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The paper is devoted to the study of operating modes and features of tuning of a servo system containing a brushless
magnetoelectric tachogenerator in the angular speed control loop of an executive motor. Features of tuning of the in-
ternal loop of angular speed for compensation of electromechanical time constant taking into account pulsations of the
tachogenerator signal are studied. Dependences of the signal ripple coefficient at the tachogenerator filter output, the
values of the signal ripple swing in the angular speed loop and the effective current value on the parameters of the sys-
tem operation mode are given. The influence of the system tuning parameters on the performance indexes of angular
speed control is studied. The approach to tuning of the servo system taking into account the parameters of the angular
speed loop while providing a given stability margin in phase is considered. The results of studies of the servo system
are given. References 16, figures 15, table 1.
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A feature of the development of some electromechanical servo systems is that the actuating motor
often drives a mechanism with a relatively large moment of inertia. As a result, to compensate for the rela-
tively large electromechanical time constant of the motor with the control object, it is necessary to tune the
inner loop of the servo system with a motor angular speed sensor [1-4]. Such sensors are subject to certain
requirements.

Nowadays, in many cases, DC collector tachogenerators are used as angular speed sensors [5—10].
The disadvantages of such tachogenerators are caused by the presence of mechanical commutators, which
limits the resource of their operation, causes voltage drop and pulsations on the rotating mechanical contact.
To partially eliminate these disadvantages, the plates of mechanical contacts are made of an alloy containing
95% silver. The use of DC tachogenerators makes it possible to obtain an isolated analog voltage signal pro-
portional to the angular speed of the rotating motor.

At the same time, to eliminate mechanical contacts on the rotating rotor, brushless designs of tacho-
generators with permanent magnets on the rotor are developed and used, in which a constant analog signal is
obtained by means of an electronic circuit of rectification of phase alternating EMFs of the stator winding
[11-13]. The problem in the development of such brushless tachogenerators is the presence of pulsations of
the output rectified signal due to the peculiar form of the phase alternating stator EMFs. One of the directions
of overcoming this problem is the choice of such a form of EMF at which the output ripples are minimized.

The influence of the pulsations of the angular speed sensor signal should be taken into account when
tuning the angular speed control closed loop to compensate for the electromechanical time constant of the
motor and mechanism, as well as when tuning the entire servo system. Preliminary studies have shown that
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the presence of pulsations in the tachogenerator signal due to relatively large values of the angular speed
controller gain leads to the appearance of pulsations of the current and torque of the motor. To reduce these
pulsations, an additional first-order low frequency filter must be introduced in the speed control loop. And
this, in turn, leads to deterioration of the dynamic characteristics of the servo system. Thus, the factors affect-
ing the tuning of the servo system are the values of the pulsations of the tachogenerator signal and other vari-
ables, the value of the smoothing filter time constant, as well as the criteria for tuning the angular speed con-
trol loop and the external control loop of the rotation angle.

The purpose of the paper is to determine the relationships between the values of the time constant
of the tachogenerator signal filter and the parameters of the angular speed and motor shaft rotation angle con-
trollers to assess the influence of these parameters on the tuning the servo system and the quality of regula-
tion, taking into account the presence of pulsations in the signal of the brushless magnetoelectric tachogen-
erator (BMT).

The main material and research results. The BMT is generally an m-phase AC electric machine
[14, 15]. Fig. 1 shows a three-phase system of stator winding EMFs, which in the simplest case are described
by sinusoidal functions

e,=k,;0sin0; e, =k, 0sin(0-2n/3); e. =k, osin(0-4n/3), ea
(1-3)
where k,; ® are constant coefficient and angular speed of rotation of

the generator rotor; 0 is electric angle of rotation of the rotor shaft,
which is defined as 8=pwt, where p is number of pole pairs of the rotor;

€B

¢ is time.

To form an analog voltage signal proportional to the angular J
speed of the rotating motor, a three-phase bridge active rectifier based
on controlled keys with double-sided conductivity, such as MOSFETs,
is used (Fig. 2). The conduction intervals of the controlled keys are
marked with the letter NV in Fig. 1. In this case, the output signal of the
tachogenerator rectifier at each repeatability interval of 60 electrical de-
grees is described as a sum of two phase EMFs, e.g. at the interval N=61
two variables are summed — e, and e;. Six transistors S1...56 (Fig. 2) are

numbered according to the sequence of their turning on. The two-digit 30 90 150 210 270 330 390 450 510
number N indicates the numbers of the pairs of transistors that are in the Fig. 1
conduction state.
¢ S1 ‘,ESSJESSS To evaluate the quality of the tachogenerator signal, the
2 pulsation coefficient can be used, which can be calculated by
81}7 simple formulas based on the signal parameters uz¢ or the induc-
@ [] R.  tion distribution curve b in the tachogenerator air gap
éc _ —
5 =100 Ya " 10020 = (B +ba) )
u, . tu . 2b,, + (b90 + by, )
e/ fso/ s E&
where ., Unmin, are maximum and minimum values of the signal
urg; bso, bsy, boy are relative values of the induction b distribution
Fig. 2 curve (Fig. 3) in the air gap of the tachogenerator at 30, 60 and

90 electrical degrees at the first quarter of the half-wave of the
EMF curve. The table the parameters of two variants of induction distribution curves in the air gap. The first
variant corresponds to the sinusoidal form, and the second variant corresponds to the form at the value of the
ripple coefficient equal to one.

; 3 H- 2
variant b30 bgg bg() kp[, % U.t]% | I .U:l) } i
1 0,5 0,866 1 7,176 0.6 | [)E‘)g 7 B
0.4 ),
2 0,95 | 0,9947 1 1 03 ] 0.85 - 6, deg
o 08 ———F—
0 20 40 60 80 30 40 50 60 70 80 90
Fig. 3
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In this paper, a tachogenerator with the output signal according to the second variant is used in the
research of the servo system. To model the tachogenerator, the relative signal u 7, normalized in such a way
that its average value is equal to one, is used. The signal variation curves u 7 at sixty-degree repeatability
interval are shown in Fig. 3. Relative normalized signal u 7 is determined by the formula

*

g =l U, » (5)
where u,, is average value of the tachogenerator output signal uz¢ (Fig. 1).

The structures of servo systems are known and, as a rule, they contain an inner loop closed by angu-
lar speed and an outer loop to regulate the rotor rotation angle. To study the operation modes of the servo
system, we will use the mathematical model of the motor, which corresponds to the model of a DC collector
motor or, with some assumptions, to the model of the electric drive structure “brushless permanent magnet
motor - voltage inverter”

L4 Ri—esu, e=u'k o; 790 _yoy o 42, (6-9)
dt dt dt
AM =M-M,; M, =M, sign(0);  M=k,i, (10-12)

where i, e, u, are motor current and EMF, as well as the voltage in the DC link of the voltage inverter or the

rotor of the collector motor; u ., is modulating function of EMF with a unit mean value, which takes into ac-

count the ripple EMF; R, L are active resistance and inductance of the motor; £, is motor torque coefficient;

J is moment of inertia on the shaft of the motor rotor; AM, M, M; are dynamic torque, motor torque and me-
chanical load torque; M;; is mechanical resistance torque; o is a rotor rotation angle.

On the basis of equations (6-12) we write down the motor transfer functions
i(p) _ YR | op) _ 1 o(p)_ Vk, (13-15)
um(p)—e(p) T, p+1 AM(p) Jp um(p) T, p+1

where Ty, Tr are electromechanical and electromagnetic time constants.
Finally, Fig. 4 shows the structural diagram of the servo control system consisting of the executive

mo-tor, the BMT and its output signal filter, the angular speed and angular position controllers of the motor
rotor. It can be noted that the structure of the system does not have an internal current control loop. It will be
shown be-low that the value of the electromagnetic time constant of the brushless motor with permanent
magnets, which is used in the system, is significantly less than the value of the time constant of the tacho-
generator filter. Therefore, the electromagnetic time constant of the motor will not affect the main operating
mode of the servo system. In this case, there is no need to correct and consider the current loop.

e Hc ku: 4
“Ru ”r{ N{-J 1 f M l @ ] o
I.;E‘r\.r[ p} R : km "‘ : _> _J —>
I.p+l1 e £
M L —
— €
“]"f ] *
}VF (Ju] < ”]"(I klf'(.r' 4
H’)S'rz.(p) s
Fig. 4

Let us supplement the description of the closed loop automatic motor angular speed control with
formulas for determining the mismatch u,(p) and tachogenerator signal uzs(p), as well as transfer functions
of the angular speed controller W, (p) and tachogenerator filter Wg(p),

uUw(p):ua(p)_uFBm(p); “Tc(p):u;ckmm: (16, 17)
ua)(p) kCa)(TCmp+1) uBFw (p) kF
WeolP)= = ; W.(p)= = ; (18, 19)
W)= p D)= ) T
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where u,, ( p) is the rotor angular speed reference signal, which is the output signal of the PI-angle control-
ler; u,, (p) is the feedback signal at the filter output; k., , T, are the gain and time constant of the PI-

controller; k,., 7, are the gain and time constant of the filter at the tachogenerator output; k,; is the gain of
the tachogenerator. Note that the signal at the output of the tachogenerator is determined taking into account
the previously obtained relatively normalized modulating signal u,, accordingly to the form of the real ta-

chogenerator signal. Thus, the pulsations of the tachogenerator output signal are taken into account.
The outer loop of the servo system is formed by feedback from the shaft rotation angle sensor

Wi, ( p) of the actuating element of the mechanism and the rotation angle controller W, ( p). In this paper,

we will limit ourselves to the consideration of a system with second-order astatism with a PI rotational angle
controller. The external loop is described by the equations
Uyy (p):uRoc (p)_uFBa (p); (20)
ke (T p+1
( ): ua(p) _ Ca( co P )’ Wsa(p):uBFu(p): kSon , (21,22)
y, (P) P a(p)  Teup+l

where u,, (p) is the rotation angle reference signal; k., , T}, are the gain and time constant of the rotation

/4

Co

angle PI-controller; kg, , T, are the gain and time constant of the rotation angle sensor.
To compensate for the relatively large value of the electromechanical time constant, it is assumed to
be equal to the time constant of the angular speed PI controller 7, =7,, , then we write the transfer function

of the closed loop angular speed control in the form of

o(p) _ k,

u,(p) T'p*+28T,p+1’
where k , T}, & are the gain, time constant and damping coefficient of the second-order link. In this case, the

(23)

parameters of the transfer function (23) are determined by the following equations

ko= r= |tfale (24, 25)
kTG kF kC © kT G kF

For a stable oscillating link, the condition 0<& <1 is true. Thus, the tuning of the second-order con-

trol system (23) and the value of the transfer coefficient of the angular speed PI controller under the condi-
tion T, =T,, is determined only by the values of the damping coefficient & [16] and the filter time constant

T, at the tachogenerator output

kep = 26)
4& TF kTG kF
Then the gain of an open loop of angular speed control is defined as the product of all gain of the
loop
kOLS(n = kakTGkF /km : (27)

Due to the relatively large value of the moment of inertia on the actuator shaft, the pulsations of the
tachogenerator signal will practically have no effect on the character of change of the angular speed and rotor
angle. Therefore, in this study we are interested in the parameters of the tachogenerator output signal, the
signal at the output of the tachogenerator filter, the signal at the output of the angular speed controller and
motor current. That is, at this stage we will study the tunings of the closed loop angular speed, which is in-
ternal to the servo system. At the same time, we can vary the values of filter time constant 7, and damping

coefficient &, as a result of which we can determine the value of angular speed controller gain k., and the
time constant of PI controller is already determined and set in the condition 7., =T7,, .

Parameters of signals at the output of the tachogenerator are presented in Table, and for further stud-
ies we choose the best of them, i.e. the second variant. To evaluate the quality of signals in the system we use
such parameters:

— signal pulsation coefficient at the output of the tachogenerator filter
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kpp=—-"""L, (28)

where Au,, u,, are pulsation swing of the signal at the tachogenerator filter output and the average value of
this signal;
— relative values of signal pulsation swing at the tachogenerator filter output and at the angular speed
controller output
. 100A » 100Au
F = —uF ’ Auw = ©
UF 3000 U

wmax

Au : (29, 30)

where Au, is the pulsation swing of the signal at the output of the angular speed PI controller; U,y , U,

are values of the tachogenerator signal at the nominal speed, equal to 3000 rpm, and the maximum value of
the voltage at the controller output;
— relative value of motor current ripple swing

Ai" =100Ai/1,, , (31)
where Ai is current ripple swing; /,, is nominal current value. To estimate the magnitude of a direct current

that has pulsations, the current effective value is used, the magnitude of which in this case will differ from its
average value;
— relative value of the motor current effective value

I, =1001, /1, , (32)
where 1 of is the current effective value.

First, we study the properties of a single tachogenerator with a first-order filter (19) at the output,
which rotates at a given and constant angular speed. Fig. 5 shows the dependences of the pulsation coeffi-
cient kpr of the signal at the filter output, as well as the relative magnitude of the pulsation swing Aus on the
rotation speed at three values of the filter time constant 7= — 0.01; 0.02 and 0.04 s. All characteristics in Fig.
5 and in the figures below for these
three values T of the time constant are
designated respectively by numbers
from 1 to 3. Fig. 5 shows that the refer-
ence value of the pulsation coefficient
of 1% is maintained only at the lowest
0,02 - rotational speed, and as it increases, it
0,01 n,rpm  decreases significantly due to the influ-
0,00 - ence of the low frequency filter. All

0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000 further studies will be carried out at
Fig. 5 these three values of time constant 7.
Next, let's perform an example
of calculation of operation modes of the angular speed loop, the input of which is supplied with a constant
speed reference signal at {=0,7 and three values of the filter time constant. For the example calculation we

L ke, % 0,08
0,07
0,06
0,05 -
0,04

0,03

0.8

0.6

0.4

n, rpm

have chosen a motor with the following parameters: rated power — 180 W; maximum rotation speed — 3000
rpm. In addition, the motor model (6-12) and the system is characterized by the parameters:

k,=0,08594 Vs, L=454.10"Hn, R=0,10hm, I,=12A, U,m=15V, U,. =27V,

wmax

ft",.f_- , % 0.08 A,r,r;_ ,% TE = 4,54 10_4 S.
0,8 0.07 (7 Fig. 6 shows the dependences
0,06 - of the pulsation coefficient k.. of the
00 0,05 1 signal at the filter output and the
0.4 0,04 1 relative values of the ripple swing
0 :ii:; 2 Au,. on the rotation speed n, but for a
2 nrpm - o1 3 n, rpm tachogenerator that operates in the
0 —— 0.00 complex of the servo system (Fig. 4).
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000 N this study, the EMF curve is
assumed to be perfectly smooth, i.e.,

Fig. 6
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Fig. 9
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the instantaneous values of the
modulating EMF function u, are

equal to unity. Most noticeable in
these figures is the difference of the
graphs in the region of small values
of rotation speed. This difference
arises due to the influence of
tachogenerator pulsations on the
rotational speed pulsations, since at
low frequencies the filtering
capabilities of the system are
weakened.

Fig. 7, a, b shows the de-
pendences of the relative values of

the signal ripple swing Au_ at the

output of the angular speed PI con-
troller on the rotation speed n for two
variants of calculation of the proc-
esses in the inner loop of the servo
system. These variants differ in the
representation of the EMF perfectly
smoothed (Fig. 7, a) and taking into
account the EMF signal ripples (Fig.
7, b), which are possible in the case
of controlling a brushless permanent
magnet motor supplied from a volt-
age inverter with the transistors'
states switched on at intervals with
an angular extent of 120 electric de-
grees. The modulating EMF function

u, in the case of sinusoidal form of
alternating EMFs of the stator wind-
ings of the brushless motor has the
form presented in Fig. 3 (variant 1).
Comparison of Fig. 7, a, b shows
that possible EMF pulsations in the
system loop practically do not affect
the magnitude of signal pulsations at
the output of the motor angular speed
controller.

Fig. 8 shows the depen-
dences of the relative magnitude of
the current ripple swing Ai" and the

relative effective current value I:f
on the rotation speed n at smooth (a,
c¢) and pulsating (b, d) forms of
EMF.

Fig. 9 show the dependences
of the relative magnitude of the cur-

rent ripple swing Ai" and the relative
effective current value I; on the

magnitude of the mechanical load
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torque M,, under the smooth (a, ¢) and

pulsating (b, d) forms of EMF, and under
the condition n =500 rpm .

Fig. 10 shows the dependences of
the previously mentioned relative values of

the signal ripple swing Au:, at the output
of the tachogenerator filter, the signal ripple
swing Au, at the output of the angular

speed controller, the relative magnitude of
the current ripple Ai , relative effective
current value I; , as well as response time

t, and overshooting o from the damping

coefficient value & at perfectly smoothed
EMF, rotation speed #n =500 rpm and three

given values of filter time constant 7, —
0,01; 0,02 and 0,04 s.

Fig. 11 shows the dependences of
the gain k,, , of the open loop of angular

speed control and the time constant 7 of
the second-order link (23) on the value of
the damping coefficient & at three given
values of the filter time constant 7, —0.01;
0.02 and 0.04 s.

Thus, as a result of studies of the
angular speed loop, the time constant 7; of
its transfer function (23) can be determined,
and the gain & is known because it is de-

termined by the angular speed feedback
parameters. Now we can write the transfer
function of the open loop servo system in
the form of

kOLSa(TCap+1)
TP p* + 28T, p+1)(Ty, p+1) p°
, (33) 05 055 06 065 07 05 055 06 065 07

Fig. 11

Wors (p) = (

where korsa = kcikoksa 1s the gain of the
open loop system.

For the transfer function of the open loop system (31), the amplitude and phase frequency character-
istics can be obtained

2 2
A(o0)= kosa 1+ Teu® ;A (0)=20logA4(0); (34, 35)
o 142770 (262 1) - o' 1+ T 0"

(P((D) =-n—arctgl o+arctg?. o—arctg

26T ®

2.2 °
(O]

(36)

1
The condition for tuning a stable control system is to provide a sufficient phase stability margin y, at

the cutoff frequency o, [16]. The stability margin v, in phase is determined on the basis of the dependence
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2T o
T{Z(DZ :

(37)

y(®)=n+¢(0)=—arctgTy, o+ arctgl,, »—arctg 1

Ensuring sufficient phase stability margin y is possible by selecting a certain ratio of time constants
T, and T, under the condition 7y, < T} <T,. In this paper, three values of the filter time constant 7, —

0.01; 0.02 and 0.04 s — were taken for the speed loop studies, and for further development of the servo sys-
tem we take the smallest of these values. Then at three values of damping coefficient § — 0,5; 0,6 and 0,7 cor-
respond to the values of oscillating link time constant 7, — 0,01; 0,012 and 0,014 s, from which we also

choose the smallest value — 0,01s. Since the main focus of the paper is on the influence of the tachogenerator
signal on the system tuning, we do not take into account the time constant 7, of the rotation angle sensor
here. This is true if this value is more than an order of magnitude smaller than the time constant 7; .

It is known that for second-order astatic systems the static error of the input signal processing and
the error on the first-order derivative are equal to zero, and errors on derivatives of higher orders are in-
versely proportional to the gain k,,, of the open-loop system. Therefore, the criterion for tuning the servo
system can be considered as obtaining the largest value of this coefficient under the condition of ensuring an
acceptable phase stability margin y,. In recommendations on tuning of control systems it is usual to choose
the value of phase margin y¢ from the range of values 30...60 degrees.

60 ~_ A1, dB Fig. 12 shows the family of de-
), deg pendencies y(o®) (37) for £=0,5,
P T.=0,01s, 7, =0,01s and four values

we 1., —0.04; 0.06; 0.08 and 0.1 s, which

60 7, deg
40 |
20

w, 57!

20/ 20/ .
_ . are designated by numbers from 1 to 4.
& el For each of these dependencies, for a
B0 -60| given desired value of the phase margin
£ : 700 o : 0 10 vs=30grad, it is possible to deter-
Fig. 12 mine the cutoff frequency wc, the value

of which determines the position of the
amplitude frequency characteristic 4, (co) Then it is possible to determine the gain k,,,, of the open-loop

servo system at the cutoff frequency using the formula
L 01427202 (262 -1) - Tl 1+ T 0

OLSo. — W
1+ T, 00

Fig. 12 shows the amplitude and phase frequency characteristics at 7,,, =0,04s, k,,, =994,9 and

(3%)

vs =30deg . Studies have shown that for a family of phase characteristics at a given value of the phase sta-
bility margin, it is possible to choose such a ratio of time constants 7., and 7;, at which the maximum value
of the gain k,,, is achieved.

Fig. 13 shows the dependences of the gain k,,, of the open-loop servo system and cutoff frequency

o¢ on the value of the time constant

!'-OLSr‘)

Y070t SO T | TCa of the PI controller at the time

constant 7, =0,01s of the angular

'l

& speed control loop and a given stabil-

ity margin in phase ys = 30 deg, from
which it is possible to determine the
maximum value of the gain
ks, =1005,7 at the cutoff fre-

quency ®,.=52,36s" and time
constant 7., =0,0425s. And such

gain maxima £k, can be deter-

600

400 - _ ............... oo _____ 30

200 _................é,...............',...............E...............,;.....
r 10

| carS
0 T T T T 0 T T T T
0,035 0,05 0,065 0,08 0,095 0,035 0,05 0,065 0,08 0,095

Fig. 13
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mined for any value of time constant 7} .
In further studies of the servo system we assume such its parameters: 7, =0,01s, k,, =1005,7,

T., =0,0425s . Let us study the operation mode when the input reference signal of the system is given as

Uy, (1) =a,sin(2nf,1), (39)
where a,, f; are amplitude and frequency of signal oscillations.

The error of processing of such a reference signal by the system will also be described by a periodic
function

e, ()=, (1) (1), (40)
is similar in form to (39), but its sinusoidal form may be distorted due to the tachogenerator signal pulsations
and also due to the effect of dry friction torque when the motor rotation direction is changed. Therefore, the
amplitude of the equivalent sinusoidal variable that describes the error of the reference signal (39) can be
determined to estimate this error. Then, based on the effective value of the error variable (40), we can deter-
mine its equivalent amplitude

fa =280, - (1)
To evaluate the characteristics of the operation mode we use such parameters:
— relative amplitude of the equivalent sinusoidal variable of sinusoidal form, which corresponds to
the error of the processing of the reference signal €, (t) ,

. 100¢,,

(42)

— is the effective current

40 value 7, at the oscillation pe-
33 riod of the reference signal.
30

Fig. 14 shows the de-

e pendences of the relative equiva-

20
15
10

lent amplitude & and the

amax

effective current value / s on the

oscillation frequency of the sig-
nal f; at @;=3,33 rad and
M, =0. Fig. 14 shows also the

179 dependences of the same pa-

}2 rameters on the value of the me-

14 chanical resistance torque M, at

"""""""""""""""""""""""""""""""" 13 f,=0,4Hz.

12 Fig. 15 shows the plots

! : | 1(1) of instantaneous values of the

0.63 1 § MoN o L : variables of the servo system
0.625 . ‘ R m‘ 5 ‘ ; ‘ ~ (Fig. 4) when operating the input

0 03 06 09 12 0 03 06 0o 12 signal (39) at M, =0,2Nm,
where we can see the influence
of the tachogenerator signal rip-
ples, which is most evident for the stator current and motor torque variables.

Conclusions. The parameters for tuning the motor angular speed control loop are the tachogenerator
filter time constant and the damping coefficient. Using this time constant allows signals pulsations in the
loop to be reduced, and selecting the damping coefficient value allows a stable angular speed loop to be set
up. In this case, the electromechanical time constant of the motor and mechanism is compensated, the angu-
lar speed controller gain is determined, as well as the gain and time constant of the second-order oscillatory
link, which describes the angular speed loop and is an internal link in the servo system.

The condition for tuning stable servo system is the criterion of a sufficient phase stability margin at
the cut-off frequency. As a result of tuning the servo system by varying the time constant of the angular posi-

Fig. 14
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tion controller, the maximum value of the open-loop servo system gain was determined, at which the mini-
mum value of the input signal processing error can be obtained.
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Fig. 15

As a result of the studies, families of dependences of the signal pulsation coefficients, signals pulsa-
tion swing relative values and the current effective value, as well as other indicators on the angular speed and
torque of the motor were obtained. It was shown that even insignificant pulsations of the tachogenerator sig-
nal due to the relatively large value of the gain of the open angular speed control loop lead to the appearance
of noticeable pulsations of other signals in the servo system. The influence of the angular speed loop damp-
ing coefficient on the system indicators was also studied. The obtained dependencies allow us to evaluate the
impact of changes in the parameters of the servo system on its operating mode and make a compromise deci-
sion on the choice of values of these parameters to obtain satisfactory control quality.
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BILJIUB NIYJIbCAIIIA CUTHAJTY BE3BKOHTAKTHOI'O MATHITOEJIEKTPUYHOI' O
TAXOT'EHEPATOPA HA HAJIAIITYBAHHS CJAIAKYIOY0i CHCTEMHA
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Pozenanymo pesicumu pobomu ma 0cobaugocmi HATAWIMYBAHHSL CIIOKYIOUOI cucmeMmit, Wo MiCmums Oe3KOHMAaKmMHUl
MASHIMOENeKMPUYHUTL MAX02EHEPAMOP 68 KOHMYPI Pe2yl08aAHH KYMOGOI WEUOKOCMI 8UKOHABY020 08ucyHa. Jocui-
02ICEHO 0COOIUBOCNT HALAUIMYBAHHSA GHYMPIUHBLO20 KOHMYPY KYMOB0I WEUOKOCHI 34051 KOMReHCcayii elekmpomexa-
HIUHOI cmanoi wacy 3 ypaxysawuam nynvscayii cueHany maxoeenepa. Hasedeno zanesxcnocmi xoegiyiecnma nynvcayii
CUSHANY Ha 8uUx00i inbmpa maxozeHepamopd, 8eIUYUH PO3MAXy NYIbCAYill CUSHANIB Y KOHMYPI KYyMOGoi weuoKocmi
ma Oirou020 3HAUEHHS CIPYMY 8I0 napamempis pescumy pobomu cucmemu. JocnioxceHo eniue napamempis Haraumy-
BAHHA CUCeMU HA NOKAZHUKU AKOCMI pe2ynto8aHHs KYmoeoi weuokocmi. Pozenanymo nioxio 00 HaniauimyeanHs ciio-
KYIO4OI cucmemu 3 YpaxyeaHHsIM Napamempis KOHmypy Kymoeoi weuoxocmi nio uac 3abe3neyents 3a0ano2o 3andacy
cmitikocmi no ¢asi. Hageoeno pesynomamu docniodcens cuiokyouoi cucmemu. bion. 16, puc. 15, Tadmn. 1

Knrwowuoei cnosa: cninkyroua cucrema, 0€3KOHTAKTHUI MarHiTOGNEKTPUYHUN TaxoreHepaTop, HaaIITyBaHHS CUCTEMH
ABTOMAaTUYHOTO KEPYBaHHSI, 3arac CTiiKoCTi 1o (asi, mynbcallii CUrHaty.

Pobomy suxonano 3a depacorodaicemuoro memoio « Pozpobumu Haykoei ocHogu ma npuryunu no6yo0osu ma-
CHIMOENIEKMPUUHUX MEXAMPOHHUX MOOYIIE Ol CNeyiani3o8aHux CUCMeM a8MOMAMUYHO20 KepyS8aHHsL»

(wugpp « MEXATPOH»), KIIKBK 6541030.
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