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TOMCKOI'O OPIlEHA TPYJOBOTO KPACHOTO 3HAMEHU MOJMUTEXHHUYECKOT Q¢
WHCTUTYTA umeHn C M KHMPOBA

Tom 141 1966 -

K BONMPOCY Ob U3BMEPEHWU MOMEHTA TPEHUS MPHBOPHBIX
IAPUKONNOAWIUNTHHKOB

3. @, KOJIOTHH, M. I. JIEIMLEHKO

(IlpeacraBiena HayuHEIM CEMHHZPOM (aKy/JbTeTa aBTOMATHKH H BHIUHCHHTEJNLHOH TeXHHKH)

B nacrosmeii paboTe npHBOAATCSA COOOpaXKeHHd 1O JajbHelliell pas-
paboTKe 1M NPUMEHEHHIO JIEKTPHYECKHX METO/J0B M3MEepeHUs1 MOMEHTOB Tpe-
HHSl WAPHKONOAUINIEHKOB, KOTOpHe, N0 HAaLleMy MHEHHIO, ABASAIOTCH Haubo-
Jiee MEpCNEeKTHBHBIMH JAMAS lLiejJeHd CO3AaHHS KOMIJIEKCHBIX YCTaHOBOK MO
HCC/IE0BAHHIO JMHAMHMYECKHX H CTATHYECKHX MOMEHTOB TPEHHS W aBTOMa-
TOB N0 pPa30pakoBKe MNOAIIHIHHUKOB Ha TrOAHble U OpPakOBAaHHLIE NMO BCeir
nporpamMme, NnpeayCMOTPEHHOH TEeXHHUYECKHMH YCJAOBHSIMH.

Ha npeanpusTusX NoAIIUNHHKOBOH NPOMBHILIJIEHHOCTH B YCJIOBHSX Mac-
COBOro INPOHU3BOACTBA KOHTPOJb KauecTBAa MOJUIHIHHKOB MO0 HX OCHOBHOII
XApPAKTepPUCTHKE — MOMEHTY TpeHHsl — BejeTcsl BHIGOPOUHO, UTO CBfA3aHO,
B [EPBYI0 OYepelb, C OTCYTCTBHEM JOCTATOYHO HPOU3BOAUTENbHBIX npubo-
poB. 3a nocjaefHHe roAbl Ha OT/eJbHbIX NpeAnpHsITHAX pa3paboTaH M BHe-
peH paa npubopoB A5 H3MEpeHHst AUHAMHUYECKOr0 MOMEHTa TpPeHUs W Mo-
MeHTa TpPOraHHA (CTaTHYECKOr0 MOMEHTa TpeHHs), HO 3TH INpubOpHl H
ycTpoficTBa, B OCHOBHOM, MEXaHHYECKOrO THNA, NPOU3BOAAT 3aMephi TOJABKO:-
OJHOTO IlapaMeTpa, a5 H3MepeHHs APYrHX NapaMeTpoB HJH IOBTOPEHHA
u3MepeHui Tpedyercs COOTBETCTBYWOIAS PYy4Hasi NOATOTOBKA almapaTyphl.
PaspaboTaHHble Ha NOAIIMNHNKOBEIX 3aBoaax 2I'TI3 u 4TTI3 nonyasTomath-
yeckue NpuGOPH! ¢ HUCIOJb30BaHHEM (OTOINTEKTPUUECKUX HNpeobpasoBaTenelt
AJISl KOHTPOJS JMHAMHYEeCKOIO MOMEHTa TPeHHs MeToJoM Bblifera U COKpa-
lieHHOro Bbifera sIBASIOTCH HAyajJOM aBTOMATH3allMH KOHTPOJA MONIMHIHH-
KOB TOJIBKO 10 JMHAMHYECKOMY MOMEHTY TPeHHS ¢ IPOH3BOAHTEIbHOCTBIG
ckoJio 250 MOAIUKMIHUKOB B yac.

Heo6x0a1uMOCTh CTONPOLEHTHOTO KOHTPOJIA MNOALIMIHHKOB B YCJIOBUSIX
NPOH3BOICTBA AUKTYETCH He TOJNBKO TeM, UTO 3TO IO3BOJIHT 3HAUMTEJNDbHO IIO-
BBICHTb TEXHOJOTHYEeCKHII yPOBeHb NPOH3BOJACTBA, OCOOEHHO NPHOOPHBIX
AOJINHIIHUKOB, AJsl KOTOPHIX JONYCTHMBIe MOMEHTbHl TPEHHS COCTaBJAIOT JHe-
cstble M COThie JOJH FPaMMCaHTHUMETPOB, HO H NMOTOMY, UYTO COBPEMEHHOE
TOUHOE - MPUOGOPOCTPOEHUE HYXKAeTCs B BecbMa J0OPOTHBIX NOJAUIMOHHKAX.

AHaaus npuMeHsieMBIX MeToq0B u npubopos [l], HecMOTpss Ha Kaxy-
ILYIOCH HX TPOCTOTY, NMOKAa3bIBaeT, YTO C TOUKH 3peHHd IOBLILIEHHS MPOU3-
BOJAHTEABHOCTH TNOJHBIX HCObITAHHE (M0 MOMEHTAM TPEHHS W TPOTaHH:)
NOAIMHIHHKOB, "TOUHOCTH U3MeDeHHH M 3IKCIJyaTallMOHHHIX XapaKTepPHCTHK
TIOYTH BCE 3TH METOMAbl MaJo nmepcnekTuBHbl. Kak Ham npejacrabJsercsi, NPH -
COBpPeMEeHHOM COCTOSIHHM sneKTponsmepmeanoﬁ TeXHUKH J1aJleKO He ucuep-
NlaHbl BCe BO3MOXKHOCTH KOHTpOJIH TAK0i MaccoBOl MPOAYKLMH B HapOJHOM
X03s1CTBe.
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Juast cospaHus aBTOMaTHYeCKHX NPHOOPOB /s MOJHOTO HCHbITAHUS
fI0/{IUUTTHHKOB HEO0OXOZUMO COBMECTHTh B OAHOH YCTAaHOBKE KOHTPOJb JUHA-
MHUYECKOTr0 MOMEHTaA TPEeHHs NpPH 3aJaHHBIX CKOpPOCTAX ¥ MOMEHTa Tpora-
HHS Ha JIECATH a3uMyTax, KaK 3TO MPELYyCMOTPEHO TEXHHUECKHMHU YCJIOBHS-
MU Ha npubopHble MIAPHKOMOAIIHITHUKH, ¢ Bbljadell uHQoOpMalUHn pe3yJ/bra-
TOB HCOBITaHHA, YAOOHOH AAs1 KOHTpOJepa npH paboTe Ha MoayaBToMaTax
M /15 HOJHOCTBbIO aBTOMATHYeCKOH pa30pakOBKM Ha aBTOMATax.

Ha ocnose umeromuxcss npudopos nHesmartuueckoro tuna, JMII-2 ma-
sitHukoBoro Tuna, MJIII-I ¢ Bonsineim manomerpoM, MKT-I, ocHoBannoM Ha
Metone pasrona, C-24 —Ha MeTOo/e BbIOera, U MoOJAyaBTOMAaTHUCCKUX NPHOO-
pax 2I'TI3 u 4T'TI3 ocyuiecTBUTh NOCTABJACHHYIO 3344y He INpeACTaB/siercs
BO3MOXKHLIM €e3 oueHb OoJibllMX 3atpart. Kpome Toro, jis HCCJACZOBAHNSA
AHHAMHYECKHX MOMEHTOB TPeHHsl OT MOMEHTA TPOTAHHS A0 MAaKCHMaJbHbIX
CKOpOCTEH, COCTABJAAIOIUKUX ACCATKH ThicAY 06OPOTOB B MHHYTY, IpaKTHUe-
CKH HeT BOOOILe HCHBITATENbHBIX CTEHAOB, 3a MCKJIKOUCHHEM OJHOH YCTAHOB-
KH, paspaboraunoii B wHcruryte Mamunuoneienuss AH CCCP, npeanasuna-
YeHHOl jI/1si UCIBITAHUSA Mapsl NPUOOPHHIX MOAIIMNHHKOB. KeraTtn 3aMeTHTh,
3Ta YCTAHOBKA CJOXKHA W Hea(pheKTHa, Tak Kak TpeOyeT pAna H3MepeHHi
YIVIOBBIX CKOPOCTeH MaXOBHKa C OCLU/JAOTpadHpOBAHHEM, IOCTPOEHUS Ipa-
$GHKOB H3MEHeHHs YIVIOBHIX CKOPOCTEH OT BpeMeHH, NMOCAeaylUiero rpadu-
yecKoro AugpepeHUMpoOBaHusl, B pe3y/bTaTe KOTOPOrO onpeaeasercd AHHA-
MHYECKHH MOMECHT TPEeHHS AJs KaXKJoro NMpoMexyTKa BpeMeHnu [2].

HauGonee mepcrmeKTHBHBIMU A5 aBTOMATH3aLHMH KOHTDOJSI KayecTBa
NpUOOPHBIX MOJIIHIHAKOB H HCCJAeJOBAHHA HX MOMEHTOB TPEHHS B 3aBHCH-
MOCTH OT CKOpPOCTH BpalleHHs ABJIAITCA IpHOOPH KOMIIEHCALMOHHOrO THIIA,
OCHOBAHHbIE Ha 3JIEKTPUYECKHX METOLAaX H3MEepeHHs ¢ HCNOJb30BaHHEM
PpasJMYHLIX THIOB mpeo0pa3oBareseil U, oco6eHHO, mpeobpasoBateneil 00-
palleHHOro THIa.

Hcnonb3yst u3BeCcTHBIE NPEUMYLUECTBA 3JEKTPHUECKHX METOJ0B H3Me-
PEeHHST HedTeKTPHUECKUX BEJIMUHH U, B YUaCTHOCTH, METOAA U3MEPEHUT MOMEH-
TOB TPEHUsl TMOAIIHIHUKOB ¢ MpUMeHeHHeM oOpaileHHBIX npeoGpasoBaTenei
{3, 4], na xabeape IEKTPOU3IMEPUTENBHOH TEXHUKH MOJy4YeHbl HEOOXOJHMBble
MOJIOXKUTENbHbIE PE3Y/IbTATH, MO3BOJSANILNE YTBEPKAATb BecbMa OGOJbIIYIO
[epCleKTHBHOCTh HX /I KOMIIJIEKCHOH aBTOMATH3aLMH KOHTDPOJSA MOJIIHII-
HUKOB 10 MOMEHTaM TpPEHHs.

Huxe ussioxen B 001eM BHAE TOJAbKO KOMIEHCAUUOHHBII METOJ H3Me-
PEeHHST AUHAMHYECKOO MOMEHTa TPeHus C NPHUMEHEHHEM 3JIeKTPOMAarHuTHO-
ro mpeoGpasoBareis, Apyrue MeTOAbl (HHAYKIHOHHBIA ST U3MEpeHHsl MO-
MEHTa TpPEHHUS H TPOraHHd, JIEKTPOMArHMTHBIK [JIsl H3MepeHuss MOMEHTa
TPOTranusi ¥ BPEMEHHEI METOJ AJs1 H3MepeHHs MOMeHTa TPEHHsI) ONHCAHBI
B NOCAeYIOLKX CTAaThAX 3TOro e cOOPHMKA.

Ilns uenefl uU3MepeHHss JMHAMHMYECKOrO MOMEHTAa TPeHHsi MPHOOPHBIX
MAPHUKOMOAIIHIIHUKOB ~KOMMEHCALlMOHHEIM ~ MeTOJ0M TpH  BEPTHKAJbHOM
NOJNOKeHNH OCH TpeNaaraeTcss NPUMEHHTb 3/J1€KTPOMAarHUTHLIN 06palleHHbl
npeo6paszopatenb. [IpuHUUN paGoThl YCTPOMACTBA € 3JEKTPOMArHUTHHIM 06-
paulennbiM IpeoGpascBaresieM 3aKiaodaeTcs B caeaytomeM. [Ipy Bpallennn
paga 2 (puc. 1) ¢ 3apaHee U3BCCTHOH NOCTOSIHHOW CKOPOCTBIO ® Hapy:KHOE
KOJIbIIO HCMBLITYEMOro HOJIUMMHHKA | BMecTe ¢ MaxoBUKOM 3, CO3AKMIUM
OCeBYIO HATPY3KY, YBJeKaeTcss B HalNpaBJICHUM BpalleHHs BaJja 3a CYET MO-
MeHTa TpeHUus MOMIUUNHHKA. MOMEHT TpeHusi KOMIIEHCHPYeTCS MOMEHTOM,
Pa3BHBaeMbIM 3JeKTpoMaruutom 3 (pHe. 2), TIPUMOKEHHBIM K TOJBHMKHOH
yacTu yepes cepjledHUK 5. BennuuHa ToKa uepe3 3/1€KTPOMACHHT aBTOMATH-
YyeCKHM YCTAHAB/AHBAETCH YCTPOHCTBOM, COCTOSILIMM H3 MOCTOBOH uenu c ¢o-
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TOCONPOTHBAEHHAMH, OCBETHTENbHOrO YCTPOHCTBA (Ha DHUCYHKe He MoKasa-
HO), nepekpbiBaiiero ¢uaxka 4 u ycuaureas. I1pu ypasHoBelleHHOM co-
CTOSIHHE MOCTa HaNpsKeHHe Ha BXOJE YCHJNTENS PABHO HYJIO U 10 3JIeKT-
poMareuty O TOK He mporekaer. Ecin Ha BBIXOJe MOCTa BO3HHKaeT Haups-
JKeHHe, TO IPOTeKaeT TOK uepes 37eK-
TPOMAFHHT, KOTODBII CTpPeMHTCA Ho-
BEepHYTh NOABHXKHYIO 4acTh TdK, 4TO-
6bl BEPHYTb MOCT B IOJIOXKEHHE PaB-
sopecus. [lpu BpaweHnn Bana 2 non-
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Puc. 1. CxemMa  MOJBHMKHOH Puc. 2. K npuHuuny paGoret npHGopa
qacTH. ¢ 3JIEeKTPOMArHMTHbBIM  OOpalUEHHBIM
npeoGpasoBare/em,

BHXKHAf 4acTb YCTPOWUCTBA YCTAHABJAMBAETCS B HOBOe TOJNOXKEHHE DPABHO- -
Becus, Koria M., =M, ; Ha BEIXOJe MOCTA B 3TOM C/yyae €CThb HANpsAXKe-
HHe pasfaJaHca.
CrpykTypHas icxema yCTPOHCTBA ¢ 3JeKTPOMATHHTHBIM OB6paLIeHHBIM
[a]

npeobpasoBaTe/ieM NIpHBEAeHA HAa pHC. 3.
Ha noaBuxHymw uyactb

npuGopa IeHCTBYIOT ABa IIPO- 7 —
TSBOH(I))JIO)KHbIX ?\]/IOMeHTaZ II:IO- ot {wilol T |""zm)]uax Wy (D)
MEeHT TpeHHsa M,, ¥ MOMEHT

sxexTpomaruura My . Tlox 3 [T8ox -
JeHCTBHEM pAa3HOCTH MOMeH-  MBx | Mg - A
toB AM fomBuKHAS uacTh e

npubopa mNoOBOPAUMBAETCS HA Puc. 3. CrpykTypHo-hyHKIHOHATEHA

‘ o i .3 - s cxe-
HEKOTOPBIH  yTOJT o OTHOCH Ma NpHGOPA C 3JeKTPOMATHHTHBIM 00pa-
TCAbHO HAYaJdbHOI0 TOJOZKe- HIEHHLIM TipeoGpasoBaresiem,

HUs, DTO BBI3BIBAET, BO-Tep-

BbIX, U3MEHeHHe BeJHYHHBI 3aszopa (§) MexAy CepIAeUHHKOM 3JeKTpO-
MarHuTa W [OJBHKHBIM CepAeUHHMKOM O (puc. 2) H, BO-BTOPEIX, H3-
MeHenue Toka g, uepe3d sjgextpoMarsut. OGe 5TH Beauuutbl (6 M 1)
()VHKIMOHAJNBHO CBA3aHBl C BLHIXOAHOH BeJHUHHOH 3jeKTpoMarnuta M.
I3 paBHOBecHOM COCTOSIHMM NOABHXKHOB wacru M, =Mz u AM=0, no
w70, Mamepss B 3TOM Cayuae TOK uepes3 3/JeKTPOMAarHUT, MOMKHO CVIHT
O MOMeHTe TPeHMs IIAPHKONOAWIMIHKKA. Takum obpasom, amnepmerp A
M(KeT ObITh OTTPAaAYUPOBAH HEMOCPEACTBEHHO B eAMHHIAX H3MEPEHHS MO-
MEHTAd.

W3 cTpykrypHOil cxeMbl MpuGopa HArIAAHO BHIHO, YTO JAHHOE YCTPOii-
CTBO MpPEJACTaBJafAeT COO0H 3aMKHYTYIO CHCTEMY aBTOMATHYECKOrO PEryJsupo-
BaHHs, MO3TOMY JUJIsl pellleHHs BONPOCOB YCTOHYMBOCTH, OBICTPOJEHCTBHA,
HaXO0XKICHHS NePeX0oHOH XapaKTePUCTUKY H epe1aToYHOl PyHKUUHM YCTPOi-
CTBa MOXKHO BOCHOJb30BATLCS MAaTeMaTHYeCKHM anmnaparoM, raiyb6oko pasz-
paGoTanHBIM B TEOPHH ABTOMATHYECKOrO pery.1upoOBaHHs.
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Hanuune B npubope pomnosanutensHofi obpatHoit cBs3u (a—>8—>Mg )
"fIDHBOAUT K CHHJKEHHIO CTATHYECKOHl TOYHOCTH H3MEPEHHS IO CPaBHEHHUIO ¢
OJHOKOHTYPHBLIMH CHCTEMaMH, TaK KaK B 3TOM cJydae MOrpeliHoCTh KO3 hH-
L1eHToB mnpeo6pasoBauus uenu o—>U;, —I 4, BOHLeT B OOLIYI0 HOrpell-
HOCTb nmpubopa.

OCHOBHBIMH JOCTOHHCTBAMH YCTPOHCTBA € 3MIEKTPOMATHUTHHIM 00pa-
IeHHBIM npeobpasoBareeM JJs H3MEpPeHHs] JHHAMHUECKOrO MOMEHTa Tpe-
HHUS LIAPUKOMOJIIMIIHHKOB II0 CPAaBHEHHIO C ONNCAaHHBIM B JIHTEpaType
{3, 4, 5] npubopoM ¢ MarHUTO3/JIEKTPHUYECKHM oOpalleHHLIM npeobpa3oBare-
7eM SIBJIAIOTCH:

a) BO3MOXKHOCTb M3MepPEeHHs 3HAYUTEJBbHO OOJBIIHX MOMEHTOB TPEHHUS:

0) oTCyTCTBHE TOKONOABOAOB K MOABHXKHOHI 4YacTH M, KaK CJEACTBHE
' 3TOr0, BO3MOXKHOCTb GoJsee ObICTPOH CMeHbl HCILITYEMBIX MOJUIMOHUKOB, YTO
NMPUBOAUT K BO3PACTaHHIO NMPOU3BOAUTENBHOCTH mpubopa.

Jlisi moayyeHus BO3MOIKHOCTH H3MepeHus JHHAMHUECKOro MOMeHTa
TpeHHs NpPH H3MEHEHHH HampaBJeHUs] BpallleHUS Baja MOKHO NPUMEHHTh
-elle OJAMH 3JeKTPOMArHUTHLI mNpeoOpas3oBaTesab, KOTOpHIH co3jaBaj Obl
MOMEHT, NPUJAOKEHHBIl K IOABHKHOH YacTH U HaIpaBJEHHBIH B MPOTHBOIO-
JIOXKHYIO CTOPOHY NO OTHOLIEHHIO K MOMEHTY Tpenus. B 3stom cayuae npu
HYJI€BOM Hallps’KeHUHU Ha BLIXOJE YCUJAHUTE]A TOKH uepe3 o6a 3JeKTpOMarHu-
Ta JOJKHbI ObITh PaBHBI HYJIO (Wi ObITh OAMHAKOBBIMHK). [lossipHOCTb Ha-
NpSI)KEHUs] HA BXOAE YCU/JIHTEJSI AOJKHA TaK YIPaBJAATH H3MCHEHHEM TOKOB
yepe3 3JEKTPOMATHHUTH, YTOOH NMOBOPOT NOABHXKHOH 4acTH NOA XeflcTBHEM
CHJIBl TATH 3/J€KTPOMAFHUTOB NPHBOAUJ K YMEHBIIEHHUIO HANpPsXKeHUus1 pasba-
JaHca MocTa ¢ (DOTOCONPOTHBJIEHHSMH.

Maxker ycrpoiicTBa ¢ ABYMst 3J1eKTPOMarHHTHHIMH npeoGpa3oBaTe/iAMH
"OBIJI H3TOTOBJIEH ¥ HCHBITAH Ha Kadejape 3JCKTPOM3MEPUTE/IbHOH TeXHUKH
ToMcKoro moJHUTEXHHYECKOro MHCTHTYTA, paboTa Makera Oblia YLOBJIETBO-
PHUTENBHON NPH rJAYOOKOM AeMI(PHPOBAHUN MOABUXKHOMA YaCTH.

TakuMm 006pa3oM, Ha npuMepPe NPHMEHEHHA 3JEKTPOMArHUTHOro obpa-
H{EHHOTO mpeobpasoBaTe]s A U3IMEpPEHHs NHHAMHYECKOrO MOMEHTa Tpe-
HUA IIAPUKOMOAIIUITHUKOB HArISIHO BHIHO, YTO BO3MOXKHOCTH IpHMEHEHHUd
3JeKTPHYECKHX METOJ0B M3MepeHHs TapaMeTpPoB MNPHOOPHBIX MapPHKOMOI-
IIHNHUKOB JaJeKO He HcuepmaHbl W BO3MOXKHO CO3JaHue HOBHIX, 0ojiee TOY-
HBHIX W GoJjiee TPOU3BOAUTENBHBEIX 2J€KTPHUECKHX NPUOOPOB, H3MEPAOLIHX
MOMEHT TpPeHHus 1IapHKOMNOAIHITHHKOB.
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