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ELECTRIC TRANSFORMERS PARALLEL WORKING

Vasile Cozma, Cristinel Popescu

University ,Constantin Brancusi” Targu Jiu

ABSTRACT. The electric transformers parallel working provides the continuous supply with electric currents of electric consumers, therefore, in the case of fault for
the one of the transformers, the load is taken over by the other transformers and the consumers electric power is not interrupted, thus providing one of the vital
conditions for their working and namely their operating safety.
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MAPANENHA PABOTA HA ENEKTPUYEKCU TPAHC®OPMATOPU
Bacune Kosma, Kpucmuren onecky
YHusepcumem ,KoHcmanmu+ bpaxkyw”, Topey XKuy

PE3IOME. MapanenHata paoTa Ha enekTpudyeckute TpaHCHOpMaTopu OCUTYpsiBa HEMpekbCHaTO MofaBaHe Ha enekTPUYEeckM TOK KbM KOHCyMaTopute,
CcriefoBaTenHo, B Cryyail Ha HEWaNpaBHOCT Ha efuH OT TpaHchopMaTopuTe, HATOBapBAHETO CE MOeMa OT OCTaHanuTe TPaHCOpPMAaTopu M He ce Mpexbesa
MOAABAHETO Ha ENEKTPUYECKA EHEPTUS, KAaTO MO TO3W HaYMH Ce OCHTYPsABa EAHO OT OCHOBHITE 3UCKBAHWS 3a paboTa, a MMeHHO Ge3onacHa excnioataLus.
Kniouosu gymu: GesonacHa excnnoarauus, napasnenHa pabota, rpyna Ha CBbp3BaHe, HanpexeH1e Ha KbCo CbeauHeHIe.
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For the working of transformers with a good power factor o 1 oo
and high output, it is necessary that their loads be close to the E
nominal ones. | =2
The transformers load alters at certain hours during the day o © < © o—e
and night and in different seasons of the year. For an
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economic operation, instead of one, two or more transformers Lo 1l ')
are mounted which work in parallel during the highest load.
When the load decreases, some transformers are disengaged, TE": 1
so that the working transformers operate at a load close to the 5 Py L
nominal one. T_ X X
Electric transformers work in parallel, when their primary Fig.1 The parallel working scheme of two mono-phasic transformers.
windings are supplied from the same source of energy, and
their secondary windings are connected to the common bars 1. primary and secondary nominal voltages of the
where the consumers network is supplied. transformers have to be equal (Uini=Uii=Us;
Uzni=U2mi=U2). This condition is practically met by
equalling the transformation reports, meaning ki=ku;
Conditions for a parallel working of electric 2. tri-phased transformers must have the same groups
transformers of connections.

3. The short-circuit nominal voltages of the
transformers have to be equal, meaning:

Fig.1 indicates the parallel working scheme of two mono- Uy % = Uy, % their active and inductive

phasic transformers. .
. . components respectively be adequately equal;

In order not to have circulation currents between 4. identical marked terminals of the transformers
transformers and the load be distributed among the Windings be connected to the same network
transformers working in parallel to their nominal power, when conductor, both on the primary part and on the
their are coupled in parallel the following conditions have to be secondary part;
met:

183



If the parallel coupled transformers comply with all the
conditions, their vectorial diagrams at the load working built in
relative units they come one over another. In this case, all the
transformers are loaded with proportional loads with their
nominal powers, and the transformers load currents are
arithmetically summed. Practically, only the second condition
has to be thoroughly met, for the first and third conditions
tolerances being accepted. Besides, the sum of their loads
does not have to be higher than the sum of their nominal
powers.

If the aforementioned conditions are met, t.e.m. E2 and Ean
induced in transformers secondary windings (fig.1) are in
phase and equal in size, and there are no equalling currents in
the transformers windings.

If the first condition is not met — the equality between the
transformation reports, the equalization current appears,
which is conditioned by the difference between the secondary
t.e.m., meaning:

__AE
0 Zii + Lk

where:

Zi1» Ly - transformers internal reactance.

At the transformers loading, the equalization current is
overlapping with the load one. Moreover, the secondary higher
te.m. transformer (at the pit transformers - with lower
transformation report) is overloaded and the higher
transformation report transformer is under loaded.

Because overload is not admitted, it is necessary to reduce
the common load of transformers. If the difference between the
transformation reports is considerable, it becomes practically
impossible for the transformers to work in parallel. This is why,
according to standards, the parallel coupling is admitted for
transformers, where the difference  between their
transformation reports is not more than 0,5% in comparison
with the average geometric value of these reports, meaning:

ki =K 10096 <0 5%

|'k||

Ak% =

If the second condition is not met - tri-phased transformers
have the same group of connections - the line secondary
te.m. of the two transformers are detached one from the
others with a multiple angle of 30°.

For example, if a transformer has 0 group, and the other 11
group, their line t.e.m. are split one from the other by 30°
(fig.2), resulting AE =0,52E,, for which the equalization

current reaches a higher value and the transformers parallel
working is not possible.
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Fig.2 Vectorial diagram of t.e.m. in the case of transformers with
connection groups 0 and 11, which will be coupled in parallel

We have to take into consideration that by adequately
permuting the windings terminals, is some cases we can
achieve the parallel working of transformers with different
groups of connections. Fig. 3 displays the scheme of parallel
connection of two tri-phased transformers.

If the parallel working conditions are met, the voltmeters
indications V1 and V2 are zero. These voltmeters have to have
their field not smaller than the double value of the network
voltage.
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Fig.3 The scheme of parallel connection of two tri-phased transformers. .

If only the third condition is not met — the equality of the
short-circuit nominal voltages, the load is not distributed in
proportion with the nominal powers of transformers. The

external characteristic of the transformer with higher u, %, is

strongly sloped for the abscissa axis (the external
characteristic of the transformer Tu) in comparison with the

transformer with lower U, % (fig.4).

For one and the same secondary voltage Uzs for the second
transformer in load, the T transformer is loaded with higher
current than theTy transformer. In order not to reach the T
overloading, one has to reduce the common load, which does
not use the entire power of transformers working in parallel.

If one takes into consideration that not always we can

choose transformers with the same uk%, the standards

admit the parallel connection of the transformers with a
difference between the short-circuit voltages without

overcoming +10% of their arithmetic mean value.
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Fig.4 External characteristics of the two transformers coupled in parallel

The difference between the components of relative voltages
at short-circuit is higher the higher the difference between
nominal powers of transformers is. That is why for the parallel
working it is recommended for the report between the nominal
powers of transformers not to be higher than 3:1.

If the fourth condition is not met (E2=Ezn) in the closed circuit
of secondary windings acts the resulting te.m. AE, equal
with the difference between Ea and Eai. Because the circuit
impedance is relatively small, under the t.e.m. action AE , the
equalization current going through the secondary windings of
transformers reaches considerable values even when the load
is decoupled.

At the transformers loading, the equalization current adds to
their load current and leads to overloading. Moreover, it fault is
possible. This is why before the transformers parallel coupling
one checks whether t.e.m. E2 and Ezn are in phase and equal
in size. For supplying the parallel winding of the transformer
coupling to work in parallel, in its secondary winding a
voltmeter or electric lamp are connected (one of the secondary
outputs remains open and in the place of the switcher the
measurement device or lamp are connected).
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Is all the parallel working conditions are met, the voltmeter
indicates zero or the lamp does not switch on, because

AE=E,, —E,;; =0. In this case the two transformers
can work in parallel.

The voltmeter and electric lamp has to bear a voltage which
is twice the secondary nominal voltage. This is necessary,
because if the first connection condition of the second
transformer with the homonymous output terminals transformer
with the same conductor of the network is not met, t.e.m. E
and Ezn may be summed-up.

Conclusions

The parallel working of electric transformers is justified by
the following advantages:
increased degree of exploitation working;
keeping a low level of losses in the transformation
process, by altering the number of transformers
working according with the required load, thus the
use of transformers working at a maximum output;
replacing the high powers and weights transformers
with admissible limits weights transformers.
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