JloaaTok A

Cuenapiii aBTOMaTU30BaHOTO (popmMaTyBaHHs IpadikiB
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[1ix yac BUKOHAHHS AOCHIIKEHb 1XH1 pe3yJIbTaTH, SIK IPaBUJIO, IPEACTABIIAIOTh

y BUrsiAl rpadikiB, ¢opMmaryBaHHsS SKHX I IXHbOI HaJEXHOi JAEMOHCTpauli €

JIOCUTh TPYAOMICTKOIO 3a/1a4€t0, TOMy BUKOPUCTOBYEMO clLieHapli (pucyHok A.l), siki

3a0e3MneuyoTh aBTOMaTH4HE (opMmaTyBaHHA rpadikiB 10 TaKOTO BUIJISAY, KOTPHil

MOXHA JI0JIaBaTH JI0 TEKCTIB HAYKOBUX 3BITIB O€3MOCEPEIHBO.

FormatCharts.sce |3

O =] &y ol W M

e T
W M = O

14

function FormatCharts (titlex, titley, titlec, LEGEND, pos)
xgrid (0) ;
et ( )
a. =37
a. =43
a. . =43
title (titlec, 4
xlabel (titlex) ;
ylabel (titley);
if length (LEGEND)>0 then
legend (LEGEND, pos) . =
end
endfunction
function SetAxesBounds (xmin, xmax,ymin, ymax)
a=get ( ) 7
a. = [xmin, ymin;xmax, ymax];
endfunction

function SetXAxesBounds (xmin, xmax)

a=get ( ) 7
a. = [xmin, a. (1,2) ;xmax,a. (2,2)1z
endfunction

function Set¥YAxesBounds (ymin,ymax)
a=get ( )7
a. = [a. (L,1),ymin;a. (2,1),ymax];

endfunction

Pucynok A.1 — Cuenapii aBToMaTuqHOTO (hopMaTyBaHHS rpadikiB

KOMIT'FOTEPHOT CUCTEMH MaTeMaTHYHUX OOYMCIICHb Ta MojieioBaHHs Scilab
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Jlonatok b

ba3oBi crieHapii 10CI1I)KEHHS POLIECIB B €IEKTPOMArHiTHOMY TaXOMeTpi

Cuenapiit gocmikenb npoiieciB B ET MaroTh 3a0e3nedyBaTu MOJCTIOBAHHS
MPOLECIB JJIsl PI3HUX BUXIIHMX JAHHUX, 30KpEMa, JJIsl Pi3HOI KyTOBOi IIBUAKOCTI, a
TaKOX MOOYAOBY PE3yibTaTiB y BUIJISAA1 BIANOBIIHUX rpadikiB. s MoaemtoBaHHs
npoueciBB ET 3pyuno 3acrocoByBatu creuiaibHy QyHKIIIO (pucyHok b.1),
BXIIHUMH 3MIHHUMU AKO1 OyJyTh apaMeTpH, 110 BapiIOIOTHCS MPOTATOM BUKOHAHHS

JOCIIIKEeHb, a pe3yJbTaTH i1 MICTSTh IaHl PO JTOCTIKYBaH1 POLIECH.

taskl_A.sce |3

[
-
-

( 1)
loadXcosLibs () ‘ ():

function ¥=simulation (w)

importXcosDiagram( )7
(scs _m):

Scs_m. ; H
Context.w=w;
scicos_simulate (scs_m,Context);
Y=[Um, Wm, W, Eps]:

endfunction

00 ~1 oy 1 ol W M W

Pucynok b.1 — @yHKI1ig 1715 TIATPUMKY CIIEHAPiiB AocaimkeHHs nporeciB B ET
Ii/1 Yac BUMIPIOBAHHS CTaJ01 MIBUIKOCTI, KOTPY MUTTEBO OTPHUMAB

NEPBUHHO HEPYXOMHI pOTOp TaxoMeTpa

[ToObynoBa pe3ynbpTaTiB y BHUIISAl TpadikiB peanmizyeThCs 3a JOTIOMOTORO
BUKOPUCTAHHS JaHUX,0TPUMAHUX TiJ Yac MOJEIIOBAHHSA, MPOTE BOJHOYAC CIIiJ
VIOPSAAKOBYBATH Taki JaHi BIAMOBIIHUM YHHOM, HANPHKIAJ, MUISTXOM CTBOPEHHS
TUTYJIBHUX HAANUCIB Ta JIET€HH, $KI pO3MHU(PPOBYIOTh KpPHUBI, pPO3TAIIOBaHI Ha

onHomy rpadiky (pucyHok b.2 — b.4). 3po3ymino, mo s IIbOTO B OKPECICHUX
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MICUSIX BHUKOPUCTOBYIOTBbCA  paHille po3po0sieHl cleHapii aBTOMAaTHYHOIO
(dopmaryBaHHs rpadikiB (pucyHok A.1).
15 [w=500;
16|leg=| +string (w) +
17 |¥Y=simulation (w* J30): Um=Y(l); wm=Y(2): w=¥(2); eps=Y(4);
18 |show window (1) ;
19 |plot *Um , Um ' r2) i
20|show window (2);
21 |plot ( *eps. y 30/ *eps. ' v 2) i
22|show_window (3) ;
23|plot *Wm. ; 30/%p1*wm. , , P 2) i
24 |plot ( *w., y 30/ *w ' ' p 27
25|titul=1leg(l);
26|legl=["S\mathrm{measured}$", "S\mathrm{actual}s"];
27 |titlex="5t, \mathrm{ms}5"; titley="S$\omega (t), \mathrm{rpm}s";
28 |SetYAxesBounds (0, ) #
29 |FormatCharts (titlex, titley,titul,legl, 4);
30 |xsave ( )i

Pucynok b.2 — KM nporiecis B ET, mo nmo6ynoBana iHCTpyMeHTaMU

rpadigHOro cepeoBuIla XCcos KOMI'TOTEPHOI CUCTEMHU

MaTeMaTHYHUX O0UYKCIICHb Ta MoaeroBanHsa Scilab

32
33
34
35
36

W= ;
leg=[leqg,
Y=simulation (w*
scE(l);
ploti
37|scf(2);
38 |plot(
39|show window (4);
40 |plot(
41 |plot( W, ,
42 |titul=leg(2);
43|SetYAxesBounds (U,
44
45

*TUm.

Twm .

xsave (

+string (w) +

/30)V: Um=Y(l); wm=Y(
, Um. ,

. / *eps. r
r 30/ W . '

./I *w r r

)i

)i

FormatCharts (titlex,titley,titul, legl,

)i

1z
w=Y (3);

eps=Y (4);

Pucynok b.3 — KM nporecis B ET, mo mobyaoBana iHCTpyMeHTaMu

rpadidHOTO cepeloBHINAa XCOS KOMIT'FOTEPHOI CUCTEMHU

MaTEMATUYHUX OOYHUCIIEHb Ta MoAeitoBaHH Scilab
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48
49
50
51
52
53
54
55
56
57

59
60
6l
ez
63

W= ;
leg=[leq, +string (w)+ 1i
Y=simulation (w* /30); Um=Y(1); wm=Y(2); w=Y(3); eps=Y(4);
scf(l);
plot( *Um. , Um. ' ' r 2
FormatCharts ("$t, \mathrm{ms}5", "SU m(t),\mathrm{v}s","", leqg, 4);
xsave ( )i
scf(2);
plot ( *eps. P30/ *eps. ' ' P 2) i
FormatCharts ("S$t, \mathrm{ms}5", "S\varepsilon(t), \mathrm{rpm}s", """, leq,
xsave | )i

58 |show window(5);
plot W . 30/ *wm. ' ' r2)
plot Y. 30/ . ' ' r )i
titul=leg(3);
Set¥AxesBounds (0, ) ;
FormatCharts (titlex, titley,titul,legl,?);
xsave ( )i

64

Pucynoxk b.4 — KM nporecis B ET, o nodyaoBana iHCTpyMeHTaMu
rpadiYHOTO cepeIOBHUIIA XCOS KOMIT'FOTEPHOT CUCTEMU

MaTeMaTHYHUX 00UYKCIIeHb Ta MoaeroBanHsa Scilab

81

3ayBaxkumo, 1o creHapii (pucyHok b.2— b.4) pocnimxkenp mnependadaroTh

aBTOMaTUYHE 30CEpeKCHHS pe3yibTaTiB, SKI IMOJAIOThCA Yy BHIJAAI T'padikiB y

crnenianbHOMy rpadiuHomy ¢dopmari cucremu Scilab. ¥V momaneiiomy 1ie 103Bosisie

BUKOPHUCTOBYBAaTH TaKi pe3ynbTaTd Oe3rmocepeHb0 0e3 IMOBTOPHOTO BHUKOHAHHS

o0uncIieHb, 30KpeMa, Il 30epeKeHHs iX y PO3MOBCIOHKEHUX dopmaTax rpadidHuX

daiimiB, sAKi J03BOJSIOTH JOJABaTH BIAMOBIMHI 300paXeHHS JO0 TEKCTOBUX

JIOKYMEHTIB.
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Cuenapii moao0 cratuyHoi ireHTudikamii ET
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exec (' FormatCharts.sce',-1);

load¥cosLibs(); loadScicos();

function ¥Y=simulation (w)
import¥cosDiagram (" taskZ.zcos");
typeof (scs_m);

scs m.props.context;

Context.noise=1;

Context.w=w;

scicos_simulate (scs_m, Context);

¥=[Um, Wm, W, Eps];

endfunction

wk=500;

leg=[":"omega="+string (wk)+"\mathrm{rpm}3"];
Y=simulation(wk**pi/30); Un=Y(l); ww=Y(2); w=Y(2); epa=Y(%);
show window (1) ;

plot {1000*0Um. time , Um. values, "k-", "linewidth", 2} ;
N=length(w.times); Ns=round(N/Z2);
W=[wk*%pi/30. *ones (N-Ns,1)]; U=[Um.valu==s (Ns+1:N)];

whk=1000;

leg=[leq, "Shomega="+string (wk) +"\mathrm{rpm}3"];

Y=simulation(wk**pi/20); Un=Y(l); ww=Y(2); w=Y(3); epa=Y(4);
scf(l);

plot (1000*0Um. time, Um. values, "k-—", "linewidth", 2} ;
N=length(w.times); Ns=round(N/Z);
W=[W;wk*%pi/30 . *cnes (N-N=s,1)]; U=[U;Um.valuss (Ns+1:H)];
wk=1500;
leg=[leq, "Shomega="+string (wk) +"\mathrm{rpm}3"];

Y=zimulation (wk*%pi/20); Un=Y(l); ww=Y(2); w=Y(3); eps=Y(4);
scf(l);

plot (1000%*0m. time, Um. values, "k: ", "linewidth", 2);

FormatCharts ("3t, \mathrm{ms} 3", "5U m(t), \mathrm{V}5","", leg, 4);
xsave ("task2 L.=scg");

N=length{w.time)}; Ns=round(N/Z);

W=[W;wk*%pi/20. *ones (N-Ns, 1) ]; U=[U;Um.valuss (He+l:H)];
at=sum (U.*W) /sum (W.*W) ; displat);

RT=36; LT=1.6E-3; Be=0.029; Em=100; at=(Be*Em)/ (RT+Rm); disp(at);

Pucynok B.1 — Tekct nporpamu-crienapito cratuasoi imentudikaiii ET

METOJ0M HalMCHIINX KBaJpaTiB
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task3_A.sce |2

1 |clear; clc;

2

3 |exec('FormatCharts.=sce',-1);

4 |load¥cosLibks () ; loadScicos({);

5]

1 |function Y=5imulationi?l

o import¥cosDiagram ("task3.zco=");

3 typecf(scs m);

4 scs_m. . H

5 Context.w=w;

= scicos_simulate (scs_m, Context) ;

7 ¥=[Um,Um=] ;

8 |endfunction

14

15|wk=500; Y=gimulation (wk*%pi/20); Um=Y(l); Ums=Y(2);
16 iﬁ:'i;fiiii'f{;};

17 |plot (1000*Um. ,Um. L "E-","linewidth",2);

18 |plot (1000*Unms. ,Ums. k", "linewidth",2) ;
19|leg=["%‘\mathrm{clarified\ model}s","S\mathrm{sipmlifiedy model}5"];
20 |FormatCharts ("5t, \mathrm{ms} 5", "3U m(t), \mathrm{V}3","",leg, 4);
21 |xsave ("task2 L.scg");

Pucynok B.2 — Tekct nmporpamu-ciieHapito nopiBHsHHs paktuuHoro crany ET

JTAaHUX Ta OILIIHKM IIbOTO CTAHY HA OCHOBI Pe3y/IbTaTy CTAaTUYHOT i1eHTUdIKAIIiT
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EEHEN IO e R [ TRc] eIy aTa il Ter i
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GENERAL INFORMATION ABOUT THE PRINCIPLES
OF TACHOAIETERS

Samieter Demys,
master student
Allakhveranor Eauf,

Candidate of Techmeal Sciences, Associate Professor

Eharkrv Matonal University of Fadio Electromes

Eharkiv, Ukraine

Introduction. The concept of tachometers 15 vital to many mndustries. They are

used fo measwre the speed of rotabon of motors, machmery, and other rotaiing
devices.

Tachometers can be of different tvpe: and functon in different conditions.
In thiz paper, we will look at the general principles of different tvpe: of
tachometers:

— mechameal tachometers are used to measwure the speed of rotzthon of engmes
and mechanisms. They work on the basis of mechamcal confact wath a rotafing
derice. This can be a cable connected to the device or a mechameal sensor that

— elecirome tachometers are used to measure the speed of rotzhon of engmes
and mechamsm=. They work on the bamis of electromic processing of signals conung
from a speed sensor. Electronic tachometers can be analog or digtal:

— optical tachometers are used to measure the speed of rotation of engines and
mecham=ms. They work on the basis of optical contact with a rotating device. Thas
can be a laser sensor that detects reflected hght or an optical zensor that detects
changes m hght flux;

— magnetic fachometers are used to measure the speed of rotzhon of motors
and mechanisme=. They work on the basis of magnetic contzet with a rotating device.
It can e 3 magnetc sensor that detects a magnetic field or 2 magnetic sensor that
detects changes in the magnetic field:
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—ultrasome tachometers are used to measure the rotational speed of motors and
machmery. They work based on measurng the tume 1f takes for an ultrasome signal to
travel throush a rotatmg device. Ultrasomie tachometers can be portable or stationary.

How tachometers work.

The pninciple of tachometers 15 based on the conmversion of rotational speed into
mechamcal or electneal output =migmals. Accordingly, mechameal and electne
tachometers are widely used A mechamical tachometer 15 a simple portable device
that 15 wndely nsed to measure the speed of rotzhion [1, 2]

The phyv=ical quantity m that charactenzes the object of measurement
(temperature, pressure, etc.) 15 called the measured quanhty. The set of operahons
mvolved In determumng the numencal value of a ploymical quantity 15 the
MeFTUTEImeTt DEOCess.

If electrome signal processing equpment 1= used dunng the measurement. 1t 15
first pecessary to convert the measuwred parameter mte an equivalent electneal value,
and as accurately as possible.

This means that the resulting electrnical value mwst contain all the mformation
about the measured parameter [1].

In Fig. 1 shows an example of a change mn the measwred value m and the
corresponding sensor response s

A sensor1s a device that, when exposed to a physical measured value, produces
an equvalent signal, usually of an electnical natwe (charge cwrent, voltage, or
mmpedance), which 15 a fimetion of the measured value:

:=F|,r_m:l.|:1}

where 5 — output value of the sensor;
m — mput vale.
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MMeasured value,

Chatput electiical value,

-
=

Fig. 1. An example of a change in the measured value m
and the corresponding responsze of the zensor s

Bv measunng the value of 5, vou can deterrmne the value of m (Fig. 2).

.7 —

iy Wy b i, i
a) b)
a — obtaimng a cahbration curve from knowm values of the measured value m;
b —use of a graduation curve to determune m
Fig. 1. Graduation characteristics of the sensor

Felationship (1) expresses m a general theoretical form the phyvsical laws
underhying the operation of sensors. When expressed numencally, these laws
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manufacture, the pemmssible environmental charactenstes under which the sensors
can operate, and the condibons of use. For all sensors, the transformahion
charactenstic — the relabon (1) — 15 determuned mumenically as a result of cahbration,
durmg which the comesponding values of s are measuwred for a mumber of precisely
known values of t, whuch allows you to bnld a cahbration curve (Fag. 2, a). From thas
curve, for all the valnes of r obtammed as a result of the measwement the
corresponding values of the desired value m can be found (Faz. 2, b) [3].

For the convemence of measurements, they try to bmld a sensor or at least use
it m such a way that there 15 a hnear relationship betwesn a small merease m the
output and mput values:

As=5Am ')

where 5 — sensor sensitmaty.

The most mmportant problem 1n the design and use of a sensor 15 to ensure the
stabbty of sensitmaty, winch should depend as hitle as posmible on the values of m
(deternuning the hmeanty of the transformation charactenstic) and the frequency of
thewr changes, on time, and on the influence of other physical quantibies that
charactenze not the object mself but 1ts emvronment (they are called quantihes that
affect the measurement results).

Depending on the type of signal, the sensor oufput can be equpped with an
active generator that ouiputs a charge, voltage, or cunrent, or a passive generator with
an output resistance, mductance or capacitance that vanes accordmg to the mput
value [4].

The difference between achve and passrve sensors 15 due to thewr equivalent
electrical corewts, which reflect fundamental differences in the nature of the phy=acal
phenomena used m sensars [1, 2]

An electncal signal 15 a vanable component of 2 owrent or voltage that cames
mformation related to the measured guantty; the amphtude and frequency of the
signal nmst be dwectly melated to the amplitude and frequency of the measured
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quantty. The active sensor 1s the source of the ocutput electncal sigmal and the
mezsurement of changes m the impedance parameters of the passrve senzor 15 camed
out mdirectly, changes m cwrent or voltage as a result of 1ts mandatory melusion m a
circmt with an external power supply. The electncal coemt 15 directly connected to
the passive sensor, 1t generates 1ts signal. and thus the set of sensors of thes elecmeal
circwmt 15 a source of an electneal sigmal [2, 3].

In mdustrv, speed measurement 1= mostly houted to measwing the rotational
speads of rotating parts and assemblies when thev have to be momtored for safety
reasons or fo ensure that they operate m the desired mode. In the case of straaght-line
mohon, speed measurement can often be reduced to mezsunng rotatonal speed
Therefore, tachometic sensors are predomumantly angular velocity sensors [1, 2].

Industnal sensors designed specifically for speed measurement are based on
Faraday's law:

€=_I'.'f'E-| ".u'.'iI.I: I:}::I

from whach 1t follows that the magnetic flux croszing the contour 15 descnbed
by a funchon of the form-

P(x) = F(x). o4y

where x — hnear or angular posihon vanable.

Therefore, any relative displacement between the flow source (Imductor) and
the cuorcwt mduces an electromotive force m the latter, the amphiude of which 1=
proporhonal to the displacement speed, resulting in a saznal at the output of such a
SENsOT:

emmg [ Z LX) 2] &)
@ dr -
Thus type of tachometry 15 called electrodynamuc.
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When 2 moving body under study performs penodic mohon, such as rotahon,
the determunztion of itz speed can be meplaced by frequency measwrement: for
example, a procamity sensor located near an object whose distance to the object
changes penodically emmts 3 signal whose frequency 1= equal to or a2 nmitiple of the
object’s frequency of motion, depending on the olyect’s confipuaton. For example,
to measure the angular velocity of a rotating shaft, vou can use a disk mounted on 1t
equpped with alternatng transparent and opaque parts, which dunng rotation, wall
mtermupt the flow of rays recorded by an ophical detector.

Thus, a sequence of electneal pulses with a frequency proportional to the speed
will be generated. Tachometers of this type are called pulse tachometers [4].

In the case of too slow rotation. for example, less than one degree per hour, the
methods desenbed above become mappheable, in whoch case the speed measurement
can be effectively performed by a laser syvrometer [3].

The principle of 1ts operzhon 15 based on the exastence of a difference m the
travel time of two waves emutted by the same laser propagating in opposite direchons
m the same rotating medmm Thiz difference in travel time, proporhional to the
angular velocity, 15 detected by an mterferometer.

Relahonshaps that combine velocity and positon, on the one hand, and velocty
and acceleration. on the other, allow velomity to be determuned by processing the
sensor signals of each of these two quantihes.

The time denvatmve of the analog posihon sensor signal determines the velocity
value. However, this method 15 assocated wath the appearance of mterference (for
example, due to the discreteness of the wue potenhometer) and an increase m

Integrating the acceleration sensor migmal 15 another method of deftermuming
speed; used m navigation, 1t requures sophisheated equipment (mertial platform).

Consider the principle of operation of 2 mechameal tachometer.

Two weizhts with equal masses are placed on flat springs, which are attached
to a rotating shaft at one end and to a shding sleeve at the other (F1z. 3).
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1 — drive roller; 2 — shding clutch; 3 — load; 4 — cylindrical spring;
& — flat spring; 6 — scale; 7 — arrow; § — drive mechamizm

Figz. 3. Alechanical tachometer

The shding bushing 1= connected to the indicating arrow on the mstrument 11a
a toothed sector. Changing the shaft speed canses a change mn the centmifugal force of
the weights, wluch 15 balanced by the compression force of the cylmdneal and flat
sprngs dunng the shding sleeve movement. The movement of the shding sleeve 15
proportionzl to the change i rotahonal speed and 15 recorded on the scale of the
device, which 15 graduated in umits of rotational speed.

Foucault sensors. This type of sensor 15 used when the rotating body 15 metal
but not farromagnetic. The coal, which 15 the sensing element, formes the mductance of
the resonant cwrewmt of a simisoudal oscillator. When a metal conductor approaches,
the cowl's L and R charactenstics change, resulting m the generaton bemg stopped.
When each tooth of the rotating gear passes m front of the coil, the oscllaton 15
mtermupted, which 15 detected, for example, by a change m the generator supply
current. The frequency of the comesponding sigmal 15 proportional to the rotational
speed, the amphitude of which depends on the latter, smee 1t 15 not determined m thas
case by Faraday's law. Hence, this type of sensor has po dead band and 15 therefore
smtable for measunng very low speeds [3].

Optical tachometer. In 1ts simplest form, it consists of a hght sowrce and an
optcal receiver, such as a photodiode or phototransistor.
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The rotating body 15 erther provided wath reflective marks anmanged regularly
around the circumference, on which the hght beam 15 directed, or connected to a dizk
with altemately transparent and opague sectors that are placed between the hight
source and the recerver. Recening a flux modulated by abrupt changes in reflecton
or transmassion, the photodetector outputs an electncal signal wath a frequency
proportional to the rotational speed and an amplitude that does not depend on ths
spead. The range of measured velocifies depends, on the one hand on the mumber of
jumps 1 ophcal properties (nsks, shts, transparent sectors apphed to a diek or
rotating body), and on the other hand  on the bandwidth of the recerver and associated
electncal coowts. For measurements of low speeds, for example, dizks wath a lage
number of shis (from 500 to several thousand) are used; I measuwrements of hagh
speeds 1 the case of ultracentnfuges, the disk has only one sht, and the mararmim
measurement speed 15 deternuned by the upper it frequency of the electmical
ciromt. Use of a disk wnth two tracks offset by a quarter of the space penod (optical
mcremental generator, allows determiming the direction of rotation) [6].

Conclusions. This paper discusses the general pnnciples of operation and use
of different types of tachometers. Each type has 1t own advantages and
dizadvantages, and the choice of tachometer depends on the speafic condiions of
usze. It 15 mmportant to remember that tachometers are essenhal tools for ensunng
safety and efficiency 1n vanous mdustnes.
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