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COMPARISON OF SYNCHRONOUS GENERATORS FOR AUTONOMOUS GASOLINE
INSTALLATION SYSTEM

There are many power plants like thermal, solar, hydro, nuclear etc. but there are some disadvantage of it like CO2 emission pollution, problem of global
warming requirement of fuels cost etc. To avoid such factors we developed system is biomass power plant to meet the demands of electricity and envi-
ronment concern day by day price of fuels that fact to which motivate to use renewable energy. Biomass is renewable in nature, carbon neutral and has the
potential to provide large productive employment in rural areas. It is considered as one of the promising sources for generation of power / energy using
commercially available thermal and biological conversion technologies. The fossil fuels are depleting very fast, it is very important to replace fossil fuels
with best alternative fuel modes which will be available for requirement in abundance at the same time if it is ready at one’s disposal is a eminent balance
to the environment. The sanctification for this need is the bio mass power plant; on finding the major advantage of bio mass power plant is the fuel which
is agricultural waste (rice husk, wood, etc.) segregation available in unnumbered tons around the world. It is very important to utilize this in the context of
energy. It is also found that the sulphur content in the biomass is very less when compared with coal. The wood fuels contains very little ash (-1% or less),
S0 increasing the ratio of wood in biomass coal blends can reduce the amount of ash that must be disposed. In biomass power plants, wood waste or other
waste is burned to produce steam that runs a turbine to make electricity, or that provides heat to industries and homes. Fortunately, new technologies
including pollution controls and combustion engineering have advanced to the point that any emissions from burning biomass in industrial facilities are
generally less than emissions produced when using fossil fuels (coal, natural gas, oil), biomass is burned in a combustor or furnace to generate hot gas,
which is fed into a boiler to generate steam, which is expanded through a steam turbine or steam engine to produce mechanical or electrical energy. In this
paper were performed comparison of traditional synchronous generator with electromagnetic excitation and permanent magnet generator for autonomous
gasoline installation system.
Keywords: synchronous generator, electromagnetic excitation, permanent magnet generator, gasoline installation.
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MOPIBHAHHSA CUHXPOHHUX T'EHEPATOPIB JIJIsI ABTOHOMHOI BEH3UHOBOI YCTAHOBKH

IcHye Garato eIeKTpOCTaHIIii, TaKKUX SIK TEIUIOBi, COHSYHI, T1p0-, aTOMHI TOIIO, ajie BOHH MAlOTh MMEBHI HEAOIKH, TaKi sIK 3a0pyIHEHHS BUKHIAMH
CO2, npobiema ri106a1pHOT0 MOTEIUTiHHS, BAPTICTh naiuBa Toio. 11{06 yHUKHYTH Takux (GakTopiB, pO3pOOICHO CHCTEMY, SIKa BiAMOBIJa€ EKCILTya-
Tauii aBTOHOMHHX €JIEKTPOCTaHIi# Ha 6ioMaci. [loTpeOn B enekTpoeHeprii Ta HaBKOJIHIIHBOMY CePEIOBHIII CTOCYIOTHCS IIOJEHHOTO 3pOCTaHHS LiH
Ha MaJuBO, IO CIIOHYKAa€ 10 BUKOPHUCTAHHS BiJHOBIIOBaHOI eHeprii. biomMaca € BiZHOBIIIOBaHOIO 3a CBOEIO HPUPOJIOIO, BYTIICIEBO-HEHTPATIBHOIO Ta
Mae TMOTEHIIAI TS 3a0€3MeUeHHsI BETMKOI MPOAYKTHBHOT OCOOIMBO B CLIBCHKiit MiciieBOCTi. BOHa pO3IIISIIA€ThCS SIK OJHE 3 MEPCIIEKTHBHUX JHKEPET
reHepaii eleKTpoeHeprii/eHeprii 3 BUKOPUCTAHHAM KOMEPLIiIHO JOCTYIHUX TEXHOJIOTiH TepMIYHOro Ta OiOJIOTiYHOrO HepeTBOpeHHs. Buxomxe
MaJIUBO BHCHAXYETHCS Jy’Ke IIBUKO, TOMY Jy’KE BaXIIHBO 3aMiHHTH BUKOIHE NMAJMBO HANKPAIIMMHU aIbTCPHATUBHIMU BU/IAMH TTAJINBa, SKi Oy1yTh
JIOCTYIHI IJ1s TOTped y BEIMKIN KUIBKOCTI OJTHOYACHO, SIKIO BOHU OyIyTh HasBHI Y PO3NOPS/DKEHHI — L€ CIIPUsi€ MO3UTUBHOMY OallaHCy JUISl HaBKO-
JMITHBOTO cepesoria. OCHOBHA NepeBara eJeKTPOCTaHIlil Ha 6ioMaci € ManiBo, IKe YTBOPIOETHCS B PE3YINIBTATI CiTbCHKOTOCTIONAPCHKOI JisTBHOCTI
— Bigxoau (pUCOBE JYIINHHHS, JEPEBUHA TOLIO), SIKE JOCTYIHE HE3NIYEHHUMHU KiTBKOCTSMH 110 BCbOMY CBITY. J{y’e Ba)JIMBO BUKOPHCTOBYBATH L€
JUIS IEPETBOPEHHS TaKol €Heprii B eJeKTPUYHY, BPAXOBYIOYM KOHTEKCT CUTYyalil B KpaiHi. Takox BHUSBIIEHO, II0 BMICT Cipku B Oiomaci Habarato
MEHIINH MOPIBHSHO 3 BYTUUIIM. J[epeBHe IManiBo MIiCTHTH yske MaJio 301 (-1% abo MeHIIe), ToMy 30UIBIIEHHS YaCTKU JEPEBHHH B CyMiIlIaxX BYTil-
1151 3 610MacH MO’Ke 3MEHILIHUTH KUIBKICTB 301IH, SIKy MOTPiOHO yTHii3yBaTH. Ha enexTpocTaHuisx, 0 MpaIioTh Ha 6ioMaci, BigXoau epeBuHH abo
1HII BiJIXO/IM CTIAJIIOIOTHCS JUIsl BUPOOHUIITBA MApH, sIKa 3aIycKae TypOiHM A7t BUPOOHMIITBA eNIEKTPOeHEprii, a00o 3a0e3mnedye Terio Uit IPOMHCIIO-
BocTi Ta OyauHKiB. HOBI TexHoIOTi, BKIIFOYat04n KOHTPOIIb 3a0py THEHHS Ta IHKEHEPIro CIIAFOBAHHS, TPOCYHYIICS HACTIIBKY, IO OY/Ib-AKi BUKUN
BiJl CrIatoBaHHs 0ioMacH Ha MPOMMUCIIOBUX MMiJANPHUEMCTBAX, SIK MPABUJIO, MEHIII, HiXX BUKUIM, CTBOPEHI ITPU BUKOPUCTAHHI BUKOITHOTO MajuBa (BY-
riuis, npupoaHoro rasy, HadTu), 6iomaca cnagroeTbesi B KaMepi 3ropstHHs abo redi A8 OTPUMAHHS rapsdyoro rasy, sSIKUd MOAAEThCS B KOTET IS
OTpUMAaHHS HapH, sIKa PO3IMINPIOETECS Yepe3 MapoBy TypOiHy abo MapOBUH JBHUIYH JUIS BUPOOHHIITBA MEXaHIYHOI a0o0 eNeKTpHYHOi eHeprii. Y miit
pOoOOTI POBEIEHO MOPIBHSAHHS TPAAUIIHHOTO CHHXPOHHOI'O F'eHepaTopa 3 €JIeKTPOMATrHITHUM 30y UKEHHSAM 1 reHepaTopa 3 MOCTIHHUMU MarHiTaMu
JUIS aBTOHOMHOT O€H3MHOBOT YCTaHOBKH.
Kuio4oBi c10Ba: CHHXpOHHUIT TeHEPATOp, NEKTPOMATHiTHE 30yIXKEHHS, TeHepaTop 3 NOCTIHHIMH MarHiTaMu, OEH3HMHOBA YCTaHOBKA.

Introduction. Generating power through the use of
biomass represents the cost-effective and cleanest way to
provide renewable electricity in biomass potential regions
with high levels of biomass resources and its processing
activity. Furthermore, use of this resource helps become
more energy independent and use of a locally derived fuel
provides employment and direct economic benefit to local
communities.

Biomass is used for facility heating, electric power
generation, and combined heat and power. The term bio-
mass encompasses a large variety of materials, including
wood from various sources, agricultural residues, and
animal and human waste.

Biomass can be converted into electric power through
several methods. The most common is direct combustion
of biomass material, such as agricultural waste or woody
materials. Other options include gasification, pyrolysis,
and anaerobic digestion. Gasification produces a synthesis
gas with usable energy content by heating the biomass

with less oxygen than needed for complete combustion.
Pyrolysis yields bio-oil by rapidly heating the biomass in
the absence of oxygen. Anaerobic digestion produces a
renewable natural gas when organic matter is decomposed
by bacteria in the absence of oxygen.

Direct combustion systems feed a biomass feedstock
into a combustor or furnace, where the biomass is burned
with excess air to heat water in a boiler to create steam.
Instead of direct combustion, some developing technolo-
gies gasify the biomass to produce a combustible gas, and
others produce pyrolysis oils that can be used to replace
liquid fuels. Boiler fuel can include wood chips, pellets,
sawdust, or bio-oil. Steam from the boiler is then expand-
ed through a steam turbine, which spins to run a generator
and produce electricity.

The biggest problems with biomass-fired plants are in
handling and pre-processing the fuel. This is the case with
both small grate-fired plants and large suspension-fired
plants. Drying the biomass before combusting or gasify-

© V. V. Chumack, M. A. Kovalenko, I. V. Tkachuk, I. Y. Kovalenko, 2022

Bicnux Hayionanvnoeo mexuiunoeo yuisepcumemy «XI1l». Cepia: Ilpoonemu
32 VOOCKOHANIO8AHHSL elekmpuunux mawiun i anapamis. Teopis i npakmuka, Ne 2 (8) 2022



ISSN 2079-3944

ing it improves the overall process efficiency, but may not
be economically viable in many cases.

The relevance of the work lies in the evaluation of
the effectiveness of replacing a traditional synchronous
generator with electromagnetic excitation by a generator
with permanent magnets, which is used in an autonomous
gasoline installation.

The peculiarity of the comparison is that the geometric
dimensions of the studied generator remain unchanged.

Replacements concern only the rotor of the generator
under study - instead of the excitation winding, a rotor
with permanent magnets is mounted.

Such a technical solution will improve the reliability
of the autonomous installation, reduce losses and increase
efficiency.

The purpose of the work is the development of two-
dimensional field mathematical models of a synchronous
generator with electromagnetic excitation and a generator
with permanent magnets. This will make it possible to
evaluate the use of a synchronous generator with perma-
nent magnets as part of an autonomous gasoline installa-
tion powered by biofuel.

299 5

To estimate the increase in the output parameters of
synchronous generators when the load changes, it is nec-
essary to develop a numerical simulation mathematical
model that takes into account the change in the output
parameters of the generator when the load changes and
vice versa, a system in which a change in the output state
of the generator leads to a change in the parameters of the
drive motor.

Mathematical model. In this work a two-dimensional
and graphic models was developed of the designed gener-
ator in two-dimensional system automated design and
drawing of AutoCAD. Three-dimensional graphic the
model is a three-dimensional digital image of the required
object, non-negative part of the technical documentation,
as well as the basis for creating a prototype object.

A two-dimensional mathematical field model of the
generator was also developed. Creating a two-
dimensional graphical model is necessary for the future
mathematical modeling of the designed generator in
COMSOL Multiphysics software package.

On the fig. 1 shown traditional synchronous generator
construction with electromagnetic excitation, which is
basic for permanent magnet generator construction.
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Fig. 1. Traditional generator construction 2-dimensional model prototype

In the drawing, the middle line of the air gap was ad-
ditionally constructed for further calculation of the mo-
ment and the grooves of the stator were made closed to
make a limited area for marking the phase of the motor in
it. The dimensions for the construction of the engine
drawing.

It is important when building a model is the coinci-
dence of different types of lines. This should be achieved
by using bindings to characteristic points of lines, such as
endpoint, middle, quadrant, tangent, and the use of pa-
rameterization — parallelism, perpendicularity, coinci-
dence, and so on. When creating an array of elements, it is
necessary to avoid approximate size values, instead use
integrated computational tools or other construction
methods.

The construction of geometry is carried out in stages
according to the obtained geometric dimensions shown in
Table 1.

Table 1 — The main parameters and initial data used for
modeling the generator are given in table

Number of slots 24

Axial generator length 102 mm
Number of poles 2

Number of turns 141

Inner rotor diameter 99 mm
Number of magnets 2

Generator type: Synchronous with PM,;
Number of phases: 3

Supply voltage: 220V
Winding resistance: 1,34 Om
Current consumed: 3,86 A

Type of magnets N50 NdFeBr
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The two-dimensional circle-field mathematical model
of aA permanent magnet synchronous generator (PMSG)
is considered in the work. The expediency of developing a
circuit-field model is that the electrical and electromag-
netic phenomena in this type of motor are interconnected,
and the motor power supply is pulsed. The voltages of the
motor windings are a function of time and change period-
ically according to a certain law. It is impossible to realize
the relationship between electrical and magnetic phenom-
ena using classical field calculation. This can only be
implemented using a circle-field model.

This model is multiphysical, it takes into account the
mutual influence of electrical parameters on the magnetic
and vice versa. It is possible to implement such a model
using the program for multiphysical calculations COM-
SOLMultiphysics.

The paper uses a built-in interface for modeling elec-
tric machines that support rotor rotation with a given
frequency.

Equation of three-dimensional electromagnetic field,
relative to the vector magnetic potential A [xx]:

VXA-B
v —L (=1 €
Y7 e
where B; is the final induction of the permanent magnet;
Je — current densities in the rotor winding; p — magnetic
permeability.

The differential equation in partial derivatives is for-
mulated within the calculation area, which reflects the
design of the generator. This area includes the structural
elements of the generator.

The calculation area is limited by the outer boundaries
of the creation model.

To obtain an unambiguous solution at the boundaries
of the calculation area, the boundary conditions of the
first kind are set:

A (x,y,0)|G1=0, {x,y} €Gl, (2)
this means accepting the assumption of the absence of
magnetic fluxes passing through the selected boundary of
the calculation area.

Periodicity conditions, which are set in cases when it
is known in advance that the field distribution is periodi-
cally repeated along the selected direction in the calcula-
tion area.

The theoretical basis for mathematical modeling of
electromagnetic fields is the field equations formed by
Maxwell. Maxwell's equations establish the relationship
between vector field functions, characteristics of field
sources and physical parameters of material environ-
ments. In the modern form of writing, these equations are
as follows:

rotH =J
rote = -oB/ ot
divB=0
. (2)
divD = p
B=uH,D=¢E

J=yE+aD/at+y(vxB)+E, + v +rot(Dxv)

In the given system the following are marked: field
functions — vectors of intensity of magnetic H and electric

E of fields, vector of magnetic induction B and vector of
electric displacement D; coefficients that characterize the
physical properties of material media — magnetic permea-
bility p, electrical conductivity vy, dielectric conductivity
g; density of electric charges p. Expression (2) allows to
find the current density J, due to the sum of terms of dif-
ferent physical nature. The term y-E causes the induced
current density in the conductive medium; term (D)ot —
dielectric displacement current density; the term y(vxB)
determines the "convective component”" of the current
density, which is due to the motion of the conductive
medium with velocity v relative to the magnetic field with
induction B. Appendix Je=y-E determines the current
density, which is caused by third-party EMF; the term p-v;
characterizes the density of currents moving free charges,
and the term rot(Dxv) is the "convective component” of
the current density, which is due to the motion of the
polarized dielectric.

In the general case, any field function is a vector func-
tion, and each of its components depends on four inde-
pendent variables — three spatial coordinates of a point
and time.

When calculating the magnetic field used a nonsta-
tionary nonlinear differential equation for the vector mag-
netic potential (A) in a moving electrically conductive
medium:

- - —> oA > [(> -
Vx—| Vx A —7—+7VX(VXAJ=J ()
Y7, ot e

where: p, 6 —magnetic permeability and electrical conduc-
tivity; V ,Je —vectors of medium velocity and external
current density; V is a differential Nabla operator.
To calculate the electromagnetic field in the quasi-
static mode, equation (3) takes the following form:
- - - VRN
Vx—{Vx A]—;fja)+)/v><(Vx A)z Je 4)
y7]
Equations that describe the materials used in the simu-
lation:

For steel:
B
H=f(|B])-— (5)
(I D(IBI)
For permanent magnets:
B=p-po-H+B: (6)
For windings:
B=pruo-H (7)

The magnetization curve was used to describe the de-
pendence B=f(H) for steel. A typical steel from the inter-
nal COMSOL Multiphysics library for this type of gener-
ator is used.

The expansion of the scope of CAD/CAM/CAE sys-
tems has prompted the creation of software available to a
qualified engineer on a personal computer. The rapid
development of computer technology has led to the fact
that now an engineer and a student are able to form for
themselves a fairly powerful automated workplace de-
signer.

This approach allows you to increase the productivity
of the designer in comparison with the traditional design
technology - drawing technology.

This is ensured by:
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- reducing the number of design errors;

- reduction of design time;

- obtaining automated drawings on tested models of
parts, assemblies, devices (verification is carried out in
the mode of assembly of the assembly, device);

- rapid engineering analysis of the created structure.

Determination of the value of the induced EMF in the
windings of the collectorless motor is as follows:

— M I E .ds (8)
f s . z
p aLl Si

Where S; is the area of integration, Nj is the number of
effective conductors in the slot, Sy is the area of the slot,
ai is the number of parallel branches of the stator wind-
ing, L. is the axial length of the stator core.

In the most common areas of research, the above for-
mulas can be used to calculate instantaneous values of
force and torque. But it is often necessary to calculate the
average value of these values during the cycle, or for
example a pair of electromagnetic forces in another
branch of physics. The average value of the cycle in the
Maxwvell stress tensor is calculated as:

E

2.p-R, L,
M =¢jBnBrdl ©)
o0

where Bp, B: — normal and tangential to the rotor surface
components of magnetic induction; Ry, L, — radius and
length of the rotor, p — the number of pole pairs; 7 is the
pole division of the rotor. The calculation of the field,
EMF and electromagnetic moment is performed at each
time step At. Combining the obtained solutions on the
interval [0...T] gives the required time dependences Er (t)
and Mem (t)

The peculiarity of the integration of field and electric
circuit models for calculating the magnetic field is that in
contrast to the field model, where the current densities in
the conductors are set, in the field-field model, the cur-
rents are determined on the basis of specified voltages and
conductivities.

Mechanical dynamic equations of each generators de-
scribes by the following:

d 1
aa)r :j(Te - l:a)r _Tm)

deo

—_— a)r

dt

Simulation results. In general, you need to check the

model to make sure everything has a physical meaning.
The model, which does not match most often, is simply
installed in some non-physical versions. Finite elements

mesh of studying permanent magnet synchronous genera-
tor shown on the fig. 2.
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Fig. 2 Finite element mesh of simulation permanent magnet
synchronous generator

Mesh of finite elements on the surface distribution of
the electromagnetic field in the calculated volume of the
permanent magnets.

Electromagnetic field and magnetic vector potential
distribution of basic synchronous generator with electro-
magnetic excitation shown on fig. 3.

AL

Fig. 3. The of the average value of magnetic induction and
vector potential distribution

Distribution of magnetic flux in the calculation area
with ferrite barium magnets. The maximum value of in-
duction in acute zones reaches 1,17 T; in the teeth; in the
air range from 0,4 to 0,7 T. The highest magnetic flux
density is observed in the corners of the teeth and magnets
- this is due to the influence of edge effects. According to
the color, the residual induction in permanent magnets is
0,5 T and 0,7 T for the south and north poles, respective-
ly.

Instantaneous value of induced voltage and current in
stator winding of synchronous generator with electromag-
netic excitation shown on fig. 4.
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Fig. 4. Induced parameters in stator winding of synchronous
generator with electromagnetic excitation:
— induced voltage: b — induced current

Voltages and currents in the stator winding according
to the fig.4, the phase amplitude voltage is 700 V; and the
current is 3.5 A. Fluctuations in the current amplitude
within + 0.2 A due to the uneven air gap and the error of
the solver.

The magnetic flux density in air gap, obtained in the
process of mathematical simulation of the generator with
electromagnetic excitation is shown on Fig. 5.
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Fig. 5. Magnetic flux density in the air gap:
a — average value; b — normal part

Normal part of magnetic flux density responds for the
induced electromotion force level.

Electromagnetic field and magnetic vector potential
distribution of permanent magnet synchronous generator
shown on fig. 6.

Fig. 6. Distribution of electromagnetic field and vector magnetic
potential of permanent magnet synchronous generator

The maximum value of induction in acute areas reach-
es 1,99 T in the teeth; in the air gap from 0,4to 1 T. The
highest magnetic flux density is observed in the corners of
the teeth and magnets — this is due to the influence of
edge effects. It is also clear that at the moment two of the
three phases of the motor are active, which confirms the
theoretical calculations regarding the nature of the voltage
coming from the semiconductor converter.

Instantaneous value of induced voltage and current in
stator winding of permanent magnet synchronous genera-
tor shown on fig. 7.

4_{
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—

b
Fig. 7. Induced parameters in stator winding of permanent mag-
net synchronous generator:

— induced voltage: b — induced current

Voltages and currents in the armature winding accord-
ing to the fig.7: the phase voltage is 700 V; and the cur-
rent is 3,5 A. Fluctuations in the current amplitude within
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+ 0,2 A due to the uneven air gap and the error of the
solver.

The magnetic flux density in air gap, obtained in the
process of mathematical simulation of the permanent
magnet synchronous generator is shown on Fig. 8.
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Fig. 8. Magnetic flux density in the air gap:
a —average value; b — normal part

The average value of magnetic induction in air gap is
0,1 T; minimum 0,35 T; maximum 0,68 T. According to
the normal value of induction is 0,5 T; minimum 0,6 T;
maximum 0,7 T; pulsations + 0,1 T due to the uneven size
of the air gap due to the use of flat magnets.

Comparison of obtained results of the traditional and
permanent magnet synchronous generators are shown in
Table 2.

Type of generator PMSG SG
Size small PMW converter big
Mode High tzgg;g at low Low torque
Current 35A 32A
Cost less maintenance High maintenance

Average magnet-
ic flux density in
air gap

0223 T 0218 T

Average magnet-
ic flux density
inthe teeth

144T 1,37 T

Average magnet-
ic flux density in
yoke

0,78 T 071 T

Peck phase volt-

age value =600V

=700 V

Permanent magnet synchronous generators have some
advantages comparison to the traditional synchronous
generator construction.

Conclusions. The main advantages, as the obtain re-
sults show, of using permanent magnet synchronous gen-
erators are:

1. Absence of sliding contact (loss on contact, limited
resource, can work in an aggressive environment (no
oxidation)), increased reliability in humid tropics.

2. There is no traditional excitation system. The main
field of excitation is created by permanent magnets. Stabi-
lization of the mode can be provided by control capacitor
systems, the specific cost of which is currently several
times less than the specific cost of the machine.

3. Due to the absence of the need for the initial excita-
tion current (no-load EMF is provided by the action of
permanent magnets), the efficiency of the generator can
be increased by 5-3%, depending on the power of the
machine. The greatest gain is achieved in generators for
individual or small group use with a capacity of up to 100
kW.

4. Material consumption and dimensions of the pro-
posed machine can be significantly reduced in compari-
son with machines of traditional design. The specific
consumption of materials, primarily electrical and struc-
tural steel and, to a lesser extent, winding copper can be
reduced by 40-30%, depending on the generator power.

5. Reducing the volume of magnetic materials (elec-
trical steel, winding copper) while maintaining electro-
magnetic loads, we reduce the amount of losses by 3-5%,
depending on the generator power.

Disadvantages of using permanent magnet synchro-
nous generators are:

1. Certain difficulties of the proposed design arise in
organizing the cooling of the core, since the main solution
for providing ventilation and cooling (in machines of
limited power) is a longitudinal injection ventilation sys-
tem, due to which ventilation losses can return up to 0.5%
of the rated power of the machine.

2. The voltage stabilization system during autonomous
operation or ensuring the specified voltage during parallel
operation with the network requires the use of step ca-
pacitor compensation systems similar to those that are
now widely used to ensure the constancy of the power
factor of power consumers connected to power supply
networks.
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