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Abstract. The opportunity of the research is explained by the fact that in
the present economical and technical circumstances, an interrelation between the
optimal design of asynchronous motor, afferent to the steady state and dynamic
behaviour is necessary. Knowing the dynamic behaviour of asynchronous motor
is the premise of carrying out some high-performance electrical drives. In case of
low power asynchronous motors, highly stressed electrically and magnetically, it
is imposed to pre-establish, qualitatively and quantitatively, the dynamic
processes afferent to the use domain, fact that produced major investments in
extensive research in great laboratories. The analysis carried out with an
asynchronous motor rated at P = 1.0 kW, considering variable parameters, led to
the following results: starting current Ip = 7.98 x IN, starting time tp = 0.17s.
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1. Introduction

Owing to the direct and indirect interaction of people with low power
asynchronous motors used in the operation of medical equipments, industrial
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robots, household uses, these must satisfy the highest standards of safety,
reliability and precision.

For instance, in case of medical equipments or robots, the driving
asynchronous motor is a precision component and not an auxiliary one
(Brunner, 2007; Centner et al., 2008). In such circumstances, the asynchronous
motor is mechanically and electrically stressed and, for an adequate operation, it
is necessary to know the quantities specific to the state.

2. Mathematical Model of Asynchronous Motor

Using some precise mathematical models imposes to consider the
influence of the magnetic saturation and of the current pressing upon the
machine parameters. Thus, a non-linear system of differential equations results,
that can only be solved by means of the computer (Boukhelifa et al., 2004).

The mathematical model used contains the two-axis theory equations,
with rotor quantities related to the stator, written in a reference frame fix
relatively the stator (s = 0),

dids _ 1 _RsLlrids +a)L§hiqs +
dt  LL —L% [ +Ri Ly, + oL, Ly, + LU, +0|
diqs _ 1 _a)Lihids - RsLlriqs -
dt  LL -L5 |-l Ly +R Ly, +0+Lu, +0 ’
. - - : . 1)
didr _ 1 RsLshIds _a)LsLshIqs -
dt Ll —L% | -R Ly, —obLLi, — LU, +0]
dlqr _ 1 _a)LsLshids + RsLshiqs + |
dt L, -L | +oL Ly, —R L, +0—-Lgu, |
The motion equation is attached to them:
do p|3 .
E=F[E pLsh(Iqsldr _Idslqr)_mri|’ (2)
where, the square bracket is the electromagnetic torque:
3 A
m:EpLsh(lqsldr _Idslqr)- (3)
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3. Results Obtained by Simulation

The theoretical researches and the experimental tests have been carried
out with a squirrel cage asynchronous motor rated as follows: Py = 1.0 kW -
rated power; Uy= 400V - rated voltage; I;y=2.517 A —rated current; n;=
= 1,500 r.p.m. — synchronism speed; My = 6.908 Nm — rated torque sy = 7.8% —
rated slip and parameters R, =5.366 Q, R, =6.836 Q, L, =0.028H, L', =
= 0.018 H, Ly, = 0412 H, J = 0.011 kgm’. The operation and starting
characteristics are: cosp = 0.772; n = 0.784; Mpax = 3.38 x My; My = 2.93 x My;
l,= = 4.304 x Iy

3.1. Dynamic State of Asynchronous Motor Starting

The simulations carried out and presented below (Enache et al., 2008;
Curteanu, 2004; Tudorache et al., 2009; Vlad et al., 2017) take into consideration
the no-load starting of low power asynchronous motor (Mg = 0.1 x My = 0.693
Nm) in two situations: J,=1 x J = 0.011 kgm? — the inertia moment is that of
the motor; J, = 80 x J = 0.179 kgm? — the mechanism coupled has a very high
inertia moment and negligible resistant torque.

The electromechanical transient process generates high oscillations in the
curve of the electromagnetic torque (Campeanu et al., 2012; Kovacs, 1980); the
longer the starting time is, the more and higher the oscillations are.
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Fig. 1 — Variation curves for the electromagnetic torque in case of no-load starting:
a - for J, = 0.011 kgm?; b —J, = 0.179 kgm.
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Fig. 2 — Variation curves for the stator current in case of no-load starting:
a - for J, = 0.011 kgm?; b —J, = 0.179 kgm?.
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In our case, the analysis carried out considers a low power asynchronous
motor. Consequently, the simulations presented in Fig. 1 emphasize few low
oscillations in the curve of the electromagnetic torque. The momentary torques,
in case of no-load starting of the motor are depicted in Fig. 1 a; these torques
are very few, but have high values. The motor coupling to the mechanism that
has a high inertia moment, Fig. 1 b, and direct-on-line connecting of the motor
show that we have many torque oscillations and the starting time increases a lot.
The same explanations are also for the curves of the currents, presented in
Fig. 2. High inertia moments make to appear very few oscillations in the speed
curves (Fig. 3 a), respectively no oscillations (Fig. 3 b).
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Fig. 3 — Variation curves of the speed in case of no-load starting:
a - for J, = 0.011 kgm?; b —J, = 0.179 kgm?.
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Fig. 4 — Variation curves of the phase currents: ;- stator, I, — rotor, I, — magnetization:

a — during the starting; b — in stabilized state.

Because the load torque is very low, in stable operation state, Fig. 4, we
notice a very low rotor phase current, almost equal stator and magnetization
phase currents, fact known from the design. In the first moments of the direct-
on-line connecting (no load), we see very high stator and rotor phase currents,
almost equal and in opposition, which are damped fast, Fig. 4 a, and the
magnetization current has a light transient state. The simulations carried out for
a high inertia moment allow us to compute, on each voltage period, the average
or root-mean-square values, in order to determine the torque characteristic,
Fig. 5 a, the current characteristic, Fig. 5 b, the speed characteristic, Fig. 5 c,
respectively the power factor characteristic, Fig. 5 d. Analyzing the torque curve,
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Fig. 5 a, we see that at starting M, = 20.85 Nm = 3.018 x My, then immediately
after starting, a minimum value occurs My, = 19.278 Nm = 2.797 x My; after
that, the torque increases to the maximum value M, = 23.374 Nm = 3.374 x My,
and finally it is stabilized at the resistant torque value, My, = Mg = 0.69 Nm.
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Fig. 5. Variation curves during the starting: a — the average value of the torque; b — the
root-mean-square value of the current; ¢ — the average value of the speed.

Using the curves depicted in Fig. 5, by removing the variable t — time, the
natural mechanical characteristic is obtained, m,=f(s), which is plotted in per unit
in Fig. 6 a. The same characteristic, Fig. 6 b, can be determined in the design
stage. Similarly, the curves of the currents, during the starting, are presented in
Fig. 7, simulated by means of the mathematical model proposed, respectively
obtained by design.
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Fig. 6 — Natural mechanical characteristics: a — determined by simulation in dynamic
state; b —determined by design.
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Fig. 7 — Current characteristics in quasi-steady state: a — determined by simulation in
dynamic state; b —classically determined classically, by design.

Analyzing the curves from Figs. 6 and 7, we notice that they are almost
identical, fact that confirms the correctness of the simulations presented.

3.2. Experimental Results

The experimental tests for direct-on-line connecting of the asynchronous
motor have been carried out by using the scheme presented in Fig. 8, where the
notations used are:

— M.A. three-phase squirrel cage asynchronous motor, rated as follows:
Pv=10kW, Uy=380V, Iy=2517 A, n;=1,500 r.p.m.
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Fig. 8 — Experimental assembly.
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— KPCI 3102 acquisition board with high-speed analogical and digital
interfaces, assembled inside the computer (KPCI-3104A.pdf).

As we can notice in Fig. 8, in order to acquire the seven signals we want
(currents and voltages of the three phases and the speed) current and voltage
transducers have been used.

— MT module with current and voltage transducers is used for adapting
the currents and the voltages measured to the values required by the acquisition
system;

— MC connections module makes the convenient connection of the signal
sources to the data acquisition board.

By means of the module, all the channels of the acquisition board are
connected to the labelled terminals, where the banana-conductors are connected,
making link with the signal sources.

— TG permanent-magnet direct current tachogenerator that provides a
voltage proportional with the machine speed (100 V at 1500 r.p.m).

— B, button for direct-on-line connecting of the asynchronous motor;

- B, button for disconnecting from the network.

There are presented forwards the results of the experimental tests carried
out with the scheme depicted in Fig. 8, for the dynamic starting state by direct-on-
line connecting to the network, the stabilized state and, respectively for
disconnecting.

In Fig. 9 there are presented curves for current, during the no-load
starting, simulated curves and experimentally established curves.

The comparison between the curves obtained by modelling (simulation)
and the curves obtained experimentally Fig. 9 shows that insignificant
differences occur, justified by the fact that the machine inductances have been
considered variable — dependent upon the saturation with the motor load and the
losses torque at no-load starting Mg = constant.
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Fig. 9 — Phase currents curves during the starting period: a — curves established by
simulation b — curve experimentally established.

For the starting we analyzed, the experimental results shows a no-load
current ;o = 1.599 A, the shock current I;ma =20.1 A or, in per unit iymaxo =
= limax/lio = 20.1/1.599 = 12.51, respectively, iiman = limax/lin = 20.1/2.517 =
=7.98.
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Fig. 10 — Curves of voltages and currents during the transient starting state of the
asynchronous motor, by direct-on-line connecting to the network:
a—phase A; b — phase B; ¢ — phase C; d — speed curve.
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Fig. 11 — Dynamic state for motor disconnecting from the network:
a— current and voltage curves, phase A; b — speed curve.

In steady state we only find the input active power necessary for the
motor losses: P; = 219 W, S; = 1,063 VA, Q; = 1,042 VAR, Il = 1.613 A,
cos@yo=0.196, P,=0.002 W, M =0.70 Nm, n;o= 1,491 r.p.m., s = 0.0007, Zp =
=113.1 W, pPmec= 22 W, pcur = 38 W, peye = 0.000015 W, values which are also
found experimentally, Fig. 12 b. Experimentally, by using the data acquisition
system, there have been established the variation curves of the stator voltages
and currents, on each phase, during the starting period (in per unit), Fig. 10 a,
10 b, 10 c and the speed curve, Fig. 10 d. If we analyze these figures, we can
establish the connecting moment for each phase. A data acquisition has been
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made for the motor disconnecting, Fig. 11, where we notice a residual value of
the current and a decrease of the induced electromotive force, because the
magnetic field does not extinguish suddenly. The variation curve of the speed,
Fig. 11 b and the motion equation allow us to establish the losses torque and to
notice that it is almost constant (it does not depend upon the speed).
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Fig. 12 — Experimental determinations: a — scheme of the circuit, module with
transducers and the data acquisition system; b) experimental data.

4. Conclusions

Using the simulations presented in the paper, the characteristics of the
torque and current can be determined in case of direct-on-line starting of the
asynchronous motor analyzed. The starting current is determined by simulation
and experimentally and it is noticed that the error which occurs is low, Al, <
< 1.6%. The starting time was 0.17 s and the speed has low damped oscillations.
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APPENDIX

igs, Igs — Stator currents by the d and q axes;

I'ar, I'qr —related rotor currents by the d and q axes;

Ugs, Ugs — Stator voltages by the d and q axes;

Ls, L', Ley — stator/ rotor leakage inductances, respectively main
inductance;

Rs, R’y — stator/rotor phase resistances;

p — number of pole pairs;

® — angular rotor speed,;

m, m, — the electromagnetic and load torques,

J — the rotor inertia.
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UTILIZAREA METODELOR NUMERICE TN STUDIUL
PROCESELOR TRANZITORII DE CONECTARE LA RETEA A
MOTOARELOR ASINCRONE DE PUTERI MICI

(Rezumat)

Oportunitatea cercetarii se explicd prin faptul cd in contextul actual economic
si tehnic este necesard o interferentd intre proiectarea optimald a motorului asincron,
aferenta regimului stationar i comportarea dinamica. Cunoasterea comportarii dinamice
a motorului asincron reprezintd premiza realizdrii unor actiondri electrice inalt
performante. La motoarele asincrone de puteri mici, intens solicitate electric si
magnetic, se impune predeterminarea calitativd si cantitativd a proceselor dinamice
aferente domeniului de utilizare, fapt ce a determinat investitii majore in cercetari de
amploare in marile laboratoare. Analiza facutd pe un motor asincron cu puterea P =
= 1.0 kW, considerand parametrii variabili, a dus la urmatoarele rezultate: current de
pornire I, = 7.98 x Iy, durata pornirii t, = 0.17 s.



