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Abstrakt. The comparison of the energy performance of the main schemes of valve converters
of electric energy parameters: currents, voltages, installed powers. Recommendations for their
optimal use are done.
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Introduction . Formation of the output voltage or current byedirconverter is performed by
modulating voltage of the power supply network wiitle phase compensation of harmonics in the
load. In the output of the converter individual mataded voltages or currents are summed up in the
common node or loop. Converters can be built ogleiended or full-ended, single-phase or multi-
phase circuits. Three-pulse, six-pulse, twelve-gualsd multi-pulse circuits find applications in the
practical devices.

Formulation of the problem. Now a great variety of circuits converters of éhectric energy
is not systematized on energy performance, whiaghpticates the choice of optimum variants
circuits for specific use. Some publications arealdn nature and not directed at a comparative
approach [1; 3]. The analysis makes it necessasystematize circuits known and such, which are
developed and designed converters and an evalugtibeir energy performance.

Types of schemes of direct convertersThe most common converters with summation
modulated currents in the common node are in [2jufe 1 shows three-pulse circuits with single-
phase (1, 2) and three-phase (3) output. Her&kee 1-3 closed with a shift in the one third perio
and connected to loalturn on to the phasds B, C of the power supply network. Figure 2 shows
the six-pulse circuits (4-10). In the six-pulsecuits of 4, 5 keys 1-6 close in pairs with a shift
the one third period and is connected to load ¢ditte voltages of the power supply network. In the
diagram 6 with the help of three-contact keys 1¢l@sing with a shift by the half period, on the
load z additional antiphase voltage system is formedramdber of equivalent phases is redouble.
The same is achieved in the circuit of 7 with tlegplof the secondary windings of the transformer
and keys 1-6. In circuit 8 six-pulse system volteg®rmed with the help of three-contact keys 1, 2
and one contact keys 3—11. In the circuit 9 sixspheoltage system is formed by six three-contact
keys 1-6 on the secondary side of the transforamet,in the circuit 10 — three-contact keys 1, 2 on
the primary and 3-5 on the secondary side of #nesformer. Figure 3 shows twelve-pulse circuits.

In the scheme 11 keys 3-10 served on the [Gatinear and phase of the voltage of the secondary

winding of the transformer T, and the keys 1, Ztwnprimary part of the transformer T make even
the modules of these voltages. In the scheme 1Rdvphase voltage system is provided by the
switching of the primary windings of the transfomiefrom the triangle in the star. In the circug 1
this function is performed by additional set of dimgs on the primary of the transformer. In the
circuit of 14 six-phase voltage system is impleradnby the connection of secondary winding to
the «zigzag». Diagram 15 is different from the wird 3 by the fact that the secondary winding of
the transformer is made in the form of three seath whree-contact keys. In the circuit 16 the
equalization of the phase and linear voltages dpwutransformer T is made in the form of
autotransformer. The shapes of the curves of ttygubwoltage of the circuits 11-16 are shown in
fig. 4.
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Fig. 4. The shape of the curves of output voltagevielve-pulse ciruits

The evaluation and comparison of converter circuits Define the installed powers of the
elements. For the transistors, diodes and transfi@rithe installed powers are defined by the
expressions

PStVT:I U Pst VD=K U IVD=

VT max™~ VT max? rev— VD max !

PST :ITlUT1+IT2UT2 ’

where 1, .U — the maximum values of current and voltage of tthesistor, respectively;
K, =0,5is the conversion factor,,,U, . . — effective value of the diode current and maximu
value on the diode voltage, respectively,l,,,U,, U, — effective values of currents and voltages,
respectively at the primary and secondary windfgbe transformer.

Table shows the relative values of currents, velsagnd installed powers of the elements of

the circuits 1 — 3 in fig. 1. The current, voltamed power in the load taken as the basic values on
the main harmonid U ,P,. The basic circuit of the converter adopted cir@uin fig. 1, which

has the lowest installed powep = P, _ ). From the table it is visible, that the circultsand 2 for
the installed power differ only by a relatively dmiastalled power of transformer Tp(, =2,92P,).
Circuit 3 has a lower installed power, the circditand 2 ¢, =1,19P_,, P,, = 1,33 P_,). That is
explained by the best use of transistors on cuftent= 0,871, compared with ., = 1,,, =0,71,,),
and also a greater efficiency of the three-phaisigdrcircuit, which built three-contact keys sche3ne
compared with single-phase circuit, which built ooentact keys 1, 2. At the same voltage
transistors and diodes circuit 3 is worse thanifou@s 1, 2 U .0 =Y vomea =Y vimase=Y =

VDmax
= 2,93y, compared withu,,_.=U =502, ), but the total installed power of the transistors

and diodes in this circuit is below. The instalfmver of the transformer?(, = 4,01p,) is about
25 % of installed power of semiconductor elememts, £ 16,4P,). Therefore from the point of

view of the minimum installed power is advisableuse the circuit 3, taking into account the
considerably higher voltage for transistors andie#

Table shows the relative values of currents, vekagnd installed powers of elements for
circuits 4 — 10 according to fig. 2. Without tramsher circuit 4 adopted as basic, which has the
lowest installed power. The table shows that tlaglilng of transistors operating in the diagonal of
three-phase diode three-contact keys I, by ond-txceeds loading of the rest transistors. The
same ratio for the current of the diodes. The maxmvalues of currents for all circuits are
identical. Significantly different maximum valued$ transistors voltages. The least they have
circuits 4, 5 the fact that they are defined bineadr voltages of network and the secondary winding
of the transformer. Voltages to the transformecuits 6 — 10 is almost three times higher than
those previously mentioned, because they are detedrby the autotransformer action of the
windings of the various groups both on the primang secondary sides of the transformers. In
addition, the voltage transmission coefficient loé tmain harmonics for the circuits 4, 5 is three
times higher than that of other circuits. Due te growing installed transistors and diodes powers
for these circuits. In connection with the facttttiee total installed power of active elementsis®a

VT max
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Relative values of currents, voltages and in staliepowers for the circuits of fig. 1 -3
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determined by their quantity, a general increaséhefinstalled power of the converter does not
exceed 1,7 times as compared with the circuit 4 ifistalled power has diagram 7. The smallest
difference from the circuit 4 has the circuit 10in-1,27 times (without circuit 5, because it
practically identical to the scheme 4). It shouddrimted that six pulsations in this circuit ack@v

in the most cost-effective way — two of the primangd three secondary side of the transformer. The
product of their gives, as a result, six pulsatiddsfect of the circuit is the high voltage tratsis

and diodes. This circuit also has a larger indatiethe transformer, which is explained by a large
number of its primary and secondary windings.

From the point of view of the installed powers s expedient to recommend without
transformer scheme 4, and with the transformeuise- circuits 5, 9 and 10.

In the table 2 for the schemes 6, 8, 10 are douhlaes of the parameters. Here the first
magnitude are correspond primary and second mafgnitu second winding of the isolating
transformer. Table shows the relative values oferus, voltages and installed powers for the
circuits 11 — 16 (fig. 3) For basic adopted schdenith a minimum installed power. The table
shows that the loading of the transistors on tliectfe value of current is significantly higher in
those circuits where the transistors work in thegdnal of a three-phase bridge AC (circuits 11,
12). The rest of the transistors in all circuits mading differ insignificantly. The same ratiodan
for the diodes.

The largest maximum current carry out transistansluded on the primary side of the
transformer in circuits 11, 12. This is explaingdtbe low relative pulse period of their switching
(Q = 2) compared with transistors of other circui@® £ 4), as well as the bridge circuit of the
converter on the secondary side. The same in respéte current of the diodes. Autotransformer
action windings of transformers causes an incredsthe maximum value of voltages on the
transistors and diodes in circuits 11 — 16. Duthi®increases their installed power. Accordinght®
scheme 12 with the lowest total installed poweg@fcircuits 15 and 13. It should be noted that the
circuit 15 has the highest installed capacity & thansformer, which exceeds, for example, the
installed power of the transformer in the circut hore than four times. But the total value of this
impact is insignificant. Almost in two times moteah for the circuit 12 the installed power of the
circuits 11, 14.

So from the point of view of the installed pow#re biggest advantage has circuit 12. Next
come the circuits 15 and 13. In table 3 severalealof currents and voltages for each of the
circuits correspond to different transistors amatds, working in a different mode from the primary
and secondary windings of an isolating transformer.

Conclusions A large variety of schemes electronic convertargses of the urgent need to
define criteria for their effectiveness on energyfprmance. The most important such measure is
the installed power of the individual componentd #me circuit as a whole. Thus it is necessary to
take into account the quality of the source of gpewnhich is defined as the requirements of the
load, so losses of electric power in the systemveder — users. The comparative analysis allows
to reasonably choose the circuit of the converter.
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b. €. IT' ssaux
TexHiko-ekOHOMIYHe NMOPIBHAHHSA 0e3MOcepeHiX MepeTBOPIOBaviB NapaMeTpiB eJeKTPHUYHOI

eHeprii

[IpoBeneHO TOpIBHSAHHSA 3a EHEPreTUYHMMHU TIOKa3HUKAMHU OCHOBHHUX CXEM BEHTHJIBHHX
MEPETBOPIOBAYIB  MMAapaMeTPiB  €JIEKTPUYHOI €Heprii. CcTpymaM, HampyraMm, BCTaHOBJICHUM
notyxHocTsiM. HaBezeHo pekoMeHalii 1mo iX onTuManbHOMY 3aCTOCYBAHHIO.

b. E. IIbsiHbIX

TexHNKO- IKOHOMHYECKOEe CPAaBHEHHE HeNMOCPeACTBEHHBIX Npeodpa3oBaresieil mapamMeTpoB
3JIEKTPUYECKOM IHEPTruu

[IpoBeneHo cpaBHEHME IO DSHEPreTHUYECKHMM IOKA3aTeIsIM OCHOBHBIX CXEM BEHTHJIbHBIX
npeoOpa3zoBareseil mapaMeTpoB JIEKTPUUYECKON SHEPruu: TOKaM, HaMpPsLKEHUSAM, YCTaHOBJICHHBIM
MOIIHOCTSIM. /IaHbI peKOMEHAAIMH 110 UX ONTHUMAIbHOMY UCIOJIb30BAHUIO.



