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Pedepar:

1. BUKOpUCTaHHS YaCTOTHO-PEryJIbOBAaHUX ACMHXPOHHUX €JIEKTPOIPUBO/IB Y CKJIaJi CyAHOBUX NPOIMYJIbCUBHUX
€JIEKTPOYCTaHOBOK OOGYMOBJIEHO iX BUCOKMMH €HEepreTMYHNMU MTOKa3HUKaMU Ta 30ATHICTIO THYYKO KepPyBaTHu TArOI0
rpe6HOro rBUHTA [1IpY MaHEBPYBaHHI Ta pyci cygHa. OCHOBHI KOPUCHI BJIaCTHUBOCTI IIPOIYJIbCYBHUX
€JIEKTPOYCTaHOBOK 3 YaCTOTHO-PEryJIbOBAHUMU aCUHXPOHHUMH €JIEKTPOIIPHUBOJAMU 3a0€311e4y€eThCsl

BMKOPHMCTAHHSIM ¥ iX CKJIaJli IEPETBOPIOBAUIB YaCTOTH 32 HAOIIbII PO3NOBCIOIKEHOI CXEMOI0, HEKEPOBAaHUM



BUIIPSIMJISIY — aBTOHOMHU iHBEPTOP HAIIPYTU 3 MUPOTHO-IMITYJIbCHOIO MOIYJISILII€IO, SIK IKEPeJIa SKUBJIEHHS OJ151
rpe6HUX aCHMHXPOHHUX JBUTYHIB 3 KOPOTKO3aMKHEHUM POTOPOM. 3a3BHUYall CTPYKTypa TaKUX [1IePEeTBOPIOBAYiB
4aCTOTY MICTUTb €MHICTD Y JIaHIli IIOCTIHHOIO CTPYMY, a YacTOTa KoMyTauii BeHTuiiB AIH 3 [IIIM 3HaxonuTbCS B
niarnasoHi Big 2 7o 20 k' OgHaK nopsy, i3 3a3Ha4Y€HUMU BULIE KOPUCHYMMMU BJIACTUBOCTSIMU, BaZlOI0 TAKUX CTPYKTYP
€ BUHUKHEHHS B HUX CUH()A3HUX i AU(ePeHLiITHNX CKIaJJOBUX BUCOKOUYACTOTHUX €JIEKTPOMArHiTHUX 3aBajl y CKJIaAi
HaIIpyTU i CTPyMy, SIK B TOYKaXx IIPUEHAHHS IBUTYHA TaK i B TOYKaX >KUBJICHHS Bif Mmepexi. HagBHiCTb
IvdepeHLiMHNIX CKIaIOBUX [I0BS13aHO 3 BUCOKMMU 3HaueHHsImu dU /dt Ha Buxogi IIIM inBepTopa, a cuHdasHi
CKJIa[IOBi 00YMOBJIEH] NAPa3UTHUMHU €EMHOCTSIMU-(a3a KOPIYC Ta BUCOKOYACTOTHUMU rapMOHIKaMU Ha YaCTOTOTI
KoMyTalii iHBepTopa Ta KpatHi iM. ludepen1iiiini 3aBafy 06yMOBIIIOIOTH iMITYJIbCHI IIEpEHAIIPYTy Ha BXOJi 'pebHUX
ACUHXPOHHMX JIBUTYHIB, 110 BUKJIMKAIOTh TEPMiUHE CTapiHHA Ta NPOOOi i30J1s111ii 06MOTOK cTaTopa, a cuHpasHi
3aBaiy IOPYLIYIOTh YMOBU (PYHKI[IOHYBaHHS €JIEKTPOHHOrO 00JIaIHAHHS Ta aBTOMATHUKY, SIK BJIaCHE IPEOHOTO
€JIEKTPOIIPMBOJA, TAK i IHIINX IPUCTPOIB MiAKIIOYEHNX Y TOYL 3arajbHOT0 IIPUEIHAHHS 0 MEPEXKI, BUKJINKAIOTh
KOPO3il0 HiMNUITHUKIB aCUHXPOHHOTO IBUT'YHA, €Micist cuH(a3HUX NIepenKko i y 11iJIoMy BILJIMBae Ha GOpMY HaIlpyru
i CTpyMy Mepexi Ta iIXx rapMOHIYHUI CKJIa[, Y BUCOKOYACTOTHOMY [Iialla3OHi Ta BIANOBIIHO 3HMXKYE AKIiCTb
€JIEKTpOeHePrii B Hill. TOOTO HU3bKA SIKICTh €JIEKTPOEHEPrii BHACILOK HASIBHOCTI JU(pepPeHLINHNX i CUH(pa3HUX
[IepeLIKO/i CTAHOBUTh IIPUYMHY MOXJIMBUX aBapiHUX CUTYalill. A TAKO>K €eKOHOMIYHUX Ta T€XHOJIOTIYHUX 30MTKIB
IIpU eKCITyaTallii CyJHOBOTO eJIeKTPO0OJIafHaHHS. 3 Ha3BaHMX IIPUYUH 3HIKEHHS JudepeHLiiHOoi Ta cCMH(a3HOi
CKJIa[IOBMX BUCOKOYACTOTHUX €JIEKTPOMArHiTHUX 3aBaJl B CYJHOBUX CUCTEMAaX 3 IPOIyJIbCUBHUMU
€JIEKTPOYCTAaHOBKaMU Ha 6a3i 4aCTOTHO PeryIbOBAaHMX ACMHXPOHHUX €JIEKTPOIIPUBO/IIB 3 CUJIIOBUMU
[IepeTBOPIOBAaYaMu YaCTOTH 3aC00aMy KOMOIHOBAaHMX BUCOKOYACTOTHUX aCUBHUX QiJIbTPIB € BaXXJIUBOIO HAYKOBO-
IIPUKJIAJIHOIO [IPO6JIEMOIO, a 3a/1a4i 110 CTOSITH ii BUPILIEHHIO € aKTyaJlbHUMU. MeTol0 IucepTalifiHoi poboTu €
HiABUILEHHS SIKOCTi €JIEKTPOEHEPTii B IPOIYJIbCUBHUX €JIEKTPOYCTAHOBKAX 3 YaCTOTHO-PETryJIbOBaHUMU
ACUHXPOHHMMHU €JIEKTPOIIPMBOAMU Ha 6a3i nepeTBopioBayiB yacToTH 3i [IIIM aBTOHOMHMMU iHBEpTOpaMu Halpyru
IIJISIXOM PO3BUTKY TEOPETUYHUX OCHOB [100Y10BY €(PEKTUBHUX 3aCO0IB /1J151 3HMKEHHS TOBHOIO MipOI0 CUH()A3HUX i

II‘I/I(I)CpeHU‘iI/“IHI/IX CKJIaJOBHUX BUCOKOYACTOTHUX eJIeKTpOMaFHiTHI/IX 3aBajl,

2. The use of variable frequency induction motor drives in ship propulsion electric systems is driven by their high
energy efficiency and their ability to provide flexible control of propeller thrust during ship maneuvering and
movement. The key advantages of propulsion systems based on variable frequency induction motor drives are
ensured through the use of frequency converters in the most common configuration: an uncontrolled rectifier
followed by a voltage source inverter with pulse-width modulation, serving as a power supply for squirrel-cage
induction propulsion motors. Typically, such frequency converters include a DC-link capacitor, and the switching
frequency of the voltage source inverter with pulse-width modulation ranges from 2 to 20 kHz. However,
alongside the above-mentioned advantages, a significant drawback of such systems is the generation of common-
mode and differential-mode components of high-frequency electromagnetic interference (EMI) in both voltage
and current, appearing at the motor terminals as well as at the power supply points from the network. The
presence of differential-mode components is associated with high values of dU /dt at the output of the PWM
inverter, whereas the common-mode components arise due to parasitic phase-to-ground capacitances and the
presence of high-frequency harmonics at the inverter's switching frequency and its multiples. Differential-mode
interference leads to impulse overvoltages at the input of propulsion induction motors, which causes thermal
aging and dielectric breakdown of the stator winding insulation. Meanwhile, common-mode interference disrupts
the operation of electronic equipment and control systems—not only those of the propulsion drive itself, but also
other devices connected at the common network connection point. It also induces bearing corrosion in the
induction motor. The emission of common-mode disturbances as a whole affects the waveform and harmonic
content of network voltage and current in the high-frequency range, thereby degrading the overall power quality.
Thus, the low quality of electric power caused by the presence of differential and common-mode disturbances is a
contributing factor to potential hazardous situations, as well as economic and operational losses during the
operation of shipboard electrical equipment. For these reasons, the mitigation of differential and common-mode
components of high-frequency electromagnetic interference in shipboard systems with propulsion electric drives



based on variable frequency induction motor drives and power converters using combined high-frequency passive
filters represents an important applied scientific problem, and the tasks associated with its solution are highly
relevant. The goal of this dissertation is to improve power quality in ship propulsion electric systems with variable
frequency induction motor drives by developing theoretical foundations for the design of effective means to
suppress high-frequency conducted common-mode and differential-mode interference.
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