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Introduction

In modern agricultura technological processes
automatic control use hundreds of electric motors and
micromotors. The motors in automatic control systems
usualy continually commutated to power supplier [1] or
parameters of power supply are changed [2]. When
mechanical pulse speed control is used, the numbers of
disadvantage exist such as commutation speed limits,
many mechanical switches consuming additional power
and others.

Pulse speed control with semiconductors widely used
in automatic control. Electro transmission with
semiconductors pulse speed control has high commutation
rate (300—10000) Hz also has high efficiency wide range of
speed regulation and the speed regulation is accurate [3].

From experimental research was determinate optimal
commutation period in pulse width converter — micromotor
system, which is 0,6 ms for chosen micromotor. At this
commutation period, maximal limiting current is 45 mA
and speed regulation characteristic in continues current
zone is linear and paralel to natural micromotor speed
regulation characteristic.

Aim of work

The aim of the article is to research the pulse width
influence to direct current micromotors speed control,
power losses and speed regulation characteristic.

M aterials and methods

When the DC fed with rectangular form of power
supply, the micromotor current and rotation speed
fluctuate [4]. Many parameters of DC micromotor such as
power losses in motor, coefficient of efficiency, cutting off
current width, optimal commutation period depend on
fluctuation intensity. For the motors whose speed
regulation time constant (T,,,) bigger than motor armature

time constant (T, >T;), a current fluctuations is

determined with no mattering to motor speed fluctuation.
Additional power lossesAP;, which arise in DC motors
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with separate excitation and applied pulse power supply,
are calculated:
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T )

here |,— short—circuit current of DC motor A; r,— DC
motor armature resistance; ¢ — relative width of pulse;
T, — period of commutations; T, — DC motor armature
time constant.

The optimal period of commutation, T, we calculate
from expression:
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The f, optimal commutation frequency [5] calculated

from equation:
2
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here t, =0510°s, t =3310°s [5]; L,— motor
armature inductance 48 mH.
U
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here |, —rated armature current.

Equation (2) shows that the optimal theoretical period
of commutation isT, =0,6 ms.

There also exist power losses in electronic switches.
The biggest power loss in the electronic scheme is when
they are commutating. When relation between optimal
commutation period T,and DC motor armature time
constantT; is less than one second, the power losses in
transistors define equation:

: (4)



There tg, is total on/off switch time of transistor

switcher.
Whole power losses in the DC micromotor and
switcher define equation:;

D AP=AP, +Py,. (5)

Equations (1) and (5) define transistor switcher and
additional power losses dependence to width of pulse € and
commutation period T, value. This definition presented in

Fig.1 and Fig. 2. Fig. 1 describes how additionally power
losses AP, relate to width of pulse ¢ when commutation

period T, change.
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Fig. 1. Relationships between rel ative pul se width and power lost
when 1 —T,=0,0004 s; 2 — T,=0,0003 s; 3 — T;=0,0002 s;
4-T,=0,0001s

Figure below shows power losses in electronic
switches dependences to commutation period time.
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Fig. 2. Power loss dependence on commutation period time when
1=1~0,47 A

For the experimental research, we chose unipolar
current conductivity no reverse wide pulse inverter (WPI)
— motor system [6], and no reverse WPI with bipolar
current conductivity [7]. We aso used DC micromotor
(M31E-1) with separately excitation. The main parameters
of DC micromotor is rated current 0,05 A, voltage — 5V,
rotating speed — 2700 n/min and armature resistance — 10,6
Q.

Fig. 3 shows the principal e€lectrica scheme of
experimental kit.
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Fig. 3. Principle electrical scheme of experimental kit

The grey lines (Fig. 3) show a wire to switch the WPI
inverter — motor system from no reverse unipolar current
conductivity to a no reverse bipolar current conductivity
mode.

The scheme part (PIK) produce rectangular form
voltage pulses to feed motor M. The inverter needs 5 V
voltage supply. For it, we used 12 V to 5 V voltage
stabilizer (IK). To make aload to motor M we used motor
M2 with contrary rotation. The load we changed with
potentiometer R3. When it needed to get nominal rotation
speed of motor M, we switch K2 to other position. The
motor M2 starts turn in the same direction as motor M
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without the load. Transistor V2 needed when to the motor
M we apply bipolar pulse current [8].

During examination of speed regulation characteristic
of the system we used four values of ¢ with different
relative width pulses (0,3; 0,5; 0,7; 1), but commutation
period we kept T, = const. The measurements we made

with five different periods (3 ms, 2 ms, 1,5 ms, 0,6 ms and
0,3 ms). To monitor micromotor armature instant current
for analysis of transient process in the system we used
oscilloscope.



Result and discussion

The speed regulation characteristic of no reverse
WPI — motor system presented in Fig. 4 and in Fig. 5.
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Fig. 4. Speed regulation characteristic of no reverse unipolar
conductance system’s WPl—micromotor (M31E-1) with T,=3 ms;
there 1 —e=1; 2—¢=0,7; 3—¢=0,5; 4 —=0,3

The figures show, that when the pulse time (width) ¢ is
shorter, then goes down rigidity of speed regulation
characteristic of no reverse WPl — motor system. That
mean when commutation period is set to T, =3 ms, then

no reverse WPI — motor system works in zone of breakable
current mode.
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Fig. 5. Speed regulation characteristic of no reverse unipolar

conductance system’'s WPI-micromotor (M31E-1) with T, =0,3
ms, there 1 —g=1; 2 —¢=0,7; 3—¢=0,5; 4—¢=0,3

From the figures, we can state that when the
commutation time T, goes down, then breakable current

mode zone is shortening. There also we can see that when
commutation time goes down the short cut current became
smaller (Fig. 4) for example when T,= 3 ms and £=0,5

then 1,is165 mA and when T, = 0,3 ms (Fig. 5) and £=0,5
then I4is 128 mA. This means bigger power loss is on

current inverter WPI.

Another results we got on a system with WPl of
bipolar current conductivity mode. On the Fig. 6 and Fig.
7, we can see that speed regulation characteristic of this
system in the breakable current mode zone. They are linear
and linearity more likes natura motor characteristics
comparing to system with no reverse current conductivity
of WPI. This is because when transistor V1 of WPI
switched off the transistor V2 turns on, then motor goes to
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recuperative braking mode. Such situation shortening
discontinues current mode time.
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Fig. 6. Speed regulation characteristic of no reverse system's
WPl-micromotor (M31E-1) with bipolar conductance and
T =3 ms; there1 —¢=1; 2 —¢=0,7; 3—¢=0,5; 4 —¢=0,3
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Fig. 7. Speed regulation characteristic of no reverse system’s
WPl-micromotor (M31E-1) with bipolar conductance and
T« =0.3 ms; there 1 —¢=1; 2 —¢=0,7; 3—¢=0,5; 4 —¢=0,3

Rotation speed of motor M dependency on relative
pulse width when there is different commutation periods
presented in Fig. 8and in Fig. 9.

The figures show that practically lines are the same on
unipolar and bipolar WPI motor systems. The
micromotor good control characteristics reaches when the
WHPI commutation period T, isequal or less than 0,6 ms.
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Fig. 8. Control characteristics of no reverse system's WPI—
micromotor with unipolar conductance where 1 — T,=0,3 ms;
2-T=06ms, 3—-T,=1,15ms, 4-T,=2ms; 5— T,=3ms

By concluding experimental results, the best speed
regulation and control characteristics is when current
commutation period of WPl — motor system is around
0,6 ms on chosen type of motors.
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In agricultural technological processes automation control increasingly is used the micromotors and micro drives. This leads to
investigate the speed regulation characteristic of micromotors and expanding field of using in agricultural technological processes
automation. The aim of the article is research the current modulation influence to direct current micromotor speed regulation
characteristic and power losses. From experimental research was determinate optimal commutation period in pulse width converter —
micromotor system, which is 0,6 ms. At this commutation period maximal limitary current is 45 mA, and speed regulation characteristic
characteristic’s in continues current zone is linear and parallel to natural micromotor dynamoelectric characteristic. For these reasons,
pulse width modulation system can be used in the agricultural process automation chain, where are required the speed control. Ill. 9,
bibl. 8 (in English; summariesin English, Russian and Lithuanian).

P. Besnnc, A. 3aaHukayckac. UcciienoBanue MHKPOMAIIMH aBTOMATHKH C MMIYJbCHO-IIHPOTHOH MOAYJIsAlMell B CeJbCKOM
Xo03s1iicTBe // DiIeKTPOHUKA U dieKTpoTexHuka. — Kaynac: Texunosorus, 2009. — Ne 2(90). — C. 85-88.

N3yyaercss cuctema: IIMPOTHO-MMITYJIbCHBIH mpeoOpasoBarens (ILIUII) m MHKpO37IEKTpOABUraTeNb IOCTOSHHOTO TOKa C
HE3aBUCHMBIM B030YXmeHHeM. M3 sKcriepuMeHTaIbHEIX Pe3yIbTaTOB YCTAHOBJIEHO, YTO ONTUMAIBHBIA nepron kommytaruu NI n
MHKPOSJIEKTPOJIBUTaTelsl IIOCTOSHHOTO TOKAa C HE3aBHCHMBIM Bo3OyxameHweMm ectb 0,6 mc. Ilpm »TuM mepmome KOMMyTaruid
MaKCHMAJBHBIH TOK COCTaBIIsIeT 45 MA, & CKOPOCTHBIE XapaKTePUCTHKHU IPSIMOIHHEHHBI U MapalIeIbHbl OOBIYHBIM XapaKTEePUCTHKAM
MHUKpo MamuH. CKOpOCTh BpalIleHHs MHKPOAJIEKTPOJIBHIATENSI IPOIOPIMOHAIBHA OTHOCHUTENBHOIN IIMpHHE HMITyidbca. [lo sTuM
NPUYMHAM CHCTEMA C LIMPOTHO—UMITYIbCHBIH MOJYJIAIMH MOKET OBbITh UCIIOJBb30BaHA IPH ABTOMATH3ALUM CEIbCKOXO3SHCTBEHHBIX
TEXHOJIOTMYECKHUX IIPOLIECCOB, KOra HEOOXOAUMO YIpaBIeHHE CKOPOCTH BpallleHUs MUKpodniekTpoasuratens. Wi 9, 6ubn. 9 (na
QHTJIMHCKOM SI3BIKE; pedepaTsl Ha aHTTIUHCKOM, PYCCKOM H JINTOBCKOM 513.).

R. Véjelis, A. Zajantkauskas. Zemés iikyje naudojamy automatikos mikromasiny su impulsine platumine moduliacija tyrimas//
Elektronikair elektrotechnika. — Kaunas: Technologija, 2009. — Nr. 2(90). — P. 85-88.

Zemes iikio technologiniy procesy automatiniam valdymui vis dazniau naudojamos mikromasinos ir mikropavaros. Tai salygoja siu
mikromasinu grei¢io charakteristiky tyrimus ir leidzia plagiau naudoti jas zemés tikio technol oginiams procesams automatiskai valdyti.
Siame darbe nagrinéjama sistema: platuminis impulsinis keitiklis (WPI) — nuolatinés srovés nepriklausomo zadinimo mikrovariklis.
Remiantis eksperimentiniy tyrimy rezultatais nustatytas optimalus platuminio impulsinio keitiklio ir mikrovariklio sistemos komutacijos
periodas 0,6 ms. Prie sio komutacijos periodo didziausigji ribinés srovés verté tesiekia 45 mA, greicio charakteristikos tolydziuju sroviy
zonoje tiesinés ir lygiagrecios nataraligjai charakteristikai, o valdymo charakteristikoje mikrovariklio greitis kinta proporcingai
santykiniam impulso plogiui. Dél $iy priezastiy impulsing reguliavimo sistema gali bati naudojama zemes tkio technologiniu procesy
automatikos grandyse, kur reikia valdyti variklio greiti ar momenta. I1. 9, bibl. 9 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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