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MODELLING OF DYNAMICAL REGIMES OF TWO-MOTOR
ELECTRICAL DRIVES WITH ELASTICITIES AND GAPS OF THE
MECHANICAL TRANSDUCERS

J. N. Dochviri, O. S. Khachapuridze

Department of Electrical Engineering of Georgian Technical University

A mathematical model is constructed for the two-motor electrical drive with one speed
controller and two thyristor converters, by taking into account elasticities and gaps of
mechanical transducers. Using state-space methods, the transfer functions of the object
are defined. Recommendations for tunings the regulators are obtained. Applied modelling
in the frame of MatLab yields in the near-optimal dynamical characteristics.
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Introduction. Advanced Electric Companies (Siemens, AEG, Harland etc.) with the
purpose of performance reliability in the technological processes and to improving quality of
manufactured products for various machines suggest several constructions of control systems
of two-motor electric drives, e.g.: the systems with one regulator of speed (RS) and one
(common) thyristor converter (TC); the systems with individual channels of control for each of
motors, i.e. systems with two speed regulators and individual thyristor converters for each
motors; the systems with common converter and speed regulable via motor’s excitement, etc.
Above mentioned control systems of two-motor electrical drives does not protect proportional
distribution of loadings between the motors without auxiliary contours of regulations, i.c.
without auxiliary sensors and regulators, but their presence in the control circuit complicates
tuning of the whole system and reduces its reliability [5, 6].
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Fig.1. Functional scheme of two-motor electrical drive with one RS and two TC
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On the Fig.1 we suggest scheme of two-motor electrical drive, which provides proportional
distribution loadings between the motors without any complementary elements and control
circuits [1, 2]. Here we use the following notations: M1 and M2 denotes different motors of the
electrical drive, respectively; TC1 and TC2 are abbreviations of the thyristor converters; RC1
and RC2 are regulators of currents of anchors of the motors; SC1 and SC2 —sensors of the
currents of motors anchors; TG1 and TG2 —tachogenerators at the motors (i.e. sensors of
speeds); RS-regulator of speed.

Mathematical model of the electrical drive in the related increments (from their values in
static) by taking into account elasticities of shafts and gaps we describe via following equations
of movements:
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Where: W, 1, 1,5 1,5,y Yy, V, and v, -relative increments of rotational moments of the

motors, elastic moments of mechanical transducers (long connecting shafts) to mechanism,
also angular speeds of inertional masses (particularly, of the motors and mechanism);

k,=—2L and k,,=—% are coefficients of loadings for each motor from total static
MMC MMC

loading of the drive; M . -total statical moment of resistance of the drive; 7,,,,T,,, and T,
are mechanical constants of time of the inertional masses of the drive; T,, and T,, are time

constants, that characterize process of attenuation of elastic fluctuations, acting by adherent
dragging in the shafts; 7, and T, -time constants, characterizing processes of deformation of

. A A . .
swirl of the long shafts; AY, = Ab and AY¥Y,, = Ab, are relative over patching corners of

cl c2
: 5 MMlc MMZc :
swirl of long connecting shafts; ¢, =—*< and ¢, = - corners of swirl of long shafts
G G
during action of the resistance moments M,,,. and M, ; ¢, and c, -coefficients of rigidity of

long shafts between motors and mechanism; A¢, = ¢, —¢,, and A, =d,—¢,, - corners of

swirl of connecting shafts; ¢, and ¢, -reduced gaps of mechanical transducers;
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Fig. 2. Structural scheme of elastic two-motor thyristor electric drive
involving gaps in the kinematics
On the Fig. 2. are used following notations: 3, and t, - dynamic gain and time constant
of RS; B,,t,, B}, 7, -parameters of the RC, and RCy; ki, T;,, ky,, T, - gains and time
constants TC, and TC;; k,, £k ,, T_-gains and time constants of the SC1 and SC2; &, T,
k,,, T ,-coefficients of transducers and time constants anchoral circuits of the motors M, and
My; T, - time constant of the filters after TGl and TG2; Wgu YW, -gaps of mechanical
connections; v, - relative increment of control signal of the drive system; v,., and v, -
relative increments output voltages from the TG1 and TG2; v, and v, - relative increments
of output voltages from SC1 and SC2; ¢,, and &, - relative increments of the electromotances
from TC1 and TC2; ¢,,, and ¢,,, - relative increments of electromotances from the motors; 1,
and 1, - relative increments of the currents of the anchors (i.e. running torques) of the motors.
To obtain transfer functions from the signal p, to v, , also from p, to v,, of mechanical

part of the drive system ignoring gaps in the reductors we write the system of equations in
Cauchy’s form:
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ax =Ax+Bu
dt 2
y=0Cx,
Where: x" =[x, x, x, x, X|; x,x,x,x,x5-states of the control system,

particularly: x, and x, are angular speeds of the motors, x, is angular speed of the
mechanism; x, and x, are elastic moments of mechanical connecting shafts; u - input signal

of object of the drive system ( u, and p,); y-output signal of the system (i.e. v, );
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It is well known that to obtain transfer function of the system described by equ-ations (2),
we need to apply the expression:

W(s)=C-(sE-A)"-B,
where: s =d/dt ; E — identity matrix.

4)

Substituting the expressions (3) in the (4), we define transfer functions of the mechanical
part of the drive with respect to angular speed of first motor as follows:

where:
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T, =k,T,, +k,,T,,+T,, -total mechanical time constant of the drive.

Below we use following parameters of the electric drive system: P, =300kw.;
P, =100 kw; k,=0,7 k,=03 T, =,5sec; T,,=0,7sec; T, =10sec,;
T,=T,=0,002sec; T,=0,0004 sec.;T,=0,00035 sec..

Transfer function of the controlled object of total system, i.e. the system from output

voltage of RS to the signal of angular speed of first (basic) motor, with optimized contours of
currents we can write as follows:

v, (s) _ Wy, (s)+M,(s)

v, (s) k (Ts,s +1) @

WObj.(s) =

where v, -relative increment of output voltage of the RS; k - coefficient of transmission of

the sensors of currents of anchors of the motors (k, =0,1); T5,-small time constant of

optimized current circuits (7, = 0,01sec.).

Apply above mentioned parameters of the electric drive we rewrite transfer function (7) in
numerical form as expression:

0,48s* +9,84s> +4150s” +7000s + 300000

. 8
5(0,00072s° +0,2s* +8,95° +786,65 +15560s + 1110000 ®

Wabj. (s)=

Synthesis of RS of the drive system will be obtained by methods of frequency
characteristics, i.e. Bode Plots via MatLab.
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Fig. 3. Logarithmic magnitude ( L, ) and phase (¢,,, ) frequency characteristics of the object
with optimized current circuits

On Fig.3 are presented logarithm magnitude (L,, ) and phase (¢, ) frequency
characteristics of the object with optimized current circuits for drive system described by

1
VTMchl

resonance peak. Consequently, on a first step of approximate tuning of regulators might be
realized similarly as recommended for the drives with hard connecting shafts. By tuning of
regulators of currents during computer modeling of the electric drive system were applied
method of “modulus optimum?”, but for regulator of speed “symmetric optimum” [3;4].

For realization of characteristics of gaps (IlI-characteristic on Fig. 4) during modeling by
representation of the variables in relative increments were used characteristics of the blocks of
a gap (II-characteristic on Fig. 4) and a saturation (I-characteristic on Fig. 4). These blocks
were in-parallel included in drive scheme during computer modeling and their signals added.

i |

transfer function (8). At the frequency o, = =42,sec.”’ magnitude has moderate
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Fig. 4. Nonlinearity characteristics of gaps
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Fig. 5. Computer modeling of two-motor elastic thyristor drive with presence of gaps in the
kinematics pairs

Investigations on computer models of considered system of two-motor elastic electrical
drive with gaps in the mechanical transmissions (Fig. 5) shows that without augmental flexible
feedbacks from speed were inadequate (highly) swingable (Fig. 6,a)
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Fig. 6, b ) Fig. 6, ¢

Fig. 6. Transient processes by step influence on the system: a from control signal, without
corrector; b-from control signal with corrector; c-from loading with corrector
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Apply flexible feedbacks for separate motors on input of RS with the following transfer
function:

0,02s
w . =— 5 ?
flex. feedb. (S) 0, OOZS + 1 ( )

Dynamic characteristics of the electric drive substantially improved (Fig. 6, b,c). Pointers
of quality (performance is approximately equal tolsec., overshot ¢ =35% and dynamic
decreasing of a speed Av <0,15) are near to optimal [4;6].

By investigations we establish that for proportional distribution of loadings between the
motors for considered control system it is necessary to choose coefficients of transmissions of
the sensors of currents of motor’s anchors inversely-proportional to powers of the electric
motors.

1. Barishnikov V.D., Dochviri J.N. Dynamics of two-motor electric drive with a single speed
regulator and two tachogenerators // Bulletin of Georgian Academy of Sciences. 1976.
Ne 84(1). P. 169-172.

2. Dochviri J.N., Kervalishvili O.G. Dynamics of two-motor electric drive with single speed
regulator and two thyristor transformers // Bulletin of Georgian Academy of Sciences.
1978. Ne 91(2). P. 421-424.

3. Leonhard W. Control of Electrical Drives // Springer - Technology & Engineering. 2001.
P. 460.

4.  Bortsov Yu.A., Sokolovskii G.G. Automatized electrical drives with elastic connections //
St.-Petersburg: Energoatom-izdat. 1992. P.290.

5. Dochviri J.N., Dochviri 1.J., Beradze N.J. Dynamics of control systems of thyristor
electric drives with an electric motor excitation control // Journal “Technical
Electrodynamics”. Kyiv, Acad. Sci. Ukraine. 2005. Ne6. P.30-35.

6.  Dochviri J.N. Optimization of transients in multimotor thyristor electric drives with
elastic links for press mechanisms of continuous technological machines // Journal
“Russian Electrical Technology”. Moscow, Russian Acad. Sci. 2006. Ne2. P. 34-42.

MOJIEJINPOBAHUE TUHAMHAYECKHUX PEXXUMOB JIBYXJIBUI'ATEJIbHOI'O
JIEKTPOIIPUBOJA C YYETOM YIIPYT'OCTEHN U 3A30POB
MEXAHUYECKHUX IEPEJAY

k. H. JouBupu, O. C. Xauanypunse
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CocraBieHa MaTeMaTHIecKast MOJICNb IBYXABUTAaTEILHOTO 3JIEKTPOIIPUBOA C OTHUM
pPETYIATOPOM CKOPOCTH M JBYMSI THPHUCTOPHBIMH IpeoOpa3oBaTelsIMHd IPH ydeTe
YOPYrocTell M 3a30pOB MEXAaHUYECKHX Imepenad. MeronoM NpocTpaHCTBa COCTOSHUM
MIEpEeMEHHBIX BBEICHBI IepefaToyHble (YHKIUU OO0BeKTa. JlaHBl pPEeKOMEHZALWH IO
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HACTpOMKE peryyaropoB cuctemsl. B mpouecce monenupoanuss B MATLAB nosydeHst
ONM3KHE K ONTHMAJIbHBIM JUHAMUYIECKHE XapaKTEPUCTUKH.
Knioueswvie cnosa: nuaamMuKa, IBYXIBUTATEIBHBIA 3JIEKTPOIPHBO, MOJICIINPOBAHHE.

MOJEJIOBAHHSA TUHAMIYHUX PEXXKUMIB IBOJABUTI'YHOBOTI'O
EJEKTPOIIPUBOY 3 YPAXYBAHHSM NPYKHOCTEM I IIIMAPYBATOCTER
MEXAHIYHUX INTEPEJAY

k. M. ousipi, O. C. Xauanypinze

I'pysuncokuii mexniunuu ynigepcumem,
eyn. M. Kocmasa 77, 0175 Toinici, I py3sia
Jumber_Dochviri@yahoo.com

CTBOpEeHO MaTeMaTH4YHy MOJETIb JBOJBHUTYHOBOTO €IEKTPOIPHBOAY 3 OJHUM
pEryJIaTopoM IIBHIKOCTI 1 JBOMa THPHUCTOPHUMH IEPETBOPIOBAYaMH 3 ypaxyBaHHSIM
NIPY’KHOCTEH 1 IIMapyBaTocTeil MeXaHIYHHUX Tepeaad. 3a JOMOMOTrOI METOIY HpOCTOpY
CTaHIB 3MIHHHMX BBeJIEHO mnepenarouyHi QyHkuii o0’ekra. JlaHo pexomeHnamii 1o
HaJIAIITYBaHHIO PEryiaTopiB cucteMu. B mponeci monentoBanns B MATLAB orpumano
JUHAMIYHI XapaKTEepPUCTUKH, OJIU3BKI 10 ONITUMAIIbHHX.

Kniouosi criosa: nuHaMika, IBOXIBUTYHOBHH €JIEKTPOIIPHBI/, MOJCIIOBAHHS.
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