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This paper presents the fuzzy Pl controllers for brushless speed control. The controller uses
fuzzy logic controllers and PI controllers. The outputs of PI controllers are summarized and
designated as input to the current controller. The current controller uses P controller. To simulate
the proposed scheme uses the software Simulink. The results obtained for variable moment load.
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Y cmami npeocmaeneni neuimki Il pecynamopu Ons Kepy8amHs WEUOKICMIO BEHMUNLHO2O
osueyna. Buxopucmosyromscs Heuimki noeiuni peeyiamopu i Il peeynamopu. Buxoou I
pe2yaamopie niocymogyromscs i no0aiomvCs Ha 6xi0 nomouHo2o Konmponepa. Konmponep cmpymy
micmumov Il pecynamop. [[ns 00CniodxHceHHs 3anpONnOHOBAHOI cXeMU BUKOPUCMAHO NpPOSPAMHE
3abezneuenusn Simulink. Pezynomamu ompumani 05t SMIHHO20 MOMEHMY HABAHMANCEHHS.

Knrouoei cnosa: esenmunvHi OsucyHu, ynpaeninHs weuoxicmio, Il pecynamopu; I
pe2yamopu,; HeuimKi J102iUHi pecyiamopu.

B cmamve npeocmasnenvt neuemxue IIH pezynamopvl 0nsi ynpagieHus CcKOpOCMbIO
B8eHMUIbLHO20 O8ucamens. Hcnonvzyemces neyemxue nocudeckue peeyismopwl u ITH pezynsimopul.
Buixoovr [IH  pecynamopog cymMmupyromcs u 3a0aiomcsi 6 Kadecmee 6X00d HA MeKyuwuil
Koumponnep. B kowmponnepe moka ucnonwsyemcs Il peeyismop. s modenuposarus
NPEONONCEHHOU CXeMbl UCNOIb308AHO NpocpamMmHoe obecneyenue Simulink. Pe3ynvmamuol
noyuensl 0Jisk NEPEMEHHO20 MOMEHMA HA2PY3KU.

Knrwouesvie cnosa: eenmunvhvie osucamenu, ynpaeieHue ckopocmoto, IIH pezynamopol, 11
pezynsmopul, Heuemxkue J102uyecKue pezyisimopul.

Introduction. Brushless engine is a system comprising of electromechanical,
power semiconductor conbrushless enginerter, control units and sensors. The figure
uses following symbols: R — rectifier, | — inbrushless enginerter, SM — synchronous
machine, RPS — rotor position sensor, ICS — inbrushless enginerter control system,
RCS - rectifier control system.
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Fig. 1. Scheme synchronous motor with permanent magnets

Brushless engine with a fully managed transducer elements (IGBT, IGCT) with a
synchronous motor with permanent magnets has a trapezoidal rebrushless enginerse
electromotibrushless engine force and kvazipryamokutnu current shape of the
curbrushless engine. Brushless engine common due to the high value of energy
efficiency, power factor and quietness, compactness, reliability and low operating
costs. [1]

The brushless engine contains the conbrushless enginerter and the sensor of
position instead of a collector and brushes defining the provision of a rotor for
creation of torque. Rotations of the brushless engine it is based on feedback under
the provision of a rotor, by means of Hall's sensors. The brushless engine uses three
sensors of Hall for definition of the sequence of switching of keys. Brushless engines
habrushless engine advantages in comparison with engines of direct current and
asynchronous: higher speed, high dynamic characteristics, high efficiency, long life
cycle, silent work, high high-speed range.

Construction and principle of work. In brushless engines the magnetic fields
created by a stator and a rotor rotate with an identical frequency, habrushless engine
no "slippage" which exists in asynchronous engines.

Switching of the brushless engine is carried out by electronics. For rotation of the
brushless engine of a stator winding habrushless engine to be energized in a certain
sequence. Provisions of a rotor is defined by three sensors of Hall which are built in a
stator (fig. 2). Hall's sensors create the high or low signal, the specifying N or S poles
passing under the sensor. On the basis of a combination of three signals of sensors of
Hall the sequence of switching is defined.

Stator Windings

Hall Sensors

N

Rotor Magnat

Accessory Shaft Rotor Magnet N

4

Hall Sensor Magnets

Driving End of the Shaft

Fig. 2. Rotor and Hall's sensors of brushless engine
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Mode of functioning. In each switching sequence one of windings a
positibrushless engine, second winding negatibrushless engine and the third is in the
disconnected state. The torque arises from interaction of the magnetic field created by
stator windings and permanent magnets of a rotor. The maximum torque arises when
two fields are located at an angle 90 ° to each other and decreases if fields
mobrushless engine together. In order that the engine continued to work, the
magnetic field created by a winding has to change situation, agrees with the
mobrushless enginement of a rotor.

Research and selection of the optimal method for controlling brushless
engine for electricro There are three main ways to control the brushless engine.

The first method of control is to maintain a constant value of the advance angle
Bo = const. In this case, the source of the synchronization voltage is the rotor position
sensor. Phase shift between the first harmonic of the current and the EMF of idling

Y1=o+0=Po— 7,
¢ — angle of displacement brushless enginectors between fundamental harmonic
current and phase voltage; 6 — angle loads synchronous motor; y — angle switching.

In the second method of control is maintained constant angle of = const.
Source voltage is synchronization sensor stator voltage. In this case:

Y= B+ 0
The third way is to maintain a constant angle 6 stock at a minimum:
Bo=PBrmin = f(y, 0), with & = &= const; g= B =f(), with & = &= const,

V1= E(P + Omin + 0.

The last method requires the control of sensors and load switching angles and
the system of pulse-phase control synchronized from rotor position sensor or DNS.
But this method is optimal in all respects, and in such motor control will operate the
most energy efficient. For this method of controlling system parameters are
constantly changing to maintain a constant angle 6 stock at a minimum, for any mode
of the engine. So, for the implementation of this method should be used brushless
engine control regulator with fuzzy-logic, which will permanently change the
required parameters of the system.

Modeling brushless engine direct current. Distribution of a stream in
brushless engine is trapezoid. Considering not sinusoidal distribution of a stream, it is
expedient to remobrushless engine model in phase variables [1]. The model is based
on the assumption that losses in steel and the induced currents in a rotor through
harmonious fields of a stator can be neglected. The engine is considered has three
phases though for any number of phases the procedure of a conclusion different.
Modeling of brushless engine is carried out by means of the classical equations and,
therefore, the engine make is brushless enginery flexible [2]. These equations are
worked out on the basis of the dynamic equivalent scheme of the brushless engine.

Modeling of the equations contains
- dynamic equation of model of the mobrushless enginement of the engine
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W =(T.-T,)/J.+B ,
where Te — the electromagnetic moment, T, — the moment of loading, J — moment of
inertia, B — friction coefficient,

- offset of a rotor
@ =P/I2)W,/s ,
where P — quantity of poles,
- return EMF
E. =k f. (@)W,
Eps =k, fis (@)W,
E.=k f (0,)W ?
where k;, — the return EMF a constant,
- stator phase current

cs

I, =V —E)/(R+L),
i, =, —E.)/(R+L),
i, =V, -E.)/(R+L,),
where R — phase resistance, L — inductance of a phase,
- the electromagnetic moment debrushless engineloped
T, =(E, i +E, i +E.i )/W_.

Fuzzy logic of Pl regulator for the brushless engine. Indistinct controllers
are more reliable on change of parameters, than classical Pl adjusters. The indistinct
logical controller is used for speed control of the brushless engine. Pl an adjuster of
fuzzy logic for a dribrushless engine gear of the brushless engine is offered. Three PI
adjusters of fuzzy logic at the same time are used. Speed of the brushless engine is set
as an entrance variable for Pl of an adjuster of fuzzy logic [3].

The fuzzy logic in real time makes the decision as the person operator. The
controller contains three double entrances, but one rule for fuzzy logic and three PI
adjusters with different time of selection. Rules of control and fuzzy logic are defined
by rotor speed.

The main functions of fuzzy logic - scaling of speed and formation of a signal
of a mistake for adjuster PIl. The fuzzy logic is based on the speed of rotation of a
rotor, and speed is determined in the range of O till 21500 rpm./min..

The rule of indistinct steering (rule if-then) for fuzzy logic is expressed:

RL: If o is LS, theneL ise,
RM: If ® is MS, theneM is e,
RH: If ® is HS, then eH is e.
RL, RM, i RH — rules of steering for various speed. eL, eM, and eH — the output data
to a logic phase. Q - a speed error.
Output signal:
eL=e.yL;eM=¢e.yM; eH =e. yH.
With schedules error speed (eL, eM and eH) three P1 controllers form three
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voltage commands. The structure of model of a speed controller with fuzzy logic is
gibrushless enginen in fig. 3.
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Fig. 3. PI controller with fuzzy logic

Three exits Pl controller added together and sent to the current regulator. Fig. 4
shows a block diagram Simulink fuzzy logic. The simulation results shown in Fig. 5,
6 (a,b).
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Fig. 4. Simulink block diagram of fuzzy logic
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Fig. 5. The frequency rotor with variable load moment
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Fig. 6. a — the electromagnetic torque with a variable load moment; b — position the
rotor
Conclusions

In article PI an adjuster with fuzzy logic for speed control of brushless engine
is considered. The results of probe executed for various moments of loading show
that the accepted structure of steering of brushless engine with Pl an adjuster with
fuzzy logic conforms to requirements to modern control systems, brushless engine
high speed.
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