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Introduction

Electromechanical system as object of investigation
comprises electrical and mechanical parts.
Electromechanical power converter and its control system
depend to electrical part as well as all moving masses
coupled between them form mechanical part.
Electromechanical system includes various mechanical
chains, with infinite or finite elasticity and clearance.
Systems with infinite stiffness and without clearance
compose one-mass system and are quite well analyzed.
Systems with capable to deform chains are more complex.
They are described by high order nonlinear differential
equations, and without essential simplifying of problem
they cannot be solved in analytical way. In these cases
computer models for problem solving must be developed,
using specialized software, and system responses
simulated. Some problems of two-mass system were
considered in [3, 5-10].

Oscillations in the two-mass electromechanical
system raise great problem therefore reduction of that
becomes the main task in developing of the system.
Different control methods in close loop and open loop
systems are applied for this purpose [11, 12].

The paper presents closed loop model of two-mass
electromechanical system with speed and current feedback.
Vector control method with PI controller is applied. Step
response when different load is switching at steady-state
speed is considered. Simulation at changing of speed at
constant different load is presented.

Model of induction motor

Dynamic performance of an AC machine is complex
problem taking into account three phase rotor windings
moving with respect to three-phase stator windings. The
coupling coefficient changes continuously with the change
of rotor position 8. and machine model is described by

differential equations with time varying mutual
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inductances. To simplify the problem solution, any three
phase induction machine can be represented by an
equivalent two phase machine with stator direct and

quadrature axesd® —q° and rotor direct and quadrature
axesd' —q" [1, 2].

For revolving induction motor it can be written in
terms of variables along quadrature and direct axes as:
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where g, w, - stator and rotor flux linkages aligned

with the direct axis; g, w, - stator and rotor flux

linkages aligned with quadrature axis; R — stator phase
resistance; R, — rotor phase resistance, referred to stator;

r

Uge Ug, Uge, U — stator and rotor voltages. In the stationary
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reference  frameug =U,  cosapt, Uy, =U, . Sinat
where U, .. is amplitude of voltage and @, =271 is
angular frequency. L, is magnetizing inductance,

L, =L, +L,is stator inductance, L, is stator leakage
inductance; L, =L, +L,, L,is rotor leakage inductance
referred to stator andk, =L /L, .
Torque, delivered by motor, is calculated as:
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where p — number of pole pairs. .
P polep w‘:i.%.i (7
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Vector control of induction drive |W‘|

] ] According to the vector control method of the

~ The vector control method of the induction motor jnqyction motor drive and equations (3, 4, 5, 6 and 7) the

drive is presented in [4]. The inverter is simplified and  computer model of the vector-controlled drive, presented
shown without the power conversion control circuit. Stator Fig. 1, is developed.

currents and motor shaft speed are used in the vector The Simulink model of vector control induction motor

control system. The speed control loop generates the  grive consists of models for power supply, PWM inverter,

torque component of currentiy ; the flux component of induction motor drive in the stationary reference frame and

* vector control algorithm.

current for desired rotor flux is maintained

Ids l//r
constant for simplicity. If the rotor flux is constant in  Results of simulation
indirect vector control, which is usually the case, then it is
directly proportional to steady state currenti, .

Magnitude of the estimated rotor flux linkage is
calculated as

The model of electromechanical system with speed
and current feedback signals is elaborated. Required speed
value is maintained by vector control principle with Pl
controller. The first mass corresponds to the mass of motor

| r|: L -l ’ (3) rotor. Model of induction motor is considered in [6, 10]
1+7.s according to stationary reference frame with d, q axis.
Computer model is elaborated for a motor, which
where 7, —time constant of the rotor electrical circuit. parameters are presented in Table 1:
The direct component of current is found as Table 1. Parameters of a motor
Parameter Value
|ds |Wf , (4) Motor power, kW 1,1
L, Number of pole pairs 2
Phase voltage, V 230
The quadrature component of stator current is Power factor 0,81
. Rated torque, N-m 7
i :Ezi T, (5) Rated current, A 3,56
“3p L, vl Inertia, kg-m? 0,00262

where T — electromagnetic torque. . .
e g q The second mass is chosen freely. It is assumed as

The angle between d®and d® axes, correspondingly in  cylindrical shape body, fastened along mass center (see
stationary and synchronous reference frames is calculated  Fig. 1). Its inertia is calculated in this way
as [1]
m-r

ge = J(a)r + a)sl.)dt’ (6) J= 2 ' (8)

where m — mass of cylinder; r — radius of cylinder.

where o, —rotor speed, o, is slip frequency. It is assumed in simulation J=0.0025 kg-m?

Slip frequency is found from the stator current
component i;s and other motor parameters
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Fig. 1. Model of two-mass electromechanical system with vector control
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Two-mass controlled system includes speed and
torque reference signals; both those can be changed.
Vector control unit controls IGBT inverter, which
generates voltage pulses for motor supply. Chosen control
method requires enough stiff mass junction, therefore it is
selected the elasticity of shaft 100000 N-m/rad. The model
of controlled two-mass system is presented in Fig. 1.

Fig. 2 shows simulation results of single-mass system
and two-mass system without load. Reference speed is set
up to 157 rad/s, i. e. synchronous speed of the motor.
Comparison of curves, presented in Fig. 2, indicates single-
mass system having shorter settling time than two-mass
system. Both curves have no oscillations. Settling time of
two-mass system is 0.06 s, the speed steady state value
corresponds to reference value. This is advantage of vector
control system with PI controller.
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Fig. 2. Comparison of closed loop systems with PI controller at
no load: a — single-mass system; b — two-mass system

Simulation results of controlled two-mass system
with different load are presented in Fig. 3. Motor is loaded
with stepwise load after 0.4 s, after reaching steady-state
speed. Figure 3 shows results with rated, lesser than rated
and greater than rated load. Rated load is calculated from
motor parameters and is equal 7 N-m.
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Fig. 3. Comparison of speed values in vector control system at
different load torque values: a — load torque is 4 N-m; b — load
torque is 7 N-m; ¢ — load torque is 10 N-m

Presented curves indicate, that in the beginning of
process, when system operates at no load, motor

accelerates and reaches synchronous angular speed 157
rad/s. After reaching steady-state speed, at t=0.4 s the load
is applied. At the load smaller than rated or rated, the speed
value did not change. At the load greater than rated, the
speed reaches new, smaller, than reference value. It can be
concluded, that vector control operates without error at
load up to the rated. With greater load value angular speed
reduces. Applied three different load values did not cause
oscillations in the system.

Simulation results of vector controlled system,
starting with the load is presented in Fig. 4. After reaching
steady-state speed, at t=0.4 s, the speed reference is
changed from 157 rad/s to 120 rad/s. Comparison of curves
of motor starting at no-load indicates shorter settling time
at smaller load, but, if the load exceeds rated one, motor
does not reach reference speed. At any load, greater than
rated, the system speed does not reach the reference. After
applied stepwise change of speed reference at 0.4 s, the
speed of motor reduces and afterwards reaches the new
value, equal to reference. In this way the system is able to
keep constant speed value at greater load. It may be
concluded that reduced speed reference allows greater
load.
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Fig. 4. Comparison of speed values in vector control system at
different load torque values: a — load torque is 4 N-m; b — load
torque is 7 N-m; ¢ — load torque is 10 N-m

Conclusions

Settling time of speed of two-mass vector controlled
system is 0.06 s. Speed response has dead-beat mode,
without overshoot.

If the speed reference is equal to synchronous speed
and the load torque is applied after speed reaches steady
state, the speed of the system remains constant, if the load
does not exceed rated value. If the load is greater than
rated, the speed reduction is observed.

Settling time of two-mass system depends on load
and increases with load.

At the load, greater than rated, speed of the system
can be kept constant, if the speed reference is smaller than
synchronous speed.

Vector control of two-mass system specifies dead-
beat speed response.
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The paper presents the simulation results of the close loop two-mass electromechanical system model with the speed and current
feedbacks. Motor speed is controlled by a torque-generated stator current component while maintaining the flux-generated current
component steady. The torque-generated current component is corrected to track it set point in the current controller using its own
dedicated PI controller. Simulink model of vector controlled two-mass electromechanical system is elaborated. The motor model is
developed in stationary reference frame. Simulations results at starting motor at no load and applying different load are analyzed. The
change of speed reference of motor, running with different load, is considered. Ill. 4, bibl. 12, tabl. 1 (in English; abstracts in English,
Russian and Lithuanian).

C. IOpaiituc, P. Punksapuyene, A. Kuauksasuuroc. Peryjaupyemoii ckopocTH ABYXMAaccoBbIii NPUBOA // DJIEKTPOHHUKA H
saexTporexnuka. — Kaynac: Texnogorus, 2010. - Ne 4(100). — C. 25-28.

CraTbs IpeACTaBISCT MOJENb 3aMKHYTOH JByXMacCOBOIl 3JI€KTPOMEXaHHYECKOW CHCTEMbI ¢ 0OpaTHON CBSI3bIO CKOPOCTU U TOKa,
TIPEACTABICHBl Pe3yJIbTaThl MojennpoBaHus. CKOPOCTh IBHUTATENs YHNPABISIETCS COCTABILIIOIICH TOKA CTaToOpa, IPOIOPIHOHAIBHON
MOMEHTY JIBUTATels, a COCTaBILIIOIAs TOKA, HPOIOPIMOHANBHAS IIOTOKY, IOJIepXkuBaercs nocrosHHod. [IM perymsarop Toka
HCTIONB30BaH JUISl TIOJAEPKUBAHUS U CIEXKEHUS 3a[JaHHOM BEMYHMHBI JTOH cocraBistiomel Toka. Pazpaborana Monenb BEKTOPHOBO
YIPaBJIEHHST JIByXMAacCOBOH 3JIEKTPOMEXaHHYECKOH CHUCTEMBL. MoJenb acHHXPOHHOTO MABUTAaTellsl pa3paboTaHa B CTalMOHAPHOU
cucteme koopauHar. MccnenoBaHus MPOBOAUINCH MYTEM M3MEHEHMS Pa3IMYHBIX HArpy30K MpH MOCTOSHHOM CKOPOCTH M M3MEHEHUS
CKOPOCTH TNpH Pa3IM4HBIX Harpy3kax. Wm. 4, 6ubn. 12, tabn. 1 (na anrnmiickoM s3bike; pedeparsl Ha AHTJMHACKOM, PYCCKOM M
JIUTOBCKOM 513.).

S. Juraitis, R. Rinkevi¢iené, A. Kilikevitius. Reguliuojamo grei¢io dvimasé pavara // Elektronika ir elektrotechnika. - Kaunas:
Technologija, 2010. — Nr. 4(100). — P. 25-28.

Straipsnyje pristatomi vektorinio valdymo uzdarosios dvimasés elektromechaninés sistemos su grei¢io ir srovés griZtamaisiais
rySiais tyrimo duomenys, pateikiami modeliavimo rezultatai. Pavaros greitis reguliuojamas statoriaus srovés dedamaja, proporcinga
sukimo momentui, kartu palaikant srauto srovés dedamaja pastovia. Nustatytoji srovés dedamosios verté, proporcinga momentui,
palaikoma naudojant PI valdiklj. Sudarytas vektorinio valdymo dvimasés elektromechaninés sistemos ,,Simulink” modelis. Variklio
modelis sudarytas nejudamoje koordinaciy sistemoje. Atlikti tyrimai esant skirtingo dydZio apkrovai ir nusistovéjusiam greiciui ir
kei¢iant nuostato greiti esant skirtingoms apkrovoms. Il. 4, bibl. 12, lent. 1 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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