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1. Inceprauifina po60Ta IpUCBAYEHA MiABUILIEHHIO HABAaHTaXKyBaJIbHOI 3JaTHOCTI B CUCTEMI aCHHXPOHHOTO
€JIEKTPOIIPMBO/IA IIVISIXOM 06'€IHAHHS JEeKiJbKOX JKepeJl eJIeKTPUYHOI eHeprii o cneljanbHii cxemi 3a
IIOIIOMOTOI0 OJJHOTO aBTOHOMHOTO iHBEPTOPA HaNpyru. ['any3b BUKOPUCTAaHHS CUCTEMH, 1O PO3TJISAIAETBCS —
€JIEKTPUYHi Ta ribpuHi TpaHCIIOPTHI 3ac0o6U. Y 6araTbox BUIAJKaX B CUCTEMAX €JIeKTPOIPUBO/Ia TPAHCIIOPTHUX
3ac006iB BUKOPUCTOBYIOTbCS 200 [IOLiJIBHO BUKOPHUCTOBYBATHU JEKiJIbKA IKEepeJl eJIeKTPUYHOI eHeprii. [Ipobiemoro €
3abe3nedeHHs epeKTUBHOI CyMiCHOI pOOOTH JKepeJl Pi3HUX THUIIIB Ha CIIiJIbHEe HAaBaHTaKEHHSI Ta ONTUMIzaLii ix

€HEPreTUYHUX NnapameTpis. TpagullifiHi eJIeKTPOMEXaHiqHi CUCTeM, Ki BKIII0YAIOTh O CBOTO CKJIaZy KOMIIOHEHTH



Pi3HUX TUIIiB, 3a3BUYal, 6a3yeThCsl HA TPOMDKHIN JIaHIi NOCTIIHOTO CTPyMYy. [I7151 perysoBaHHs TOTOKaMH1
IIOTY>KHOCTEH, SIKi IPUIMAaIOTh /BinlaloTh OKpeMi eJleMeHTH, BUKOPUCTOBYIOThCSI OKpeMi iHBepTopu. Taki iHBepTopHu
BHUOMPAIOTHCS 32 IOTY>KHICTIO BiJIIIOBIAHO JO HOMIHAJIPHMX NTapaMeTpiB KOKHOTO KOMIIOHEHTA. TakuM UMHOM,
OTPMMYETHCS KEPOBaHA €JIEKTPOMEXAHIYHA CUCTEMA, ajleé BUCOKOI BAPTOCTI, OCKIJILKY B Hill IPUCYTHI JEKiJbKa
aBTOHOMHUX IHBEPTOPIB, PO3PaxOBaHMX Ha MAKCUMaJIbHO MOJKJIMBUI CTPYM Bifl KOXKHOTO KOMITIOHEHTA. JIOLiIbHO
PO3BUHYTH iJlel0 BUKOPUCTAaHHS OJHOTO aBTOHOMHOTI'O iHBEepTOpa Hallpyru JJ1s1 KepyBaHHS pe>KuMaMu poboTu
KOMIIOHEHTIB 3MiHHOTO Ta IOCTIMHOrO CTPyMy 6€3 opraisatii criiibHoi JJaHKU IIOCTIHOTO CTPyMy. 1 IbOTO OJHE
3 IKepeJi IOCTIMHOTO CTPyMY MOXKe OYTH IiT egHaHe [0 HyJIs Ha3HUX 0OMOTOK AaCHHXPOHHOTO JIBUTYHA Yepes
IOOATKOBI iHAYKTUBHICTD i aKTUBHMI OIip, a IPYTMM IIOJIIOCOM — IO MiHYCOBOTrO TepMiHasly aBTOHOMHOTO
iHBEpPTOpAa HAPYIH, IKUH, B CBOIO YEPry, MiJKIIOYEHUN [0 iHIIOro IKepesia IOCTIMHOTO CTPYMY, HallpUKJIA],
aKyMyJISITOpPHOI 6artapei. Po3ryisgaascs crieliajibHUNA aIrOpUTM KEPYBAaHHS KJIlI0YaMU aBTOHOMHOTO iHBepTOpa
HaMpyru 3i 36i/IbII€HNM YaCOM KOMYTAllii KJII0UiB BEPXHBOTO I171€4a, 3a JOIIOMOTOI0 SIKOTO MO>XKHA K€PYBaTH
IIOTOKaMU eHeprii 1711 KOXXHOTO KOMIIOHEHTa. TaKuM YMHOM, OIHUM iHBEpTOPOM BUKOHYETbCS (PYHKLIisI
PeryJIoBaHHs peXXUMaMy pobOTU eJIeKTPOMEXaHiuHOi cucTeMu. Taka cxema 03BOJISI€ 3apsiIpKaTh aKyMyJIsiToOp, ajle
IIpU bOMY JIOAATKOBE [IKepeJio IOBUHHO MaTu AOCTaTHBO BenuKy EPC, mo6 nogonatu piseHs EPC akymyssiTopa.
Bucokuii pisenp EPC 1ogaTkoBoro xepesa Npu3BOIUTh 10 BUHUKHEHHS 3HAYHUX CTPYMIiB HYJIbOBOI
IIOCJIiIOBHOCTI y (pazax JBUIyHA 3a LIMKJ KOMyTallii KJIto4iB iHBEpTOpa i, BiANOBiHO, HACUYEHHIO MarHiTHOI CUCTEMU
€JIEKTPOJBUTYHA, 3HAYHUX JOJATKOBUX BTPAT €HEPrii B MOro CTaTOPHUX OOMOTKAX Ta iX MifBUIIEHOMY Harpisy. [
30ibIIEHHS €JIeKTPOMAarHiTHOr0O MOMEHTY JIBUT'YHA, 3MeHIIeHHI0 piBHs EPC nomaTkoBoro mkepesa eHeprii,
nigBueHHs e(EeKTUBHOCTI IIpoliecy [epeTBOPEHHS eHeprii y cucTeMi esekTponpusoja T3 3 10#aTKOBUM
IPKEpeJIOM eHeprii 6yJI0 po3IJISHYTO BapiaHT HyJIbOBOTO CTaHy KJII04iB HI>KHbOrO 1ieda AIH. Bysio nposeneHo
aHaJIi3 3aKOHOMipHOCTE! BILJIMBY [1apaMeTPiB €JIEKTPUYHOTO KOJIa JOAATKOBOTO J)KEpesia )XUBJIEHHS Ha TapameTpu
PeKUMY XUBJIEHHS] aCUHXPOHHOTO JBUTYHA 3 BUKOPUCTAHHSIM HYJIbOBUX KOMOiHallil KJII04iB HUKHBOTO I11e4a
iHBepTopa 111 GOPMYJIIOBAHHS YMOBHU iJIBUILIEHHS HaBaHTaKyBaJIbHOI 3JaTHOCTI cucTeMU eslekTponpusona T3.
3's1cOBaHO, 1110 KOMOIHOBaHE JKEPEJIO XKUBJIEHHS , IO CKJIafaeThes 3 4Box mxepes EPC nocrifiHoro crpymy,
3abesrnevye 36ibLUIEHHS AMIUIITYIA BUXiHOI HAlIpyry iHBepTOpa 3 OJIHOYACHUM BMHMKHEHHSM ii 3MiHHOI CKJIaZj0BOi
Ta HYJIbOBOI I0CJIiJOBHOCTI IIPY BUKOPUCTAHHI HYJIbOBUX KOMOIHALi}1 KJIIOYiB HUXKHBOTO I1JIeya iHBepTopa.
BcraHoB/IEHO, 10 YMOBOIO II€peadi eHePrii Bill 0J4ATKOBOIO IPKEPEIa, € TaKe CIIiBBiIHOLIEHHS ITapaMeTpiB
€JIEKTPUYHOTO KOJIa, IIPU SKOMY IIOCTil{HA Yacy LbOT0 eJIEKTPUYHOTO KOJia Ma€ OyTH GibLIO0, HiXK IIOJIOBMHA Yacy
nepe6GyBaHHSI KJIIOYiB HIPKHBOTO IJIeYa iHBEpTOpa B HYJIbOBOMY CTaHi. [Ipy po3Iiisiii KOHBEHIIIOHAJIBHOTO 3aKOHY
KOMyTallii K/II04iB iHBEPTOpa BCTAHOBJIEHO, 110 TaKUI CIIOCi6 NPU3BOAUTb 1O BUHUKHEHHS CKIafgHoi popmu
BUXi/IHOI Harpyru. 3anporoHoBaHa Mmoaudikallis 3aKoHy KOMyTallii KJIl04aMy iHBEpTOpa KOMGIHOBAHOTIO JIKepeia
SKMBJIEHHS! 3 BpDaXyBaHHSIM 3MiHHOI CKJIaI0BOI MOJIyJisl BEKTOpa BUXiGHOI HAaNIpyry, 1o 3abe3nedye crabinizariio
Harnpyru y ¢asax JBUTyHa Ha 3alaHOMY piBHi. By BcTaHOB/IEHI 3aKOHOMIPHOCTI BIIJIMBY Ha €J1eKTPOMAarHiTHUN
MOMEHT aCUHXPOHHOTO JBUTyHA IIPY HOTO KMBJIEHHI Bil HECUMETPUYHOI CUCTEMU HAIIPyT KOMOIHOBAHOTO [Kepesia
SKABJIEHHSI IPU Pi3HUX 3aKOHAX KEPYBaHHS 3alIPOIIOHOBAHOIO CUCTEMOIO eJIeKTponpuBoja T3 11 BU3HauY€eHHS
IJISIXiB KOMITEHCAllii KOJIMBaHb MOMEHTY ABUTYHA. 3'SICOBaHO, 1[0 HAGIIbIINY IPUPICT MOMEHTY i HallMeHINi
piBeHb HOT0 KOJIMBaHb 3a6€31€4yEThCSI BEKTOPHUM KEPYBaHHSIM €JIeKTPONpUBooM. [1pu 36inbl1eHH Hanpyru
>KuBJIeHHS 10 30% 3pOCTaHHS MOMEHTY CTaHOBUTD 10 18%, a Ipu KOJIMBaHHI aMIUITyAu Hanpyru B mexxax 30% Bif,
HOMiHaJIbHOI aMIIITYla KOJIMBaHb MOMEHTY CKJIaziaTUMe He Ginbuie 10%. KoMeHcallito KoJMBaHb MOMEHTY
IBUT'YHA B CCTEMi BEKTOPHOT'O KepyBaHHS IIBUJKICTIO €JIEKTPOIIPUBO/IA 3aIIPOIIOHOBAHO 320€31eYUTH IIJISIXOM
BHMKOPHMCTaHHS I04ATKOBUX CUTHAJIIB KEPYBaHH KJII0YaMy iHBEPTOPA, [0 BU3HAYAIOThCSl OTPUMAHUMU 3MiHHUMU

CKJIaLOBYMU HAIIPDYTU JKUBJICHHSA B CPIHXpOHHiﬁ cucreMi KOOpOWHAT.

2. The dissertation is devoted to increasing load capacity in the system of asynchronous electric drive by
combining several sources of electric energy according to a special scheme with the help of one autonomous
voltage inverter. The area of application of the considered system is electric and hybrid vehicles. In many cases,
electric power systems of vehicles use or expediently use several sources of electrical energy. The problem is to
ensure the effective collaboration of different types of sources to a common load and optimize their energy



options. Traditional electromechanical systems, which include components of different types, are usually based on
the intermediate link of direct current. Separate inverters are used to control the power flows that receive /
transmit individual elements. Such inverters are selected by power according to the nominal parameters of each
component. Thus, a controlled electromechanical system is obtained, but of high cost, because it has several
stand-alone inverters designed for the maximum possible current from each component. It is advisable to develop
the idea of using a single stand-alone voltage inverter to control the modes of operation of AC and DC components
without the organization of a common DC link. To do this, one of the DC sources can be connected to the zero
phase windings of the induction motor through additional inductance and active resistance, and the second pole -
to the negative terminal of the stand-alone voltage inverter, which is connected to another DC source, such as a
battery. A special control algorithm for a stand-alone voltage inverter with increased switching time of the upper
arm of the switches was considered. This algorithm can control the energy flows for each component. Thus, one
inverter regulates the modes of operation of the electromechanical system. This circuit makes it possible to charge
the battery, but the additional source must have a large EMF to overcome the EMF level of the battery. This circuit
allows you to charge the battery, but the additional source must have a large enough EMF to overcome the EMF
level of the battery. To increase the electromagnetic torque of the motor, reduce the EMF level of the additional
energy source, increase the efficiency of the energy conversion process in the electric drive system of the vehicle
with an additional energy source, the option of zero state of the lower arm of the voltage inverter was considered.
The analysis of regularities of influence of parameters of an electric circuit of an additional power supply on
parameters of a power mode of the induction motor with use of zero combinations of switches of the lower arm of
the inverter was carried out. Such regularities made it possible to formulate the conditions for increasing the load
capacity of the electric drive system of the vehicle. It has been found that a combined power supply consisting of
two DC power sources provides an increase in the amplitude of the output voltage of the inverter with the
simultaneous occurrence of its variable component and zero sequence when using zero switches combinations of
the lower arm of the inverter. The condition for the transfer of energy from an additional source is the ratio of the
parameters of the electrical circuit, when the time constant of this electrical circuit is greater than half the
switching time of the switches of the lower arm of the inverter. When considering the conventional law of
switching the inverter switches, it is established that this method leads to a complex form of output voltage. A
modification of the switching law with the switches of the inverter of the combined power supply is proposed
taking into account the variable component of the module of the output voltage vector, which provides voltage
stabilization in the motor phases at a given level. Regularities of influence on the torque of the induction motor at
asymmetric system of voltages of the combined power supply at various control laws were established. It was
found that the largest increase in torque and the lowest level of its oscillations is provided by vector control of the
electric drive. When the supply voltage increases to 30%, the increase in torque is up to 18%, and when the voltage
amplitude fluctuates within 30% of the nominal, the amplitude of torque oscillations will not exceed 10%. It is
proposed to provide compensation of motor torque oscillations in the vector speed control system of the electric
drive by using additional control signals of the inverter switches, which are determined by the obtained variable
components of the supply voltage in the synchronous coordinate system.
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