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Abstract—To build various power supply systems, it is necessary to design a control system that would
ensure electromagnetic compatibility with both the load and the source. It is proposed to apply the
geometric approach to describe semiconductor power converters, which allows using input independent
variables to control the output parameters. The analysis of a three-phase three-leg inverter with a
symmetrical active load using a geometric approach is considered. A system of vectors is constructed on
which the vectors of input values in three-dimensional space and their projections are shown, which form
output values in two-dimensional and one-dimensional space. A table has been created that describes the
values of currents and voltages in the converter for the corresponding switch states. Three basic vectors
were selected, with the help of which all other vectors of input quantities can be obtained. Transition
matrices for the input current and output voltages are obtained. An autonomous inverter control system is
built using a geometric approach. The basis is a space-vector pulse-width modulation, with some
changes. As a result, the problem of losing the degree of freedom by abandoning the polar coordinate
system when switching to another reference system was solved. The solution was the introduction of a
spherical coordinate system, which allows you to rotate the control vector in three-dimensional space. As
a result, time diagrams of output voltages and currents corresponding to the theoretical ones are
obtained. Most units in the control system under the mask implement the program code MATLAB: the
transition from a three-dimensional Cartesian coordinate system to a rotating spherical, sector selection,
the length of the reference vector and the value of angle, the duration of pulse-width modulation for each
sector. The shape of the output voltages has a stepped shape. The shape of the generated currents repeats

the shape of the output voltages.

Index Terms—Geometric approach; three-phase inverter; system of orthogonal vectors.

I. INTRODUCTION

To build a wide range of power supply systems,
such as: frequency converters for controlled AC
drive, power supply systems from renewable energy
sources - windmills and solar panels, widely used
three-phase stand-alone inverter [1], [6], [7], [10]. In
some cases, such an application requires the
formation of not only the output sinusoidal voltage
of constant amplitude and frequency, but also a
constant input current of a given value. Another task
is to ensure higher stability of the system, which is
realized by adding more feedback [5]. Earlier,
authors [2]—[5], [8], [9] have proposed the
application of a geometric approach to describe
semiconductor power converters, which allows
using input independent variables to control the
output parameters. The article [3] for the first time
presents the principle of analysis of semiconductor
converters using a geometric approach. The article
[2] presents the analysis of a single-phase inverter,
the input parameters of which form a two-

dimensional coordinate system. In articles [4], [5],
[9] the analysis of the matrix converter is presented,
and in [8] — the three-phase power active filter. From
the analysis of these sources we can conclude that
the problem of constructing relationships for a three-
phase bridge inverter, as well as building a control
system to ensure the simultaneous formation of the
required output voltage and DC current consumption
was not considered. Thus, the task of this work is to
derive the basic relations between the input and
output parameters of a stand-alone inverter using a
geometric approach.

II.  APPLICATION OF GEOMETRIC APPROACH

Figure 1 shows a simplified diagram of a stand-
alone inverter with a symmetrical active load. For
further analytical calculations, we use active
resistance as a load, because when analyzing an
electric model with a real load, such as an induction
motor, it is necessary to derive differential equations
of the first, second or higher orders. This type of
load is chosen to demonstrate the method of
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constructing the relationship between input
parameters and output, using a geometric approach.

fap Ip

Fig. 1. Simplified scheme of autonomous voltage inverter
with symmetrical active load

According to the geometric approach [3], the
parameters that are input (independent) and output
are set first. Leg voltages at points a—g, b—g, c—g
chosen for input parameters U,, U, U. They
represent a system of orthogonal vectors in three
dimensions, which can be represented as sides of a
"cube" (Fig. 2). Moreover, the vectors U,, U,, U, are
basic, with which you can construct all other vectors
of the "cube". The projections of the vectors U,, U,
U. on the plane form a system of output parameters
Uiny Upn, U, — load voltages. Herewith, one degree
of freedom is lost [3], as a result we have two
independent parameters and one dependent. At the
same time, the projection of the vectors U,, U,, U,
on one-dimensional space to form a vector of input
current I, (Fig. 2).

i

Fig. 2. Vector diagrams of spaces of input and output
values

Inverter control does not allow simultaneous
closure of switches in one leg, for example VT1 —
VT4 [2], [3]. The closure of only one of these
switches is taken into account, so there are eight
states of the inverter that generate the voltages and
currents presented in Table I.

The formation of the transition matrix from input
to output voltages is explained in detail in [3], [5].
Based on these works, the required matrix for the
output voltages U,,, Us,, U., has the form:

v, [2 -1 [ U,
Ubn = g - 1 2 - 1 : Ub = T;CU ’ Ub 4
U -1 -1 2 U U

cn c c

where 7,, is the transition matrix from the input

voltages in three-dimensional space to the output
voltages in the plane.

TABLE I STATES OF THE INVERTER
n|U, | Uy | Ue Usn Upn Ucn I;
1] 0 0 0 0 0 0 0
21 0 0 Vi -V;/3 |=V:/3 2V; /3 2V; /3R
31 0 Vi 0 -V;/3 | 2V;/3 -V /3 2V; /3R
41 0 Vi Vi | -2V;/3 V:/3 V;/3 2V; /3R
51 V; 0 0 213 | =V /3 -V /3 2V; /3R
61 V; 0 Vi Vi3 2Vi/3 V:/3 2V; /3R
71 V; Vi 0 V:/3 V:/3 =2V:/13 | 2V:/3R
8| V; Vi Vi 0 0 0 0

Consider the formation of the input current vector
I,. To form the relationship between the input
parameters by voltage and by output current, it is
necessary first to create the transition matrix from
input voltages to the corresponding equivalent
currents I, Iy, I, in three-dimensional space
(Fig. 2).

By Table I on rows 2, 3, 5 we have:

o U [ U,
Ibp :E' 1 0 0 ’ Ub :T;cR' Ub ’ (1)
0 1 1 U. U

cp c c

where 7, is the transition matrix from input (leg)

voltages to corresponding currents.

The transition matrix from equivalent currents in
the space of the "cube" belonging to the input
voltages to the input current:

1 1 1 L L
’m{g 3 5] Ly =T Ly |
I

p P

2

where 7}, is the transition matrix from currents /,, I, I. to

current I,
Substituting expression (1) in (2), we obtain:
1 -1 -1||U,
=L LI 0 olly,
3 3 3R
0 1 1 U, 3)
U{l
=Ty Tin | Uy |,
U
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Thus, the transition matrices for the input current
(3) and output voltages are obtained, which allow to
further develop the inverter control system.

III. SIMULATION IN THE SOFTWARE SIMULINK

The model of the inverter with a control system
that operates on active load is shown in Fig. 3. The
control system is based on the space-vector pulse-
width modulation (PWM), with some changes.

As mentioned in the introduction, one of the
important tasks for building a control system is to
increase the number of feedbacks. At the same time,
the classic method of vector control of
semiconductor converters is the use of a polar
coordinate system, which leads to the loss of one
degree of freedom [7], [10]. As a solution that
prevents this phenomenon, it is proposed to use a
spherical coordinate system that allows you to rotate
the control vector in three-dimensional space.

As the power source of the inverter unit selected
DC Voltage Source. The three-phase inverter is built
using blocks Mosfet, which are a field-effect
transistor with a reverse diode, the control pulse is
arrives to each transistor separately.

The developed control system is presented in
Fig. 4. Most blocks under the mask implement
program code of Matlab.

Transition from three-dimensional Cartesian
coordinate system to rotating spherical, implemented

by subsystem g4BC Ref Generator. Sector selection
is also implemented using code in the block Sector
selection. It also allows you to calculate the length
of the reference voltage vector and the angle of
rotation of this vector. A similar block — Compute
T1, T2, T0 and pulses, allows you to calculate the
duration of the PWM for each of the sectors. To
simplify the calculations used some of the input
parameters of the model: switching frequency Fs and
supply voltage V. The unit also generates pulses
that go directly to the transistors.

The shape of the stresses on the load has a
stepped shape with PWM, which with the
subsequent use of smoothing filters will turn into a
sinusoidal shape (Fig. 5).

The input current has the form of pulses of the
same amplitude. To achieve the task set in the
introduction, namely: consumption constant current
from the source it is enough to use the input filter
(Fig. 6). Moreover, when using a capacitor at the
input of the inverter, the type of transition matrices
and as a consequence, the algorithm of the control
system will remain unchanged.

In creating a control system, the problem of
losing the degree of freedom was solved by refusing
to switch to the polar coordinate system. As a result,
time diagrams of output voltages and currents are
obtained, which correspond to the theoretical ones.
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Fig. 3. Inverter model with control system
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Fig. 4. Control system model

Fig. 5. Output voltage diagrams
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Fig. 6. Time diagram of input current
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It should be noted that when deriving the ratios, it
was determined that the type of transition matrix for
voltages does not depend on the type of load. At the
same time, when deriving the transition matrix for
currents, it is necessary to take into account the
complex nature of the type of load, which is a
separate task.

IV. CONCLUSIONS

Using a geometric approach, a three-phase stand-
alone inverter with symmetrical active load
operation is analyzed. With the help of the relations
presented in the article, in the future it is possible to
apply this method to analyze the operation of the
bridge inverter for real load, as which you can use
mathematical models of an induction motor or
network.
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0. C. AAma, . A. Mukonaenb. KepyBanuss Tpu¢gasHMM aBTOHOMHUM iHBEPTOPOM HAINPYrd 3a J0IOMOIOI0
reoMeTPUYHOTO MiIX0my

J1st noOyI0BY Pi3HUX CUCTEM EJIEKTPOXKHMBJICHHS HEOOX1/IHO KOHCTPYIOBaHHS CHCTEMH YIIPABIIiHHS, sika 3a0e3reuyBasa
0 eJIEKTPOMArHITHY CyMICHICTb 1 3 HaBaHTA)XXEHHSIM, 1 3 JDKEpEIOM. 3anpolOHOBAHO 3aCTOCOBYBAHHSI T€OMETPHYHOTO
MAXOAY JJIsl ONKCY HAIliBIPOBITHUKOBUX CHJIOBHUX IEPETBOPIOBAYIB, SKHUH J03BOJSE 3 BUKOPHUCTAHHSIM HE3aJICKHUX
BXI/IHMX 3MIHHHMX KepyBaTH BUXiOHUMH Hapamerpamu. [IpoBeneHo aHami3 TpuQa3sHOro aBTOHOMHOIO iHBEpTOpa 3
CUMETPUYHUM aKTHBHUM HaBaHTA)KEHHSM 32 JIOIIOMOI'OF0 ['€OMETPpUYHOr0 migxony. [lo0ynoBaHo cucTeMy BEKTOpiB, Ha
SIKIH TIOKa3aHi BEKTOPH BXiJHUX BEIWYWH B TPHBUMIPHOMY IIPOCTOPI Ta iX MpoeKiii, 1110 GopMyIOTh BHX1/IHI BETUYUHA
B JIBOBUMIPHOMY 1 OIHOBUMipHOMY Ipoctopi. CTBOpeHO TaONUIO, sIKa OIKMCYE BEIMYMHU CTPYMIB Ta HAINpyr B
NepeTBOpIOBadi NP BiIIOBIIHMX CTaHaX BEHTHJIiB. BuOpaHo Tpu 0a30Bi BEKTOPH, 3 BUKOPUCTAHHSAM SIKUX MOXKIIHBO
OTpUMAaTH BCl 1HII BEKTOPH BXiJHMX BeMWMYMH. OTpUMaHO MAaTpPUIll MEpexXony Uil BXiJHOTO CTPYyMY Ta BHXIJHHX
Hanpyr. [loOynoBaHa cucTeMa KepyBaHHs aBTOHOMHHM I1HBEPTOPOM 3 BHUKOPHCTaHHSM TE€OMETPHYHOTO ITiJIXOIY.
OcHoBoo € npoctopoBo-BekTopHa I11IM, 3 neskumu 3MiHamu. B pesynbrari Oyia BupimieHa npodieMa BTpaTH OITHOTO
CTyNEHsI CBOOOJIM ILISIXOM BiJIMOBH BiJl TIOJISIPHOI CHCTEMH KOOpJAMHAT IPH MEPEXOo/i Ha iHIIy CHCTEMY KOOpIWHAT.
PimmeHnssMm crtano BBeAeHHS CQEpPUYHOI CHCTEMH KOOPJAWHAT, SKa [O3BOJSE 00epTaTh Kepyloudil BEKTOp B
TPUBUMIPHOMY IpOcTOpi. B pe3ynbraTi oTprMaHi yacoBi Jiarpamu BHXiJHHX HAmpyr i CTPyMiB, IIO BiJIIOBINAIOTH
TeopeTHYHUM. BijbmricTh OJOKIB B cUCTEMI KepyBaHHS ITiJi MACKOIO peasli3yloTh mporpaMuuii koa Matlab: nepexin Bin
TPUBUMIPHOI I€KapTOBOI CUCTEMH KOOPMHAT 0 00epToBOi chepuuHOi, BUOIp CEKTOpPY, AOBXXKHUHA OITOPHOTO BEKTOpA Ta
BenuunHa Kyra, TpuBamicth LIIM mnst koxkHoro cexropa. @opma BHXiTHHX Hampyr mae crymiHdacty ¢opmy. Popma
3Te€HEPOBaHHUX CTPYMIB MOBTOPIOE OPMY BUXIJTHUX HAIIPYT.

Karwou4ogi ciioBa: reomMeTpruuHMi MiJxia; TpuQasHUil iIHBEPTOp; CUCTEMA OPTOrOHAIBHUX BEKTOPIB.
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A. C. sIma, [I. A. Mukonaen. YnpapieHue TpexgasHbIM aBTOHOMHBIM MHBEPTOPOM HANPSKEHUS] ¢ MOMOIILIO
reoMeTpUYecKoro moaxoaa

JIy1s TOCTpOeHHsT Pa3InYHBIX CUCTEM DJIEKTPOITMTAHUS HEOOXOIUMO KOHCTPYUPOBAHUE CUCTEMBI YIIPABICHUS, KOTOpast
obecrieunBaia Obl DJIEKTPOMAarHUTHYIO COBMECTHMOCTb M C HAarpy3Koi, H ¢ MCTOYHUKOM. [IpemnokeHo npuMeHeHne
TEOMETPUYECKOr0 ITOX0/1a ISl OMMCAHMS MOJYINPOBOJHHKOBBIX CHJIOBBIX ITpeoOpa3zoBatelnieid, KOTOPBIH MO3BOJSET C
UCIIONIb30BAaHHEM HE3aBHCHMBIX BXOJHBIX IEPEMEHHBIX YIPaBJSATh BBIXOAHBIMH IMapamerpaMu. [IpoBeneH aHamu3
Tpex(}a3HOro aBTOHOMHOT'O HHBEPTOpPA C CUMMETPHUYHOM aKTUBHOW HArpy3KOH € TIOMOIIBIO T€OMETPHYECKOr0 OAXO0/1a.
[ocTpoena cucrema BEKTOPOB, Ha KOTOPOH IMOKa3aHbl BEKTOPHI BXOJHBIX BEIUYHH B TPEXMEPHOM IPOCTPAHCTBE M HX
MPOEKLUH, (POPMHUPYIOIIUE BHIXOJHBIC BEIWYMHBI B JBYMEPHOM M OIHOMEpHOM IpocTpancTBe. Co3maHo Tadunuiy,
KOTOpasl ONKCHIBACT BEJIMYMHBI TOKOB M HANpsDKEHWH B TpeoOpas3oBarene NpPH COOTBETCTBYIOUIMX COCTOSHHSX
BeHTWIIeH. BpiOpaHO Tpu 6a30BbIe BEKTOPHI, C MCIONB30BAHUEM KOTOPBIX MOXKHO IOJIYYHTh BCE OCTAJIbHBIE BEKTOPHI
BXO/IHBIX BeM4uH. [lomydeHbl MaTpuIbl epexoa Uil BXOJHOTO TOKa M BEIXOJHBIX HanpspkeHui. [loctpoeHa cucrema
YIIpaBJCHUs aBTOHOMHBIM HMHBEPTOPOM C HCIIOJIb30BAaHHEM TIeOMeTpuueckoro moaxona. OcHOBOW sIBisieTCs
npoctpaHcTBeHHO-BekTopHast 1IIMIM, ¢ HekoTopbhIMH U3MEHEHUsIMH. B pe3ynbTare Obula penieHa mpobsiema morepu
OJTHOM CTYIEeHH CBOOOIBI MyTEM OTKa3a OT IIOJSIPHOW CHCTEMBI KOODJHMHAT IPU TEPEXOA€ Ha JPYrylo CHCTEMY
KoopJuHaT. Pemenuem crano BBelneHHE C(HEPUUECKOH CHUCTEMBl KOOPIMHAT, KOTOpas IO3BOJSET Bpamarh
YIIPaBJSIFONIMH BEKTOp B TPEXMEPHOM MNpOCTpaHCTBE. B pe3ynbTare MojaydeHbl BPEMEHHbBIE TUAarpaMMbl BBIXOIHBIX
HAIPSDKEHUI U TOKOB, COOTBETCTBYIOIUE TEOPETUIECKUM. BONBIIMHCTBO OJIOKOB B CUCTEME YNPABJICHHS IIOJ MAaCKOH
peanu3yroT mporpaMMHbIE kKox Matlab: mepexon oT TpexMepHO# JeKkapTOBOW CHCTEMBbl KOOPAMHAT K Bpallarouieics
cepryeckoii, BEIOOp CeKTopa, JJIMHA OMOPHOr0 BEKTOpa U BEIWYMHA YIIia, MponobkutenbHocTh MM ans kaxmoro
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cekropa. ®opMa BBIXOIHBIX HANpsHDKEHWH MMeEeT cTyneHdaryo gopmy. ®opMa creHeprupOBaHHBIX TOKOB HOBTOPSET
(OpMY BBIXOAHBIX HANPSKEHUH.
KaroueBble c10Ba: reoMeTpuiecKuid NOAX0; Tpex(a3HbIi HHBEPTOP; CUCTEMA OPTOTOHAIBHBIX BEKTOPOB.
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