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AHOTALIIS

baiina c.L Mynbtrdiznuni MoJiel BHUCOKOBOJIbTHUX BAKYYMHHX
BUMHKAYiB 3 0iCTa0ITbHUMHM TOJIAPU30BAHUMHU AKTyaTOpaMHU B TUHAMIYHUX PEKUMAX. —
KBamidikariiina HayKkoBa mparis Ha IpaBax PYKOIHUCY.

Huceptaiiss Ha 3400yTTS HAyKOBOIO CTYIEHS JOKTOp TEXHIYHMX HayK 3a
cnemianpHicTIO 05.09.01 "Enexktpuuni mammHu 1 amapatu”" (141 — enexktpuyHa
ikeHepis). — HarioHanpbHUI TEXHIYHMM YHIBEPCUTET «XapKIBCHKUN MONITEXHIUHHMA
IHCTUTYT», M. Xapkis, 2018 p.

VY nucepraimiiiHiii poOOTI PO3MIISIHYTO MNPOOJIEMH CTBOPEHHS MYJIbTU(DIZUIHUX
MoJielei, 10 BHKOPUCTOBYIOTbCS MpPH JOCTIIPKEHHI 1 MPOEKTYBaHHI BaKyyMHHX
BUMHKAYiB BUCOKOT HATIPYTH.

OO'ekT  HOCHIPKEHHS —  HECTAI[lOHapHI  eJNeKTPOMArHiTHI MpoIecu B
HEOJHOPIAHOMY, HENIHIMHOMY, PyXOMOMY CEpEIOBHIII, IO MPOBOAUTH EICKTPUIHUIN
CTPYM 1 BKIIIOYA€ B ce0€ BUCOKOKOEPIUTUBHI MOCTIHHI MardiTH; MPOIIECH, 0 MOB'A3aH1
3 TEOpi€l0 TPYKHOCTI, MEXaHIKOIO TBEPAOro Tija, SBHUIIAMH B HECTAI[IOHAPHUX
TEIUIOBUX MOJISIX 1 TEOPIEI0 MEXAHIKU CYLJIBHUX CEPEeIOBHUILI.

[IpenmMer nociiuKeHHsT — BaKyyMHI BUMHUKaul 3 01CTaOUIbHUMH MOJIIPU30BAaHUMU
aKTyaTopaMH Ta 3aKOHOMIPHOCTI iXHBOI poOOTI B JUHAMIYHHMX DPEXKHUMAaXx;
3aKOHOMIPHOCTI Ta MEXaHi3M CTaTUYHOI 1 JMHAMIYHOT Aedopmallii KOHTAKTHOI CUCTEMH
BUMMKAa4a TMijJ BIUIMBOM aKTyaTOpa; 3JaTHICTb BHUMHKA4a [0 BMHKAHHS Ta MHOTO
TepMiYHa CTIMKICTh MiJ JI€I0 aBapiiHUX HAACTPYMIB; PIAMHHI aeMrdepu; eIeKTpudHi
CXEMHU KepyBaHHs aKTyaTOPOM.

MeToau TOCHIKEHHS — JOCIIKEHHS eIEKTPOMArHiTHUX, MEXaHIYHUX, TETJIOBUX
npoueciB 1 mporeciB Tewii piauHU 0a3yloTbCsd Ha aHaJITUYHUX 1 YHCEIbHUX
MaTeMaTUYHUX MOJENAX, Kl BpaXOBYIOTb HAWOUIbII CYTTEB1 JiHIAHI Ta HENIHIMHI

B3a€EMO3B'A3KM MK sBUIIAMH. YucenbHe po3B'si3aHHA AUPEPEHIIHHUX PIBHAHb B
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MPUBATHUX TOXIAHUX MPOBOJUTHCS B CIHEIIAJIbHUX MPHUKIAJHUX MaKeTax Mporpam,
JOCTOBIPHICTh PE3yJbTATIB AKX 0araropa3oBO IMepeBipeHa 1 HE BUKIUKAE CYMHIBIB, a
TAaKOXX Yy TMporpamax, HamucaHUX 3700yBaueM, pe3ylbTaTu SIKUX OyJid MepeBipeHi
eKCIEPUMEHTAJIBHO.

B po6oTi oTprmaHni Taki HAYKOB1 pe3yabTaTH.

Bnepmie po3pobrnena MynbTH(RI3MYHA MOJETh JAWHAMIKA TOJSPU30BAHOTO
0icTabUTLHOTO aKTyaTopa 3 MOCTIMHUMH MarHiTamu, 10 0a3yeTbcs Ha po3paxyHKax
HECTAI[IOHAPHOI'O  €JEeKTPOMArHIiTHOrO TOJii B  HEJNIHIHHOMY  HEOJHOPIIHOMY
CEPEIOBHILIL, [0 MPOBOJAUTH CICKTPUUYHUM CTPYM Ta MICTUTh MOCTIHI MardiTi. Moens
TaKOXX BpPaxOBY€ pPyX YacTHH aKTyaTopa y B3aeMOil 3 HENIHIMHUMHU DPIBHAHHIMU
€JIEKTpUYHOrO Kosia 1 pyxy. Po3paxoBani mapameTpu (HOpCcOBAaHOTO IMiJIKIIOYEHHS
aKTyaTOpiB Ta HaJaHO pPEKOMEHJAlii II0J0 KOHCTPYKIi Ta BHOOpPY mapameTpiB
aKTyaTopiB.

Po3pobneno  mynpTH(]i3WYHI  MOJAENi  JOCTIIPKEHHS BIUIMBY IapaMmeTpiB
aKkTyaTopiB Ha CTaTWYHI 1 AMHAMIYHI MEXaHIYHI Halpy>KEeHHS B CUIb(OHI BaKyyMHOI
KaMepH, OTpMMaHi peKOMEHallli 3 BUOOPY ONTUMAaIbHOI KOHCTPYKIIIi cuib(oHa 1 Horo
JIOBTOBIYHOCTI, PO3paxoBaHa MOro BTOMHA BUTPUBANIICTh. Po3pobieHo MynbTudizuuny
MOJielb BIUIMBY MapaMeTpiB akTyaTOpiB Ha JUHAMIYHI MEXaHIYHI HampyXeHHsS B
KOHTAKTHIA CHUCTeM1 Ta MeXaHi3MI BHUMHKada, 110 0a3yeTbcsd Ha Teopii MPYXKHOCTI,
3aBJISIKM 4YOMY OyJia po3paxoBaHa TeoMeTpisi MPUBOJHOTO Baja, BUOpaHO HOro marepiai
Ta MIIIIATHAKH.

Brepiie po3po6ieno MynbTU(GI3UYHI MOJIENI, IO JO3BOJSIOTh BU3HAYUTH BILJIUB
IUHAMIYHUX XapaKTepUCTUK aKTyaTopa Ha 3JaTHICTh BHMHUKA4a J0 BMHKAHHS
aBapiifHOTO HAJACTPyMy: BH3HaueHa JWHAMIKa 31TKHEHHS 1 4Yac BiOpalii KOHTaKTiB;
BUpimieHa TeruioBa 3amavya CredaHa 3 ypaxyBaHHSM TEIJIOTH (a30BUX MEPEXOMiB 1
BU3HAYEHa MOXJIMBA CHJIa 3BaprOBaHHS KOHTAKTIB; HAJaHO pPEKOMEHJAlil 100
3HIDKEHHSI IMBUJKOCTI 3ITKHEHHS KOHTAaKTIB 3a pPaXyHOK 3acTOCYBaHHS PIAWHHOTO

nemndepa, ki 3acHoBaHI Ha piBHSHHSAX Hap'e — Ctokca 1 AuHaMIKM pyXy akTyaTopa;
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po3poliieHa MoJeNb HarpiBy 1 Aedopmallii KOHTaKTHOT MOBEPXHI 1 Ha 11 OCHOBI HaJaHi
peKOMeHaIli 100 pO3paxyHKIB HEOOXIAHOI CWJIM KOHTAaKTHOTO HATHCKaHHS 1
reoMeTpii KOHTAKTiB 32 YMOB TEPMIYHOT CTIMKOCTI.

JIoCm/DKeHO Ta MPOAHAi30BaHO OPUTIHAIBHI MOJENI CXeM IMIIKITIOYCHHS
KOTYIIOK aKTyaTopa A0 PI3HUX JDKEpeN EJeKTPUYHOI €Heprii, HaJaHO peKOMEHMaIil
1010 iX MPaKTUYHOI peati3arrii.

Pesynpratu mociimkeHHs Oyiu MepeBipeHi Ha MakeTaxX Ta JOCIIIHUX 3pa3Kax siKi
MiATBEPAWIA OTPUMaHI peKOMEHAAIlT Ta BUCHOBKH 1 BAKOPUCTOBYBAJIMCH TIPH PO3POOIT
BaKyyMHHUX BUMHKAYiB.

BrpoBakeHHSI OCHOBHUX HAYKOBUX 1 MPAKTHUYHUX PE3YIbTATIB AUCEPTAIIHHOT
poOOTH 3HAWNUIO BimOoOpa)keHHA: B noroBipHik poboti 3 TOB "ABM Awmmnep" wm.
Kpemenuyxk (moroBip Ne 33 / 98-12 mix HTY "XIII" Ta TOB "ABM Awmnep") "Brmus
napaMmeTpiB 0icTaGUIBHOIO MOJSPU30BAHOTO AKTyaTOpa BaKyyMHOI'O BUMHKada Ha HOro
3MATHICTh 10 BMHUKAHHA'", HAYKOBO-AOCIITHOI Ta JOCHITHO-KOHCTPYKTOPCHKOI poOOTH
BukoHaHoi Ha 3amoBieHHs TOB HBII "VYkpeneprokommiekc-2", M. XapkiB
"BicTabuibHI aKkTyaTOpW B YCTAHOBKaxX KOHTPOJIIO 1 PO3MOAUTY TMOTOKIB pimuHH" Ta
HaBYAIBHOMY MpOIIeCi. AKTH BIPOBAKEHHS JI01aI0ThCA.

KnroyoBi cnoBa: BakyyMHUM BHMHKay, akTyaTop, MyJbTHU(I3MYHA MOJEIb,
BiOpalIrisi KOHTAKTIB, 3JJaTHICTh JI0 BMUKAHHS, TEPMiYHA CTIHKICTh, CXEMH ITIIKITIOUYCHHS

KOTYLIOK.
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ABSTRACT

Baida Ye. I. Multiphysical models of high voltage vacuum circuit breakers with
bistable polarized actuators in dynamic modes. — Qualifying scientific work on the rights
of manuscripts.

Dissertation for the degree of Doctor of Technical Sciences in specialty 05.09.01
"Electric Machines and Apparatus" (141 — Electrical Engineering). — National Technical
University "Kharkov Polytechnic Institute", Kharkov, 2018

In the dissertation work the problems of creation of multiphysical models used in
the research and designing of medium voltage vacuum switching devices are considered.

The object of the study is transient electromagnetic processes in a heterogeneous,
nonlinear, moving medium conducting electric current and including high-coercive
permanent magnets; processes related to the theory of elasticity, solid state mechanics,
phenomena in non-stationary thermal fields, and the theory of continuum mechanics.

Subject of research — vacuum switches with bistable polarized actuators and
regularities of their operation in dynamic modes; regularities and mechanism of static
and dynamic deformation of the contact system of the switch under the influence of the
actuator; the ability of the switch to switch on and its thermal stability under the
influence of emergency superstructures; liquid dampers; electric actuator control
circuits.

Research methods — the investigations of electromagnetic, mechanical, thermal
processes and fluid flow processes are based on analytical and numerical mathematical
models that take into account the most significant linear and nonlinear interconnections
between phenomena. Numerical solutions of partial differential equations are carried out
using special application software packages, the reliability of which is repeatedly
confirmed and does not cause doubts, as well as codes written by the applicant.

The following scientific results have been obtained in the work.

For the first time a model of dynamics of a polarized bistable actuator with
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permanent magnets has been developed based on calculations of transient
electromagnetic field in a nonlinear non-uniform medium conducting electric current
and containing permanent magnets taking into account the motion of parts of the
actuator in conjunction with nonlinear equations of electric circuit and motion. The
parameters of forced switching on of actuators are calculated and recommendations on
the design and parameters of actuators are given.

The multiphysical models of studying the influence of actuator parameters on
static and dynamic mechanical stresses in a vacuum chamber bellows have been
developed, recommendations have been obtained for choosing the optimal structure of a
bellows and its durability, its fatigue endurance is calculated. A model of the influence
of actuator parameters on dynamic mechanical stresses in the contact system and the
switching mechanism based on the theory of elasticity was developed, due to which the
geometry of the drive shaft was calculated and its material was chosen.

For the first time, multiphysical models have been developed to determine the
effect of the actuator's dynamic characteristics on the ability of the circuit breaker to
activate the emergency overloads: shock dynamics and contact vibration time are
defined; the Stefan thermal problem solved, the heat of phase transitions is taken into
account, and the possible strength of contact welding is determined; recommendations
for reducing the contact collision rate due to the use of a liquid damper based on the
Navies-Stokes equation and dynamics of the actuator are given; the model of heating
and deformation of the contact surface was developed and on its basis recommendations
were given regarding calculations of the required force of contact pressure and the
geometry of the contacts in the conditions of thermal stability.

The original models of circuits connecting actuator coils to different sources of
electric energy have been investigated and analyzed, and recommendations on their
practical implementation have been given.

The results of the study were checked on layouts, prototypes and used in the

development of vacuum circuit breakers, tests of which models were confirmed by the



obtained recommendations and conclusions.

Implementation of the main scientific and practical results of the dissertation work
was reflected: in agreement with "ABM Ampere", Kremenchug (agreement No. 33/98-
12 between NTU "KhPI" and "ABM Ampere" LLC) "Influence of the parameters of a
bistable polarized vacuum actuator of the circuit breaker on its ability to switch on",
research and development work performed by order of Ukrenergokompleksy-2 LLC,
Kharkov "Bistable actuators in control plants and distribution of liquid flows", the acts
of implementation are added.
Key words: vacuum circuit breaker, actuator, multihysical model, contact vibration,

switching ability, thermal stability, coil connection circuits.
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