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MOJAEJIHUPOBAHUE TUHAMHNYECKUX XAPAKTEPUCTHUK
SJIEKTPOMAT'HUTHBIX MEXAHU3MOB ITIOCTOAHHOT' O TOKA

C MATHUTHOM 3AIIEJKOM

Y cmami pozenanymo numannua mamemamuunozo MoOeN0BAHHA OUHAMINHUX NPOUECI8, W0 GIOOYBAIOMBCA Y e1eKMPOMAZHIM-
HOMY MexaHi3mMi 3 MACHIMHOI KIAMKOIO ma ¢hopcuposanoto komyuwikorw. Hasedeno ounamiuni xapaxkmepucmuku cnpaubosy-
GAHHS eNIeKMPOMAZHIMH020 mexanizmy. /lani akicni ma KinbKiCHI OYIHKU OMPUMAHUX pe3yabmamis.

B cmamve paccmampusaemen 60npoc mamemamuuecko2o MoOeIUPOSAnUs OUHAMUYECKUX NPOUECCO8, NPOUCXOOAUUX 6 ITNEeKMPO-
MACHUMHOM MeXAHU3Me ¢ MAZHUMHOU 3aWénKoll u gopcuposannoii kamywkou. Ilpusedensvt ounamuyueckue XapaKmepucmuKu
cpabamuleanus INMEKMPoOMazZHUmMHo20 mexanuzma. /lanst Koauuecmeennvle U KauecmeeHHble OYeHKU NOTYHEHHBIX Pe3YbIMamos.

BBEJJEHUE

[osiBneHne B mocinenHUE rojbl BEICOKOKOIPLUTHB-
HBIX TIOCTOSIHHBIX MarHUTOB IIPHUBEJIO K CYIIECTBEHHOMY
HN3MEHEHHIO B KOHCTPYKIIHSX 3JIEKTPOMArHUTHBIX HMPHUBO-
JoB. Bece OomnbIee KoaM4ecTBO 3apyOeKHBIX MTPOU3BOIU-
Tenelt (Hampumep, ABB) B kauecTBe IpHUBOAa UCIIONIB3Y-
10T 2JIEKTPOMAarHUTHBIE MEXaHU3Mbl C MATHUTHOM 3aIén-
KOH. AHaNOrM4HbIE TEHICHIIUU UMEIOT MECTO U B YKpau-
He [1-3]. OCHOBHBIMH 3J€MEHTAMH KOHCTPYKLHMH TaKHX
NIPUBOIOB SIBIISIIOTCS: KaTyIIKa, paboTaromias KpaTKoBpe-
MEHHO B (DOpPCHPOBAaHHOM pPEXHMME; MarHUTHAs CHCTEMa,
3aKperyieHHass Ha HEMarHUTHOM OCHOBaHHH;, BBICOKOKO-
SPLUUTHBHBIEC TOCTOSTHHBIE MarHUTEHI.

[IpenmyiiecTBO TakuX 3JIEKTPOMArHUTHBIX CHCTEM
3aKIII0YAeTCsl B CIEAYIOIIEM: KaTyIIKa 3JIEKTPOMarHuTa
HAaXOJIUTCS MOJ HANpsKEHUEM IOJIU CEKyHHbI, HarpeB eé
HE3HAYMTEIICH, IT03TOMY TabapuThl HEBEIUKH; IIPU TIPH-
TSHYTOM SIKOpE CHUCTEMa HE MOTpeOseT 3HEprud OT
NEKTPUYECKON IIeTH; 3a cueT (POPCHUPOBKU KaTYIIKH,
OBICTpOJCHICTBHE TAaKOTO MPHUBOJA JOCTATOYHO BEJHKO;
o01ue radapuThl MEKTPOMArHUTa OMPENEIISIOTCS TOIBKO
MHAYKIMEH HACHIEHH, a HE pa3MepaMy KaTyIIKH.

CraTtudeckuil pacdeT TakoW CHUCTEMBI HE BBI3BIBAET
0COOBIX CIIOKHOCTEH M MOJKET OBITh MPOBEICH pa3iInd-
HBIMH IIPOrPaMMHBIMH KOMIUIekcamu, HanpuMmep FEMM.
Ho nanOonpunii MHTEpEC MpeCTaBIIsAeT pacyeT TUHAMHE-
KA TaKUX CHCTEM JUIS OIpeIeleHUst OBICTPOAEHCTBUS
3NEKTPOMArHUTHOTO TpuBoAa. llombITka perieHus TaH-
HOW 3a7a4yl MPUONMKECHHBIMA METOJaMHU J1aeT HEeTOYHBIH
pe3ysbTaT U HE MOXKET CUUTAThCs YCIEIIHOU. B pesyinb-
TaTe 0030pa JMTEpaTypsl MO IAHHOMY BOIPOCY OBLIO
YCTaHOBIICHO IIOJHOE OTCYTCTBHE [IaHHBIX IO Ooiee-
MeHee TOYHOMY pPacdeTy AMHAMUYECKUX XapaKTepUCTUK
TaKHUX CUCTEM.

ITosToMy, pemieHne NaHHOW 3ala4d aKTyaldbHO, TaK
Kak IO3BOJIIET ONPEETINTh JTHHAMIYECKHUE XapaKTepUCTH-
KM NMPUBOAHOIO 3JIEKTPOMAarHuTa ¢ MarHUTHOM 3allENKOM,
BIIMAIOIINE HA HAJIEKHOCTH PaOOTHI almapara B IeJIOM.

[NOCTAHOBKA 3AJAUN

IlocTaHoBKa 3ajauu 3aKJIIOYAETCS B IPOBEICHUM
pacdera AMHAMUKH BKIIOUEHUS JEKTPOMArHUTHOTO Me-
XaHM3Ma C MArHUTHOM 3ami€lKoM, KaTyllka KOTOpPOTO
BKJIIOUAETCSl Ha UMITYJILCHOE HAIPSDKEHUE C YUYETOM IPOo-
BOAMMOCTH U HEJIMHEHHBIX CBOMCTB MaTepHalia MarHuTO-
mpoBoja. PaccunThiBaeMblil 3JIEKTpOMAarHUT IUIAHUPOBA-
JIOCh MCIIOJIb30BaTh B KayeCTBE MPHUBOAA MPOEKTUPYEMO-
TO 3JEKTPOTEXHUIECKOTO0 00bekTa. Llenp maHHO#M cTaThu
— TOJYYUTh JUHAMHYECKHE XapaKTEPUCTHUKH CIHPOEKTH-
POBaHHOTO AJIEKTPOMArHuTa. Pernraemple s JOCTHXKEHUS
[IOCTABJICHHOM LIEJIM 3aa4u: MPOBECTH PacueT 3JEKTPO-
MAarHuTHOTO MOJIA B HETMHEWHON M HEOJHOPOJHOU cpere
C y4eTOM MPOBOJAMMOCTH MaTepuana MarHUTONPOBOJA;
MIPOBECTU PACYET DJIEKTPUUECKOM LENH C YYETOM H3Me-

HAKOMICTOCsI MAarHuTHOI'O IMOJIA; MMPOBECTU PACUHCT ABUIKC-
HUS AKOPA DJICKTPOMATrHUTA.

MATEMATHYECKAS ®OPMVJIMPOBKA 3AJAUN

Bun snexkrpomaranTa mokasaH Ha puc. 1. Obmactu
D1 - D3 — ¢eppomarneruk; D4 — katymka; D5 — mocro-
SIHHBIN MarHut; D6 — okpyskaroiee npocTpancTBo. Takoe
MIOJIOXKCHWE MarHuTa BBIOpPAaHO B CBS3U ¢ Oojbleii Ha-
ITIAHOCTBIO TOJYYaeMBIX pe3yibTaToB (HAINpaBlICHHUE
JIBIDKCHUS. 1 3HAYCHMS DJICKTPOMATHUTHOW CHJIBI UMEIOT
MOJIOKUTEIbHOE 3HaueHue). JlaHHas 3ajaya peraeTcs Ha
nedopMupyeMoil ceTke, mpuYeM, BENWYMHA U CKOPOCTH
nedopmManuy CeTKM BOKPYT SKOpSI ONpenessieTcst mapa-
METpaMH JBHXKCHUS SKOPSI.

ps D2

D1
D4

Db

I E—

Puc. 1. PacueTHast Mozienb 37€KTpOMarHuTa

YpaBHEeHUs! SJICKTPOMArHUTHOTO MOJIS ISl 3a/1a4uHl C
0CeBOil cuMMeTpHeil 6e3 ydeTa TOKOB CMELICHHsI MOKHO
3aIMCaTh Yepe3 BEKTOPHBI MArHUTHBIA MOTECHIMAN IS
Ka)KI0# 13 paccMaTpUBaeMBbIX obnacTeii:

4y -1
0'~8—+V><(,u ~V><A¢,)=O,ecn1/1De D1,D2,D3;
t

ﬂ—l.VX(VXA¢)=J¢,,eCJ1HDe D4; )
V><(,U—1 -(Vx4,~-B,))=0,ectuDe D5;

#™ - Vx(VxA4,)=0,ecnn De D6.

B (1) mpeamonaraeTcs, 4To 3MeKTpUYECcKas MPOBO-
JUMOCTh G TIOCTOSIHHOTO MarHmTa, KaTYIIKH (TOK pac-
IpeeseH PaBHOMEPHO IO CEYCHHIO) M OKPYKAIOIIero
IIPOCTPAHCTBA NPAKTUYECKU PaBHbI Hyn0. CBOMCTBA IO-
CTOSIHHOI'O MarHuTa 3aal0TCcsl OCTaTOYHOH MHAYKLIHEH B,
U OTHOCHUTEJIbHOW MarHUTHON MPOHHULIAEMOCTBIO, OTIpeie-
JseMoi Ha ocHoBaHWM B, m H.. B (1) mIoTHOCTh TOKa
KaTyIIKH J, ONPEAEISAETCS HA OCHOBAHUH yPABHEHUS IS
aneKkTpudyeckor nenu. Tak kak KaTylika HaMOTaHa pas-
HOMEPHO pacIpellelieHHBIM 10 CEYCHHIO IPOBOAOM, TO
npeHebperas HEPAaBHOMEPHOCTHIO TOKa B OTIACIBHOM
MPOBOJAIIEM BHUTKE U 3JEKTPUYECKON LemH MOXKHO
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3allMCaThb YpaBHCHUC!
04
G+ X222 gy =
Rei(0)+ w Ldv =U@), ©)

rae R, w, S, V' — akTUBHOE COIPOTHUBIIEHUE, YUCIO BUTKOB,
IUTONIAIb MONEPEYHOT0 CEYEHUSI M 00BEM KaTyIIKH COOT-
BETCTBEHHO; i(?) — TOK Karymiku;, U(?) — HampshKeHHe Ha
KaTylike, umetolee hopmy, OKa3aHHYIO Ha puc 2.
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200 B
t
ty= 40 mc
Puc. 2. Bug HanpspkeHus, MPHIIOKEHHOTO K KaTyIIKe
JJNIEKTPOMAarHuTa

[omyuyennas cucrema ypaBHeHH# (1, 2) momxHa
OBITB IOTIOJTHEHA YPaBHEHHEM JIBIDKCHHUS SIKOPSL:

m- 0 _ 00— Pz)

dt
d=(f) ' )
Y

Ypauenue (3) mpencraBisieT co0OW  ypaBHEHHE
IBIDKCHHS Tella ¢ IIOCTOSHHOM MaccoM, I'ie¢ m — macca
SIKOPSI ¥ IBIDKYIIIUXCSL C HAM Te;, V(1) — ckopocTth; O(t) —
3JIEKTpPOMarHuTHas cuia; P(z) — mpoTuBoneicTByIOMmAs
CHJIa; (1) — KOOPAMHATA TIOJIOKEHUS SIKOPSI.

DJIeKTPOMAarHUTHAs CHJIA ONPEACISACTCS BBIPAKECHH-
€M Ha OCHOBaHMHM TeH30pa MakcBeiula B IMJIMHApPHYE-
CKOH CHCTEME KOOpJUHAT:

0= [[(-05-(H, B, +H_ B.)-n, dS o, +
N

pov
4)
+ J-J.((nr “Hy +n, 'Hz)'Bz)'dSpov’
Spov
IZle n — BEKTOpa BHEIIHEH HOpMaJIl K TIOBEPXHOCTH K0P

Spov-

Cuctema (1-4) moinkHa OBITH JOINOJHEHA Hadajlb-
HBIMH YCJIOBHSMH, KOTOpBIC s ypaBHeHHH (2, 3) Oymyt
HysneBbIMU. HauansHoe ycioBue aist (1) 3amumercs Tax:

A4y (0,r,2) = f(r,2), &)
rne f(r, z) — pacrpeneneHue MarHUTHOTO MOTEHIHANa B
pacueTHbHIX 00JacTAX MPU 00SCTOUEHHOH KaTyIIKe, HOIy-
YeHHOe Ha OCHOBAaHWM PEIleHUs CTALMOHAPHOI 3a1a4u
JUIsl BEKTOPHOT'O MarHUTHOTO TIOTEHIHaNa (CUCTEMa ypaB-
HeHuit 6) IpH HATMYUH B CUCTEME MMOCTOSTHHOTO MarHHTa.

Vx(u™'Vx4,)=0,ecuDe D1,D2,D3;

pVx(VxA,)=0,ccnin De D4;

(6)
Vx(u™(VxA4,-B,))=0,eccnin De DS;

p™Vx(VxA,)=0,ecrnDe D6.
VYpaBrenus (1, 6) MOMMKHBI OBITH JOMOTHEHEI Tpa-
HUYHBIMH YCJIIOBHSIMH, 33/IAI0IIMMH 3HAYCHUE MATHUTHO-

T'o IIOTCHIMaJIa Ha BHCIITHEH rpaHune paCCManHBaeMOﬁ
00J1acTH 1 Ha OCH CUMMCTpPHUHU.

NCXOAHBIE JAHHBIE U PACYHETA

B kauecTBe OCHOBHBIX MCXOJHBIX IaHHBIX OBLIH 3a-
JIaHbl: 3HaueHHe U (GopMa HampsHKEHHS DICKTPUUECKOU
LETIH; YMCII0 BUTKOB KaTYILIKH; Ha4dalbHasl MPOTUBOACICT-
BYIOIIAs CHJIa; MAacChl ABMXKYIIMXCSI TEN; aKTHBHOE COIIPO-
THBJICHHE KaTYILIKH; MapaMeTpbl MOCTOSHHOTO MarHuTa.
Jns GpeppOMarHUTHOrO CepleYHUKA M SIKOps 3a1aBalioch
3HAYCHUE OTHOCUTENBHOIl MAarHWTHOH MPOHHIAEMOCTH B
(GYHKIMH MOZYIISI MArHUTHOHM HHAYKIMH (puc. 3). PacdyeTs
JMHAMHKH TPOBOIMIIACEH IS JICKTPHYECKOH MPOBOJHMO-
CTM MarepHana sJeKTpoMarHuta paBHoil 20 MS/m. Dro
3HaYEHHE COOTBETCTBYET IIPOBOAMMOCTH KOHCTPYKIIMOH-
HBIX cTanel, Takux kak Ct3, Crl10, C120.

2 2 U 1 2
Puc. 3. KpuBast OTHOCHTEIIFHON MarHUTHOW MPOHUIIAEMOCTH

PEIIEHUE [TOCTABJIEHHO! 3AJIAYM
Pemenne 3apaun mpoBOAMIOCH YHCIEHHBIMH METO-
JaMH (MCTO}I KOHCYHBIX 3J'I€MCHTOB) B HECCTAIlMOHAPHOM
pexxume Ha 1eOopMHPYEMON CeTKEe pelaTeieM ¢ aBToMa-
TUYECKHUM (B 3aBHCHUMOCTH OT MOJYJYaeMOTO pe3ysbTara)
BBIGOpOM BPEMCHHOTO I1Iara AJjigs BpEMEHHOT'O MHTEpBaJIa
(0-0,1) c.

PE3VYJIbTATBI PACUHETA
Pe3ynbraThl pemeHns npeACTaBICHb! B BUE rpadu-
koB. Ha puc. 4 mokasaHsl TpadyiKu BPEMEHHOW 3aBUCH-
MOCTH TOKa KaTYIIK{ IIPH BKIIOUCHUH €€ Ha UMITYJIbCHOE
HanpsKEeHHUE.

VA
“f

\
\

0 T T T T )
0 0,02 0,04 0,06 0,08 tc,

Puc. 4. BpeMBHHaﬂ 3aBHUCUMOCTD TOKA KAaTYIIKH BPEMEHHN

Pacuersl Nmoka3plBalOT, 4YTO IPEABAPUTEILHOE IOJ-
MarHM4YMBaHUE CHUCTEMbI MOCTOSHHBIM MAarHUTHBIM IOTO-
KOM yMEHBILIAET BPEMs CPadATHIBAHUS SJICKTPOMArHUTHO-
ro MexaHm3ma. JlaHHBII pe3ynbTaT MOXHO OOBSCHUTH
YMEHBIICHHEM HayalbHOM 3KBHBAJICHTHOW WHAYKTHBHO-
CTH CHCTEMBI 32 CYET MOTOKA NOAMArHUUMBAHUS CUCTEMBI.

Ha puc. 5 nokasaHo 3HaueHuE 3IEKTPOMArHUTHOH
CUIIBI, JEUCTBYIOIIEH Ha sikopb. M3 puc. 5 BUIHO, 4TO
9JIEKTPOMAarHuTHas CUja HAa4MHAETCS C HEKOTOPOIro He-
HYJIEBOTO 3HAYEHUs M CIAJaeT 10 3HA4YEHHUs, Onpesense-
MOro MapaMeTpaMu MOCTOSIHHOTO MAarHWTa, 3Hau€HHEM
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9KBHBAJICHTHOTO KOHEYHOTO 3a30pa M CECYCHHUEM MAarHH-
TOIPOBO/IA.
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Puc. 5. BpemeHHast 3aBUCUMOCTb 3JI€KTPOMAarHUTHOM CHITBI

\

Ha puc. 6 moka3aHo M3MEHEHHE MOAYJIS MAarHUTHO-
r'0 [IOTOKA B CEPJICYHUKE.
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Puc. 6. BpemeHHaﬂ 3aBUCUMOCTb MarHUTHOI'O ITIOTOKa

Ha puc. 7 mpusenen rpadux mporuBo - DJC ka-
TYIIKH, IMEIOIIUH JOBOJBHO CIOXKHYIO (hopMy.

Ha puc. 8 mokazaHa BpeMeHHas! 3aBUCHMOCTb HaBe-
JICHHBIX B CEpACYHHKE BHXPEBBIX TOKOB, KOTOPBIE MOTYT
JIOCTUTaTh 3HAYEHUH B COTHH aMIiep, a Ha puc. 9 mokaza-
Ha 3aBUCHMOCTb XOJa SIKOPSI OT BPEMEHH, ITO3BOJISIOMIAs
OTIPEJCTINTh MOMEHTHI TPOTAHHUS SKOPS M €r0 OCTaHOBKH.
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Puc.7. Bpemennas 3aBucuMocTh poTuBoDC KaTyniku
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Puc.8. BpeMBHHaﬂ 3aBHUCUMOCTB BUXPEBOT'O TOKAa B CEPACTHUKE
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Puc. 9. 3aBucuMOCTb X072 SIKOPsI OT BpEMEHU

BBIBOJbI

Pa3zpaboTana maremMaTHdeckash MOAENb JHHAMHKH
BKJIIOUCHHUS DJICKTPOMAarHUTa IMOCTOSHHOTO TOKa C Mar-
HUTHOH 3aILENIKOH, MO3BOJISIONIAsl IPOBOJUTH TOYHBIC
pacueTsl (B Ipeaenax TOYHOCTH BXOIHBIX ITapaMeTpOB)
TaKUX CHCTEM Ha OCHOBAaHHMHU DEIICHHS MYJIbTU(U3HYC-
CKOM 3amaum, Oasupyromieiicss Ha pelIeHHH YpaBHEHHH
3NEKTPOMArHUTHOTO TIOJIS.
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E.I Bayda

Modeling of dynamic characteristics of DC electromagnetic
mechanisms with a magnetic latch.

The paper considers a problem of mathematical modeling of dy-
namical processes in an electromagnetic mechanism with a mag-
netic latch and coil forcing. Dynamic characteristics of the elec-
tromagnetic mechanism operation are presented. Quantitative
and qualitative estimations of obtained results are given.

Key words - DC electromagnetic mechanism. dynamic
characteristics, mathematical modeling.
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