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Fanuna YHEPHEBA

Galina Petkova CHERNEVA

B cTtatbe npeacTaB/ieHbl pe3ysbTaTsl
nccnenoBaHUs AYroracuTesibHbIX
npoLleccoB B OKCUBOL4OPOAHOM

cpeae. Usyyanuce nepexonHbie
COCTOSIHUSI B CMECHU C Pa3HbIM
00BbEMHbIM COOTHOLLIEHUEeM Bogopoaa
un Kkncsiopoga, rnoJjiy4eHHbole gaHHble
CcpaBHUBAJINChb C pe3yJibTataMun
aHaJsIoOrn4yHbIX UCTbITAHWI B BAKYYMHOM
kamepe. Ans BbINOJIHEHUS
nccnenoBaTesibCKov nporpamMmbi 6bis1
npUMeHeH 1ab60pPaTopPHbIVi CTeHA,
CrpPOeKTUPOBAHHbIV U U3rOTOBJ/IEHHbINA
KOJI/IeKTUBOM rnperiogasaTtesien

U CTyAEeHTOB Beicwiero TpaHCnopTHOro
yyunuwja B Cogpun.

Krnto4yeBbie c/ioBa: 3/1eKTPUYECKNIA
TPaHCropT, BbINPSIMUTESIN C BbICOKUM
6bICTpO,qeﬁCTBMeM, AyroracutesibHble
rnpoueccsl, ra3osasi cpeaa, BakyyMm.
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AyroracurtesbHble
npouecchl B cpene
oKCcuUrngporeHa

lTaauna Ilemxosa Yepnesa — douenm, dokmop

Ha Kagedpe «Baexkmpomexuuka u gusuia» Boicueeo
mparncnopmmoeo yuusuwia um. Todopa Kabnewrxosa,
Cous, bonreapus.

JIHAa U3 OCHOBHbIX MpPOOJieM B 00Jia-

CTU DHEPTETUKU U DJIEKTPUYECKOTO

TpaHCIIOpTa — 3TO pa3paboTKa BbI-
MPSIMUTENEH C OOJIBIIINM OBICTPOJEICTBUEM.
Cpeau mapaMeTpoB, OKa3bIBAIOIIMX BIUSHUE
Ha OBbICTPOJIEUCTBHUE, — Cpela AyroralieHus,
B KOTOPOM HAXOASATCS MOJIIOCHI BBIITPSIMUTE -
Jis1. B coBpeMeHHbBIX KOHCTPYKIIUSIX UCIIOJIb-
3yeTcsl OTIeIbHasi FepMeTUYeCKasl Jyroracu-
TeJbHasi KaMepa, IIPUYeM B ITOCICIHUE TObI
pa3pabaTbIBalOTCS MPEUMYIIECTBEHHO IBa
TUIIA BBIIIPSIMUTENIC — 3JIera3oBble M BaKy-
ymHbIe [1,3,5].

B snerasoBbix [5,6] myroracureabHbIE
YCTPOMCTBA paboOTaIOT B CPEE «3JIEKTPOTEX-
HUYECKOTO raza», IIeCTU(TOPUCTOM Cepbl
(anera3). Ux HemocTaTKOM SIBJISIIOTCS TIPO-
JIYKTBHI Pa3jioXeHMs 3Jjiera3a — MHEPTHbIE
rasbl, KOTOpPbIE HE BCTPEeYaloTCs B aTMocdepe.
XOoTs OHU caMU 110 cebe He TOKCUYHBI, JIETKO
TUIPOJIM3YIOTCS IIPY B3aMMOJIECTBUM C BJla-
roit, oopasyst GTOPUCTO-BOIOPOIHYIO KUCIIO-
TY U IBYOKUCH cepbl. [103TOMY [U1s1 X TIOTJIO-
LIEHUSI B 3JIera30Bble BBIKJIIOUATEIN CTABSIT
(GUIBTPLI, CMMOCOOHBIE HENTPATN30BaTh KakK
ra3oo0pa3Hble MPOAYKThI PA3JIOKEHMS, TaK
U BJIary.

BakyyMHbIe BBIKJIIOYATEIN UCIOIb3YIOT
JIPYTOii BUJ CPe/ibl B KaMepe AyroraiieHus —



BakyyM [2,4,5]. IIpeumyliliecTBaMu UX SIBJISI-
IOTCSI: TIOJIHAsl B3PBIBO- U MOKapobe3ora-
CHOCTb, BO3MOXHOCTb OCYIIIECTBICHUS JIIO-
OBIX PEXKMMOB OTKJIIOUEHUSI, BBICOKUI KOM-
MYTallMOHHBIW pecypc, BBICOKASA
MeXaHuuYecKas M 3JeKTpoauHaMuuecKas
YCTOMYMBOCTH ITPYU KOMMYTAIIU B HOPMaJib-
HBIX U aBapUUHBIX pexXUMax, OTCYTCTBUE
HEraTMBHOTO BO3ICHCTBUS Ha OKPYKAIOIIYIO0
cpeny. K HemocTaTkaM Xe cIenyeT OTHECTHU:
BBICOKYIO Ce0eCTOMOCTD, IOTepI0 (PYHKIMHU
BBIKJIIOUATEIST BCICACTBUE aBapUU BaKyyM-
HOM DyroracuTeJbHOU KaMephbl, CUJIbHYIO
3aBUCUMOCTbH OT KaueCTBa KOHTAaKTHOM CBSI3H,
HEMPUMEHMMOCTb MIPU BBHICOKMX HaIIpsiKe-
HUSIX, BOSHUKHOBEHME MIepeHarpsikeHus [5].

Tak mosIBUJICS BOIIPOC — BO3MOXHO JIU
CO3IaHMe BBIKJIIOYATENSI IOCTOSIHHOTO U Tie-
PEMEHHOTO TOKa ¢ OOJIbIIUM OBICTPOIEICT-
BHUEM JAyToraiieHus 1o CpaBHEHMIO C CYIIECT-
BYIOIIMMU TEXHUUECKUMU PEIICHUSIMU U 0e3
HETaTUBHOIO BO3IEICTBUS Ha OKPYXAIOIIYIO
cpeny. Ha atot Bompoc momnpoboBaiu oTBe-
TUTH TIpEIogaBaTesIM U CTYASHTH Briciiero
TpaHCIIOPTHOTrO y4yuiauina umMmeHu Tomopa
Kao6nemkosa B Copun. Co3maHHBIA UMU
KOJUIEKTHB pa3padoTall 1abopaTOPHbII CTEH]T
IS UCCIEOBAHUS TIEPEXOMIHBIX MPOIIECCOB
MIPY AYTOTrallleHUH MTOCTOSTHHOTO U TIepEeMEH -
Horo HamnpstkeHus. Ha creHne ncciemoBaHo
raiieHue IyTd B OKCUTUIPOTEHHHOI CMecH,
IIPY 3TOM TOJTyYeHbI THTEPECHBIE PE3YJIBTaThI,
C KOTOPBIMY 3HAKOMMUT TIpeiaraeMasi CTaThsl.

OMNMUCAHUE
MOOAUDPULIMPOBAHHOIO
BbIKJTIOYATENSA

B kauecTBe OCHOBBI CT€HIA ObLT UCITOJIb-
30BaH TPEXITOIIOCHbBII BAKYYMHbII BHIKJIIOYA-
teab (10 kB/300 A). ITyreM 3amMeHBI OqHOM
M3 IyrOTaCUTEJbHBIX KaMep Ha TepMeTude-
CKYIO U3 3JIeKTPOU30JISILIMOHHOIO MaTepuaia
(puc. 1), KOTOpbIi1 BbIAEPKUBAET a0COTIOTHOE
nasiaeHue ot 20 Pa go 1000 xPa, moayueHa
MoauduIMpoBaHHas (a3a BBIKJIIOYATEs,
puc. 2.

Kaxknast kKamepa cHaOkeHa ABYMsI TIOJII0-
CHBIMU KOHTaKTaM¥ M3 MaTepuajia ¢ BHICOKOI
3JIEKTPUYECKON MPOBOAMMOCThIO. OnuH
M3 HUX CTallMOHAPeH, IPUKPETUIEH K KOPITy-
Cy COOTBETCTBYIOIIEI KaMephl M CBSI3aH 3JIEK-
TPUYECKM C BEPXHUM TOKOBBIM BBIBOIOM,
a IpyroM KOHTaKT — MOABUXHBIN, MPUKpE-
IJIEH K CTEPKHIO U3 U30JISILIMOHHOTO MaTepy-

Puc. 1. O6wmii Bug nabopaTropHOro cTeHaa.

Pic. 1. General view of a laboratory bench.

1 — moanguumpoBaHHas
¢a3sa (nosoc) /modified
phase (pole)

2 - gatqvk gaBieHus/
pressure sensor
3 — BepXHWIi TOKOBBbIN
BbIBOA/Upper current
terminal
4 — par4ymk Temneparypsbl/
temperature sensor
5 - gyroracutenbHasi
kamepa/arc-interruption
chamber
6 — creksio ans
HabnoaeHws npouecca/
surveying glass
7 — U30JISILUNOHHBIA
cTepxeHsb/isolating rod
8 — nopLueHs/piston
9 — npyxuHa/spring
10 — HUXHWI TOKOBBIVA
BbiBOA/lower current
terminal
11— BUHT ans
perynnpoBaHus/
adjustment screw
12— auHamomeTp/
dynamometer
13— U307159UNOHHBIN
cTepxeHsb/isolating rod
14 — Basn/shaft

Puc. 2. MoandpuumnpoBaHHas pa3a Bbik/loyaTess.

Pic.2. Modified phase of a circuit breaker.
ana JJs mepegayud NBUKEHMS KOHTaKTa
U CBSI3aH JIEKTPUYECKU C HUDXKHUM TOKOBBIM
BBIBOJIOM KaMephl.

B MonuduLimpoBaHHY10 KaMepy BBIKJIIO-
yaTess MOCPEeICTBOM MPUCOEANHUTETbHBIX
OTBEPCTUI U ra30MpPOBOJAOB BMOHTUPOBAHBI
MarHUTHBIE KJIarlaHbl.

YcraHoBKa MMeeET ellle TeHepaTop rasa
(aeKTponuTUIECKas sTueiiKa) 1J1sl F’eHEpUpo-
BaHMS U TTOaYl OKCUTUIPOTEHHHON CMeCH.
Y Hero oAMHAKOBbBIE CEKIIMM, KaXxnasi u3 Ko-
TOPBIX COCTOUT W3 KOpMyca, 3JeKTPOI0B,

® MUP TPAHCNOPTA 02°14




VA kPa
160 125
140
- 120
26 Hanpsmetue | U
ele} 115 Tox, |
20 e Nagnewne, kPa
\ - 110
60
ﬁ?‘* 5} 105
0 I-'l-l‘.-\'.
_IF L 1 mS - 100
0
T ___l___-——— T
-30 -20 -10 16 10 20 30 95

Puc. 3. MepexoaHsbiii npoyecc B OKCUruaporeHHHow cmecu ¢ 33% Bogoponaa n 67% kucnopoaga.

Pic. 3. Transient process in the oxyhydrogen mixture with 33% hydrogen and 67% oxygen.
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3JIEKTPOJINTA, BXoAa IS (hJIFOMIa, BBIXOAA
IIJIs Ta3a, JTaTYMKOB TaBJICHUS U YPOBHSI.
Ilepen mpuBeneHMEM B ACHCTBUE BBIKITIO-
yaresst MOTU(UIIMPOBaHHAs KaMepa 3aroJI-
HSIeTCSI OKCUTHIPOTEHHHOM CMeChIO ¢ abco-
JTIIOTHBIM faBiieHneM okoyio 100 kPa. Okcu-
TUAPOTEeHHHAsI CMECh BEIpa0aThIBACTCS TeHE-
paTopoM Ta3a, KOTOPHI CBI3bIBACT
ra3omnpoBoj ¢ pe3epByapoMm. ITocie akTuBa-
WU BBIKJTIOUATEJIST KaMepa 3aloJHSICTCS
GIIOMIOM 13 BOABI M BOISHEIX TAPOB € a0CO-
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Puc. 4. MepexoaHbivi npoyecc B okcurnaporeHHHor cmecu ¢ 50% sogopoaa n 50% kucnopoaa.

Pic. 4. Transient process in the oxyhydrogen mixture with 50% hydrogen and 50% oxygen.

JIIOTHBEIM maBieHneM mexxay 20 1 200 Pa, ato
CIIeICTBUE TIpoliecca ayrorameHus. Kamepa
CBsI3aHa C OBICTPOICHCTBYIOIINM BBIITYCKHBIM
5JIEKTPOMATHUTHBIM KJIAIITaHOM U Ta30IIPOBO-
JIOM K COCYIy C KMIKOCTBIO IIJIST yIaJeHUs,
CO3IaHHOTO TTOCJIe aKTUBAIINY BEIKITIOUATE]IS,
daounaa.

MarHuUTHBIE KJIAaTTaHBI — BBITTYCKHBIC
M HarHetaTeJbHble 0OecrneynBaroT HEOOX0-
IMMOE KOJIMIEeCTBO U JaBJICHUE ra3a B KaMe-
pe, a TakXXe OMOPOXHEHNE KaMephl Iocie
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Puc. 5. lMepexonHbivi npoLecc B OKCUrnaporeHHo cMmecy ¢ 06beMHbIM COOTHOLLeHUeM Bogopoaa m kucsopoga 2:1.

Pic. 5. Transient process in the oxyhydrogen mixture with volume ratio of hydrogen and oxygen 2:1.

¢dazoBoro npeodpazoBaHUsl OKCUTHUIPOTEH-
HOW CMecCH.

BrIkTIo9aTeNIh OCHAIIEH ellle U SJIEKTPU-
YeCKUM OJIOKOM YIIpaBJICHUS, B KOTOPBIA
BXOJIST JIEKTPUYECKH CBSI3aHHBIN IIpOrpam-
MUPYEeMbIIT MUKPOIIPOIIECCOP, TaCCUBHBIC
W aKTUBHBIE DJICKTPOHHBIC KOMITOHEHTHI,
BKJTIOYAFOIIAsI ¥ BBIKJTIOUAOIIAst OOMOTKH.

XAPAKTEPUCTUKU NPOLIECCA
AYITOrALLEHUSA

Bpems oTkimoueHusI, TO €CTh OT TOIAYn
KOMAaH/Ibl OTKJTIOUEHUS 10 MOMEHTa Pa3Mbl-
KaHWST KOHTAKTOB, SIBJISIETCS] BaKHBIM T1apa-
METpPOM BBHIKITIoUaTesieil. B HeM HaxomsT oT-
paxkeHne COOCTBEHHOE BPEeMsI BBIKITIOUATEIS
(0T MOMEHTAa TT0IauM KOMaHIIbI Ha OTKJTIOUEe-
HHUE 10 MOMEHTa pa3MbIKaHUsI KOHTAKTOB)
U BpeMsI TallIeHUsI TyTU B TIOJIIOCAX.

DHeprusi, HeOOXoaAUMAast IS TIOTYIeHUST
okcuruaporena, okosio 10000 JIxx Ha onuH
qutp nipu gasinenun 100 kPa, n ona ompene-
JIsieTcst mepBbIM 3aKoHOM Dapajest 00 iek-
TPONIUTUYECKUX TIpoueccax [7]. MuHUMab-
Hast 9HEPTUsI, TpeOyemas IJIsT COKUTAHUS OK-
CUTHIPOTEHHHO cMecH, Toibko 0,019 m/Ix,
1 OHa 00ECIIeYMBACTCST pa3MbIKAHUEM TTOJTIO-
ca, KOrga BO BHEIIHEH 11T BBIKJIIOYATEs
MPOTEKAET TOK.

B mpotiecce uccienoBanust 3aKcupoBa-
HBI U3MEHEHUS TOKA OTKJTIOUEeHUST, HATIPSTKe -
HUS U aBJICHUS B Kamepe B (PYHKIINMY Bpeme-
HU. BriepBbie ObUT U3y4YeH MEePEXOIHbBIHN Po-

1Liecc ayrorauieHus B Kamepe ¢ 33% Bogoponaa
u 67% xucnopoaa. OH noka3aH rpa@UYHO
Ha puc. 3. Tlo xoay npoiiecca yepe3 Haboaa-
TEJIbHOE CTEKJIO KaMePhl HA0JII0AAIOCh FOpe-
HUE BOJOPOIa OKOJIO 2 C, KOTOPOE BO3ZHUKIIO
BCJIEJICTBME DJIEKTPUUYECKOI ayru. [laBiaeHue
YBEJIMUUJIOCH IIEPE] MOMEHTOM OTKJIIOUEHUS
13-3a TEPMOPACLIMPEHUS ra3a [Py FOPEHUN.
ITpono/KUTEILHOCTD ITEPEXOAHOTO IIPoLIecca
B ATOM cJlyyae coctaBisieT 25 Mc. Bpems Boc-
CTaHOBJICHUS JUBJIEKTPUYECKON MPOYHO-
cti — 660 MKC. YaaneHHast SHePrus BOAOpoaa
B Kamepe 135 JIx [7].

[1ponoIKUTENTLHOCTD [TEPEXOIHOIO IIPO-
ecca B Kamepe ¢ 50% Bomopona u 50% ku-
ciopona (puc. 4) — 18 mc. JlaBiieHue B Kame-
pe B MOMeHT oTkiitoueHust 760 kPa, a morom
oHo cHIXaeTcst 10 140 Pa B teuenue 2,28 Mmc.
BpeMst BOCCTAaHOBIEHUS AUBIEKTPUYECKON
MpoYHOCTH 0KoJ10 40 MKC. YnajneHHast sHep-
rus Bogopoaa B Kamepe 205 JIx [7].

IlepexomHblil MPOLIECC B OKCUTUAPOTEH-
HOIt cMecu ¢ 00beMHBIM COOTHOIIEHUEM
BoJoOpoaa u Kucioponaa 2:1 u ¢ IpogoKu-
TeJIbHOCTBIO 15 MC 1eMOHCTPUPYET puc. 5.

Hasnenue B Kamepe 960 kPa. Bpemst Boc-
CTAHOBJICHUS JUBJIEKTPUYECKON MPOYHO-
ctu — MeHee 40 MKC, BCJIEACTBUE MEHbIIEH
MPOYHOCTHU IMOJISIPU3ALIMN.

SAKJIIOMEHUE
3aaueit, Ha pellieHre KOTOpoii ObUTN Ha-
TIpaBJIEHBI HAIIW YCUJIVSI, CTAJO MUCCIeN0Ba-
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HUE pa3HbIX Ta30BbIX CPE/ MyroraiieHus mo-
CTOSIHHOI'O TOKa, IJe caM IIPOolecC yaaeTcs
00ecreuyuTh ¢ OONBLIMM OBICTPOACHCTBUEM
1 0e3 HeraTUBHOTO BO3ACICTBUS Ha OKpYXKa-
oiyio cpemy. st aToro cueiaH abopatop-
HBII CTEHJI TPEXIIOJIOCHOTO BBIKJIIOUATEJIS,
OJlHa M3 KamMep KOTOpPOIro M3MeHeHa Tak,
YTOOBI €€ MOXKHO ObLIO 3aIlOJIHSATh pa3HbIM
razoMm. Ha cTeHne ucciienoBaHbl IepexXoIHbIe
MPOLIECCHI AYTOTallIeHUsI B OKCUTHIPOTeHHOM
CMECH C pa3HbIM 0ObEMHBIM COOTHOILIEHUEM
BOJOPO/Ia U KMCJIOPOJA.

ITonyyeHHbIe TaHHBIE CPABHEHBI C pe-
3yJbTaTaMM aHAJOTUYHBIX MCIBITAHUM Ta-
LIeHUs Iy B BaKyyMHOI Kamepe. Okaza-
JIOCh, UTO B Cpe/ie OKCUTMIPOreHa BpeMsi
raiieHusl IyTM MEHbIIe, Y4eM B BaKyyMe.
Bmecte ¢ TeM, ogHako, 3aMKCUPOBAHHBIE
ImokKasaTejM IepeHamnpsKeHus OoJiblile,
a BpeMsI BOCCTAaHOBJICHUSI TUJIEKTPUIECKOM

MMPOYHOCTU OKCHUTUAPOTEHHON CMeCH B ue-
ThIpE pasa JJIMHHEE, YeM BaKyyma, udTo Tpe-
OyeT HOMOTHUTEIBHOM TPOBEPKU U MPOIOJI-
KEHUS 9KCTIEPUMEHTOB.
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ENVIRONMENT

ABSTRACT

This article presents the results of research of arc-
stilling processes in oxyhydrogen environment under
laboratory conditions. The transient states in admixture
with a different volume ratio of hydrogen and oxygen were
studied; obtained data were compared with the results of
similar tests in a vacuum chamber. To perform research,
program laboratory bench was used, which was designed
and created by a team of teachers and students of Todor
Kableshkov University of Transport.

ENGLISH SUMMARY

Background.

One of the main problems in the field of energy
and electric vehicles is the development of rectifiers
with high speed. Among the parameters that affect
the performance exists arc suppression environment,
where there are poles of the rectifier. In modern
devices, separate hermetic arc-interruption chamber
is used, and in recent years mainly two types of
rectifiers are being developed- electrogas and
vacuum [1,3,5].

In electrogas rectifiers [5,6] arc control devices
operate in the environment of «electrotechnical
gas», sulfur hexafluoride. Their disadvantage is the
decomposition products of sulfur hexafluoride —
inert gases which do not appear in the atmosphere.
Although they are not themselves toxic, they are
easily hydrolysed by reacting with moisture to form
hydrofluoric acid and sulfur dioxide. Therefore, to
absorb them, the gas-insulated circuit breakers
are equipped with filters capable to neutralize both
gaseous decomposition products, and moisture.

Vacuum circuit breakers use another kind of
environment in the arc- interruption chamber —
vacuum [2,4,5]. Their advantages are: full explosion
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and fire safety, the ability to implement any turn-off
mode, high switching resource, and high mechanical
and electrodynamic resistance in commutation in
normal and emergency modes, no negative impact
on the environment. The disadvantages are: high
prime cost, loss of turn-off function due to an
accident in the vacuum arc-interruption chamber,
a strong dependence on the quality of the contact
communication, inapplicability at high voltages, and
the occurrence of overvoltage [5].

Objective.

The aim of the author is to show results obtained
in the research with the use of laboratory bench.

Methods.

The question arose whether it is possible to
create DC and AC circuit breaker with high speed of
arc suppression in comparison to existing technical
solutions and without any negative impact on
the environment. The team of Todor Kableshkov
University of Transport created a laboratory bench
for the study of transient state by arcing DC and AC
voltage. Arc suppression in oxyhydrogen mixture was
studied and interesting results were obtained, which
are introduced in this article.

Results.

Description of a modified circuit breaker

The basis of the laboratory bench was a three-
pole vacuum circuit breaker (10 kV/300A). By
replacing one of the arc-interruption chambers with
an airproof one, made of electric insulating material
(Pic. 1), which withstands the absolute pressure of 20
Pa to 1000 kPa, modified phase of a circuit breaker
was obtained (Pic. 2).

Each chamber is furnished with two pole contacts
of a material with high electrical conductivity. One of
them is stationary, fixed to the body of a corresponding
chamber and is electrically connected to the upper



