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BiHHULBKHI HAL[IOHAIBHUI TEXHIYHHN YHIBEPCHUTET

MPUCTPIA JJISA JIATHOCTYBAHHSA I'AJIbBMIBHOT'O KOJIA
YACTOTHO-KEPOBAHOI'O ACUHXPOHHOI'O EJIEKTPOIIPUBO/JIA

B po6omi 3anponoHoeaHo npucmpiii 044 Oia2ZHOCMY8aHHS 2aAbMIBHO20 KO/AQ YACMOMHO-KepO8AHO20
ACUHXPOHHO20 e/feKmponpusoda Ha OCHO8I MamemMamu4Hoi Modeai [3 3aCMOCYBAHHAM J102IKO-4acosux @PyHKYIIL
3anponoHoeaHull npucmpill se2ko peasnizyemuvCs HA NPOSPAMOBAHUX /02[YHUX [HMe2panbHuUx cxemax 6ydb-aKux
BUPOOHUKIB, WO CymMmeso pO3WUPIE Mexcl 8UKOPUCMAHHS Npucmpor [ 00380/5€ Je2ko [Hmez2pysamucs y 3a2a/abHy
cucmemy diazHOCMY8AHH Nepemeopr8a4d 4acmomu.

Katouosi caoea: diazHocmysaHHs, 2a1bMIi8HI K04, 4aCMOMHO-Kepo8aHUll dCUHXPOHHUL e1eKmponpusod, a02iko-
uacoei gyHKyii.
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THE DEVICE FOR DIAGNOSING BRAKING CIRCUIT OF
FREQUENCY-CONTROLLED ASYNCHRONOUS ELECTRIC DRIVE

Abstract - The paper presents the device for diagnosing braking circuit of frequency-controlled asynchronous electric drive, which
is based on the model considering logic-time functions usage. The suggested device is easy to realize using programmable logical integrated
circuits any manufacturer, which substantially extends device usage boundaries and allows easy integrating into the frequency converter’s
diagnosing’s common system.
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INocTanoBKa MpodaeMu

Bigomo, 1110 0co0IHBa POJIb EIEKTPONPHBO/A NPOSBHIACS B OCTaHHI NECATHIITTS, KOJU B MOBHHH 3piCT
nocrajga mnpoOiema eHepro3OepekeHHs. lle mpu3Beno m0 TOro, moO NOPSA 3 TPAJULIHHUMH Tally3sMHU
IPOMHCIIOBOCTI, JI¢ 3aCTOCOBYBABCS PETYJIHOBAHUII ENEKTPONPUBOA B CHIY BHMOT TEXHOJIOTIYHOIO IpOLECY
(MertanopizampHi  BepcTaTd, pOOOTOTEXHIYHI KOMIUDIEKCH, METalypriiHe BHpPOOHWNTBO 1 T.IM.), CTaB
BIPOBAKYBATUCS PETYJILOBAaHUH EJIIEKTPONPHBOJ B Ti chepn BHPOOHHLTBA, JIe 3aCTOCOBYBABCS HEPETYIILOBAHUI
ACHHXPOHHHUH JBUTYH 3 KOPOTKO3aMKHEHHUM POTOPOM. BiTum3HsHMI Ta 3apyObKHUI JOCBIM CBIIYUTH MPO BUCOKY
e(eKTHBHICTh YaCTOTHO-KEPOBAHOTO €JIEKTPONPHBOJA B CUCTEMaX BOAONOCTAYaHHS, TEIIONOCTaYaHHs, BEHTUIIALI]
tomo. Hampukiazx, y BomonocrayaHHi 3a paxyHOK IIEpexoAy Ha YacTOTHE KepyBaHHS EKOHOMIS eJIeKTpOeHepril
nmocsrae 50% [1]. Takoxx Bce OUIBIIOT MOMYJSIPHOCTI 3aCTOCYBAaHHS YaCTOTHO-KEPOBAHHMNA ACHHXPOHHUMN
SJICKTPOIIPHUBOJI HA0YBa€ SIK y BUPOOHUYMX MEXaHi3MaXx, 1[0 MAIOTh BEJIHMKHI MOMEHT iHEpIIii i HEOOX1THICTh CKHUILY
HaKOMUYEeHOI KIHETHYHOI €Hepril MpU raJbMyBaHHi, TaK i B MeXaHi3Max, 1110 MalOTh KOPOTKi LUKITH TalbMyBaHHS.

B pesynbTati 3aCTOCYBaHHS YaCTOTHO-KEPOBAHOTO ACHHXPOHHOTO €IEKTPOIPHBO/A 3 TAIbMIBHIM KOJIOM 3i
CKHJOM €Heprii Ha TrajbMiBHHIl PE3UCTOp Ta 3pOCTAIOYOI TCHJICHIUIEH PO3LIMPEHHS iX 3aCTOCYBaHHSI, €
HEOOXITHICTh CTBOPEHHS IPHUCTPOIB MIarHOCTYBAaHHS TaJbMIBHOTO KOJa IIEPETBOPIOBaYa YACTOTHO-KEPOBAHOTO
ACHHXPOHHOTO EJIEKTPONPUBOAA. AJDKE IepeI4acHUil BUXiA 3 JIaJy TaJbMIBHOIO KOJIA TAKOTO €JIEKTPOIPHBOIA
MOJKE TIPU3BECTH [0 TMPOCTOI0 BUPOOHUIITBA, IO ITOHECE 30MTKH IS MiAIPHUEMCTBA, TIOTIPIIEHHS SIKOCTI MPOIYKIIii,
HOIIKO/PKEHHS TEXHOJIOTIYHOTO OOJAaHAHHS, a TaKoK MOXKE HECTH 3arpo3y JKUITIO Ta 3[J0pOB'I0 pobodOMy
nepcoHany abo mHacakupaMm, SKIIO MOBa e IpO TPAHCIOPT, O€ B SAKOCTI IPUBOAHOTO BHUKOPUCTOBYIOThH
SNeKTPUYHHUN JBUTYH.

AHaJi3 monepeaHix 10caiIKeHb

B pobori [2] 3amporoHOBaHa CHUCTeMa HEMEPEPBHOIO KOHTPOJIO Ta JiarHOCTYBaHHS TEXHIYHOTO CTaHy
TSATOBOTO aCHHXPOHHOTO €JIEKTPONPUBO/IA, 0 0a3yeThcsl HA MOPIBHAHHI CHEKTPAIBHOTO CKIIANy BXIAHOTO CTPyMY
ABTOHOMHOTO iHBEpPTOpA TATOBOTO CIIEKTPONPHUBOAA 3 0a3010 JaHHX HOTO CIIEKTPIiB MPH HASBHOCTI HECIIPABHOCTEH.
ABTOpH 33a3HAYAKOTh, L0 3aI[PONIOHOBAaHA CHCTEMA HEMEPEPBHOTO KOHTPOIIO Ta JIarHOCTYBAHHS TEXHIYHOTO CTaHY
TSACOBOTO ACHHXPOHHOTO ENEKTPONPUBOAA 0a3yeThcss HA MOPIBHSIHHI CIEKTPATbHOTO CKIAAY BXIAHOTO CTPyMY
ABTOHOMHOT'O 1HBEPTOpa TATOBOTO EIEKTPONPHBOAA 3 0a30[0 JaHUX HOrO CIEKTPIB NPH HECIPAaBHOCTSX, IO
JTO3BOJISIE BUSBISITA HECIIPABHOCTI 00JaTHAHHS TATOBOTO E€NIEKTPONPHBOJIA HA PAHHIX CTAIisX PO3BHUTKY NE(EKTIB.
Ane 1i e]eKkTUBHICTh 3HIDKYETHCS TIPH BUHHKHEHHI HeCIpaBHOCTEH, iHQopmamii mpo ski Hemae B 0Oasi.
3anponoHOBaHuii CIIOCIO A1arHOCTHUKKM TEXHIYHOTO CTaHy €NIEKTPONPUBO/IA 3 OLIIHKU JIUHAMIKH #oro napamerpis [3]
MoJIArae y BUMIPIOBaHHI CTPyMYy, HANpyrH, IIBUAKOCTI 1 KEpYyHO4YOro 3aBlaHHS ENeKTPONPUBOJA 3 TEBHUM
IHTEepBaJIOM 4Yacy, MEpeTBOPEHHI HapaMeTpiB B LUQpoBy ¢opMmy i mepenadi B NEPCOHAIBHUI KOMITIOTED ISt
00poOku. [IporpamMHO peayi3oBaHa i HABYCHA HA KOHKPETHOMY EJIEKTPONPUBOJI TMEpell HOro CeKCILTyaTalliero
pEeKypeHTHa HEeWpOHHA Mepe)ka BIATBOPIOE IUHAMIKY MapaMeTpiB eleKTPONpPHBOJA, IICHIsS YOro IHPOBOIUTHCS
NOPIBHSHHSA Pe3yJbTaTy IWHAMIKA HeEHpoMepekeBOi MOJETl 3 peaJbHOKW JAWHAMIKOK eIeKTPONpHBOAa. B
HECIIPaBHOMY EJIEKTPOINIPHUBOJII BUHMKAE BINXWIEHHS IUHAMIKK HOTO TapaMeTpiB Bif MoOJeNi 1 po3paxoBYETHCS
(YHKIIIST HEY3TO/PKEHOCTI TMHAMIKH, 32 XapakTepoM (DyHKIIT sIKOT IPOBOJUTHCS OLIHKA TEXHIYHOTO CTaHy i IPOTHO3
pecypcy eJeKTpompwBOAa. AJie TaKWA TIiAXiZ HE BpaXxoOBYye MOXKIHMBICTh TONEPEKECHAS HAOIMKCHHS
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SNIEeKTPONIPUBOAA YH HOTO OKPEeMHX CKIAIOBHX JO aBapilHOrO cTaHy, IO POOHMTh HOTro HENpHOATHUM IS
JIIarHOCTYBaHHsI TaJIbMIBHOTO KOJIa YaCTOTHOTO JIEKTPONPUBOA. BimoMuii mpucTpiit 1uist MONIyKy HeCIpaBHOCTEH
[4], nmpu3HaueHHU AN KOHTPOIIO POOOTO3AATHOCTI CKJIAJAHUX EIEKTPOMEXaHIYHUX O0’€KTIB, IO SKHX MOXKHA
BiJIHECTH YACTOTHO-KEPOBaHI aCHHXPOHHI €JIEKTPONMPHBOIH. BpaxoByrud OOMEXEHICTh BHKOPHUCTAHHS IaHOTO
OPHUCTPOIO, BiH HE € MPUAATHUM JUIS JiarHOCTYBaHHS TalbMiBHOTO KOJa YaCTOTHO-KEPOBAHOTO aCHHXPOHHOTO
eJICKTPOIPUBOIA.
Merta poboTn

Mertoro po0GOTH € MiIBHIICHHS HATIHHOCTI POOOTH YAaCTOTHO-KEPOBAHOTO ACHHXPOHHOTO EJICKTPONPHBO/IA
LUISXOM CTBOPEHHS IPHUCTPOIO AIarHOCTYBAHHS HOro rajJbMiBHOIO KOJia HA OCHOBI MaTeMaTHYHOI MOJeli 0OpoOKH
CUTHAJIIB i3 3aCTOCYBAaHHSM JIOTIKO-4aCOBUX (DyHKIIiH.

Marepianu aocjigxeHn

B pobGoti [5] 3ampomoHOBaHa MaTeMaTHYHAa MOJENb CHCTEMH MiarHOCTYBAaHHS TalbMIBHOTO KOJa
MepeTBOPIOBayYa YaCTOTHO-KEPOBAHOTO ACHHXPOHHOTO EJIEKTPOIIPUBO/IA 13 3aCTOCYBAHHSM JIOTIKO-4aCOBHUX (PyHKIIiH
(JIY®) Ta ommcaHO NPHHLMIL, 3a SKUM (OPMYEThCS TaONMIA 3pa3KOBUX CTaHIB TJIbMIBHOTO KOJa YaCTOTHO-
KEPOBAHOTO ACHHXPOHHOTO eNeKTpornpuBoia (tabnuipst 1). B Tabnuii craHiB rajgbMiBHOTO KOJia TIEPETBOPIOBAYIB
YaCTOTHO-KEPOBAHOTO ACHHXPOHHOTO eNEKTPONpPUBOAA YHCIO «1» BIAMOBIJAE MOMAJAHHIO MapameTpa B 30HY
J0mycKy; «0» — BUXO/y 3a MeKi 30HH JIOIMYCKY BiAMOBIAHOI TIarHOCTHYHOI O3HAKH.

Tabmms 1
CtaHu raJibMiBHOI'0 K0J1a NIepPeTBOPIOBAYA YaACTOTHO-KEPOBAHOI'0 ACHHXPOHHOTO eJIEKTPONPHBO/IA

Cranu JliarHOCTHYHI 03HAKH TaJIbMiBHOTO KOJIa
AUc U0 I, T°, T w0
Qo 1 1 1 1 1
Q 1 0 1 1 0
Q, 0 1 0 1 1
Q; 0 0 1 1 0
Qq 0 0 0 1 1
V Tabmnmi 1:

Qo — cupaBHMii ctaH; Q — CpaBHUI CTaH, 3 IEPErPiBOM CHIIOBOTO MOAYIsl; Q, — HECTIPABHUN TalTbMiBHHMA
pesuctop; Qs — kputnuHUit ctaH; Q4 — HecpaBHUi craH. AUc — mepeHanpyra Ha kKoHAeHcaTopi ¢inbTpa; Uy —
Hanpyra Ha IGBT monymi; I, — cTpym uepes raneMiBHui pesuctop; T°. — TemmepaTypa raibMiBHOTO PE3UCTOPA;
T°s0 — Temmeparypa IGBT momyis.

VY BignoBinHOCTI 10 Tabmuui 1 ¢opmyroThes 3paszkoBi JIUD 1 B pe3ysbraTi MoueproBoro JOAaBaHHS 3a
MojyieM aBa aBox JIU®D (1) 3i chopMOBaHMX Ta BUMIPSHUX CHTHAJIB, IO SBJISIOTHCS IarHOCTUYHUMU O3HAKAMHU
NOTOYHOTO CTaHy TallbMIiBHOTO KOJa, OTpUMyeMO pe3ynbTyrodi JIUD, 3 sSKuX 3a AIarHOCTHYHHI BHCHOBOK
npuiimMaetsest JIUD, sika Mae HaliMEHIUH BiIPi30K ICHYBaHHS.

B  zaranpHOMYy  BHMIAJKy  omepamis  JOJaBaHHA 32  MoayiaeM  gBa  gasox  JIUD

f1(tt. 1) ma fx(ttr, 1> ) onucyerses Bupasom (1) [6]

t—ty,, AKWO tm<tStj,
f1a. T, T)=41t — (ty +T ), ko (ty, + Ty )<t < (zj +7; ) (1)
0, o (1 <t ) A (i<t < (tyy + T ) A (1> (tj + Tj)),
ae ty=min{t,t;},

T,— BifNOBIZHA YaCOBiH KOOPAMHATI t,, TPHBAICTh BiJPi3Ky iCHYBaHHs, t=max {t;,t,},

T; — BiAnoBigHa 4acoBiil KOOPJMHATI tj TPHBAIIICT BiPi3Ky iCHYBaHHS.

Jost MIPUKIIALy, rpadigHa  UTIOCTparis  JOJaBaHHSA 3a  wmomyinem mBa  nBox  JIUD
J1(tt1,0, 4,11, Ty ) ma fo(t,t;,tr, 4,11,1> ), npencrasneHa Ha puc. |, a aHATITHYHHA PO3B’SI30K OIMHCYETHCSI
BUpa3oM (2).

J1(6t1,02, 4. T1.T2)® fo(tt,02,4,T1.T2) =
t—(tj+T]),}1Ku40(t1+T])<tS(t2+2Al-), 2)
o, ;mmo(t<(t] +T]))/\(t >(t) +24‘i))‘
Ha ocHOBI MaTeMaTH4YHOT MOJIENTi TIarHOCTYBAaHHS TATbMIBHOTO KOJIA YaCTOTHO-KEPOBAHOTO aCHHXPOHHOTO

€JIEKTPOIIPUBOJA PO3POOJCHO TPHCTPId sl  AIarHOCTYBaHHS TajbMIBHOTO KOJIa YacTOTHO-KEPOBAaHOTO
ACHHXPOHHOTO €JIeKTpoIpuBoaa (puc. 2).
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Puc. 2. CTpyKTypa NpHCTPOIO AiarHOCTYBaHHS IAJIbMiBHOTO K012 YACTOTHO-KEPOBAHOT0 ACHHXPOHHOT'0 €JIeKTPONPHBOJA
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Ha puc. 2: 1 — ceHcop Hampyru Ha KOHIEHcaTtopi (imbTpa; 2 — OJOK BH3HAYEHHS [iama3oHy 3MiHU
JIOITYCTHMOTO 3HA4YeHHs HAaNpyrd Ha KOHAeHcaTopi ¢GinbTpa, B ikoMy: (3 — OJOK MiHIMaJIbHOTO 3HAYEHHs HAIPyrd
Ha KoHAeHcaropi ¢inbTpa; 4 — OJOK MaKCHMalbHOTO 3HAYCHHS HAlNpyrd Ha KOHZAEHcaropl ¢inbTpa;
5, 6 — xommnaparopy; 7, 8 — enemenTd 3ABOPOHA; 9, 10 — tpurepu; 11 — enement I); 12 — cencop Hampyru Ha
IGBT momyni; 13 — Onok BU3HA4YeHHs [iana3oHy 3MiHM JONMYCTHMOro 3HadeHHs Hanpyru Ha IGBT momymni;
14 — ceHcop cTpymy; 15 — OnOK BU3HAYEHHs Jiana3oHy 3MIHHM JOMYCTHMOTO 3HAueHHs CTpyMy, 16 — ceHcop
TEeMIIepaTypy TalbMIBHOTO pe3ucropa; |7 — OJOK BH3HAuUeHHS Miana3oHy 3MiHM JOIMYCTHMOTO 3HAa4YeHHS
TEeMITEpaTypy TanbMiBHOTO pe3ucropa; 18 — ceHcop Temneparypu IGBT momynst; 19 — 610k BU3HaYESHHS iana3oHy
3MiHHM JorrycTiMoro 3HaueHHs temmeparypu IGBT monyns; 20, 21, 22, 23, 24 — enementn BUKJIFOUHE AFBO;
25 — xomytarop; 26, 37 — reHeparopu iMmymnbciB; 27, 36, 40 — emementu [; 28 — GIIOK MOYATKy TaabMyBaHHS,
29 — 6mok ycranoBku Hyist; 30, 38 — emementn ABO; 31, 39, 42 — nmiynimpHUKY iMITYNIBCiB; 32 — nemudpaTop;
33 — O7oK 3pa3KoBHX JIOTiKO-dacoBux ¢(yHKmii; 33, 41 — dopmysaui iMmymnbciB; 34 — tpurep; 43 — uudpoBuUit
Komrtapatop; 44 — perictp; 45 — 070K iHIUKALIT.

BumiproBaHHsT [IarHOCTUYHUX MapamMeTpiB 3HIHCHIOETbCS 32 JOIMOMOIOK CEHCOPIB HAmpyrd Ha
KoHJeHcaropi Ginbrpa 1, Hanpyru Ha IGBT moayni 11, ctpymy 13, ceHcopiB TeMneparypu rajbMiBHOIO pe3UCTOpa
15 Ta temmneparypu IGBT monyns 17. Bapro 3ayBakuTH, IO KUIBKICTH CEHCOpIB MOXke OyTH 30iIblICHA B
3aJIeKHOCTI BiJl KUIBKOCTI BUMIpPIOBaHUX TapaMeTpiB. BuzHaueHHs momagaHHs BUMIpSHHX MapaMeTpiB y Aiana3oH
JOMYCTHUMHUX 3HaueHb PO3MNISIHEMO Ha TpPHKJIAAi CeHcopa Hampyrn Ha KoHzaeHcaTtopi ¢inerpa 1. Hanpyra,
MIpoTIOpIiifHa BUMIpIOBaHiN Harpy3i Ha KoHAeHcaropi ¢inbTpa, 3 BHUXOIy ceHcopa | mocTymae Ha BXin OJoka
BH3HAUCHHS Jiana30Hy 3MiHM JJOIYCTHMOTO 3HaYeHHS HAIIPyTH Ha KOHIEHcaTopi QinbTpa 2, B sKoMy Oj0kamu 3 Ta
4 3ama€eThCsl BEpXHill Ta HWKHIM OITyCTUMUI piBeHb BHMIpIOBAaHOTO HapaMeTpa. Y BUIAIKy, SKIIO BUMipIOBaHA
HaTpyTa 3HaXOAWTHCS B JIiala30Hi JOIMMyCTUMHUX 3HAYCHB, TO HA BUXOJI KOMIApATOPiB 5 Ta 6 3 ABISIOTHCS CHUTHAIN
noriuHoi oguHMII Ta yepes Binkputi enemerTd 3ABOPOHA BcTanoBmowoTh Tpurepu 9 ta 10. B pesymerari mporo
Ha Buxoji enemenTa I 11 ¢hopmyeThbcst cUrHaN JIOTTYHOT OMHUILI. SIKIIO CUTHANI BUMIPIOBAHOT HANIPYTH BUXOJMTH 32
JOMYCTHMI MeXi, TO Ha BUXOJl eneMeHTa | 11 BCTaHOBIIOEThCS CHUTHAIN JioriyHOro Hyns. bmoxm 13, 15, 17, 19
NPAIOIOTh aHANOTI4YHO 050Ky 2. B pe3ynbraTi 00poOkM cHrHaiiB i3 BUXOAiB ceHcopiB 1, 12, 14, 16, 18 Ha Buxoaax
omokie 2, 13, 15, 17, 19 ¢popmyethbest JTHD noToyHOro cTaHy rajbMiBHOTO Koia. Enementu 3 26 no 33 mpu3HayeHi
JUTS TIOYEProBOr0 BUOOPY 3pa3KoOBUX CTaHIB i3 Onoka 3paskoBux JIUD 33, a Takox A BU3HAYCHHS MOYATKY Ta
3akiHueHHs npouecy raipMmyBaHHs. Enementn BUKJIFOUYHE ABO npusnaueni ajist mojaBaHHS 32 MOJYJIEM JiBa
nBox JIUD noTo4HOro CTaHy rajbMiBHOTO KOJa Ta 3pa3KoBOTO, 10 XapaKTepPH3y€e HECTIPaBHICTh I'aJIbMiBHOTO KOJIa.
Enement 25 ta enementn 3 34 mo 42 mpusHadeHi Juis BU3HA4YEHHS Binpi3Ky icHyBauHsa JIU®, orpumanoi B
pe3ysbTari gonaBaHHS 3a MozayseM nBa. Exementu 43 ta 44 npusHayeni mis BusHadeHHs JIUD 3 HaiiMeHmM
BiZIpi3KOM iCHYBaHHS 3 ITOJAJBIINM BUBEICHHSAM JIiarHO3y Ha MPUCTPOI iHAUKAIIT 45.

BucHoBku
3anponoHOBaHO MPUCTPIH IS AIarHOCTYBAHHS T'albMIBHOTO KOJIa YaCTOTHO-KEPOBAHOIO ACHHXPOHHOTO
€JIEKTPOIIPUBO/IA, Pealli30BaHU 13 BUKOPUCTAHHSM MaTeMaTHYHOTO arapaTy JIOTiKO-4acoBUX (yHKHiH. 3aificHeHO
CHHTE3 alapaTHOTO 3a0e3NeyeHHs, HEeOOXIMHOro Iy MOOYAOBH NPHUCTPOIO IiarHOCTYBAaHHA. 3alpoIOHOBAHHMIA
NPUCTPIH JIETKO peajli3yeThbcsi Ha TPOrPaMOBAHUX JIOTTYHUX IHTETPaIbHUX CXeMax Oy/Ab-sIKMX BHUPOOHHKIB, IO
CYTTEBO DO3IIMPIOE MEXI BHUKOPHCTaHHS NPHUCTPOIO 1 JO3BOJSIE JIETKO IHTErPYBaTHUCS Y 3arajibHy CHCTEMY
JliarHOCTYBaHHsI IEPETBOPIOBaYa YaCTOTH.
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