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AHOTALIIS

Kopoars O.I'. VYaockoHaneHHs  cucteMd  (QOPCOBAHOTO  KEpyBaHHS
€JIEKTpOMAarHiTa BaKyyMHOI'O KOHTaKTOpa 3a JIOIOMOTIOIO €JIEKTPOHHOI CHCTEMH. —
KBamidikariitna HaykoBa Ipailsi Ha MpaBax PyKOIHCY.

Huceprartiiss Ha 3100yTTS HAyKOBOI'O CTYIEHS KaHAMJAaTa TEXHIYHHUX HayK 3a
cnemianpHicTIO 05.09.01 « Enextpuuni Mammau i amapatu» (14 — Enekrpuuna
1HKeHepis) — HarlonanbHuil TeXHIYHUN yHIBepcuTeT "XapKiBCbKUN MOJITEXHIYHUMA
iHetuTyT", M. Xapkis, 2020 p.

Hucepramiitna po0OoTa NpPUCBSYEHA YJIOCKOHAJIEHHIO CUCTEMH (POPCOBAHOTO
KEpYBaHHSI MOHOCTAaOUIbHOTO €JIEKTPOMAarHiTa BaKyyMHOTO KOHTaKTOpa HHU3bKOI
Hafpyru 3a JIOMOMOTOK0 €JIEKTPOHHOI CHUCTEMHU [Jisi MiABUIICHHS HAAIMHOCTI
(0e3B1IAMOBHOCTI) pOOOTH 1 TEPMIHY CIYXOHM HPHUCTPOIO MpPH EKCIUTyaTalli Ta Ha
YIOCKOHAJIEHHS KOHCTPYKIIIA Ta30pO3MOAUTHFHUX KIIallaHIB PaKeT-HOCIIB B yMOBax
(GOpCOBaHMX pEXUMIB 332 PAXYHOK OOIPYHTOBAaHMX TEXHIYHHUX pIIIEHb Ta
pEeKOMEHAITIH.

JIns nOoCSITHEHHS 3a3HaY€HOI METH OYJIM TTOCTaBJICH] 3aj1a4i:

— MPOBECTU OIJISA Ta aHali3 KOHCTPYKLIM BAaKyyMHHUX KOHTAKTOpPIB HHM3bKOI
Hampyru Ta ix cucreM (OpCOBAHOTO KEpyBaHHS 3 IYCKOBUMHU Ta yTPUMYHOUUMHU
IIYHTOBUMH OOMOTKaMu;

— TPOBECTU OIJIAJl Ta aHaji3 KOHCTPYKLIM ra3opo3noAUIbHUX KJIAMaHIB paKeT-
HOCIIB;

— TPOBECTH  EKCHEPUMEHTaJIbHI  JOCHII)KEHHST  TpoleciB y  0a3zoBomy
SJIEKTPOMEXaHIYHOMY TPHUCTPOi (cuctemi) (POPCOBAHOTO KEPYyBAaHHA 3 MMyCKOBUMH Ta
YTPUMYIOUMMH  IIIYHTOBUMHU OOMOTKAMHU MOHOCTaOUIBHUM  €JIEKTPOMAarHiToM
BaKyyMHOT'O KOHTaKTOpa;

— JIOCIITUTH 1 YJOCKOHATUTH MaTeMaTHYHYy MOJENb JUHaMIKH (popcoBaHOl

€JIEKTPOMArHiTHOT CUCTEMH BaKyyMHHUX KOHTAKTOPIB;
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— JMOCHIAUTH 1 YJOCKOHAJIMTH MATEMaTHYHy MOJIeNb CTaI[lOHAPHOTO HarpiBy
IIYHTOBHX OOMOTOK BaKyyMHHUX KOHTaKTOPIB;

— JMOCHIAUTH 1 YIOCKOHAJIUTH MaTEeMaTU4YHY MOJeib (OPCOBAHOTO HArpiBy
IITYHTOBO1 OOMOTKH T'a30pO3MOALTBFHUX KJIallaHIB PaKeT-HOCIIB;

— YAOCKOHAJIWTHU MPHUCTPIA Asig (OPCOBAHOTO KEpyBaHHS 3 IYCKOBUMH Ta
YTPUMYIOUMMH  IIIYHTOBUMHU OOMOTKAaMHU MOHOCTAOUIBHUM  €JIEKTPOMAarHiTOM
BaKyyMHOTO KOHTAKTOpa Ta MPOBECTH €KCIIEPUMEHTAIbHI TOCITIPKEHHS TPOIIECIB B
HBOMY.

OO0’eKT  JOCHIKEHHST —  €JNeKTPOMAarHiTHi, TEIJIOBI  CTaIlllOHapHI 1
HECTAI[IOHApHI TPOIECH Yy KOJIaX IIYHTOBUX OOMOTOK MOHOCTAOUIbHUX
€JIEKTPOMArHITIB Ta KoJIaX MPUCTPOIO (OPCOBAHOIO KEPYBAHHS LIUMU OOMOTKaMHU.

[Ipeamer gocmiKEHHS — MOPUCTPI [  (QOpPCOBAHOTO  KEpyBaHHS
MOHOCTAOIIbHUM €JIEKTPOMArHiTOM BaKyyMHHMH KOHTAKTOPaMH; MOHOCTAOUTbHUN
€JICKTPOMATHIT Ta30pO3MOTHHIX KIIAllaHIB paKeT-HOCITB.

Mertonu mocmimkenHs. KoM’ rorepHe MaTeMaTHuHE MOJEIIOBAHHS TEPEXiTHUX
CIEKTPOMATHITHUX MEXaHIYHMX Ta TEIUIOBUX TPOIECIB Y MOHOCTAOUTBHOMY
€JIEKTPOMATrHITI BAKYYMHHX KOHTAKTOPIB Ta B IITYHTOBUX OOMOTKAaX ra3opo3MOUIbHUX
KJIaMaHIB PakKeT-HOCIiB 3 ypaxyBaHHSM OCOOJMBOCTEM iX pOOOTH TPOBOAMUTHCA 13
3aCTOCYBAHHSIM MaTeMaTH4YHOro Takery Maple, mo 103Bojsie MPUCKOPHUTH TPOIIEC
MOJICITIOBAHHS, BHUKOHYBaTH TPOMI3/IKI TIEPETBOPEHHS Ta OTPUMATH pPe3yJbTaTh
KOMIT'FOTEPHOTO MOJEJIOBaHHSI B 3pyuHid TabmuuHid 1 / abo rpadiuniii dopmi.
UucenpHe po3B’sa3aHHA TUGEPEHIIINHIX PIBHSIHD B YACTKOBUX MOXITHUX MTPOBOIUTHCS Y
nporpamax, HamucaHWX  3100yBaueM, pe3yiabTaTd  SKUX  OyJaM  TepeBipeHi
eKCTIEPUMEHTAIBHO.

B po6oTi oTprMaHi Taki HAyKOB1 pe3yJIbTaTH.

VY nmuceprauiiiHii  poOOTI BUPIINIEHO HAYKOBO-TIPAKTUYHY 3a1adyy 3
YAOCKOHAJICHHSI CUCTEMHU ¢dbopcoBaHoTO KEepyBaHHS MOHOCTA0LTEHOTO
€JIEKTPOMArHiTa BAaKyyMHOI'O KOHTAKTOpa HH3bKOi Halpyrd 3a JAOMOMOTOIO

CJIEKTPOHHOT CHUCTEMHU I MIiABUINCHHA HAMIHHOCTI (O€3BiIMOBHOCTI) poOOTH 1
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TEPMIHY CIY>KOM MPHUCTPOIO MPH EKCIUTyaTallli Ta Ha YJAOCKOHAJIEHHS KOHCTPYKIIHN
ra3opo3MoJIIbHUX KJalaHIB paKeT-HOCIiB B yMoBaX (DOpPCOBaHUX pEKUMIB 3a
pPaxyHOK OOTPYHTOBAHHMX TEXHIYHMX PIIIEHb Ta pEeKOMEHAAIIH.

[IpoBeneHo aHali3 ICHYIOYMX KOHCTPYKIIH BaKyyMHHX KOHTaKTOPIB HU3BKUX
Hanpyr. BusBieHo, M0 A 3MEHIICHHS IXHIX PO3MIpiB, CIIOKUBAHOI MOTYXHOCTI, i
JUTSL TIJIBUILIEHHS IIBUAKOMAIT Ta HaAIMHOCTI Y KOHTAaKTOpaxX 3aCTOCOBYIOTh CHUCTEMHU
¢dbopcoBaHOTO KEpyBaHHS 3 MyCKOBUMH Ta YTPUMYIOUMMHU IIYHTOBUMHU OOMOTKaMH, a
TaKOX Psi/I HEJIOMIKIB TAKMX CUCTEM KEPYBaHHS.

Hocmimpkena Ta MpoaHali3oBaHa HaWOUIbII momupeHa (0a3oBa) cucTema
¢dbopcoBaHOTO KEepyBaHHS 3 MYCKOBUMHU Ta YTPUMYIOUHMMH IIYHTOBUMH OOMOTKaMHU
BaKyyMHHMH KOHTAaKTOpPaMHU 32 YMOBH >KUBIICHHS BiJl PI3HHUX JIPKEpEN €JICKTPUYHOI
eHeprii, a TakoXX HaJlaHO PEKOMEHAIIIT 010 YIOCKOHAJICHHSI 111€1 CUCTEMH 3 METOIO
YCYHEHHS HEJIOJIKIB, SIKi BUHHKAIOTh 111 4ac poOOTH.

Y 1ockoHalIeHO MaTeMaTU4YHY MOJENb JUHAMIKH €JIEKTpOMarHita y CKJIail
cucteMu (HOpPCOBAHOTO KEepyBaHHS BAaKyyMHHMH KOHTaKTOpaMH, siKa TPEICTABIISE
co0or0 cucremy AudEpeHIlIHHUX pPIBHAHb JUISI HECTAI[IOHAPHUX TPOIECIB Y
MEXaHIYHIN CHCTEeMIi, a TaKOX Y MarHiTHOMY Ta €JIEeKTPUYHOMY Kosiax (HOpCcOBaHOI
eJIGKTPOMArHiTHOI CHCTEMH. 3acTOCyBaHHS MOJENi JO3BOJIMJIO BPaxOBYBAaTH
B3a€EMOJIII0 €JIEKTPOMArHiTa 3 MPUCTPOEM KEpPyBaHHS I 4Yac CHpalbOBYyBaHHS
BAKyyMHOTO KOHTaKTOpa, BU3HAYUTH HEOOXIJHI MapamMeTpu CHUCTEMHU, BCTAHOBUTH
B3a€EMO3B’SI30K 1 BIUIMB MapaMeTpiB MNPUBOJY Ta akTyaTopa Ha JIUHAMIYHI
XapaKTEPUCTHUKNA CUCTEMHU, BCTAHOBUTH YAaC CIIPAIlbOBYBaHHS EJIEKTPOMArHita Ta
1HTEpBaJ yacy poOOTH Taitmepa.

HaykoBo 0OrpyHTOBaHO XapakTep TMPOTIKAHHS JAUHAMIYHUX TIPOIECIB Y
(dbopcoBaHiil €IeKTPOMArHITHIA CHUCTEMI i 4Yac CHpPalbOBYBAHHS BAaKyyMHOI'O
KOHTAKTOPA, 110 JaJ0 MOXKJIUBICTh MIJBUIIUTH €()EeKTUBHICTH HOTO POOOTH.

YA0CKOHANeHO MaTeMaTH4HYy MOJENIh CTAlllOHAPHOTO HAarpiBy IIYHTOBHX
OOMOTOK €JIEKTPOMAarHiTiB B CKJIQJHMX CHCTeMax (OpPCOBAHOTO KEpyBaHHS

BaKyyMHHMH KOHTakTOpamMu. BoHa BpaxoBye OCOOJMBOCTI TEMJIOOOMIHY MIXK
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oOMOTKaMM, Terionepeaadyi BiJi OOMOTOK B MAarHiTONPOBIA 1 HABKOJIMIIIHE
CEPEIOBHUIIE 3 ypaxyBaHHSIM ITyJIbCAIliil CTPYMIB, Ta 1HIIMX OCOOJUBOCTEH poOOTH
CJICKTPOMArHiTiB B (GOPCOBAHMUX €JIEKTPOMArHITHUX CHCTEMAaX.

Po3pobsieH0  anropuT™M  po3paxyHKY CTaI[lOHAPHOTO HAarpiBy IIYHTOBUX
OOMOTOK €NeKTPOMArHiTiB, WHI0 TMpPaIioloTh B (OPCOBAHUX EIEKTPOMArHITHUX
CUCTEMaX BaKyyMHHX KOHTaKTOPIB.

VY A0CKOHANIEHO MaTeMaTUYHy MOJENb 1 aTOPUTM PO3paxyHKy (POpcoBaHOTO
HarpiBy HIYHTOBOI OOMOTKH €JIEKTPOMArHITIB MOCTIHHOTO CTPyMY ra30pO3MOA1LITBHUX
KJIallaHIB PAaKeT-HOCIiB Ta MpoaHaII30BaHO 3HAYHI Nepenaan TeMIepaTyp B 0OMOTII
Ta BIUIMB Ha HarpiB 00’€KTIB, 1110 OTOYYIOTh OOMOTKY.

JlocoikeHa Ta MpoaHai30BaHa YJOCKOHAJeHa HaIiBIPOBIAHMKOBA CHCTEMA
¢dbopcoBaHOTO KEepyBaHHS 3 MYCKOBUMHU Ta YTPUMYIOUHMMH IIYHTOBUMU OOMOTKaMHU
BaKyyMHHMH KOHTaKTOpaMHU 3a YMOBH JKUBIICHHS BiJ PI3HUX JDKEpEN eIeKTPUIHOI
€HEeprii, a TAKOX Ha/JIaHO PEKOMEHIAIIIT 010 MPAKTUYHOT peasizaiii i€l CUCTEMHU.

Pesynbpratu mocmimkeHHs: Oynau ampoOoBaHI HA MakeTax Ta JOCTIIHHUX 3pa3Kax,
K1 MIATBEpAWIN OTPUMaHI PEKOMEHJAIli Ta BUCHOBKM 1 B  MOJAIBIIOMY
BUKOPHUCTOBYBAJIMCH TpU po3podili BakyymMHHX KoHTakTopiB KBTH-250/1.14 HBII
«EnexkrponuHamikay 3 HaIliBIPOBIIHUKOBUM MPHUCTPOEM (HOPCOBAHOTO KEPYBaHHS
MOHOCTA0UTbHUM €JIEKTPOMArHITOM.

Marepianu auceprauiiHOi poOOOTH BUKOPUCTOBYIOTbCSI B HABYAIbHOMY
npoueci HTY "XIII" B gucuumomini "EnexTtpuuni amapatu" 17 CTYIEHTIB
cnemiaabHOCcTI "141 — enekTpoeHepreTuka, €NeKTPOTEXHIKAa Ta eJIeKTpoMexaHika'
(cnemiamizanii  141.07 "Enexktpuuni anapatu" Tta 141.08 "EnextpomnoOyroBa
TexHika"), KypcOBUX IPOEKTax, AUIJIOMHOMY NMPOEKTYBAaHHI Ta HAyKOBO-JOCIHIIHUX
poboTax, 10 NPOBOAITHCS Ha Kadepl eNeKTPUUHUX anaparis.

Hucepraniitna poO0oTa BUKOHaHA HAa Kadeapl eJeKTPUYHUX arapaTiB B paMKax
noroopy 3 TOB "ABM Awmmep", M. Kpemenuyk, npo HayKOBO-TEXHIUHE
CHIBpOOITHMIITBO Ta HAyKOBE KOHCYJIbTYBAaHHS 3a TeMOIO "YJIOCKOHAJIEHHS

BaKyyMHHX Komyranidaux amapariB" (Ne 33/227-2019), a Ttakox iHiIiaTHBHOI
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HayKOBO-JOC/I1AHOT po00TH HallioHAJIbHOTO TEXHIYHOTO YHIBEPCUTETY " XapKiBChKUM
nomitexHiyHuil iHCTUTYT' K3301 "VY@mockoHalleHHS BakyyMHHX KOMYTAIlHHX
anapari" (AP Ne0119U002552), ne 3m00yBau Oyjia BUKOHABIIEM OKPEMUX PO3/ILIIB.
Kito4oBi ciioBa: BaKyyMHHI KOHTaKTOp, OpPCOBaHa €IEKTPOMArHiTHA CHCTEMA,
CNIEKTPOMArHIT  TMOCTIHHOTO  CTpyMy, cHCTeMa  (OpPCOBAaHOTO  KEpyBaHHS,
ra3opo3noIIbHUNA KjamaH, IITyHTOBI OOMOTKH, (opcoBaHuM HarpiB, JMHaMiKa

€JICKTPOMArHITiB.
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ABSTRACT

Korol O.G. Improvement of the forced control system of the electromagnet of
the vacuum contactor using an electronic system. — Qualifying scientific work on the
rights of the manuscript.

Dissertation for the degree of Candidate of Technical Sciences in specialty
05.09.01 "Electric Machines and Apparatus" (14 — Electrical Engineering) — National
Technical University "Kharkiv Polytechnic Institute”, Kharkiv, 2020.

The dissertation is devoted to the improvement of the forced control system of
the low voltage vacuum contactor monostable electromagnet with the help of the
electronic system in particular regarding increase of the reliability (failure-free
operation) and service life of the device, and also improvement of the designs of the
gas distribution valves of launch vehicles in the conditions of the forced modes due to
the proved technical solutions and recommendations. To achieve this goal the
following tasks are set:

— to review and analyze the designs of low voltage vacuum contactors and their
forced control systems with starting and holding shunt windings;

— to review and analyze the designs of gas distribution valves of launch vehicles;

— to conduct experimental studies of processes in the basic electromechanical
device (system) of forced control with starting and holding shunt windings for a
monostable electromagnet of a vacuum contactor;

— to investigate and improve the mathematical model of the dynamics of the
forced electromagnetic system of vacuum contactors;

— to investigate and improve the mathematical model of stationary heating of
shunt windings of vacuum contactors;

— to investigate and improve the mathematical model of forced heating of the
shunt winding of the gas distribution valves of launch vehicles;

— to improve the device for forced control with starting and holding shunt
windings for a monostable electromagnet of a vacuum contactor and to carry out

experimental investigations of processes in it.
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The object of research — electromagnetic, thermal stationary and transient

processes in the circuits of shunt windings of monostable electromagnets and circuits
of the device of forced control of these windings.

The subject of research — a device for forced control of a monostable
electromagnet of vacuum contactors; monostable solenoid of gas distribution valves
of launch vehicles.

Research methods. Computer mathematical modelling of transient
electromagnetic mechanical and thermal processes in a monostable electromagnet of
vacuum contactors and in shunt windings of gas distribution valves of launch vehicles
taking into account the peculiarities of their operation is performed using the
mathematical computer code Maple which allows to speed up the simulation process,
perform cumbersome transformations and obtain computer simulation results in a
convenient tabular and/or graphical form.. Numerical solution of partial differential
equations is performed using codes written by the applicant, the results of which have
been validated experimentally.

The following scientific results are obtained in the work.

In the dissertation work the scientific and practical problem on improvement of
system of forced control of a monostable electromagnet of a low voltage vacuum
contactor using an electronic system in particular on increase of reliability (failure-
free operation) and service life of the device, and also improvement of designs of the
gas distribution valves of launch vehicles in the conditions of the forced modes due to
the proved technical solutions and recommendations is solved.

The analysis of existing designs of low voltage vacuum contactors is carried out.
It was found that to reduce their size and power consumption, as well as to increase the
speed and reliability of the contactors, forced control systems with starting and holding
shunt windings are used. A number of shortcomings of such control systems have been
identified.

The most widespread (basic) system of forced control with starting and holding
shunt windings for vacuum contactors at power supply from various sources of

electric power is investigated and analyzed, recommendations on its improvement for



elimination of shortcomings which arise during operation are given.

The mathematical model of electromagnet dynamics as a part of the system of
forced control of vacuum contactors is improved, which is a system of differential
equations for transient processes in the mechanical system, as well as in the magnetic
and electrical circuits of the forced electromagnetic system. The application of the
model allowed to take into account the interaction of the electromagnet with the
control device during the operation of the vacuum contactor, to determine the
necessary system parameters, to establish the relationship and influence of drive and
actuator parameters on the dynamic characteristics of the system, to determine the
duration of operation of the electromagnet and the operation time interval of the
timer.

The nature of the dynamic processes in the forced electromagnetic system
during the operation of the vacuum contactor is scientifically substantiated, which
made it possible to increase the efficiency of its operation.

A mathematical model of stationary heating of shunt windings of
electromagnets in complex systems of forced control of vacuum contactors is
improved. It takes into account the peculiarities of heat exchange between the
windings, heat transfer from the windings to the magnetic circuit and the
environment, taking into account the pulsations of currents and other features of
electromagnets operation in forced electromagnetic systems.

An algorithm for calculating the stationary heating of shunt windings of
electromagnets operating in forced electromagnetic systems of vacuum contactors has
been developed.

The mathematical model and algorithm for calculating the forced heating of the
shunt winding of the DC electromagnets of the gas distribution valves of launch
vehicles are improved and significant temperature differences in the winding and the
effect on the heating of objects surrounding the winding are analyzed.

The improved semiconductor system of forced control with starting and
holding shunt windings for vacuum contactors at power supply from various sources

of electric power is investigated and analyzed, recommendations concerning its



practical realization are given.

The results of investigations are tested on models and prototypes that confirmed
the recommendations and conclusions and are used in the development of vacuum
contactors KVTn-250/1,14 of Research and Production Enterprise "Electrodynamics”
with a semiconductor device for forced control of a monostable electromagnet.

The materials of the dissertation are used in the educational process of NTU
"KhPI" in the discipline "Electrical Apparatus" for students of specialty "141 —
Electrical Power Engineering, Electrical Engineering and Electromechanics™
(specializations "141.07 Electrical Apparatus" and “141.08 Electrical Household
Appliances™), course projects, diploma theses and research work conducted at the
Department of Electrical Apparatus.

The dissertation has been performed at the Department of Electrical Devices
under the agreement with "ABM Ampere" LLC, Kremenchuk on scientific and
technical cooperation and scientific advising on the subject "Improvement of vacuum
switching devices" (No. 33/227-2019) where the applicant was the executor of certain
sections; initiative research work of the National Technical University "Kharkiv
Polytechnic Institute” K3301 "Improvement of vacuum switching devices" (State
registration No. 0119U002552) where the applicant was the executor of certain
sections.

Key words: vacuum contactor, forced electromagnetic system, DC
electromagnet, forced control system, gas distribution valve, shunt windings, forced

heating, dynamics of electromagnets.
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