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Abstract. The two-phase model is widely used in the study of electrical
machines, including the three-phase induction machine. When the machine is
supplied, in steady-state, by sinusoidal voltages in quadrature, all
electromagnetic quantities describing the two-phase model are also sinusoidal in
quadrature. In these circumstances, it is relatively easy to determine, in each time
moment, the value of active and reactive powers using adequate formulas.
However, in transient, the use of same formulas implies errors. The paper aims
to determine the acceleration limit up to which the results obtained by using two
specific calculation quantities, P" and Q", can be extrapolated to the active and
reactive powers with no major errors.

Key words: active power; reactive power; induction machine; two-phase
model; PSpice.

1. Introduction

Consider the two-phase model of an induction machine with the stator
supplied by quadrature sinusoidal voltages. In steady-state, all quantities
characterizing the electromagnetic operation of the machine (voltages, currents,
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magnetic fluxes) are also sinusoidal, and the corresponding quantities on the
two axes are in quadrature. Fig. 1 presents the case of a certain branch of the
equivalent circuit of an induction machine and shows the voltages and currents
corresponding to the two axes.

If the voltage corresponding to the d-axis is considered the phase origin,
the expressions of the voltages and currents of interest become

Vg =2V cosmt; iy =/21,c08(at—p);

- - - (1)
v,y =V2V,sinat; i, =V21sin(at-p).

Fig. 1 — Two-phase induction machine circuit
components.

The corresponding phasor diagram is presented in Fig. 2. It is shown, on
one hand, that the corresponding quantities on the two axes are sinusoidal, with
the same characteristic values but in quadrature and, on the other hand, the fact
that the phase shift between voltage and current is the same on the two axes.
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Fig. 2 — Phasor diagram of two-phase quantities.

Considering the above observations the maximum value or the effective
value can be determined based on the knowledge of the instantaneous values at
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a given moment

J2v, = V() +VE (1),
V21, = /ii(t)+i:(t).

Knowing the instantaneous values of voltages and currents on the two
phases, it is possible to determine the active power at a given moment, i.e.

()

el(t) :deixd +V><qi><q =

=2V, 1, [ cosmtcos(t — ) +sinatsin (ot — ) | = 3)
=2V, 1,cosg,
P=2VX|XCOS(p=VXdiXd +quiXQ' (4)

Similarly, the reactive power, in a given moment, can be determined
namely

62 (t) :VXind _delxq =
=2V, 1, [ sinatcos(wt —p) - cosatsin (ot —¢) | = (5)
=2V, 1, sing,
Q =2V, 1, SiNQ=Vygiyg —Vygiyg - ©)

Using relations (4) and (6), the active and reactive powers at a given
moment can be calculated, and they can be used in the computer aided study of
the electrical machines, especially of the asynchronous machine. These
formulas are valid only in steady-state operation.

2. Electric Power Evaluation in Transient

In transient the matter is more complex. Consider the induction machine
supplied by quadrate sinusoidal voltages and the rotor speed increasing at
constant acceleration. Changing the speed leads to a transient state with forced
components due to the quadrate sinusoidal voltages supply and natural
components that usually decay exponentially.

Since the speed change is considered of ramp type (constant
acceleration) the natural components magnitude is proportional to the rate of
speed change. If the acceleration is reduced, the magnitude of the natural
components is negligible and the operation is close to the steady-state, i.e.
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quasi-stationary state. For larger accelerations, the natural components take
important values that cannot be neglected.

In what follows we intend to find out to what extent the formulas to
calculate active and reactive power are acceptable in transient. Correspondingly
to (4) and (6) we define the following calculation quantities:

tr - -
P™ =v iy +Vyqlyg » (7

¢ . .
Q f :qulxd _delxq' (8)

In quasi-stationary state, up to a certain speed slope limit, we expect
that the values obtained using (7) and (8) to be similar to the values of the active
and reactive powers defined in steady-state at the respective speed

Ptr ~ P, Qtr ~ Q ) (9)

In the case of large accelerations unacceptable differences between
those values may occur. The paper aims to determine the acceleration limit up
to which the results obtained by calculating P" and Q" can be extrapolated to P
and Q with no major errors.

The induction machine behavior is extremely complex and can be
described by an intricate non-linear egs. system. The transient operation is
generally a complex problem because there are many time constants related to
the angular speed and to the slope of the angular speed. If the speed of the
machine is variable, we are dealing with a complicate transient operation. In
these difficult situations, an analytical approach is quite impossible. Only
numerical data analysis is possible and simulation results can be obtained.

To calculate the active and reactive power a two-phase model of an
induction machine was considered. The characteristic parameters of the
machine were

P, =5kw; R =1.4Q; L,,=7.5mH; p=1
U,,=380V; R =150; L =80mH; J=40g.m?
f,=50Hz;  Y-connection; L, =117.5mH;

In the following, a study of the possibilities to obtain the active and
reactive power values are presented. The transients determined by the rotor
speed variation are considered. The simulations were carried out using PSpice
software as presented by Cociu & Cociu (1997, 2005), Justus (1997).

To determine the influence of the slope of angular rotor speed on the
power evaluation, different dynamic situations were considered, like in Fig. 3.
The moment t = 2 s is the end of steady-state and the start of the transient. Two
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typical values for the slope, 500 rad/s* and 1,000 rad/s®, were taken into
account. The value of 2,000 rad/s® is very difficult to obtain with such a
machine. On the other hand, the value of 100 rad/s? is considered as a reference
value replacing the steady-state. In fact, this is a quasi-stationary operation, near
the steady-state.

wr, [rad/s]
400
314.15 -generatar i
300{=+=29 tor ;
i L
200 A
100 rad/s’
i ; : aststationary
0] ¥/ A
0
2 3 4 5 t, [s]

Fig. 3 — External rotor speed variation.
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Fig. 4 — Equivalent circuit of the two-phase model
of the induction machine.

All notations used below refer to the elements of the equivalent circuit
presented in Fig. 4.

3. Active Power Evaluation in Transient

First, the active power evaluation at the stator supply terminals is
considered using the calculation quantity
P" = Vylgy + Vgl - (10)
The evaluated values are presented in Fig. 5. We can see that in quasi-
stationary operation, the results are similar to the steady-state. At synchronous
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angular speed, the active power is zero, due to the zero value of rotor current
and very low value of the stator current.
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Fig. 5 — Stator calculation-active power evaluation.

Then, the Joule losses in stator and rotor windings are evaluated and
corresponding results are presented in Figs. 6 and 7.

tr H H

pjs = Vdelsd + Vqulsq ' (11)
tr . .
pjr = Ver Ird + VquIrq' (12)
tr
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Fig. 6 — Stator Joule losses evaluation.
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Fig. 7 — Rotor Joule losses evaluation.

To verify a similar relation to the balance of active power, the
evaluation of the mechanical output power is also presented in Fig. 8,

P’ =T, (13)

Fig. 9 presents the electromagnetic torque evaluation, necessary for a
better understanding of the mechanical power variations.
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Fig. 8 — Mechanical output power versus speed.

For a small value of the slope (100 rad/s?) the mechanical power is zero
at zero rotor speed and at synchronous speed. At this slope, the torque values



92 Livia Cociu, Voinea-Radu Cociu and Cristian-Gy6z6 Haba

are similar to those at the steady-state. For greater values of the slope, the
maximum torque value decreases.
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Fig. 9 — Electromagnetic torque variation.

In all situations, we have the relation
P’ =~ p}; + p}rr +P, (14)

the error increasing from 0.25% for a slope of 100 rad/s® to 4% for a slop of
2000 rad/s’.

4. Reactive Power Evaluation in Transient

First, the reactive power evaluation at the stator supply terminals is
considered using the relation

Q: :Vsqisd _Vsdisq' (15)
The variation of the total pseudo-reactive power at the stator supply
terminals is presented in Fig. 10. Figs. 11,...,13 show the pseudo-reactive

power related to the stator, rotor and magnetizing inductances. Similar relation
are used for any evaluation,

tr . .

ch :VLO'SQISd _VLcsdlsq , (16)
& . .

chr = VLcrqud ~Vior Irq J (17)

¢ . .
er :VLqumd ~Vimg Imq : (18)
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Fig. 10 — Total calculation-reactive power evaluation.
L [KVAT]
10
8
[
4 2JLU .
2 : )¢ ‘:\: ':'l
00 At NN A,
o e e (quasi-stationary) NSO
o 100 200 300 o, [rad/s]
Fig. 11 — Stator pseudo-reactive power evaluation.
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Fig. 12 — Rotor pseudo-reactive power evaluation.
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Fig. 13 — Magnetizing calculation-reactive power evaluation.

5. Conclusions

Using relations (4) and (6), the active and reactive powers at a given
moment can be calculated. They can be used in the computer aided study of the
electrical machines, especially of the induction machine. These relations are
valid only in steady-state operation.

The case of the transient is quite different. Even if the machine is
supplied with sinusoidal voltages, the other voltages, currents or fluxes are not
sinusoidal. In the system response, natural components appear, generally
damping exponentially, that lead to the distortion of the quantities of interest.

Correspondingly to (4) and (6) we can define two calculation quantities
(7) and (8) to evaluate the calculation-active and reactive powers using the
transient of the induction machine.

The study highlights the influence of the angular rotor speed slope on
the power evaluation, in different dynamic situations. If the value of the slope of
the angular rotor speed is low (50...200 rad/s?), we have a quasi-stationary
operation, similar to the steady-state.

For greater slope (over 500 rad/s?), unacceptable difference occurs
between the calculation-active and reactive powers evaluated with (7) and (8) in
PSpice and the real powers.

Note that for the induction machine in the example above, in starting
operation the slope is of 200...800 rad/s®, corresponding to the load value.
Greater values result in no-load starting whereas smaller values result in starting
at rated load. Therefore this approach can be used only about the rated load
operation.

An expression similar to the active power balance is nearly true in
transient as well no matter the value of rotor speed, for low and medium speed
slope up to 1,000 rad/s®. At 2,000 rad/s’ the errors are still acceptable. On the
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contrary an expression similar to the reactive power balance can be considered
only for low angular rotor speed slope.
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ASUPRA EVALUARII PUTERII TN REGIM PERMANENT SI
TRANZITORIU LA MASINA DE INDUCTIE

(Rezumat)

Modelul bifazat este utilizat pe scard larga in studiul masinilor electrice, in
special al celor de inductie. In regim permanent, daci modelul masinii se considera
alimentat cu tensiuni in cuadraturd, toate marimile de naturd electromagnetica rezulta de
asemenea in cuadratura. In aceste conditii este relativ usor de determinat, la un moment
dat, puterea activa si reactiva utilizand formule adecvate. Utilizarea acelorasi formule si
in regim tranzitoriu implicd 1nsd aparitia anumitor erori. Scopul lucrarii este sa
evidentieze limita acceleratiei pana la care utilizarea celor doud marimi de calcul
specifice, P" si Q", permite extrapolarea rezultatelor obtinute catre puterile active si
reactive, fara erori majore.






