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Pedepar:

1. luceprauiiiHa po60oTa NpUCBAYEHA MiBUILIEHHIO HABAHTAXKyBaJIbHOI 3JaTHOCTI B CUCTEMi aCUHXPOHHOTO
€JIEKTPOIIPUBO/IA MIJISIXOM 00'€THAHHS JEKiIbKOX JIKepeJi eJIEKTPUYHOI eHeprii 110 creliaibHiil cxeMi 3a

JOIIOMOTOI0 OJHOI'O aBTOHOMHOTO iHBCpTOpa Halipyru. Fanysb BUKOPUCTAaHHAI CUCTEMHU, IO PO3IIAOAETHCA —

eJIeKTpI/I‘{Hi Ta Fi6pI/IILHi TpaHCHOpTHi 3acobu. Y 6araTbox BUIIa[IKaX B CUCTEMAX €JIEKTPOIIPNBOLAd TPAHCIIOPTHUX



32C06iB BUKOPUCTOBYIOTHCS 260 OLiIIBHO BUKOPHUCTOBYBATU JEeKiJIbKa AKepeJl eJIeKTPUYHOi eHeprii. IIpobiemoro €
3abe3neyeHHs epeKTUBHOI CyMiCHOI pOoOOTH JpKepesl Pi3HUX THUIIIB Ha CIIiJIbHEe HaBaHTaKEHHSI Ta ONTUMIzaLii ix
€HEPreTUYHUX NnapameTpis. TpaguLiliHi eJIeKTPOMEXaHiqHi CUCTEM, $Ki BKIII0YAIOTh O CBOTO CKJIaZy KOMIIOHEHTH
Pi3HUX THUIIB, 3a3BUYal, 6a3ye€ThCsl HA IPOMDKHIN JIaHIi TIOCTIMNHOTO CTPyMy. [IJ1s1 peryJitoBaHHS [1I0TOKaMU
IOTY>KHOCTEH, SIKi IPUIMAIOTh /BilJalOTh OKPEMIi €JIEMEHTH, BUKOPUCTOBYIOTbCSI OKpeMi iHBepTOpu. Taki iHBepTOpn
BUOUPAIOTHCS 32 IOTYKHICTIO BiJIIOBIAHO JJO HOMIHAJIPHMX [TapaMeTpiB KOKHOTO KOMIIOHEHTA. TakuM YMHOM,
OTPMMYETbCS KEPOBaHa €JIEKTPOMEXAHIYHA CUCTEMA, aJleé BUCOKOI BAPTOCTI, OCKIJILKY B Hill IPUCYTHI JEKiJIbKa
ABTOHOMHUX iHBEPTOPIB, pO3PAXOBAHMX Ha MAaKCUMAJIbHO MOKJIMBUM CTPYM Bif] KOKHOTO KOMIIOHEHTA. JIOLiJIbHO
PO3BUHYTH iflel0 BUKOPUCTAHHS OJHOTO aBTOHOMHOTI'O iHBEepTOpa HAIpyru JJ1s1 KepyBaHHS pe>KUMaMu poboTu
KOMIIOHEHTIB 3MiHHOTO Ta IIOCTiMHOrO CTPyMy 6€3 opraisaii crisibHoi JJaHKU IIOCTIHOTO CTPyMy. s IbOTO OJHE
3 IDKepeJ1 IOCTIMHOTrO CTPYMY MOXKe OyTH MiJ e fHaHe [0 HyJIsl (Pa3HUX OOMOTOK AaCMHXPOHHOTO JIBUTYHA Yepe3
IIOJATKOBI iIHAYKTUBHICTD i aKTUBHUM O, a IPYTMM IIOJIIOCOM — [0 MiHYCOBOTr'O TeépMiHasy aBTOHOMHOTO
iHBEpTOpa HAIPYIH, IKUH, B CBOIO YEPry, MiJKIIOUYEHUN [0 iHIIOTro JIKepeJia MOCTIMHOTO CTPYMY, HallpUKJIIA],
aKyMyJISITOpHOi 6artapei. Posryisaascs crieniajibHUN alropuTM KEPYBaHHS KJIl0YaMy aBTOHOMHOTO iHBepTopa
HaIpyry 3i 36i1bIIE€HNM 4aCOM KOMYTallii KJII0UiB BEPXHBOTO I1JIEYa, 3a JOIIOMOTOI0 KO0 MOXHA KEPYBaTU
[IOTOKaMU eHeprii 111 KOXXHOTO KOMIIOHEHTa. TaKuM YMHOM, OJHUM iHBEPTOPOM BUKOHYETbHCS (PYHKLIs
peryJioBaHHs peXXuMaMy pob0TU eJleKTpoMeXaHiuHoi cucteMu. Taka cxema 03BOJISI€ 3apsiIpKaTu akyMyJIsiToOp, aje
IIpU LIbOMY JOAATKOBE [IKE€PeJIo IOBUHHO MaTU AOCTaTHbO BenuKy EPC, mo6 nogonaru piseHs EPC akymyssiTopa.
Bucokuii piBens EPC 01aTKOBOTO IKepesia IPU3BOAUTL [0 BUHUKHEHHS 3HAYHUX CTPYMIB HYJILOBOI
IIOCJIiIOBHOCTI y (pazax JBUIyHA 3a LIMKJI KOMyTallii KJIo4iB iHBepTOpa i, BiNOBiZIHO, HACKYEHHIO MarHiTHOI CUCTEMU
€JIEKTPOJBUTYHA, 3HAYHUX JOJATKOBUX BTPAT €HEPrii B MOro CTaTOPHUX OOMOTKAX Ta X MifBUIleHOMY Harpisy. [
30i/IbIIEHHS €JIEKTPOMArHiTHOTO MOMEHTY [IBUTYHA, 3MEHIIEeHHIO piBHsA EPC mogaTKoBOro mKepesa eHeprii,
nigBuIeHHs e(EeKTUBHOCTI [Ipoliecy [epeTBOPEHHS eHeprii y cucTeMi eekTponpusoja T3 3 101aTKOBUM
I)KepeJioM eHeprii 6yJ10 po3IJIIHyTO BapiaHT HyJIbOBOTO CTaHy KJI04iB HI>KHbOro 1ieda AIH. Bysio nposeneHo
aHaJli3 3aKOHOMIpHOCTE BIJIUBY NapaMETPiB €JIEKTPUYHOTO KOJIa JOJATKOBOTO [IXKEPeia )KUBJIEHHS Ha IapaMeTpU
PeXUMY XUBJIEHHSI aCUHXPOHHOTO IBUTYHA 3 BUKOPMCTaHHSIM HYJIbOBUX KOMOiHaIlill KJII0UiB HYJKHBOTO IjIeya
iHBepTopa 111 GOpPMYJIIOBAaHHS YMOBHU MiJIBUIIEHHS HaBaHTaKyBaJIbHOI 3aTHOCTI cucTeMu ejiekrpornpusona T3.
3's1cOBaHO, 1110 KOMOiHOBaHE JKEPEJIO XKUBJIEHHS , 110 CKJIafaeThes 3 4Box mxepes EPC nocrifiHoro ctpymy,
3abesrneyvye 30i7bLUIEHHS AMILIITYIA BUXiIHOI HAlIpyTry iHBepTOpa 3 OJIHOYACHUM BMHMKHEHHSM ii 3MiHHOI CKJIaZj0BOi
Ta HYJIbOBOI IIOCIiTOBHOCTI ITPY BUKOPUCTAHHI HYJIbOBUX KOMOIHALi} K/IIOYiB HYDKHBOTO I1JIeYa iHBepTopa.
BcraHoB/I€HO, 110 YMOBOIO II€peadi €Heprii Bill JOJAATKOBOTO IPKEPEIa, € TaKe CIIiBBiIHOIIEHHS [TapaMeTpiB
€JIEKTPUYHOTO KOJIa, IIPU SIKOMY IIOCTiliHa Yacy LbOT0 €JIEKTPUYHOTO KoJj1a Mae 6yTH 6isIbILIOI0, HiXK I10JIOBMHA Yacy
nepe6yBaHHS KJIIOUiB HUKHBOTO IlJIeYa iHBePTOpa B HYJIbOBOMY CTaHi. [1py po3riisiii KOHBEHILiOHATIbHOTO 3aKOHY
KOMyTallii KII04iB iHBEpTOpa BCTAHOBJIEHO, 110 TaKUI CIIOCi6 MPU3BOAUTD 10 BUHUKHEHHS CKIangHoi popmMu
BUXi/IHOI Harpyru. 3anporoHoBaHa Mmoauikallis 3aKoHy KOMyTallii KJIl04aMy iHBEpTOpa KOMGiHOBAHOTIO JIKepesia
JKUBJIEHHS 3 BpaXyBaHHSM 3MiHHOI CKJIaZIlOBOI MOZyJIsl BEKTOPA BUXiHOI HANpyry, o 3abesnedye crabinisallio
Hanpyru y $asax IBUTyHA Ha 3alaHOMY piBHi. Bysin BcTaHOB/IEHI 3aKOHOMIPHOCTI BIIJIMBY Ha €JI6eKTPOMAarHiTHUN
MOMEHT aCUHXPOHHOTO JBUTyHA IIpY HOTO KMBJIEHHI Bifl HECUMETPUYHOI CUCTEMU HAaIIPyr KOMOIHOBAHOTO [Kepesia
SKMBJIEHHS IIPU Pi3HUX 3aKOHAX K€PYBaHHS 3alIPOIIOHOBAHOIO CUCTEMOIO eJleKTponpuBoaa T3 11 BU3HAYEHHS
LISIXiB KOMIIEHCAllil KOJIMBAaHb MOMEHTY [ BUTYHA. 3'51ICOBAHO, 10 HAMOI/MbIINI IPUPICT MOMEHTY i HAIMEHIIMI
piBeHb HOT0 KOJIMBaHb 3a0€3M1€4yEThCSI BEKTOPHUM KEPYBaHHSIM eJIeKTPOINpUBonoM. [1pu 36inbl1eHH Hanpyru
>KuBJIEHHS 110 30% 3pOCTaHHS MOMEHTY CTaHOBUTD 10 18%, a IpU KOJIMBaHHI aMIUITyAu Hanpyru B mexax 30% Bif,
HOMIiHaJIbHOI aMILJIiTyja KOJIMBaHb MOMEHTY CKJagaTumMe He 6isbiie 10%. KoMneHcariiio KoJluBaHb MOMEHTY
IBUT'YHA B CCTEMi BEKTOPHOT'O KePyBaHHS IIBUKICTIO €JIEKTPOIIPHBO/IA 3aIIPOIIOHOBAHO 320€31eYNTH IIISIXOM
BUKOPUCTAHHS JOJATKOBUX CUTHAJIIB KEPYBAHHS KJIIOYaMU iHBEPTOPA, 110 BU3HAYAIOTHCS OTPUMAHUMU 3MiHHUMU

CK/IaAOBVMU HAIIPYT'U )KNBJICHHS B CI/IHXpOHHiﬁ cucTeMi KOOpAWHAT.

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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