
sec. to t = 2.1 sec. The SEIG cannot sustain tbe sircuit
and the voltage collapses to zero immediately withany
transient as shown in the Figures 9.

CONCLUSIONS

This paper presented the performance analysis &EHS
supplying static constant torque. Steady state taaosient
operations of the SEIG are studied under theseslo@tle
study has provided more detailed information on the
performance of the SEIG, such as steady-state ramdiént
waveforms, variation of basic parameters such gelta
current, speed and torque with loads.
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Fig.-9: Three line voltages, currents, torque and speSEHE
terminals

The dynamic behaviour of the SEIG has been demeiastr
and it reveals that SEIG can be used satisfactarilgnicro-
hydro with uncontrolled turbine. It reveals fronethtudy that
system is more efficient and reliable with Electoohoad
Controller. This study has practical significanceued
availability of enormous wind energy system potanin
remote locations in several countries. Due to lovvetial
costs, replacement of synchronous and other gemers¢ems
quite logical.
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APPENDICES

A. Parameters of SEIG:

3.73 kW, 415V, 50 Hz, Y-connected, 24 poleg,&R0.6837Q,
R,=0.45, L= 0.004152H, |.= 0.008152H, |,=0.011846 H,
Inertia (J) = 0.1 kg-M Friction Fcator= 0.008141, F (N.m.s)

B. ELC Rating:

Power Rating=3.7kW (selected), Voltage Rating cfifier

and chopper switch = 900 V, Current Rating of festiand
chopper switch = 15 A, Rating of Dump load =Q5Rating
of DC filtering capacitor = 380 pF

C. Resistive Load: 1.5kW
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