
Received July 29, 2019, accepted August 20, 2019, date of publication August 23, 2019, date of current version September 4, 2019.

Digital Object Identifier 10.1109/ACCESS.2019.2937229

A Proposal of Expansion and Implementation
in Isolated Generation Systems Using
Self-Excited Induction Generator
With Synchronous Generator
WAGNER E. VANÇO 1, FERNANDO B. SILVA 2, CARLOS MATHEUS R. DE OLIVEIRA 1,
JOSÉ ROBERTO B. A. MONTEIRO 1, (Member IEEE), AND
JOSÉ MÁRIO M. DE OLIVEIRA 3
1São Carlos School of Engineering, University of São Paulo (USP), São Carlos 13566-590, Brazil
2Institute of Exact and Applied Sciences, Federal University of Ouro Preto, Ouro Preto 35931-008, Brazil
3TLLV Scientific Engineering, Uberlândia 38408-388, Brazil

Corresponding author: Wagner E. Vanço (vanco@usp.br)

This work was supported by the Brazilian National Council of Scientific and Technological Development (Conselho Nacional de
Desenvolvimento Científico e Tecnológico-CNPq).

ABSTRACT This work presents a theoretical and experimental study of the self-excited three-phase
induction generator in steady state, operating with a synchronous generator for use in isolated generation.
Through the remoteness of many locations or because of the absence of an energy distribution network,
difficulties exist in the supply of electric energy. The proposal contemplated herein can be applied in order
to provide a well-adjusted voltage and reduce project costs in the expansion and implementation of isolated
systems. That is, when taking into consideration acquisition costs of the asynchronous squirrel cage rotor
machine in relation to the synchronous generator. The main contribution of this study is the making of the
synchronous generator into a voltage regulator of the isolated system, in such a manner that the synchronous
generator supplies the minimum of active power necessary, where a lower power generator is able to play
the role of being the sole voltage regulator.

INDEX TERMS Induction generator, isolated generation, self-excited, synchronous generator, voltage
control, voltage regulation.

I. INTRODUCTION
The study of of induction generator (IG) operation in paral-
lel with the salient-pole synchronous generator (SPSG) for
isolated generation applications presented herein, arises from
the focus given to the development of power generation for
isolated regions or those far from the power distribution
network. It is fundamental to such regions that there exist sim-
ple techniques for reducing costs, when it comes to aspects
such as equipment durability, low demand of technical labour
maintenance and a reduction of project costs for the imple-
mentation of isolated energy generation systems or under its
other denomination as islanded generation.

In this manner, the inclusion of asynchronous genera-
tion produces lower cost projects, since the acquisition and
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maintenance costs of the squirrel cage asynchronous machine
(due to its constructive simplicity, robustness and exci-
tation absence), are much lower than the synchronous
machine [1]–[4].

The expansion for generation capacity in these remote
areas can be realized through the employment of induc-
tion generators operating in conjunction with already exist-
ing synchronous generators. The only requirement is that
one has control of the mechanical power, such as found in
groups of diesel or combustion generators. If the mechan-
ical power is not controlled, it is necessary to implement
power electronics in order to dissipate the unused active
power [5], [6], a subject which is not touched upon in this
work.

Highlighted also in this study is the fact that although the
application for distributed generation exists, the use of the
three-phase induction generator is employed for the delivery
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of active power to the distribution network. When faced with
loss of power supplied by the electric network, the gen-
erator stops generating power, this is due to the absence
of reactive power, and consequently its demagnetization.
Therefore, the idea arises of carrying out self-excitation,
which guarantees the operation of the induction genera-
tor even under eventual outages on the part of the power
network.

When there is no supply or power from the energy utility,
the induction generator can operate in isolation and take
control of the terminal voltage in a direct manner. This is
obtained through the control of the excitation on the syn-
chronous generator and frequency control performed by the
first machine, whether hydraulic or thermic. The most inter-
esting point in this situation is that with the possibility of
an outage occurring from the power utility, there is a diesel
synchronous generator at the ready to meet essential load
needs, which makes the application of this theme extremely
viable.

The disadvantage of the three-phase induction generator is
its demand for reactive power, as it in itself cannot generate
it. In the case of isolated systems the reactive energy source
can come from capacitor banks or a diesel motor synchronous
generator [7]–[9].

Various already published papers employ the static
synchronous compensator (STATCOM) for the voltage and
frequency control of the synchronous generator. These oper-
ate in parallel with the self-excited induction generator in
isolated systems [5], [9], [10], as well as solely on the self-
excited induction generator in the control of voltage and/or
frequency [3], [11]–[17].

There exist various techniques employed for voltage con-
trol on the self-excited induction generator, among which
one can highlight the shunt saturable reactor [18], Static
Synchronous Series Compensator (SSSC) [19], Series and
Parallel compensation [20], [21] and inductors switched
by thyristors [22]. An experimental analysis of induction
generators operating in parallel with synchronous genera-
tors in isolated systems is presented in [23], based on the
influence of the use or not of the capacitor bank, observ-
ing the behavior of the synchronous generator excitation
current.

When the subject arrives at controllable mechanical power,
this study comes into its own, through presenting technical
and financial advantages over those techniques already cited.
Therefore, guaranteeing in this way a cost and maintenance
reduction, as this only uses power electronics for the voltage
regulator of the synchronous generator, in order to provide
voltage control, in a manner different to the other aforemen-
tioned regulators. This makes the isolated generation system
much simpler and robust, by providing validity to supply
and greater reliability. Besides the fact that in short circuit
and blackouts, only the generators suffer with these contin-
gences, as converters for voltage control are not necessary,
thus avoiding loss or partial burnout of this type of electronic
equipment.

FIGURE 1. Schematic diagram of the synchronous generator and
self-excited induction supplying an inductive load.

TABLE 1. Nameplate data and the parameters for the electrics and
mechanics of the synchronous generator.

II. MATHEMATICAL MODELLING
The references [24], [25] present the equations for the syn-
chronous machine with salient poles and for the squirrel cage
rotor induction machine.

III. THEORETICAL-EXPERIMENTAL ANALYSIS
The computer simulation and the experimental testing are
performed based on the electrics diagram in Fig. 1, where
the salient pole synchronous generator is connected in par-
allel with the self-excited induction generator coupled to
an inductive load. Phase voltage and current readings are
obtained in the locations indicated on the electrics diagram,
with the aim of calculating the terminal voltage and the
generated/consumed powers.

These currents can be decomposed into positive sequence,
negative and zero according to Fortescue’s transform,
in Fig. 1.
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TABLE 2. Nameplate data and the parameters for the electrics and
mechanics of the three-phase induction generator.

TABLE 3. Electrical values for the parameters of the capacitor bank.

FIGURE 2. Phase voltage and current of the synchronous generator.

Tables 1, 2 and 3 present respectively, the parameters for
the synchronous generator, induction generator and capacitor
bank.

The results from the trial experiment, performed in the
laboratory and with computer simulation for the theoretical-
experimental analysis, are presented in the following.

A. COMPUTATIONAL SIMULATION
Represented in Fig. 1 is the computer model used for
the theoretical study of the induction generator operation,
where it operates concomitantly with a salient pole syn-
chronous generator. First, close the S1 and S2 switches, in this

FIGURE 3. Active power per phase, delivered to the load by the
synchronous generator.

FIGURE 4. Reactive power per phase, delivered to the load by the
synchronous generator.

FIGURE 5. Power factor from the synchronous generator.

FIGURE 6. Electromagnetic torque developed by the synchronous
generator.

manner, the synchronous generator operates with the induc-
tion generator empty. Shortly after, close the S3 switch, and
the generators go on to supply an inductive load from an
isolated system, the simulation has a ten second duration.

The results of the simulation for the synchronous generator
are presented by Figures 2 to 7.

Figures 8 to 12 present the simulation results for the
self-excited induction generator.
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FIGURE 7. Mechanical velocity of the synchronous generator rotor.

FIGURE 8. Phase voltage and current from the self-excited induction
generator.

FIGURE 9. Active power per phase, delivered to the load by the induction
generator.

FIGURE 10. Reactive power per phase, supplied by the capacitor banks.

Note that the reactive power surplus from the induction
generator capacitor banks flows to the load. Since the design
of the capacitor bank is rated to voltage with nominal loading.

The results for the simulation on the load terminals are
presented by Figures 14 to 17.

B. EXPERIMENTAL PROCEDURE
The trials were performed on a test bench. This bench was
composed of a synchronous generator and a self-excited

FIGURE 11. Power factor for the self-excited induction generator.

FIGURE 12. Electromagnetic torque developed by the self-excited
induction generator.

FIGURE 13. Mechanical velocity of the induction generator rotor.

FIGURE 14. Phase voltage and current on the inductive load.

induction generator, both driven by direct current motors,
as shown in Fig. 5. The diagram that represents the experi-
mental procedure for the motor-generator groups is presented
in Fig. 18.

Initially, the direct current motors are started up, at this
moment the synchronous generator remains at the no load
synchronous speed, and the induction motor goes over to
a supersynchronous speed, thus operating as an induction
generator. Therefore, after the S1 and S2 switches are closed
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FIGURE 15. Active power per phase, consumed by the inductive load.

FIGURE 16. Reactive power per phase, consumed by the inductive load.

FIGURE 17. Power factor for the inductive load.

FIGURE 18. Mounting of experiment test bench.

and the generators are operating in parallel, switch 3 is closed,
which supplies the load. The control of the terminal voltage
is carried out through means of the excitation circuit control
of the synchronous generator. The shaft torque provided by
the primary machines is controlled in such a way that the
induction generator supplies the maximum active power and
the synchronous generator supplies the minimum power to
the load.

The values for voltage, current and power factor are
calculated taking into consideration harmonic distortion.
Due in principal to the harmonic content caused by
the spatial harmonics from the synchronous generator
(constructive features), and by the magnetic saturation of the

FIGURE 19. Voltage and current waveforms on the synchronous
generator, supplying a three-phase load.

FIGURE 20. Harmonic spectrum of voltage and current waveforms on the
synchronous generator. (a) Spectrum of voltage; (b) Spectrum of current.

FIGURE 21. Voltage and current waveforms on the induction generator,
supplying a three-phase load.

induction generator. The harmonic components for voltage
and current (at peak values), can be seen in the harmonic
spectrum presented below.

Presented in Fig. 19 are the waveforms for voltage and
current on the salient pole synchronous generator, while its
harmonic spectrum is presented in Fig. 20.

The voltage and current waveforms on the terminals of the
induction generator are presented in Fig. 21. The harmonic
spectrum is presented in Fig. 22.

Presented in Fig. 23 are the waveforms for voltage and
current on the load, while harmonic spectrum is presented
in Fig. 24.

C. THEORETICAL-EXPERIMENTAL RESULTS AND
DISCUSSIONS
Through the voltage and current phase waveforms that were
presented in the simulation and the experimental procedure,
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FIGURE 22. Harmonic spectrum of voltage and current waveforms on the
induction generator. (a) Spectrum of voltage; (b) Spectrum of current.

FIGURE 23. Voltage and current waveforms on the load.

FIGURE 24. Harmonic spectrum of voltage and current waveforms on the
load. (a) Spectrum of voltage; (b) Spectrum of current.

one obtains the results for the electrical parameters by means
of a power analysis computer program. The mechanical
velocity is obtained in the simulation and converted into rpm,
in experimental fashion the velocity is obtained through the
reading of the rotation of the generator rotors.

In order to calculate the voltage and current rms values,
power factor and power generated from the experiments,
while considering harmonic pollution, one uses the energy
quality theory, which can be found in [26]–[28].

Tables 4, 5 and 6, present respectively, the comparison
between the digital simulation and the experimental test, for
the synchronous generator analysis on the induction genera-
tor load.

As seen on Table 4, the synchronous generator supplies the
minimum of active power necessary, where it is responsible
for the control of reactive power for the regulation of the
voltage of the isolated system. The advantage found in this

TABLE 4. Theoretical-experimental comparison for the analysis of the
synchronous generator.

TABLE 5. Theoretical-experimental comparison for the analysis of the
induction generator.

TABLE 6. Theoretical-experimental comparison for the analysis of the
load.

is that one can have a larger induction generator and smaller
synchronous generator, which will be responsible for only the
control of reactive power. In such a setting, the fine control
of the terminal voltage is performed on the load (as noted
on Table 6). The aim is that the isolated system proposed
herein has the smallest synchronous generator possible, as the
synchronous machine already has a higher price than that of
the squirrel cage asynchronous machine, thus decreasing the
cost of implementation or expansion of a given island system.

Note on Table 5 that the excess reactive power on the
capacitor banks of the induction generator flow to the load,
this occurs due to the capacitor used being a little larger than
necessary for self-excitation, as the values for the capacitor
banks found on the commercial market possess restricted
values. Any excess of reactive power in the design of the
capacitor banks will be absorbed by the load if this is induc-
tive, on the other hand it will be absorbed by the synchronous
generator.

IV. CONCLUSION
The proposal behind this work-study is validated through the
results seen from simulations and tests performed in practical
laboratory tests, this methodology is a new suggestion for
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implementation in isolated generation on the user market that
makes use of island systems.

Any variation in the loading, the terminal voltage of
the synchronous generator and induction set, will be con-
trolled by means of the voltage regulator of the syn-
chronous generator and the frequency, through the adjustment
of the speed regulators of the primary machines of both
generators.

The application of induction generators operating con-
comitantly with synchronous generators possesses significant
economic viability. The generator powers can be higher or
lower than one another, the only demand made is that a
portion of the apparent available power from the synchronous
generator is reserved, in order to consume reactive power or
supply it for voltage control.

The underpinnings of this work proved, the synchronous
generator possesses the possibility of supplying the smallest
portion of active power possible, thus leaving the greater part
of the active power portion for the induction generator. A fact
that makes the synchronous machine a generator or absorber
of reactive power, thus developing the role of the system
terminal voltage controller. In this manner, one can increase
the capacity of electric energy generation of the asynchronous
generator at the minimum level of the synchronous generator.

REFERENCES
[1] E. C. Quispe, R. D. Arias, and J. E. Quintero, ‘‘A new voltage regulator

for self-excited induction generator-design, simulation, and experimental
results,’’ in Proc. IEEE Int. Electr. Mach. Drives Conf. Rec., Milwau-
kee, WI, USA, May 1997, pp. TB3/7.1–TB3/7.3. doi: 10.1109/IEMDC.
1997.604235.

[2] S. S. Murthy, O. P. Malik, and A. K. Tandon, ‘‘Analysis of self-excited
induction generators,’’ IEE Proc. C-Gener., Transmiss. Distrib., vol. 129,
no. 6, pp. 260–265, Nov. 1982. doi: 10.1049/ip-c.1982.0041.

[3] B. Singh, S. S. Murthy, and S. Gupta, ‘‘Analysis and design of STATCOM-
based voltage regulator for self-excited induction generators,’’ IEEE Trans.
Energy Convers., vol. 19, no. 4, pp. 783–790, Dec. 2004. doi: 10.1109/
TEC.2004.827710.

[4] A. H. Al-Bahrani and N. H. Malik, ‘‘Steady state analysis and performance
characteristics of a three-phase induction generator self excited with a
single capacitor,’’ IEEE Trans. Energy Convers., vol. 5, no. 4, pp. 725–732,
Dec. 1990. doi: 10.1109/60.63146.

[5] I. Tamrakar, L. B. Shilpakar, B. G. Fernandes, and R. Nilsen, ‘‘Voltage and
frequency control of parallel operated synchronous generator and induc-
tion generator with STATCOM in micro hydro scheme,’’ in IET Gener.,
Transmiss. Distrib., vol. 1, no. 5, pp. 743–750, Sep. 2007. doi: 10.1049/
iet-gtd:20060385.

[6] G. Dastagir and L. A. C. Lopes, ‘‘Voltage and frequency regulation of
a stand-alone self-excited induction generator,’’ in Proc. IEEE Canada
Elect. Power Conf. (EPC), Montreal, QC, Canada, Oct. 2007, pp. 502–506.
doi: 10.1109/EPC.2007.4520383.

[7] M. G. Simões and F. A. Farret, Modeling and Analysis with Induction
Generators, 3th ed. Boca Raton, FL, USA: CRC Press, 2015.

[8] M. Ors, ‘‘Voltage control of a self-excited induction generator,’’ in Proc.
IEEE Int. Conf. Automat., Qual. Test., Robot. (AQTR), Cluj-Napoca,
Romania, May 2008, pp. 281–286. doi: 10.1109/AQTR.2008.4588928.

[9] S. P. Gawande and K. B. Porate, ‘‘Review of parallel operation of syn-
chronous generator and induction generator for stability,’’ in Proc. 2nd Int.
Conf. Emerg. Trends Eng. Technol. (ICETET), Nagpur, India, Dec. 2009,
pp. 716–721. doi: 10.1109/ICETET.2009.193.

[10] S. P. Gawande, K. B. Porate, K. L. Thakre, and G. L. Bodhe, ‘‘Synchro-
nization of synchronous generator and induction generator for voltage
& frequency stability using STATCOM,’’ in Proc. 3rd Int. Conf. Emerg.
Trends Eng. Technol. (ICETET), Goa, India, Nov. 2010, pp. 407–412.
doi: 10.1109/ICETET.2010.154.

[11] B. Singh, S. S. Murthy, R. S. Reddy, and P. Arora, ‘‘Implementation of
modified current synchronous detection method for voltage control of self-
excited induction generator,’’ IET Power Electron., vol. 8, no. 7, 2015,
pp. 1146–1155, Jul. 2015. doi: 10.1049/iet-pel.2014.0718.

[12] D. K. Palwalia, ‘‘STATCOM based voltage and frequency regulator for
self excited induction generator,’’ in Proc. Int. Conf. Elect., Electron.
Syst. Eng. (ICEESE), Kuala Lumpur, Malaysia, Dec. 2013, pp. 102–107.
doi: 10.1109/ICEESE.2013.6895051.

[13] G. Pingping, L. Ziguang, L. Zhuo, and W. Di, ‘‘PI-PSO algorithm based
voltage controller of STATCOM for self-excited induction generator,’’
in Proc. 34th Chin. Control Conf. (CCC), Hangzhou, China, Jul. 2015,
pp. 4349–4354. doi: 10.1109/ChiCC.2015.7260313.

[14] C. Salimikordkandi and T. Sürgevil, ‘‘Modeling and analysis of self-
excited induction generator with fixed capacitor excitation and shunt volt-
age regulation,’’ in Proc. 16th Int. Power Electron. Motion Control Conf.
Expo. (PEMC), Antalya, Turkey, Sep. 2014, pp. 149–155. doi: 10.1109/
EPEPEMC.2014.6980703.

[15] B. Singh, S. S. Murthy, R. R. Chilipi, S. Madishetti, and G. Bhuvaneswari,
‘‘Static synchronous compensator-variable frequency drive for voltage and
frequency control of small-hydro driven self-excited induction generators
system,’’ IET Gener., Transmiss. Distrib., vol. 8, no. 9, pp. 1528–1538,
Sep. 2014. doi: 10.1049/iet-gtd.2013.0703.

[16] B. Singh, S. S. Murthy, and S. Gupta, ‘‘Modelling of STATCOM based
voltage regulator for self-excited induction generator with dynamic loads,’’
in Proc. Int. Conf. Power Electron., Drives Energy Syst. (PEDES),
New Delhi, India, Dec. 2006, pp. 1–6. doi: 10.1109/PEDES.2006.
344322.

[17] B. Singh, V. Verma Madhusudan, and A. K. Tandon, ‘‘Rating reduction of
static compensator for voltage control of three-phase self-excited induction
generator,’’ inProc. IEEE Int. Symp. Ind. Electron., Montreal, QC, Canada,
Jul. 2006, pp. 1194–1199. doi: 10.1109/ISIE.2006.295807.

[18] S. M. Alghuwainem, ‘‘Steady-state analysis of a self-excited induction
generator self-regulated by a shunt saturable reactor,’’ in Proc. IEEE
Int. Electr. Mach. Drives Conf. Rec., Milwaukee, WI, USA, May 1997,
pp. MB1/10.1–MB1/10.3. doi: 10.1109/IEMDC.1997.604096.

[19] Y. K. Chauhan, S. K. Jain, and B. Singh, ‘‘Performance of a three-phase
self-excited induction generator with static synchronous series compen-
sator,’’ in Proc. Joint Int. Conf. Power Electron., Drives Energy Syst.
Power India (PEDES), NewDelhi, India, Dec. 2010, pp. 1–6. doi: 10.1109/
PEDES.2010.5712443.

[20] P. Phumiphak and C. Chat-Uthai, ‘‘Optimal capacitances compensation for
short-shunt self-excited induction generator under inductive load,’’ inProc.
Int. Conf. Elect. Mach. Syst. (ICEMS), Tokyo, Japan, Nov. 2009, pp. 1–5.
doi: 10.1109/ICEMS.2009.5382810.

[21] M. N. Hashemnia, A. Kashiha, and K. Ansari, ‘‘A novel approach for
the steady-state analysis of a three-phase self excited induction generator
including series compensation,’’ in Proc. IEEE Symp. Ind. Electron. Appl.
(ISIEA), Penang, Malaysia, Oct. 2010, pp. 371–375. doi: 10.1109/ISIEA.
2010.5679437.

[22] J. T. de Resende, A. J. H. C. Schelb, R. Ferreira, and E. P. Manasses,
‘‘Control of the generated voltage by a three-phase induction generator
self-excited by capacitors using control techniques,’’ in Proc. IEEE Int.
Conf. Ind. Technol., vol. 1, Dec. 2003, pp. 530–535. doi: 10.1109/ICIT.
2003.1290386.

[23] W. E. Vanco, F. B. Silva, F. A. S. Goncalves, E. de Oliveira Silva,
C. A. B. Júnior, and L. M. Neto, ‘‘Experimental analysis of a self-excited
induction generators operating in parallel with synchronous generators
applied to isolated load generation,’’ IEEE Latin Amer. Trans., vol. 14,
no. 4, pp. 1730–1736, Apr. 2016. doi: 10.1109/TLA.2016.7483508.

[24] P. Krause, O. Wasynczuk, S. Sudhoff, and S. Pekarek, Analysis of Electric
Machinery and Drive Systems, 3rd ed. Hoboken, NJ, USA: Wiley, 2013.

[25] P. Kundur, Power System Stability and Control, 1st ed. Toronto, ON,
Canada: McGraw-Hill, 1993.

[26] S. Chattopadhyay, M. Mitra, and S. Sengupta, Electric Power Quality,
1st ed. Amsterdam, The Netherlands: Springer, 2011. doi: 10.1007/978-
94-007-0635-4.

[27] E. F. Fuchs and M. A. S. Masoum, Power Quality in Power Sys-
tems and Electrical Machines, 1st ed. Burlington, VT, USA: Academic,
2008.

[28] W. E. Vanço, F. B. Silva, J. R. B. A. Monteiro, J. M. M. de Oliveira,
A. C. B. Alves, and C. A. B. Júnior, ‘‘Analysis of the oscillations caused
by harmonic pollution in isolated synchronous generators,’’ Electr. Power
Syst. Res., vol. 147, pp. 280–287, Jun. 2017. doi: 10.1016/j.epsr.2017.
03.003.

117194 VOLUME 7, 2019

http://dx.doi.org/10.1109/IEMDC.1997.604235
http://dx.doi.org/10.1109/IEMDC.1997.604235
http://dx.doi.org/10.1049/ip-c.1982.0041
http://dx.doi.org/10.1109/TEC.2004.827710
http://dx.doi.org/10.1109/TEC.2004.827710
http://dx.doi.org/10.1109/60.63146
http://dx.doi.org/10.1049/iet-gtd:20060385
http://dx.doi.org/10.1049/iet-gtd:20060385
http://dx.doi.org/10.1109/EPC.2007.4520383
http://dx.doi.org/10.1109/AQTR.2008.4588928
http://dx.doi.org/10.1109/ICETET.2009.193
http://dx.doi.org/10.1109/ICETET.2010.154
http://dx.doi.org/10.1049/iet-pel.2014.0718
http://dx.doi.org/10.1109/ICEESE.2013.6895051
http://dx.doi.org/10.1109/ChiCC.2015.7260313
http://dx.doi.org/10.1109/EPEPEMC.2014.6980703
http://dx.doi.org/10.1109/EPEPEMC.2014.6980703
http://dx.doi.org/10.1049/iet-gtd.2013.0703
http://dx.doi.org/10.1109/PEDES.2006.344322
http://dx.doi.org/10.1109/PEDES.2006.344322
http://dx.doi.org/10.1109/ISIE.2006.295807
http://dx.doi.org/10.1109/IEMDC.1997.604096
http://dx.doi.org/10.1109/PEDES.2010.5712443
http://dx.doi.org/10.1109/PEDES.2010.5712443
http://dx.doi.org/10.1109/ICEMS.2009.5382810
http://dx.doi.org/10.1109/ISIEA.2010.5679437
http://dx.doi.org/10.1109/ISIEA.2010.5679437
http://dx.doi.org/10.1109/ICIT.2003.1290386
http://dx.doi.org/10.1109/ICIT.2003.1290386
http://dx.doi.org/10.1109/TLA.2016.7483508
http://dx.doi.org/10.1007/978-94-007-0635-4
http://dx.doi.org/10.1007/978-94-007-0635-4
http://dx.doi.org/10.1016/j.epsr.2017.03.003
http://dx.doi.org/10.1016/j.epsr.2017.03.003


W. E. Vanço et al.: Proposal of Expansion and Implementation in Isolated Generation Systems

WAGNER E. VANÇO graduated in electrical
engineering with a focus on electric power sys-
tems from the Federal University of Uberlândia,
in 2014, where he received the master’s degree
in electrical engineering, in 2016. He is cur-
rently pursuing the Ph.D. degree in electrical engi-
neering with the University of São Paulo. His
research interests include electric machines, elec-
tric grounding systems, generated power quality,
magnetic saturation, and synchronous and asyn-

chronous generation in isolated and distributed systems.

FERNANDO B. SILVA received the degree in
electrical engineering with a focus on electric
power systems, the master’s degree in electrical
machines, and the Ph.D. degree in electrical sys-
tems dynamics from the Federal University of
Uberlândia, in 2010, 2015, and 2018, respectively.
He is currently a Professor with the Electrical
Engineering Department, Federal University of
Ouro Preto, João Monlevade (ICEA) Campus. His
research interests include electrical machines (syn-

chronous and induction machines), dynamics of electrical systems (develop-
ment of static excitation systems for synchronous and induction generators
and modeling of active power filters), and hydroelectric plants (specification
of electromechanical equipment).

CARLOS MATHEUS R. DE OLIVEIRA received
the B.Eng. degree from the Federal University
of Technology—Paraná, in 2013, and the M.Eng.
degree from the University of São Paulo, in 2015,
where he is currently pursuing the Ph.D. degree.
His research interests include control of electri-
cal drive machines, dynamic load emulations, and
power electronics.

JOSÉ ROBERTO B. A. MONTEIRO received the
B.E., M.Sc., and Ph.D. degrees in electrical engi-
neering from the School of Engineering of São
Carlos (EESC), University of São Paulo (USP),
São Carlos, Brazil, in 1994, 1997, and 2002,
respectively. He has been a Professor with the
University of São Paulo, São Carlos Campus, since
2004. His research interests include power elec-
tronics, control, and electric machines and drives.

JOSÉ MÁRIO M. DE OLIVEIRA received the
degree in electrical engineering from the Univer-
sity Center of the Barretos Educational Founda-
tion, in 1979, the master’s degree in electrical
engineering in the automation area from the State
University of Campinas, in 1982, and the Ph.D.
degree in electrical engineering in the area of
electrical machines from the Federal University of
Goias, in 2018. His main research interests include
electrical machines, electrical grounding, power
quality, and electrical system protection.

VOLUME 7, 2019 117195


	INTRODUCTION
	MATHEMATICAL MODELLING
	THEORETICAL-EXPERIMENTAL ANALYSIS
	COMPUTATIONAL SIMULATION
	EXPERIMENTAL PROCEDURE
	THEORETICAL-EXPERIMENTAL RESULTS AND DISCUSSIONS

	CONCLUSION
	REFERENCES
	Biographies
	WAGNER E. VANÇO
	FERNANDO B. SILVA
	CARLOS MATHEUS R. DE OLIVEIRA
	JOSÉ ROBERTO B. A. MONTEIRO
	JOSÉ MÁRIO M. DE OLIVEIRA


