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Abstract—This article is devoted to the construction of a test bench for quality control of an axial gene-
rator, which is a part of a low-power wind power plant. The axial generator reaches the working power
at a wind speed of 3—3.5 m/s, ensuring high efficiency of the wind power plant. To conduct the quality
control of axial generators it is suggested to use a test bench composed of the following elements: watt-
meter; rpm (or rotation speed) regulator; collector motor; ammeter; voltmeter,; tachometer (or rotation
speed sensor); controller. The proposed bench provides the determination of the generators power at dif-
ferent speeds of rotation of the engine and simulates the effect of wind. The introduction of such a test
bench allowed to obtain experimental data that would improve the quality of axial generators and there-

by improve the efficiency of the wind power plant.

Index Terms—Wind power plants; generator; speed controller; wattmeter; motor; axial flux.

I. INTRODUCTION

Wind power developed in independent Ukraine
from 1993 to 1996 [1]. However, this direction of
alternative energy has not been developed, including
because of low energy tariffs from traditional sources.
The development of alternative energy in Ukraine
began in 2009 with the introduction of a green tariff
in the Law of Ukraine "On Electricity". The devel-
opment of wind energy began in 2011 —2012. This
is due to the fact that at least one year of wind
monitoring is required to start wind power plants.

Ukraine is characterized by sufficiently high
energy potential of the wind stream in the Carpa-
thian Mountains, Crimea, on the Black Sea and the
Sea of Azov, in Donetsk Oblast, where the average
annual wind speeds of 10 m are 5 and more m/s,
which puts wind energy to the first place among
renewable sources for generating electricity

As of 2018, the power output of wind power is
more than 500 MW. Taking into account the
projects that are creating, by 2020 there will be
1 GW of wind power.

II. CLASSIFICATION OF WIND POWER PLANT

There are two fundamentally different designs of
wind power plants:

1) Wind power installations with a horizontal

axis of rotation.

2) Wind power installations with a vertical axis

of rotation.

Wind power plants with a horizontal axis of rota-
tion — one of the most common wind power plants
thanks to the traditions that have developed over the
years of development of wind energy. Such genera-

tors can be used to generate electricity from wind
energy, thanks to the lifting force and resistance
strength. Wind power plants which use lifting force
to increase energy can produce more energy than
devices that work without lifting force. It is also
worth noting that wind power plants that use lift
force can not move at a speed higher than the speed
of the wind itself.

The wind power plant with a vertical axis of rota-
tion has advantages over the wind power plant with
a horizontal axis, which consists in the fact that the
need for orientation devices in the wind disappears,
construction is simplified and reduced gyroscopic
loads which are caused by additional tension in the
shoulder blades, transmission system and other ele-
ments of the wind power plant. There is a chance to
install the reducer and generator at the base of
the tower.

III. STRUCTURE OF WIND POWER PLANT

Figure 1 shows the structural scheme of the wind

power plant.
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Fig. 1. The block diagram of the wind power plant:
R is the rotor; G is the generator; K is the controller of
charge; I is the inverter; L is the load; B is the battery

For this wind turbine, we used an orthogonal ro-
tor with three straight blades. The diameter of the
rotor is 2 m and the height of the rotor is 2 m. The
rotor starts to rotate at the wind speed of 0.7 m/s.
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Hybrid battery controller Hefei Win Power
WWS0412 — a device that can control the process of
charging batteries from solar panels and wind
turbine — wind generator. Thanks to this opportunity
we can increase the efficiency of the all system, and
in particular, the process of charge — because the
number of sources of energy increases.

For this wind power plant was considered various
generators of different types and sizes, but we chose
the axial generator.

The advantage of axial generators is that they do
not have a magnetic sticking, which allows them to
start at a relatively small speed of wind (about 2 m/s).
Because this generator was designed for a low wind
speed, and goes to work power already in low winds
(3-3.5 m/s).

The advantages of the axial generator are related:

— minimal losses in friction;

— long service life;

— no noise and vibration when working;

— low cost of installation;

—no need for constant maintenance of the instal-
lation.

Also, this generator is easy to install on a wind
power installation because it does not require gear-
boxes, and the axis of the windmill is connected to
the rotor of the generator.

The axial generator differs from ordinary genera-
tors through a different path of the magnet flux. In
ordinary generators, the current flows radially
through the air gap between the rotor and the stator.
However, in this generator flows flow parallel to the
generator's axis. This type of rotor is often called a
rotary pancake, and it can be made much thinner and
lighter than other types.

IV. MATHEMATICAL MODEL

The mathematical model of a permanent magnet
synchronous generator (PMSG) is generally based
on the following assumptions [3].

1) The stator windings are positioned sinusoidal-
ly along the air-gap as far as the mutual effect with
the rotor is concerned.

2) The stator slots cause no significant variations
of the rotor inductance with rotor position.

3) Magnetic hysteresis and saturation effects are
negligible.

4) The stator windings are considered symmetrical.

5) Damper windings are not considered.

6) Capacitance of all the windings is neglected.

7) Resistances of the coils are assumed to be
constant.

The dynamic model of a PMSG is derived from a
two-phase synchronous reference, direct (d) and
quadrature (q) axis frame in which the g-axis is 90°
ahead of the d-axis with respect to the direction of

rotation. In the case of a balanced three phase sys-
tem, the d and q reference frame transformation
reduces three AC quantities to two DC quantities,
allowing simplified calculations to be performed.
The d and q transformation applied to a three phase
system is as shown by equation

(1)

And its inverse transform is given by equation
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Where F can represent
inductances whose values
position.

The d- and g-axis currents in the frequency (s)
domain can be represented as in equations respec-
tively which can be obtained through equivalent
circuit model of PMSG as shown in Fig. 2 [3].
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where, V, and V  are the d- and g-axis stator vol-
tages, [, and I are the d and g-axis stator currents,

R is the stator resistance and ®, is the angular
speed of the generator, L, and L are the stator

d- and g-axis self inductances and ¢, is the rotor
flux. L, and L are given by equations respective-

ly [2].
Lds = Lls + Ldm s (5)

L,=L,+L,, 6)

where, L, and L are the magnetizing inductances

in d- and qg-axis, and L, is the leakage inductance.
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For a non-salient pole PMSG, d- and g-axis magnetiz-
ing inductances are equal (i.e. L4 = Lqs), Whereas for a
salient pole PMSG, d-axis magnetizing inductance is
normally lower than the g-axis magnetizing induc-
tance (i.e. Ly < Lg). The simplified d- and g-axis
model in the rotor-field synchronous frame is as
shown in Fig. 2.

I thqilqs Rs “)IL‘lslqs Rs m‘[}\'t
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Fig. 2. Simplified dg-axis model of PMSG in the rotor
field synchronous reference frame: (a) d-axis circuit;
(b) g-axis circuit

The electromagnetic torque (7.) and the rotor
speed (®, ) of the PMSG are calculated as shown in
equations respectively [2].
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where, N is the number of pole pairs of the rotor,

Jj is the rotational inertia of the generator and 7 is
the mechanical torque for the generator (in the case
of the PMSG connected to a wind turbine, 7, is the
torque from the turbine).

Using equations from (1) to (7), a PMSG model
is developed in Matlab / Simulink. Inputs for the
model are d- and g-axis voltages and mechanical
torque. Rotor speed (®,), is calculated through eq-
uation (8) and is used as feedback to the system.
Number of pole pairs, d- and g-axis inductances,
leakage inductance, magnetic flux of the rotor mag-
nets, stator resistance and moment of inertia of rotor
and load can be initially set for a particular size of
the generator. The d-axis current (/) g-axis current

(1) and electromagnetic torque (7} ) are the outputs
from the system as calculated by equations (3), (4)
and (7), respectively.

V. STRUCTURE OF THE TEST BENCH

To assess the quality of the generator and in order
to improve the efficiency of the generator, it was
necessary to create a stand. In this article a model of

a test stand is proposed. The block diagram of the
test bench is shown in Fig. 3.

Fig. 3. Structure of the test bench: W is the wattmeter;
SC is the speed controller; M is the motor; G is the gene-
rator; A is the ammeter; V is the voltmeter; SS is the
speed sensor

The design of any collector engine includes sev-
eral basic elements: collector, brushes, rotor, and
stator.

For a collector electric motor, an AC or DC pow-
er supply can be used. An additional advantage is
the effective starting torque. In this case, the work of
an AC or DC current of the electric motor is accom-
panied by a high frequency of rotation, which is not
suitable for all users.

In order to establish a match between wind speed
and engine revolutions, a lowering reducer with a
gear ratio of 11 was used. So, at a maximum engine
rotate of 3300 rpm will have of the generator speed
300 rpm or 5 r/s. To be able to change the engine
rotate from 0 to 5 mps with discretion of 0.1 m/s
used a speed control and a speed sensor.

Control of speed rotating [4].

This device is intended to regulate the speed of
rotate on collector motors. The feature of this regula-
tor is the ability to maintain a given engine speed,
regardless of the change in load on the shaft. Thus,
throughout the rev range is the maximum engine
power. From O rpm to the maximum on which the
engine is capable. Ideal for engines from washing
machines.

The board has a symistor installed on 40 A, this
will allow the engines to connect not only from
washing machines, but also more powerful up to
2.5 kW. There is a possibility to arrange a reverse.

Standard circuit diagram of the speed regulator

(Fig. 4).
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Fig. 4. Circuit diagram of the speed regulator
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System of measuring parameters of the generator.
To measure the parameters of the generator, the
stand is equipped with:

— wattmeter (for measuring motor power);

— voltmeter (for measuring the voltage of the
generator);

— ammeter (for measuring the power of the
generator current).

Test bench is shows Fig. 5.

Fig. 5. Test bench

Dependence of current strength on the frequency
of rotation shown in the Fig. 6.
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Fig. 6. Dependence of current strength on the frequency
of rotation

Measure current and voltage because it is the
main parameters of the generator. With this stand, it

is possible determine the best generator by changing
its parameters, such as:
— number of coils on the stator;
— number of magnets on the rotor and their
size;
— number of turns and diameter of the wire in
the coil;
— air gap between rotor and stator.

VI. CONCLUSION

This stand allows regulate the rotation in a given
range and with a given discreteness. Consequently, it
is possible to analyze the dependence of power on
the wind speed, as well as determine in which turns
the efficiency of the generator will be the highest.

Thanks to this stand can get a generator with the
best power parameters.
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B. M. Cuneraasos, B. B. Kinmuaiok. BunpoOyBaabHuii cTeHI aKciaIbHMX reHepaTopiB BiTpoeHepreTHYHMX
YCTAHOBOK

JlaHy cTaTTiO IPUCBSIYEHO MOOY0BI BUIPOOYBAIBLHOTO CTEHTY AJIsl KOHTPOJIIO SIKOCTI aKCialbHOTO TeHepaTopa, sSIKUi €
CKJIaJIOBOIO BITPOCHEPTeTUYHMX YCTAHOBOK Mayioi MOTY)KHOCTI. AKCIalbHUH TreHepaTop 3abe3reuye BHUCOKY
€(QEeKTUBHICTh BITPOCHEPTETHYHOI YCTAHOBKH 3aBISIKM TOMY, IIIO MPHW LIBHIKOCTI BiTpy 3—3,5 M/C BiH BUXOIOHUTH Ha
pobouy noTyxkHicTh. J{s1 3a0e3neyeHHs IepeBipKH SKOCTI aKCiaJbHUX TeHEepaTOpiB 3alPOIIOHOBAHO BUKOPUCTOBYBATH
BUIIPOOYBAJILHUHN CTEH]I, KU BKIIFOUAE HACTYITHI €IIEMEHTH: BATMETD; PErYJISITOP MBHIKOCTI 00EPTaHHS; KOJIEKTOPHUH
JIBUTYH; aMIEPMETp; BOJBTMETD; AATYMK MIBHIKOCTI OOEpTaHHS; KOHTPOJIEp. 3alpollOHOBaHUI CTeHH 3abe3neuye
BU3HAUEHHS IOTYXXHOCTI T'€HEpaTOpiB Ha pI3HUX LIBHIKOCTSAX OOEpTaHHsS [BUTYHA, IO IMITye BIUIMB BITPY.
BrnpoBa/pkeHHST TaKOro BHIPOOYBAJIBHOTO CTEHAY JO3BOJIMJIO OTPUMATH EKCIIEPUMEHTANbHI JaHi, SIKi JO3BOJATH
MJIBUIINTH SIKICTh aKCiaJbHUX TE€HEepaTopiB i THM CaMHM MOKPallUTH €(EeKTHBHICTh POOOTH BiTPOEHEPreTHYHOI
YCTaHOBKH.

Koarou4oBi ciioBa: BiTpoeHepreTHYHa yCTaHOBKA; TE€HEPATOP; PETYISTOP 00€PTiB; BATMETP; IBUI'YH; aKCIaJbHUM TOTIK.
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B. M. Cunernasos, B. B. KnumHiok. McnbITaTeIbHBIA CTEH aKCHATBHBIX T€HEPATOPOB BeTPO3HEPreTHYeCKUX
YCTAHOBOK

JlaHHYIO CcTaThsl MOCBSIIEHAa MOCTPOCHUIO UCIIBITATEIBHOTO CTEHa JUIsl KOHTPOJIs KauyecTBa aKCHAJIbHOI'O TeHepaTopa,
KOTOpPBIM SABISETCA COCTAaBHOW BETPOIHEPIeTHUECKUX YCTAaHOBOK MAlOl MOIIHOCTH. AKCHAJIBHBIH TeHepaTop
obecrieunBaeT BHICOKYIO A (PEKTUBHOCTh BETPOIHEPIETUUECKONH YCTAaHOBKH OJIarofapsi TOMY, 4TO MPU CKOPOCTU BeTpa
3-3,5 M/c OH BBIXOIUT Ha Pabouyr0 MOIIHOCTH. J[ysi obecriedeHus] MPOBEPKU KayecTBa aKCHANIBHBIX T'€HEpaTopoB
MIPEUIOKEHO UCIIOIB30BAaTh UCIIBITATENIbHBIN CTEH I, KOTOPBIN BKIIIOYAET CIEIYIOLIUE JIEMEHThI: BATTMETP; PEryIsaTop
CKOpPOCTH BpAalllEHUs; KOJUIEKTOPHBIN ABUraTeb, aMIepMETp; BOJIBTMETP; AATYMK CKOPOCTH BpAIEHUS; KOHTPOJUIEP.
[pennoxeHHbIld cTeHy oOecrieunBaeT ONpPEJeSICHHE MOIIHOCTH T'€HEPaTOPOB HA Pa3JIMYHBIX CKOPOCTSIX BpAalleHUS
JIBUTATENd, UMUTHPYET BO3JAEHCTBHE BeTpa. BHeapeHHe Takoro HCHBITATENBHOTO CTEHAA IO03BOJIMIO MOJIYYHUTh
SKCIEPUMEHTANIbHbIE JaHHBIE, KOTOpHIE IIO3BOJAT IOBBICUTH KAayeCTBO AKCHANBHBIX TE€HEPaTOpPOB M TEM CaMbIM
MOBBICUTB (P (PEeKTHBHOCTH pabOTHI BETPOIHEPTETHIECKONW YCTAHOBKH.

KirodeBble cj10Ba:BeTpO3HEpreTHYECKasl yCTAaHOBKA; T€HEPATOp; PEry/IATop 000OpPOTOB; BaTTMETP; ABUraTellb, aKCHU-
aJIBHBIN MTOTOK.
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