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Haxoguuwe “[bnra ycomnka”

OcobeHocT Npu M3nMTBaHE Ha paboTocnocobHOCTTa Ha cMpaYHaTa cucTema Ha
PyOHWYHA nofeMHa ypeaba ¢ Tpuella waiba

OnTyManeH BapuaHT 3a PEKOHCTPYKLWS Ha PyAHUYHa NoaemMHa ypeaba npu
yobnbasaHe Ha BepTukanHa waxTa “KanutanHa’, pyaHuk Yenoney

CMM - cuctema 3a HenpekbCHaT KOHTPOI Ha CbCTOAHMETO Ha TbPKanALly narepun ot
MWHHaTa MexaHu3auua

BespaapyLuwTeneH KOHTPOJ Ha OCHOBHWUTE BalioBe Ha PyAHUYHUTE NOAEMHU MaLLMHN

M3cnenBaHe Ha TEXHONOTUYHUTE napameTpu Ha yaapHO-oTpaxkaTesiHa TpoLlaYvka
(YOT)

MeToamKa 3a CUHTE3 Ha ABymMacoBsK BVI6paLI|VIOHHVI MallnHU

MopobpsiBaHe pasaensHETo Ha HeeaHOPOAHWS TOBAp YPE3 BPBL3KM, U3MOSI3BaHM MK
Byprist ¢ ronsim aameTsp

HayuHo-u3cneposatencku uscneasaqus B Yellkara penybnnka OTHOCHO KOMBUHUPaHK
NOAEMHM YCTPOMCTBA

UyBCTBUTENHWUTE 1 CENEKTUBHI 3aLLMTY OT KbCU CbEAUHEHWS) — HEO6X0AMMO YCroBMe
3a edhekTMBHa paGoTa Npu rpyna MeNHUYHK arperaTi

nepCI'IEKTI/IBI/I Ha KOMMJIEKTHUTE NPEHOCUMU ENEKTPUYECKN ypeu61/| B MUHUTE

MuHHaTa enekTpoeHepreTMka u aBToMaTU3aLms — NpuopuTeT B AenHocTTa Ha “CMC-C”

ECO[

BrvsiHve npuHUMNa Ha JeiicTBIe BbpXy Gbp3oaeiicTBUETO Ha anapaTuTe 3a 3aluuTa OT

TOK Ha KbCO CbeAIMHEHNE B pyaHUYHaA eﬂeKTDOCHa6JJ,I/ITeJ'IHa Mpexa

EKCI'IepVIMeHTaJ'IHO n3cnegBaHe Ha rmaBHW BOJOOTIINBHU ype,q6M Ha nog3emMHun
PYAHULM

TyHenHa ocBeTuTeNHa ypesba B rpag MNnoBaVB ¢ NMaBHO perynpaHe Ha spkocTTa Ha
BXOAHaTa 30Ha

C'beeMeHHI/I eneKkTpon3onaulnoHH1M maTepuanu n TeXHONOrMKn, n3nonssaHu npu
PEMOHT Ha BUCOKOBONTOBW ABUraTENN

AHanu3 Ha ABWKEHMETO Ha poTaLMOHeH (hepoMarH1TeH ENNUNCONA BbB BbPTSALLO Ce
MarHuTHO norne

WHAYKUMOHEH HeyTpanu3aTop Ha 06eMHM 3apsian C NOBULLIEHA ePEKTUBHOCT

M3nonssaHe Teopemara Ha LLloknu-Pamo 3a onpefensHe 3apsiaa Ha eauHuLa
ObIKWHA Ha CTPYHEH HeyTpanuaaTop

AHanMTUYHK 3aBMCUMOCTU 3a €AMH BUA NOLEMHO YCTPOMCTBO C MOCTOSHEH MarHWT

CbnocTaBsiHe HENMHEHOCTTA Ha TUMMYHYU CTPYKTYPU Ha U3MEPUTENHM ypeau
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MPOBNEMU NPU AOBUBA U OBPABOTBAHETO HA MPAMOPEH
BPEKYOKOHI'TIOMEPAT OT HAXOOWULLE , ABITA YCOUKA”

Unus Uoyes

“Pyomeman” ALl , 4960 ep. Pydosem

PE3IOME. B goknaga ca U3noxeHn OCHOBHUTE (hM3MKO-MEXaHUYHN 1 TEXHONOMMYHM CBOWCTBA Ha MpamopHaTa bpekya oT Haxoguile Jbnra ycoitka”. Macnensanu
Ca OCHOBHY 3aBMCHUMOCTM 1 MapameTpu HeobXoaMMM 3a MPOEKTMPAHETO MIW NoAbopa Ha PEXeLUy NHCTPYMEHTH M MaluMHKM 3a Bo6uB n obpaboTka. Mocoyerm ca
TEXHUYeckv npobremn Bb3HWKBALLWM BbB BPb3ka CbC CneuvduyHUTE KayecTBa Ha MaTepuana. [lonyyeHuTe pesynTaTi AaBaT Bb3MOXHOCT 3a paLoHaneH v
NKOHOMUYECKM LienecbobpaseH nofbop 1nu NpoekTupaHe Ha HeobXxoaMMMS MalLMHEH napk 3a Haxoawile ,Jbara ycoiika”, Ho MoraT fja Ce M3nonayear W 3a Apyru
HaxopuLLa Ha AeKOpaTUBHI MaTepuani CbC CPOAHN CBOWCTBA.

PROBLEMS CONNECTED WITH THE PRODUCTION AND PROCESSING OF MARBLE BRECCHA CONGLOMERATE FROM
THE “DALGA USOIKA” DEPOSIT

llia Yochev

“‘Rudmetal” AD, 4960 Rudozem, Bulgaria

ABSTRACT. The basic physical mechanical and technological properties of marble breccia from the “Dalga Usoika” deposit are represented in the report. The main
dependence and parameters, necessary for design or selection of cutting tools and machines for production and processing are investigated too. The fundamental
technical problems, arisen out of the specific properties of material, are pointed out. The received results provide a possibility for rational and economic expedient
selection or design of the necessary machine park for the “Dalga Usoika” deposit but may be used also for other deposits of decorative materials with similar
properties.

BbBepgeHue konto e obocobeH B ABa AekopaTeHu Tuna — PSt u PSa.
OCHOBHMSIT MpUHUMN 3a pasgensHe Ha Teau [eKopaTMBHM
TUMOBE € LIBeTa Ha cronkaTa UM - KbM TUMBT PS1 ce oTHacsT

HaxoguweTo 3a mpamopeH OpekyokoHrnomepat “[bnra MpamopHuTe BpekyOKOHrNomMepaTh C LUBAT Ha croitkata ot
ycoiika” ce Hamupa B MapaHCKoTo pyLHO none, oTcTon Ha 7 CBETNO [0 TBMHOCMB, @ KbM TUMBT PS;  ce OTHacaT
Km ceBepo3anafHo oT rpaj Pygosem u Ha 23 km KrousTouHo MpaMOopHUTE BPEeK4OKOHTMoMepaTh C LBAT Ha crovikata ot
oT rpag CwmonsH. To e uvacT oOT Haxoauwe ,MMONKOBHWK kpemas, npe3 po3oB, [0 4epBeHokasiB. Kakto Ha
CepahMOBO",  KOBTO €  YaCTUYHO  MPOYMEHO  OT MOBbPXHOCTTA, Taka M B AbnbouMHa ce Habniopasa
reonoronpquBaTenHo npeanpustme — ACGHOBrpaﬂ npes NOCTENEHEH npexod Ha [BaTa AEKOpPaTUBHW Tuna. ®uanko-
1983-1985 rop. MexaHW4HUTe nokasaTenu Ha GpekyoKoHrnmoMepaTuTe ca B

Npsika 3aBUCMMOCT OT pa3Mepa Ha WU3rpaxaalluTe M Kbcose U

HaxopuweTo e fetaitnHo npoyyeHo ot ,Pyametan” Al rp. TMNa Ha croitkata.

Pynosem npes 2004r.
HabriofeHusTa BbpXy eauHU4HUTE NPobHM Tena nokassar,

PaitfoHbT nonapa B torousTouHaTa yYacT Ha CMOMSAHCKOTO Ye KomkoTo Te ca no-ApeGHO KbCoBM W crioitkata UM e
MOHWXEHWe 1 OT reonoXKka rneaHa Touka € OTHOCUTENHO Mno- npeobnagasalyo kapboHaTHa, Tonkosa Te ca no-3apasu. OT
cnabo u3y4eH, aKo ce CPaBHsIBA CbC CbLUNTE PaiioHM Ha tor — 3Ha4yeHMe € W MUHEPanHUAT CbCTaB Ha u3rpaxpaliute
MagaHckoTo pySHO Mofe, a Ha CeBep — CMOMSHCKuS kbcose. [peobriagaBaHe Ha KbCOBE OT LOMOMUTHI MPaMopu
BBITULLEH BacelH. BOOW A0 YBENM4aBaHe Ha SKOCTUTE Ha HATUCK M OMbH Ha

BpekyoKoHrnomepaTuTe.
®U3NKO-MEXAHUYHM U IKOCTHM NoKa3aTenu Ha OU3NKO-MEXaHWYHUTE  MoKasaTenu Ha  BPEeKYOKOHrIo-

MepaTuTe Mo AekopaTVBHM TUMoBe ca 0606LLeHM B Tabnuua 1.
CpaBHsiBaiikn (hU3MKO-MeXaHUYHWTe MoKasaTenu Ha ABaTa
[EKOPaTUBHI TUNa CEe BUXaA, Ye roNeMu pasnnims Hama.

MaTtepuana

B Haxoguwe “[bnra ycoika” ca MOACeYeHM [Be
Pa3sHOBMAHOCTY MPaMOPEH BPEKYOKOHTIIOMEPAT — MOHOMUKTOB

LiBeTbT Ha MpaMOpHUTE KbCOBE € PasfnyeH, Ho 06LLO B3ETO
1 nonMMUKTOB. OnpeaeneH UHTEPEC NpeacTaBNsaBa MbPBUAT,

ca CBeTM: OT cuBobenu,  CBETIIOCUBM, KpemasH,



KPemMaBopO30BM 4O CMBW. B moBeyeTo cryyam KbcoseTe ca
KaTaknuaupaHu W MHOTO 4YECTO MPOLEMEHM C  KamnuuTHU
MPOXMTKM.

BpekyokoHrnomepaTuTe ca WU3rpageHn OT LONOMUTU3MPaHN
MpaMOpHM  KbcOBEe M kapboHaTHa cnoitka. MpamopHuTe
KbCOBE Ca C PasfW4HW rOMeMuHM, opmath U LBAT.
Pasmepute Bapupat ot 1 mm go 10 cm. B HaxoguweTto
npeobnagasat KbCoBe ¢ paamepun 2-3 4o 5 cm.

X1“MUYeH cbeTaBs

3a onpegensHe XMMWYHWS CbCTAaB Ha CypoBWHaTa €
M3BBbPLUEH MbMEH XMMUYEeH aHamu3 Ha 4 6p. npobu n ca
u3non3eaHn aaHHuTe o1 17 6p. cTapu npobu . 0606LeHnTE
pesynTaTi 3a onpegensHe XMMUYHNA CbCTaB Ha CypoBMHATa B
NPOLEHTH Ca CriegHuTE:

e (CalO- 0T 26,100 54,6 — cpegHo 44 ,45;
e MgO- ot 0,20017,2 - cpeaHo 5,16;
Tabnumua 1.
OCHOB8HU (hUBUKO-MEXaHUYHU U AKOCMHU noKasamesnu
MOKA3ATENMN
w
S ? Y .
= 5 8 88 = |2 | X
= > |2 | £2 225 |8 |8
= e | & |28 ¢ g |2 | &
o o) = T2 SF & 8 o
L © T3 = O o S =
< e |z | £5 8% £ |2 |¢
= 8|S | g8 &g/ g | 8§ |8
=y © =8l 8E| & | £ 5
o <X © =
o] ® T
MuH. 261 | 220 | 419 | 285 | 0,0 | 0,08 | 3,0
g3 Makc. 2,67 | 365 | 930 | 901 | 0,46 >1 72
CpegHo | 263 | 291 | 667 | 560 | 0,29 | 0,80 | 4.9
C Muh. 259 | 221 | 357 | 277 | 0,10 | 042 | 26
3 Makc. 2,77 | 7,83 | 1014 | 828 | 1,18 >1 6,8
Cpepro | 265 | 317 | 686 | 523 | 044 | 0,83 | 526
o  Si02+R203 -0t 2,0 o 19,1 - cpeaHo 8,31;
e SiO2- ot 1,000 18,3 - cpeaHo 6,73;
o AkO;- o104 p05,5 - cpepHo 2,09;
e Fe0s3- 010,18 00 1,84 - cpeaHo 0,66;
e KO- 010,04 no 1,27 - cpepHo 0,39;
e NaO- 010,01 00 0,34 - cpegHo 0,15.

CneumuduyHuaT 1 Hee[HOPOAHWST CbCTaB Ha MpPaMOPHUS
OpekyokoHrnomepaTr  onpedens  ocobeHocTMTe  Mpw
0bpaboTBaHeTO My M W3MCKBAHUSTA KbM MPOEKTMPAHETO,
nogbopa u ekcnnoartauusita Ha He0bX0AMMOTO TEXHONOMMYHO
obopyzagaHe.

Psa3aHe ¢ gpuamaHTeH auck

I'Ipe3 nocnesHUTe roauHu ce Habnoaasa NOEBTUHSABAHE Ha
OWaMaHTEHUTE MHCTPYMEHTK, nopagn KOeTo 06p360TBaHeTO

Ha CKanooBnMLOBBLYHM MATEPUany C TsX HABMM3a LUMPOKO B
npakTukaTa.

HauuH Ha ps3aHe

B 3aBMCMMOCT OT TOBa, AN NocokaTa Ha BbpTeHe Ha Ancka
CbBMafa Wi He ¢ NOcokaTa Ha nofaBsaHe, ca Bb3MOXHM [Ba
HauMHa — HaCpeLLHO 1 NoMbTHO. 3a Haxoauie [bnra yconka”
Ce NpenopbyBa HACPEWHO ps3aHe, MOHEXe Mnpu  Hero
pebenvHata Ha cps3BaHata CTpyxka MOCTENEHHO ce
yBENUYaBa 1 Taka HapacTBaT CUINUTE, C KOUTO Ce HaToBapeaT
CErMeHTUTE Ha pexelims auck. Mpu ToBA € HEobxoanmo
OnokbT fa ce Hamupa Mo Aucka C orned Ha u3bsreaHe Ha
MOBAUraHETO My B Pe3ymnTaT Ha AeiCTBMETO Ha KOMMOHEHTUTE
Ha cunaTa Ha psidaHe. [pu To3n HaunH Ha psi3aHe pesadkara
pabotn Ge3 AHamMKU4HM HaToBapBaHus. OCBEH TOBa NMpU Hero
NpaKTUYECKM Ce U3KIIoYBA 3aKMMHBAHE Ha ncka B MPaMOpHHS
MaTepuan. TexHUYECKUST pecypc Ha [ucka B CPaBHEHWE ¢
nombTHOTO pssaHe e okono 10% no — Bsucok. lNopagm Tasu
MpUYMHa He Ce MPEenopbyBa psidaHe Ha MpamopHWst 6ok u
npe3 obpaTHUs Xof C Len yBennyaBaHe Ha MpoW3BoOAUTeN-
HOCTTa Ha npoLeca.

KvuHemaTnyhu v cunoBu napameTtpu
Cxopocm Ha psizaHe

CkopocTTa Ha psisaHe ce onpezens no opmynara:
_7.Dn
~ 60

kbaeto D e aMamMeTbpbT Ha gucka,m;
n-yectoTaTa Ha BbPTEHe Ha aucka,min-t,

V, /s (1)

OntumanHata CKOPOCT Ha psi3aHe 3aBuUCU OT  (PU3MKO-
MexaHu4HUTe CcBoOWCTBa Ha obpaboTBaHus Mmatepuan. B
Mbpxos (2003) 3a cpegHo TBbpaW Matepuann (Mpamopw,
Mpamopu13npaHu BapoBULM, JOMOMUTH W Ap.) Ce MpenopbyBar
ckopocth  or 25 pgo 35 mfs. 3a mpamopHus
OpekyokoHrmomepat OT Haxoguwe [bnra yconka” ce
npenopbyBa CKopocT Ha psizaHe 30 — 35 m/s.

MakcumanHa debenuHa Ha cmpyxkama, cpsi3eaHa 3a eOuH
obopom Ha ducka

MakcumanHa nebenuHa Ha CTpyxkaTta, cpsisBaHa 3a €auH
00opoT Ha fucka Sc ce onpefens CbrnacHo gur.1:

N N DH —H?

= ,mm 2)

; 30V,

kbaeTo Vn e ckopocTTa Ha nogaeaHe ,mm/min;
D - pMameTtbpbT Ha gncka,mm;
H - gbnboynHa Ha cTpyxkata, mm.

MakcumanHa de6enuHa Ha cmpykama, cpsi3eaHa om
eduH ceameHm 3a eduH obopom Ha duckKa

3aBncumocTTa, No KoATO ce onpepens aebenuHata e
nsseneHa B MbpxoB (2003) n moxe fa ce npefctasu B
CneaHus BUA:



®ur. 1. Kunematuka Ha AUCKOBOTO pAsaHe

_V,t/DH-H? - .
‘ 30V,.D

7.D
kbaeto t = —~ e CTbMKaTa Ha CEMEHTUTE;

Z — 6pOsIT Ha CErMEHTUTE.

MapameTbpbT AebenuHa Ha CTpyxkaTa, CpsisBaHa OT eauH
CErMEHT 3a eauH 00OpOT Ha [ucka OKasBa CbLLECTBEHO
BNNAHWE BBbPXY TakuMBa BaXHW MNOKa3aTesnn KaTo CKOPOCT Ha
pA3aHe, Npou3BOANTENHOCT, I/I3HOCOyCTOl7I‘-WIBOCT Ha Aucka,
Ka4ecTBO Ha cpsi3BaHaTa NOBLPXHUHA W Ap. Mpu MHOTO HUCKa
CTOMHOCT Ha TO3W NapaMeTbp CE yBenu4aBa CyMapHUAT MbT
TPUEHE HA CETMEHTUTE, KOETO BOAW [0 3aTbnsiBaHe Ha
AnamaHTeHUTe 3bpHa U HamanasaHe Ha NPpon3BOAUTENHOCTTa
Ha [Oucka. lMopagn TOBa 3a BCEKW CkaneH Matepuan e
HeobxoguMo Aa ce onpegenu pauuoHanHata gebenuHa Ha
CTPpYXKaTa, Ypes KOSTO Ce MOCTUra MakCUMarneH TEeXHUYECKH
pecypc Ha AamMaHTeHWst AUCK.

MouwjHocm npu psisaHe Ha ckanHusi 6110k

B npaktukata 3a npuGnmMsMTenHO onpefensHe Ha
MOLLHOCTTa Ha 3a[BWKBAHETO NMPU psidaHe C AMaMaHTEH AMUCK
Ce u13nonaea cnegHata copmyna:

N =k.D ,kw (4)

kboeto D e gnameTspbT Ha Ancka,mm;
k-koecpuupeHT cbe cromHocTt 0.02-0.03 kW/ mm.

3a MpamopHusi GpeKYOKOHTNIOMepaT OT Haxoguiie Jwbnra
ycoika” ce npenopbysa cToMHOCT Ha k = 0.023-0.025.

TexXHONOrMYHW NapameTpy Npu psizaHe C AUaMaHTEH AUCK
TexHonozuyHa npousgodumenHocm
Onpepfens ce cbrnacHo upasa:

I71=10V, .H o ,cm2/min (5)

kbaeTo Vn e ckopocTTa Ha nogaeaHe ,m/min;
Hp - gbnbounHaTa Ha psisaHe ,mm.

To3n napameTbp CryXW 3a KOHTPON Ha NpaBunHus noatop
Ha napameTpuTe CKOPOCT Ha nojaBaHe W [AbnbouysHa Ha
nogaeaHe. PauuoHanHata  CTOAHOCT Ha  napameTbpa
TEXHOMOMMYHa NpOW3BOANTENHOCT 3a MpamopeH
BpekyokoHrnomepart e 450-600 cm?/min.

Konuyecmeo Ha oxnaxdaujama eooa

Oxnaxpawara cuctema e Heobxogumo fga  ocurypu
[0CTaTbyeH AeOUT 3a OXNaxaaHe Ha Aucka W OTMUBAHE Ha
Luama, KOToO MOXe Aa ce Onpeaen NocpeacTBOM crieaHaTa
eMnMprUyHa chopmyna:

Q=k.D, I/min (6)

KbAeTo K e koeduumeHT cbe cTonHocT oT 0.025 go 0.03
[/mm.min.
D - ouameTbpBT Ha gucka,mm.

HepoctaTbyHOTO KONMWMYECTBO BOZA BOAW OO MperpsisaHe Ha
ANCKa N OTKbPTBaHe Ha AWaMaHTEeHWUTe 3bpHa , KOETO CUITHO
HamansiBa TEXHUYECKNS PECYPC Ha PEXELLMS MHCTPYMEHT. He
€ pauMoHanHO MoAaBaHETO Ha MOBEYE OT OMNPeAeNieHoTo
KONMYeCTBO BOA, MOHEXe B YCMOBMS HA rONIEMW CKOPOCTH ce
yBenu4yaesaT CbMNpoTUBNEHUATA NpW OBUMXEHWE Ha [Jucka.
HansraHeto Ha nogaBaHata Boga Tpsbea ga 6bvge 0.5 —
0.6MPa.

PsizaHe ¢ BbXeHa pe3auka

Mpy TO3M HauuH Ha psisaHe — dur. 2, BnarogapeHne Ha
BMCOKATa CKOPOCT MpW psi3aHe Ce MoCcTUra MHOro ronsima
NPOU3BOANTENHOCT. PeXeWwmaT eneMeHT € MHOrOCHOMbYHO
CTOMaHEHO BbXe, Ha KOETO Ca 3aKpeneH BTYMKM C 1aMaHTeH
cnon ¢ anametbp 10 — 12 mm. [lebenmHaTa Ha AnamaHTEHOTO
nokputue € ot 1 go 1,5 mm . 3bPHUCTOCTTA Ha AMamaHTa e ot
250 go 500 pm, a koHLeHTpauusTa Ha gnamaHT € okono 50 %.
3a HopmanHata paboTta Ha BbxeHaTa pesadka e Heobxoaumo
nogjaeaHe Ha BOAA 3a oxnaxgaHe ¢ konu4yectso 3,5 — 7.5
m3/h.

C uen nocTuraHe Ha MakcUManeH pecypc Ha BBLXETO €
HeobXxoaMMo [a ce Hampaeu onTuMarneH nogbop Ha ckopocTTa
Ha psi3aHe M 3bPHUCTOCTTA Ha ANaMaHTEHWs MaTepuar.

®ur. 2. PizaHe ¢ BbXeHa pe3ayka



Mpn f[ocTaBka Ha BBLXKETO, (MpmaTa NpoMU3BOAUTEN
npegnara 3bpHUCTOCT CbOOPA3HO CBOWCTBATA Ha CKaHuMs
matepuan. B Tabrmmua 2 ca nokasaHu npenopbyaHu OT
tupmarta ,Pellegrini” ckopocTM Ha psi3aHe 3a rpaHuT K
Mpamop.

Tabnuua 2.
[TpenopbyumesnHU CKopocmU Ha psi3aHe 3a Mpamop U epaHum

CpenHo TBBbPA
Mek mpamop

Tebpa Mpamop
Mpamop

Tebpa rpaHut
CpenHo TBbpA
rpaHuT

Mek rpaHut

CkopocT
Ha
psizaHe,
m/s

40-45

w
o)
N
o

24-28 | 33-38

—_
©
N
w
N
(?\J
N
()]

Bpoit
BTYPKM
Ha 1m

39-40 | 37-39 | 30-35 | 27-30 | 27-30 | 27-30

3a Haxogwwwe [bnra yconka” ce mpenopbyBa CKOpPOCT Ha
ps3aHe 33 - 35 m/s.

3a npubnuantenHo onpegensHe Ha  MOWHOCTTA  Ha
3a[BWXBALLMA JBUraTEN MpU psA3aHe C BbXeHa pe3ayka Moxe
pa Ce u3nonassa cnegHara gopmyna:

N =k.D ,kw
kbaeto D e ouameTbpbT Ha Aucka,mm;
k-koechmumeHT cue cronHoct 0.03-0.06 kW/ mm
KaTo MasnkuTe CTOMHOCTYU ce ynoTpebssat npu
manku guametpu / 600mm/, a ronemute npu
AnameTpu Ha 3aaBikBaLLmTe Wwaindun 1000 -
1200mm.

(7)

LnudosaHe u nonupaxe

LLnndoBaHeTO € MexaHW4eH MpoLEC OT B3aUMOAENCTBUETO
Mexgy matepuana v abpasvBHUTE 3bpHa, CTbpYalLM Hag
WHCTPyMEHTA. M3BbpLUBa Ce N0 TpU HauMHa - CbC CBOOOAEH
abpasne, nepudepHo W NNOCKO, KaTo OCHOBHO € MMOCKOTO
wrnmgosaHe. OCHOBHWTE MalUMHM 32 WNMOBaHE Ha
[eKOpaTVBHU CKarnHU MaTepuanu ca pagmarnHo-KOH30MHUTE U
MOCTOBW MaLUWHY.

MonupaHeTo e KOMMMEKC OT MEeXaHU4YHN U U3UKOXMMUYHM
MpoLecu, Kato OCHOBHA ponst Wrpasit (U3MKOXUMUYHHUTE.
N3BbpLuBa ce No [Ba HaunHa: C MonMpaLLo BELLECTBO, KOETO
ce MocTaBs Mexay matepuana W AUCK OT Keye Wnu fpyra
nogobHa Matepusi, M upe3 abpasvBeH WNM [AWaMaHTeH
WHCTpyMeHT. [pu nonupaHe ¢ MOMMpaLLO BELIECTBO Ce
obpasyBa HoB Onectsw cnoit ¢ gebenuHa 0.1 pm, KOWTO
npeacTaBnsiBa CHOXHO OPraHUYHO CbeANHEHWE Pa3NnyaBallo
C€ OT OCHOBHMS MaTepuan.

WHcTpymeHTY 3a wnudoBaHe u nonupaxe

[lekopaTuBHWTE  CKanmHWM  MaTepuamM  Ce  wrnudosart
NPeauMMHO C abpasvBHW WHCTPYMEHTU W MO-PSAZKO  upes
ceobopeH abpasms.
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UucmpymeHmbm 3a wnughoeaHe cbe ce0600eH abpasue
MpeacTaBnsiBa CTOMAHEH OMCK, HAa KOMTO Ca 3aKpeneHw
CTOMaHeH! UNn YyryHeHn BpycoBe, KOUTO NpW BbPTEHETO Ha

gucka  yBnuyat  abpas3vBeH  LUPOT, Bb3AEWCTBAL, Ha
MaTtepuana.

Ab6pazueHu mena ( uHcmpymeHmu )

MapaboteHn ca OT 3eflieH WM eNeKTPOKOPYHO C

MarHesuanHa wnu 6akenuToBa CBPb3ka. 3a Pas3NUYHUTE
WMGOBBYHM  OMepaLmu  Ce  M3Non3BaT  WMHCTPYMEHTU C
pasnuyHa 3bpHUCTOCT — Tabnuua 3.

Tabnuua 3.
MpenopwyumenHa 3bpHUCMOCM Ha abpa3usHu mena cnoped

guda Ha obpabomkama

Bug obpabotka
(3]
I [} [5} [5} ©
2 1= § 2 § o § S
8 Q© o g o I o o
S T8 28 |58 | &
= —_ = (&) = = (]
(lé = | = | = =
S 3 3 3
3bpHuctocT | 125-80 | 63-32 | 25-12 10-5 | M40-
M20
Ne Ha NeQ No1 Ne Ne3 No4
abp.tano
JuamanmeHu uHcmpyMeHmu 3a wnughosaHe
MpencTaBnsiBaT — AWaMaHTEHW €NEMEHTM —  KpbroBe,
CETMEHTM W [p. CBbp3aHM C kopryca Mo MexaHWyeH HauuH.
3bPHUCTOCTTa  HA  [MAMaHTEHUTE  ENEMEHTU  Cropen

onepauuuTe e KakTo cnefga: 3a rpybo wnudosaHe — 315/250
unn 250/200; 3a cpegHo wnucgosaHe 100/80; 3a dhmHo
wrmndosaHe 40/28; 3a wmaTupaHe 28/20. Tean
WHCTPYMEHTWN W3MCKBAT OMPEAENEHN YCIOBUS, KOUTO 3a
mMaTepuana oOT Haxopuwe “[bnra ycoika® ca cnegHuTe:
nepucepHa ckopoct 40 m/s, ckopoCT Ha noaasaHe — 3 m/min
1 cuna Ha nputuckaHe 13kN.

I'Ionupau.m BelecTBa U UHCTPYMEHTHU

W3nonssat ce OCHOBHO crefHWTe TWNOBE NONMpaLLy
BellecTBa :

e LuHax ( SnO2) — 6sn npax € NEeKo CUHKAB OTTEHBK.

M3nonaga ce 3a nonupaHe Ha CBETIN MPaMop;
Okcanosa kucenuHa BbB BUA Ha ApebHOKpucTaneH
npax. M3non3sa ce 3a nonvpaHe Ha CBETMM
Mpamopu, KOWUTO TpyAHO npuzobusat rmaHu. [lMpw
nocneagallo 00paboTBaHe C LMHaXx Ce Mnosyvasa
YCTOMYMBO 1 MHOTO KA4eCTBEHO NOKPUTHE;
YepseH kpokyc (Fe20s3) — YepseH go TbMHO kadsB
npax ¢ pasmep Ha vactuuute ot 0,6 go 1um.
M3non3ga ce 3a nonvpaHe NMPeaMMHO Ha LBETHM
Mpamopu NOpagu YepBeHUTEe OTTEHBLLM, KOWTO Ce
nosiBsiBaT cneg obpaboTkaTa.

WHCTpymMeHTUTe 3a monmpaHe CbC CBOOOAHO MOnMpaLyy
BellecTBa ca (hunLoBM LWanbu, ONOBHK LWanbu, UHCTPYMEHT
OT MONWpALLM BELIecTBa W CBPb3KA OT CUHTETWYHA CMona U
AVaMaHTEH NonmpaLy MHCTPYMEHT. OCHOBEH MHCTPYMEHT Npw
MOMMPaHETO Ha MPaMOPH Y HaC € MHCTPYMEHTBT OT NONMpaLLm



BELLecTBa W CBpb3ka. B KaYecTBOTO Ha MONMpaLYy BeLlecTBa
Ce W3non3BaT anyMUHUEBN WM XPOMOBW OKMCH, KakTO W
OKcaroBa KucenuHa.

TexHonorus 3a wnudosaHe U nonupaHe

3a HAKOM Haxogulia y Hac e Bb3MOXHO Aa Ce Hamanst
onepauwuTe npu WwnudosaHe. 3a maTepuana OT Haxogwiye
“[lbnra yconka” ce npenopbuBa LUNMQOoBaHe C MbieH Habop
abpasueHu Tena ot NeQ go Ne5. 3a kanubposaHe u rpy6o
wrudoBaHe € MOAXOAAWO [a Ce M3non3ea AuamaHTeH
WHCTPYMEHT, a 3a ocTaHanuTe onepauuum — abpasnsHu
WHCTPYMeHTW. B TO3n cnyyail ce uskniousaT abpasvBHUTE
Tena NeQ n Ne1. Yectotata Ha BbpTeHe Ha abpasuBHuM Tena
NeO n Ne1 e 200 min-', 3a Tena Ne2 n Ne3 — 350 min! u 3a
Tena Ned 1 Ne5 - 550 min-!. Mpy aBTOMaTMYHO LLNMEOBaHE Ce
npenopbyBa abpasneHu Tena Ne2 n Ne3 na ca no asa 6pos.

3a nonupaHe ce npenopbyBa HanmpbCKBaHE C OKCanoBa
kucenmHa 1 obpaboTeaHe ¢ chunuosa Wwaiba v nocneaBaLlo
obpaboTBaHe ¢ LyHax. Bb3MOXHO e nonmpaHeTo Aa cTaHe Ha
€[M1H eTan C KPOKyC.

lMpenopbyaHa 3a nybnukysaHe ot
Kategpa “MexaHusaums Ha MuHuTe”, MEM®
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3aknouyeHune

o CneunduyHute  (DU3NKO-MEXAHWYHM W SIKOCTHM
nokasaTeny KakTo U XUMUYHUAT CbCTaB Ha MpaMOpHWS
maTtepuan OT Haxoguwe “[dbnra ycoika” uM3ucKBaTt
cneumaneH nogxog npu nogbopa M NpPOEKTMpaHETO Ha
HeobxoaumuTe MalwKHK 3a fobusa n obpabotkata my.

e [lpu NpoekTMpaHe, KOHCTPyMpaHe WnM nopbyBaHe 3a
n3paboTBaHe Ha MalWHK 3a Ao6uB UK 0bpaboTBaHe Ha
MpamopeH OpekyokoHrmomepar oT Haxoguwe “[dbnra
yconka” € nogxoaslo Aa Ce M3non3eaT M3BefeHuTe
3aBMCUMOCTM M HanpaBeHWTE MPENOPbKA B HACTOSLMS
poknag.

Nutepatypa

Mbpxos H. B. 1991. lMogabpxaHe M PEMOHT Ha MMHHA
mexaHusaums. C., TexHuka.

http://www.pellegrini.ru/telediam.htm

http://www.pellegrini.ru/diamond_wire.htm

http://www.pellegrinispa.it

http://www.tyrolit.com


http://www.tyrolit.com/
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OCOBEHOCTW NPU U3NUTBAHE HA PABOTOCIMOCOBHOCTTA HA CNIUPAYHATA
CUCTEMA HA PYOHWYHA NOAEMHA YPE[QBA C TPUELLA LUAUBA

AHmoaHema SlHesa’, Unusi Uouea?

T MurHo—2eomnoxku yHusepcumem “Cs. Me. Puncku”, 1700 Cocpusi
2 “Pydmeman” ALl , 4960 ep. Pydosem

PE3IOME. CrupayHata cuctema Ha pyaHuyHaTa nogemHa ypenba (PITY) noanexu Ha n3nuTBaHe npy MbpBOHAYanHoO nyckaHe B ekcnnoaTtauvs, cnef npomMsHa Ha
KpanHus Oka4yeH TOBap UMM BICOYNHATA Ha MOAEMa, KaKTO W Criej MPOBEXAAHE Ha HAKOM PEMOHTHU AeNHOCTU. B npeanoxeHns goknaa He Ce npegnara LAnocTeH
MeTOf 3a M3NNUTBAHE Ha CTIMpayHaTa cUCTeMa, Thii KaTo TO! € NoAPOBHO M3ACHEH B NpeanLuHa NybnukaLums Ha CbluuTe aBTopy. Mscnensann 1 cuctemaTinanpani ca
Hail-BaXHWTe 0COBEHOCTM MpW U3NUTBAHE HA PyAHWYHW MoAeMHW mawmHu (MM) ¢ MHOroBBXeHa Tpuella 3aaBikBalla Lwaitba. MocoyeHn ca uancksaHusaTa 3a
TPaHNYHITE CTONHOCTU Ha YCKOPEHUSTA MPpU MPEeANasHo ClMpaHe, KakTo 1 3a MakcumanHaTa AoMyCcTMa CTOMHOCT Ha AMHAMUYHIS KOBULIMEHT HA CUTYPHOCT CpeLly
NpUNITb3BaHE CbracHoO HOPMATUBHUTE [OKyMeHTU. [TpeanoxeHaTa MeTOANKa 3a U3NUTBaHE Ha PaboTOCMOCOBHOCTTa M N3YMCrsiBaHE Ha OCHOBHUTE MapameTpyn Ha
cnupayHaTa cucTeMa 0bxBalla Hail-4ecTo CpeLyaHnTe Crydan Ha MOHTaX Ha €HO- 1 MHorobxeHu MM ¢ Tpuelya waitba.

SPECIAL FEATURES IN CONDITIONS OF TESTING THE BRAKE SYSTEM OF A MINING WINDING MACHINE WITH MANY
ROPES FRICTION PULLEY

Antoaneta Yaneva’, llia lochev?

"University of Mining and Geology “St. Ivan Rilski, 1700 Sofia, Bulgaria

2’Rudmetal” AD, 4960 Rudozem, Bulgaria

ABSTRACT. The brake system of the mining winder is always tested at the time of the initial putting into exploitation, after changing the end hang load or lift height as
well as after some repair works. In the report a complete method for testing the brake system is not represented because the same one is explained in details in a
previous publication of the authors. The most important special features for testing the mining winding machines with many ropes friction pulley are investigated and
systemized. The requirements for the boundary values of the accelerates at conditions of safety stopping, as well as for the maximum boundary value of the dynamic
safety factor against sliding, are pointed out according to the normative documents. The proposed methods for testing the workability and estimating the main
parameters of the stopping system contain the most applied cases of winding machines with one- or many ropes friction pulley situating.

BuBepeHue HeobXxoguMuTe (HyHKUMKM, HO W C TOBA, Y€ OCHOBHWUTE I
napameTpy Tpsibea Aa ca B U3BECTHM JONYCTUMM rpaHNLM.

CnupayHaTa cucTema € efiH OT Hal-BaXHUTe eNeMeHTH Ha
pyoHWYHMTE nopeMHu ypepbu (PTTY), oT KoWTO 3aBucu
CUrypHOCTTa 11 Be30MacHoOCTTa Npu ekcnnoaTauus.

W3nutBaHeTo Ha paboTtocnocofHocTTa Ha  cnupayHata
cucTemMa Ha pyaHWYHWTEe nogeMHu ypenbu OBMKHOBEHO e
3aBbPLUBALL eTan OT HelHaTa HacTpoikata W ce Hanara npu
cnefHuTe obcTosTencTea:

Cneumdukata Ha NpeaaBaHETO Ha [BuraTenHaTa curna Kbm
e  nyckaHe B paboTa Ha HOBa NOAEMHa MaLUWHa;

OpraHa 3a HaBMBaHe MpuW NOAEMHM ypendu ¢ Tpuewa wanba

npemonpenens  cneuManHuTe  YCroBUS, Ha  KOUTO € ¢  MpOMsiHa Ha yCnoBusiTa Ha exkcnnoartauyns
HeobXoauMO [a OTroBaps CnupayHata cucTema, a UMEHHO (NpoMSsHa Ha OkayeHWTe TOBapH, BIICOYMHATE Ha
He[oMyCcKaHe Ha MPUNITb3BaHe Ha NOJEMHUTE BbXeTa. MOAEM, TUMa W KOHCTPYKLMATA Ha NOAEMHUTE
BbXeTa v ap.);
MpoBepkata ce npaBu Mpu npoekTupaHe Ha PI1Y, a npu e  U3BbPLIBAHE HA PEMOHTW CBBLP3aHU C EeNeMeHTH OT
ekcnnoarauuata TpsaGBa fa Ce Cb3fadaT YCMoBUsA 3a cnupayHaTa cucTema;
noaabpxaHe Ha napameTpuTe B JaeHUTE rpaHuULM. *  HeynoBneTBopuTEnHa paboTa Ha cnupaykara v ap.

Bwanpueto e pabotocnocobHocTTa Ha MalmHaTta fa ce OCHOBHM Lienu 1 HeobXoAMMM YCNOBUA Ha
onpegens OT TOBa HEMHO CbCTOSHWE, KOETO B AafeH MOMEHT U3NUTBAHETo
CbOTBETCTBYBA HAa BCWYKM W3UCKBAHUS MO OTHOLUEHWE Ha
OCHOBHWTE W MapameTpW, XapaKTepuaupaliy HOPMarHOTO

N lMocTaBeHu ca cnegHuTe uenwu:
M3NbJIHEHWE Ha 3aJafeHNTE N beHKLlMM.

e OMnpefiensaHe Ha NPOALIKATENHOCTTA HA MpasHUs
XOfl ¥ BpemeTo 3a cpaboTBaHe Ha CrMpadykara npu

PaboTtocnocobHocTTa Ha CnupayHaTa cuUCTeMa He € MPEANA3HO CTPaHe W MIPOBEPKA Ha CHOTBETCTBHETO

CBbp3aHa CaMO C HelHaTa CrocobHOCT fa W3MbIHsBa
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Ha TE3N CTOMHOCTM C  M3UCKBAHUATA
NpaBUIHULMTE MO TeXHMYEeCKa 6e3onacHoCT;

e OnpedensHe Ha 3aKbCHEHMETO Ha MNOAEMHMTE
CbA0Be NMPW NPeanasHo crupaHe Mpu cryckaHe w
MofeM Ha W3YMCIUTENHWS ToBap 3a [afeHarta
nopemHa ypezaba;

e  OnpefensHe Ha CTOMHOCTUTE Ha AENCTBUTENHMTE
AVHAMUYHN KOe(ULMEHTU NPOTUB MpUNITb3BaHe Ha
BbXETaTa.

Ha

BpemeTo 3a Npa3eH Xod Ha npegnasHata chnupayka e
BPEMETO OT MOMEHTa Ha 3afelcTBaHe Ha cnupadvkaTta no
CbMNPUKOCHOBEHMETO HA HaKnaakuTe CbC CnnpavyHuTe noneta.

BpemeTo 3a cpaboTBaHe Ha npegnasHata CnupadkaTa e
BPEMETO OT 33[eNCTBAHETO [0 MOMEHTAa Ha Cb3[aBaHe Ha
CrhMpayeH MOMEHT PaBeH Ha CTaTUYHKA.

Pasrnexpgar ce HAKONMKO Bb3MOXHW BapuaHTa Ha MOHTaxX Ha
nogemHata mawwHa (MM) ¢ Tpuewa wanba, KakTo N HAKOMKO
BapWaHTa Ha HaTOBapBaHe Ha 4BaTa KIoHa Ha BbXeTata.

KoHkpeTHO ce wu3Bexgar opmynu 3a npoBepka Ha
LONYCTUMUTE YCKOPEHWUSI U HA AMHAMWYHMS KOe(ULMEHT Ha
CUIYPHOCT CpeLly NpuUnb3BaHe NP €4HO- M MHOTOBBXEHM
MM Cc HaseMeH MOHTax, KakTo M npu MHoroBbxeHn [1M,
pas3monoXeHN B HapllaxTHaTa Kyna 3a cnydvaute ¢ u 6e3s
OTKNOHsIBaLLa Luaiiba.

[pyra 3agava npu M3nNUTBaHETO Ha paboTocnocoBHOCTTa Ha
cnupayHaTa cuctema e onpedensHe Ha 6post ycTOMuMBM
cTeneHn npu paboTHO CrMpaHe OCUrypsiBaHM OT perynatopa
Ha HansraHe, npu KOWTO Ha ONpedeneH TOK B ynpaBnseallata
60buHa 0TroBapsi CbOTBETHA CTONHOCT Ha CMIUPAYHUS MOMEHT.
M3mbnHeHMeTo Ha Tasu [eMHOCT e pasrnedaHo B Moues,
Kbpuenuu (2003) u He € 06eKT Ha BHUMaHWe Ha HacToSLMS
poknag.

M3nuTBaHeTO Ha MpegnasHoOTO ChMpaHe Ce W3BbpLUBa NPy
CcnassaHe Ha CriegHuTe yCrnosus:

o Xnabwhute Mexgy HaknagkMte M CrMpayHuTe
noneta TpsbBa Aa Ca HACTPOEHW Ha MaKkcuMarHa
BeNMuMHa (CymapHa xnabuHa 3a ABeTe YemocTu u
noneTo 2+2mm), Npu KosTO cpaboTBa M3KMKuBaTe-
NAT 3@ U3HOCEHM Haknagku. Mpy MaLMHK C NPYXWH-
HO 3aABWkBaHe Ha paboTHaTa Cnupayka W3NKUTBa-
HETO Ce W3BBbPLUBA KaKTO MPU MakCUManHu Taka u
npy HopMarnHu xnabuHu, NOHeXe OT rofieMuHaTa Ha
cymapHata xnabuHa 3aBucM  CTOWHOCTTa  Ha
CMMPaYHNs MOMEHT;

e EpuHnar ot nogemuute cbaose TpsbBa ga e
HaTOBapeH C MakcUManHus usdncneH Togap. He ce
AONycKa M3NUTaHUS 4a Ce W3BbPLUBAT NPU Hanuume
Ha xopa B noaemHuTe cbaose. [pu M3Bo3 camo Ha
X0pa, B MOLEMHUSI Cbf Ce HaToBapBaT TEXECTU C
CYMapHO Terfio paBHO Ha TErNoTO Ha MaKCUManHus
paspeLLeH 6poit xopa.;

e 3a HeypaBHOBECEH MOAEM M3NUTBaHUATa Ce
W3BbPLUBAT MPW TOBa MOMOXKEHWE HA NOZEMHUTE
Cbd0Be, MpU KOETO CTaTMyHata pasnuka B
KNOHOBETE Ha BbXeTaTa € MakcuMarnHa. 3a ypaBHo-
BECEH MOdeM MW3NUTBaHMATa Ce W3BbLPLBAT MNpy
KOETO W Aia € NONOXeHNe Ha NOAEMHUTE CbAOBE;
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e  anuTBaHMATa Ce W3BLPLIBAT MPU MaKkCUManHa
CKOPOCT pa3peLLeHa 3a MoAeM U CrycKaHe;

e [lpennasHoTo cnupaHe TpsiGBa 4a € CbNPOBOMEHO C
W3KMIoYBaHE Ha [MaBHUA ABUraTen OT Mpexara.

CbLHOCT Ha M3NUTBAHETO

N3BbpLuBa ce ocumnorpadMpaHe Ha npoLeca Ha npeanasHo
cnupaHe. OnpefensiHe Ha NMPOLBLIKMTENHOCTTA Ha MpasHus
Xof, Ha BpemeTo 3a cpaboTBaHe Ha Chupaykata M Ha
3aKbCHEHMETO HA MOAEMHMTE CbAOBE NpWU  NMpeanasHo
cMpaHe e noapobHo onucaHo B Moues, SneBa (2004) u
3aTOBa B HACTOSILUMS [OKMAA Tasu TeXHOMOrus HaMa aa Gbae
pasrnexgaHa.

Mpu nogemunTe ypenbw ¢ Tpuela waiba no-mManko onaceH
PEXWM Ha MpeanasHo CrupaHe e TO3W Npu NoAeM Ha ToBap.
Mopagu Tasu NpuyMHa MbPBO Ce NPOBEXAAT M3NUTBAHUSATA Ha
npeanasHo cnupaHe npu nogeM Ha Tosap. [omyyeHata
CTOMHOCT Ha CPEeAHOTO 3aKkbCHEHWe an He TpsbBa Aa npesu-

Wwaea 5m/s?, a Taka CbLO CTOMHOCTTA Ha Gny, W34YMCNEHM NO
chopmynu (1) nnm (2) npu pasnonaraHe Ha NogeMHaTa MallmHa
Ha HagwaxToBa kyna, unu copmyna (3) npu HaszeMHO
pasnonaraHe Ha nogemHaTa MalluHa Un npu cryvai Ha eaHo
MOAEMHO BbXe.

MakcumanHo [fonycTumata CTOMHOCT Ha 3aKbCHEHWETO,
ocurypsieawa Heobxogumarta CTOMHOCT Ha  OWHAMUYHWS
KoeMLMEHT NPOTMB NpUNb3BaHe Ha BbxeTaTa Mg =1.25 wwe
ce onpeneny no opmynure:

e Mpu CNyyait Ha NOLEM Ha MO-HATOBAPEHUS KIOH Ha
BbXXeTaTa OT CTpaHa Ha OTKMOHSBALLMTE Lanbu:

Fy(e# % Lyru (F-Fy)
¥ 11 (FreF2+9Gy, 103 J(FyrGy,, 1073 [eiaa)

(1)

aHIu:

e [ipn cnyqa|7| Ha NodemM Ha no-HaToBapeHUA KINOH Ha
BbXeTaTa 0T CTpaHaTa 0e3 OTKITOHsABALLK wanbwm:

F(e#%L)u 1 (F1-F2) )
-9 # 7 (F1+Fp+9Giy, 1073 JiFy (et 1) @

aH#
(] npu Cﬂyqam C Ha3eMHO pasnonaraHe Ha nogemHara

MalluHa :

Fl(el’a—l)w 1(R-F2)
v ( ) (
-3 -3 1 ) e
yﬂ|:F1 + FZ +9.10 zeim + AMHP :|+|:[F1 +9.10 Gim + Gim ﬂ(e 1]

(3)

kbaeTo F1u F2 ca ToBapuTE Ha KITOHOBETE Ha BbXeTaTta,
kN kato F1> F2;
Giw- NpYBEAEHA Maca Ha OTKNOHsBaLLaTa Wwanba unu
Broka ot Lwanbw, kg;
M — KOe(ULMEHT Ha TPHEHE Ha BbXeTaTa U
obnuLoBKaTa Ha opraHa 3a HaBUBaHE;
a — b Ha 06XBaT Ha opraHa 3a HaBuBaHe,rad.



OcobeHocTTe Ha Ha3eMHOTO pasmnoriaraHe Ha MHOro-
BbXEHUTe W €AHOBBLXEHWTE MOAEMHM MallVHU C TpUELM
Wanbu ce CbCTOST HAaNMYMETO Ha HanpaBnsBalLM Wanbu 1 Ha
[BaTa KINOHa Ha BbXeTaTa.

Mpu enHOBLXEHW nogemMHW ypenbu ¢ Tpuelwa waiba w
HanuuMe Ha MmapawyTHO YCTPOWCTBO € Heobxoaumo fa ce
OTYETE U MacaTa Ha BbXeTO, BKITIOYBALLO NapaluyTa, n MacaTta
Ha lwanbata 3a ToBa Bbxe. OOWO npuBegeHaTa Maca Ha
napaLuyTHOTO BbxXe U WwanbaTa my we bbae:

1
AM ., = q(H +2h)+ G, @)
KbETO g € NMHeHaTa Maca Ha BBXKETO BKITOYBALLO
napaLlyTHOTO ycTponcTeo kg/m;
h — pbNXKHA Ha TOBa BbXe OT WwaibaTta oo Hal —
FOPHOTO MOMOXEHWE Ha KneTkaTa,m;

1 .
G;,, - npvBefeHa Maca Ha Laitbata noabpxaLLa
BBXETO BKII0YBALLO NapaLuyTa,kg.

Heobxogumo e fa ce uanuTa npeanasHoTo crvpaHe W Ha
MO-TEXKMS KMNOH Ha BbXeTaTa Npu [BWKEHWE Ha npasHu
cbaose. [lonyyeHata npu ToBa CTOAHOCT Ha CPEOHOTO
3aKbCHEHME an' CbLo He TpsibBa Aa npesuwaBa Sm/s?, a Taka

CbLLUO CTOMHOCTTA Ha Gny  M34MCrIEHN o copmynu (1) unm (2)
npu pasnonaraHe Ha MOAEMHATa MalMHa Ha HafdLlaxToBa
kyna, unu dopmyna (3) npu HasemHo pasnonaraHe Ha MM nu
npu CnyYait Ha eqHo NOLEMHO BbXE.

Upes noryyeHuTe CTOMHOCTM Ha aGn W an' Ce u3uMcnssar
0OYaKBaHWTe CTOMHOCTW Ha 3aKbCHEHMSATA CbriacHo bexok
ap. (1982):

e MpM CrycKaHe Ha ToBap

_210°F,

(9)
M IIP

Acpo =y

. npn CNyCkaHe Ha Mo TEXKNA KNOH Ha BbXeTaTta npu
[OBWKEHWEe Ha npa3Hn CbaoBe

kbaeTo Fo 1 Fo' ca CTaTUYHWUTE pasniuku B KNOHOBETE Ha
BbXXeTaTa CbOTBETHO MPK MOLEM Ha TOBApM
NpW ABWXEHWE Ha Npa3sHu cbaoBe,kN;
Mrp 1 Mrp! — NpyBeeHa Maca Ha ABWXKELLMTE Ce
YacTy Ha nogemHarta ypegba CbOTBETHO NPy
Nnofiem Ha TOBapW W Npu ABWXEHWE Ha NpasHK
cbaoBe,kg.

lMony4eHnTe CTOMHOCTM Ha 3aKkbCHeHMsATa no opmynn (5) v
(6) He TpsibBa na HagBMLABAT OMpedeneHnTe CTOMHOCTM Ha
acnp N0 chopmyna (7) unm (8) npw pasnonaraHe Ha nogemHara
MallWHa Ha HafLwaxToBa kyna, unu gopmyna (9) npu HaseMHo
pasnoraraHe Ha nofeMHaTa MaluvHa Unum Npu crnyvaii Ha eaHo
NOAEMHO BbXe. AKO TOBa YCIIOBME € YAOBNETBOPEHO, MOXE Aa
Ce NMPUCTBNM KbM W3NUTBAHE Ha CriMpaykaTa npy cryckaHe Ha
TOBApP WM NPY CMyCKaHe Ha MO-TEXKMA KMNOH Ha BbXeTaTta npu
JBWXEHMe Ha npasHn cbgoBe. B npotueeH cnyvan ce
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W3BbpWBA HACTpOWKa Ha ChMpayHata cuctema C  Len
HamarsBaHe Ha CTOMHOCTUTE Ha an U @n', OTHOBO Ce W3NWUTBA
npegnasHata crvpayka npu NogeM Ha ToBap W OTHOBO Ce
M34NCNABAT O4aKBaHUTE CTONHOCTU HA g1 W &, -
MakcumanHo pgonyctumata CTOMHOCT Ha  3aKbCHEHWETO
ocurypseawa Heobxogumarta CTOMHOCT Ha  OWHAMUYHWS
koeuMLMEHT NPOTUB NpUNTb3BaHe Ha BbxkeTata g =1.25 npu
cryckaHe Le ce onpesent no opmynure:
e [pu Cryyal Ha CnyckaHe Ha MO-HaTOBAPEHWS KIOH
Ha BbXeTaTa OT CTpaHa Ha OTKIMOHsBaLLMTE Laibu:

Fo(eH o1y (F—Fy)

O ﬂ(F1+F2+gGim.10—3)+F2(e#a—l) )

acru =

e pM Cryvyait Ha CryckaHe Ha Mo-HATOBapeHWs KMOH
Ha BbXeTaTa OT cTpaHaTa 6e3 OTKMOHABALLW wanbu:

) Fo(eHL)uy (Fi-Fp)
“Clli =9 (PG, 103 o {Fp+ 06y, 1073 (ea1)

(8)

. npu cnyqa|7| C Ha3eMHO pasnonaraHe Ha nogemHara
MalluHa :

F(H%-1)-ug(R-Fp)
a9 = 9
,uJ|:F1 + F2 +0.10° 3(2Gim + AMHP):|+|:(F2 +0.10° 3(Gim + Gilm )jjl(eﬂml}
)

M3nuTBaHMATa Ha NpeanasHOTO CMMpaHe KakTo Mpu nodem,
Taka W npu cnyckaHe ce u3BbpBa 3-4 MbTW, NOBULLIABANKN
CKOPOCTTa Mpu BCAKO 13nuTaHme. Mpu ToBa e Heobxogumo aa
Ce YCTaHOBW NUMcaTa Ha NpUNITb3BaHe Ha BbKeTaTa BU3yanHo
WK Ypes yCTPOMCTBOTO 3a 3aluTa OT ToBa fBneHue. Mpu
Hanuuve Ha MpuUNNb3BaHe M3NUTaHUSTA Ce MpeycTaHoBABAT,
kaTo crnegBa Aa Ce M3BbPLUM perynupaHe Ha cnvpadvHata
cuctema. 3a u3bArBaHe Ha MperpsBaHe Ha CnupayHuTe
Haknagkvm mexgy manutauusTa ce npasat 10 — 15 MUHYTHM
nayau.

MonyyeHuTe (hakTUYECKUTE CTOMHOCTM Ha 3aKbCHEHUSTA
npu MpennasHo CnupaHe npu CcryckaHe Ha ToBap U npu
CryckaHe Ha MO HAaTOBAapEeHWsl KMOH OT BbXeTata npu
ABUXEHWe Ha NpasHM Cbll0BE CbOTBETHO Gen M Gcn! TPSAOBA Aa
ca He no-manku ot 1.5m/s2 1 He No-ronemu oT CTOMHOCTUTE Ha

acry
Upe3 u3non3BaHe Ha (haKTMYeCKUTe CTOMHOCTU Ha
3aKbCHeHMATa Mnpu NOAeM Gn M Qen CE€  OMpenensr

(haKTUHECKUTE JUHAMUYHM KOEULIMEHTU Ha CUTYPHOCT NPOTMB
npuUnnb3BaHe KakTo crefsa:
e MpW Mogem Ha TOBap CbC Cba, Pa3noNOXeH KbM
CTpaHaTa Ha OTKIOHSIBALLUTE POMKU:

Hr = [(g_aﬂ)(F1+gGim'lO_3)Keﬂla_l) >1.25 (10)

- ap(F+Fp+0G;, 103 g (F-F,)



e Mpu nofeMm Ha TOBap B CbAa OT CTpaHaTa 6e3
OTKNOHSIBALLYM LUAON;

Fl(g -3, gHa —1)

A (PG, 103 o (R F) e

(11)

° npun nogem Ha TOBap C HA3EMHO pPasnonoXeHa
noAemMHa MallnHa:

[Fl(g—a H)—a H'g'10_3(Gim+Gilm )](e,u.a _1)
#ﬂﬂ = _3
aH[F1+ F2 +9.10 (ZGim +AMHP)]79(F17F2)

>125 (12)

e MpM CyckaHe Ha TOBap CbC CbAia, PA3NONOKEH KbM
CcTpaHaTa Ha OTKIOHABALLMTE POTIKM:

) Fz(g ~acy Xe'”'“—l)
PHC ™ o (R 981,103 o (RF,)

>1.25 (13)

e Mpu CnyckaHe Ha ToBap B CbAa OT CTpaHaTa 6es
OTKMOHSBALUM Luanbu:

_ _ =3 | (o _
[Fz(g aCH) aCH'g'Gim‘lO }(e 1)

>1.25
acy;(F+F,+9G;,, 103 Jrg(F-F,) )

Hacrn =

(14)

. npun cnyckaHe Ha TOBap C Ha3eMHO PasnosioXeHa
noaemMHa MallnHa:

[Fz(g—acn)—acn.g.m* 3(Gim+Gi1m )](eﬂ-“ 1) 5125

E Jater
aCH{Fl +F, 40007706, +aM }g(Fl F)

Hucrn =

(15)

lMpenopbyaHa 3a nybnukysaHe OT
Kategpa “MexaHusauus Ha Munute”, MEM®
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U3Boau

CuctemaTuaupaHa e MeToauKa, NMPUNOXMMA KakTo npw
eKcnnoataumaTa Ha pygHUYHM MOAEMHW ypeadu, Taka 1 npu
TAXHOTO MPOEKTUpaHe. TS faBa Bb3MOXHOCT 3a peluaBaHe Ha
OCHOBHW 3afjauu Npu onpegensHe Ha pabotocnocobHoCTTa Ha
cnupayHaTta cuctema Ha M ¢ Tpuella wanba, a UMEHHO:

OnpepensiHe Ha BpemeTo 3a Mpa3eH Xo4, BpeMeTo 3a
cpaboTBaHe Ha CnmMpadkata, CTOMHOCTUTE HA CPEAHOTO
3aKbCHEHME B MNepuoja Ha npeanasHo  crvpaHe U
(haKTMYECKUTE AMHAMUYHM KOEDULMEHTU HA CUIYpPHOCT Mpu
nNpuUnTb3BaHe.

MonyyeHute  hakTM4eCku CTOMHOCTM Ha  CPegHOTO
3aKbCHeHWe Npu NOAEeM Ha ToBap He Tpsbea ga npesuwwasar
5m/s2.

MonyyeHute  (pakTMYeCKM  CTOMHOCTM Ha  CPESHOTO
3aKbCHEHME MpK CryckaHe Ha ToBap UMK CryckaHe Ha no-
HaTOBapeHMs KIMOH Ha BLXETaTa Npu ABWXEHWe Ha MpasHu
CboBe He TpsibBa fa ca no-manku ot 1.5m/s? n no-ronemu ot
CTOWMHOCTUTE 134mncnenn cornacHo (7),( 8) u (9).

MonyyeHuTe (haKTUYECKW CTOMHOCTM Ha  [OWUHAMUYHMSA
KOE(ULMEHT Ha CUrypHOCT NPOTMB NMPUMITb3BAHE Ha BbXeTaTa
32 pasnuyHUTE Cryyau npu MOAEM W CMycKaHe Ha ToBap
TpsibBa Aa He ca no-manku ot 1.25.
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ONTUMANEH BAPUAHT 3A PEKOHCTPYKLIUA HA PYOHWYHA NMOOEMHA YPELIBA
NPU YOBNBABAHE HA BEPTUKAIHA LLAXTA “KAMUTANHA”, PYOHUK YENOMNEY

AHmoaHema flHesa

MurHo-eeonoxku yHusepcumem “Cs. Ue. Puncku”, 1700 Cogbus

PE3IOME. B Hactosiwus paboTa ca pasrnefaHs Bb3MOXHOCTUTE Ha CblluecTByBallaTa nogemHa ypeaba Ha wwaxta “KanutanHa’, pyoHuk Yenoney, n HeitHuTe
nofieMHM cbopbxeHus. Lienta e gopaspaboTeaHe Ha pyaHuKka 1 yaobnbaBaHe Ha cbluaTa LiaxTa C olle eauH Xopu3oHT - 100 m. Ypes usnocTHo npoekTupate Ha MY
€ npoBepeHa HeiHaTa paboTOCMOCOBHOCT Npu HOBMTE NapameTpy — BUCOYMHA Ha MOAEMA U roAMLLHA MPOU3BOAMTENHOCT. M3cneaBanm ca pasnuyHn BapuaHTy 3a
M3MEHEHWe Ha MOLEMHUTE CLOPBHKEHUS.TbPCEHO € OMTUMarHO pelleHWe C Haln-Manmkv AOMbAHUTENHA KanuTamHu pasxogu, C MUHWMAmMHM MpOMEHU Mo
KOHCTPYKTUBHUTE €NEMEHTU U C Hall-kpaTbK CPOK Ha PEKOHCTPYKUWS W CriMpaHe Ha AobuBa M mogema Ha nonesHo uskonaemo. [peanoxeHn ca pelueHus 3a
MOZepHU3aLus Ha nogemHaTa ypegba v 3a no-ganeyHo Obaelle npy Hanuuve B AbNOOYMHA Ha 3amacy € JOCTaTbyHa MKOHOMUYECKA ePEKTUBHOCT U B 3aBMCUMOCT
0T AbArocpoYHaTa nporpama 3a passuTue Ha pyaHvka.

OPTIMAL VARIANT FOR RECONSTRUCTION OF A MINING WINDER IN CASE OF DIGGING A VERTICAL SHAFT
‘KAPITALNA’, CHELOPECH MINE

Antoaneta Yaneva

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, Bulgaria

ABSTRACT. The possibilities of the existing winder of vertical shaft “Kapitalna”, Chelopech Mine, and its winding equipment are represented in the report. The
purpose is further development of the mine and digging one more horizon of the shaft — 100 meters. Through complete design of the winder its workability with the
new parameters is checked — lift height and annual output. Various variants for alternation of the winding equipment are investigated. An optimal decision with the
least additional capital expense, with minimum alternation of constructive elements and with the shortest time of reconstruction and stopping the production and
winding the mineral resource is searched for. Future decisions for the winder modernization are proposed in the presence of reserves in depth with sufficient
economic effectiveness and depending on the long-term program for mine development.

YBoa noAseMeH HauvH. PasnonoxeHo e Ha 70 kM W3TOYHO OT
Codma. B HaxoguLeTo Ce cpeLyat crieHUTE TUMOBE pyau:

B Hactoswuma pabota ca pasrnefaHn Bb3MOXHOCTUTE Ha - 3NaTHO-NWPUTHW — Cam0 3NaToTO € CbC ChAbPXaHue
cbljecTByBawara nogemHa ypepba ([Y) Ha waxta Hagj 6opToBOTO;
“KanMTanHa”’ PYLHWK Yenoney, W HeWHUTE MNOAEMHM - 3NaTHO—MeaAHO—-TMUPUTHU — C OTHOCUTENTHO MO-BUCOKO
CbOpbXeHUst ¢ Len aopaspaboTBaHe Ha pyaHuka M yabn- CbABPXKaH1e Ha Mef;
faBaHe Ha CbLUaTa LWaxTa ¢ Ole eauH XOpM3oHT — 100m. - MeJHO — 3MaTHO — MUPUTHI — Mpi Tsix Npeobnanasa

3naroTo;

Ypes uanocTHo npoekTupaHe Ha Y e nposepeHa HeitHaTa - MEe[HO—TMPUTHM — CaMo MeATa € CbC CbAbpXKaHHe
paboToCnocOBHOCT MpU HOBWTE NMapameTpy — BUCOYMHA Ha Haz 6OpTOBOTO;
ropema U TOANWHA  MPOMIBOANTENHOCT. TbpceHo e - TMONWMETArHN — 0CBEH Me[, W 311aTo MMa MOBULLEHO
ONTUMANHO PELLEHWE C Halt-Manku JOMbIHUTENHW KanuTanHu CbAbpPXaHWe Ha 0MoBO, LMHK 1 cpeBpo.
pa3xoM, C MMHUMANHW TMPOMEHU MO  KOHCTPYKTUBHUTE
eNeMeHT! 11 C Hall-kpaTbk CPOK Ha PEKOHCTPYKLMA U CLOTBET- MonesHUTe  KOMMOHEHTW, OMNpPefenswy npoMuLneHaTa
HO CnnpaHe Ha ﬂ06V|Ba M N3BO3a Ha MOJIe3HO N3Konaemo. LlEHHOCT Ha HaxoAuLWeTo, ca MeaTa M 3nmaToTo. CpeﬂHI/ITe

CbAbpPXaHNA Ha OCHOBHUTE KOMMOHEHTWM B pydaTta ca: Cu -

MpeanaraT ce pelleHUs W 3a No-AaneyHo Obgelle npu 151 %: Au—4.28 gt S - 1.34%.

Hanuyme B AbnboysHa Ha  3anacM ¢ [0CTaTbyHa
MKOHOMUYEeCKa eCpeKTI/IBHOCT n B 3aBUCUMOCT oT

[1bIITOCPOYHATa Mporpama 3a passuTie Ha PyaHUKA. HansemMHuar pyaHU4YEH KOMMNEKC € W3rpageH rnaBHO B

paiioHa Ha LWwaxTa “KanuTtanHa’ n ce CbCTou OT:

o  ByHKEpHO CTOMAHCTBO — HEMOCPELCTBEHO 0 LiaxTa
CBepeHusA 32 HAXOANLLETO, PYAHNYHNS “KanuTanHa’ ca nocTpoeHu Tpu GyHkepa ¢ obiua
KOMMJIeKC U nogemMHaTa ype.q6a Bmectumoct 300 t, nmog Kouto € M3rpageHo
OTAENeHe 3a eapo TpolleHe u YeTupu ByHkepa ¢

Haxonmme Yenoney” e €OHO OT Hal-ronemute MegHo- BMECTUMOCT 1o 58 m?;

3MaTHO-MMPUTHM Haxoguwa B EBpoma, paspaboTBaHo Mo
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e Crpapa, B KOATO Ce Hamupa Liex 3a CPEAHO U CUTHO
TpOLLUEHE;

e (Ob6oratntenHa abpuka — B Hes ce Hamupa
MENHWYHO OTAeneHne, roTaUMoHHO U (UNTHPHO
OTHENEHVE;

e Bpb3kata Mexay OTAENEHWETO 3a edpo TPOLUEHE,
Uexa 3a cpegHo TpolweHe U oboraTuTenHata
thabpuka ce OCbLiECTBSIBA 4pe3 YMEHO NEHTOBU
TPaHCMOPTLOPMW.

LWaxTa “KanutanHa” e ¢ obwa BucounHa H = 345 m cbe
cBeTno ceveHne 23,6 m2. betoHupaHa e. ApmupoBkaTta 3a
BogeHe Ha nogemHute cbaose (M1C) e tbpaa. lWaxtata e
obopyaBaHa C [Be OTAENeHUs 3a [BEe [ABYETaXHU KIETKW,
neLuexoaHo 1 TpbBHo-kabenHo oTaeneHve.

MopemHWTE CbaoBE Ca ABYETaXHW HEOOPbLATENHM KNETKM
3a 13B03 Ha BaroHn BHP — 2,8 m3.

MogeMHu BbXeTa Ca CTOMaHEHW C KpPBINO CEYEHWe,
OTBOPEHa KOHCTPYKUMS C napanenHa nnetka - 6x36
B+(1+7+7+7+14). QuameTbpsT € dB = 60,5 mm, ceyeHme SB =
1488 mm2 n gbmkuHa L = 560 m. BbxeTo Mma SKoCT Ha OMbH
0o = 1770 N/mm2 n cuna Ha ckbesaHe Qp = 2634 kN. Tosu
BML BbxeTa pabotar pobpe Ha orbBaHe, MMaT mno-ronsma
[OMMPHa NOBBPXHOCT U No-Marka AeopMaLys Npu HaBMBaHe
OKOMO OpraHa W HanmpaBnsBaLymTe LWaitbn. TexeH HegocTaTbk
€ CKMOHHOCTTa MM KbM pa3CykaHe, 0COBEHO mpu ronemu
ABbNOOYNHYM, KOETO 3aTpyAHsBa OKAYBAHETO M CMEHSBAHETO
UM, a Cblo Taka uype3 MC okasea AOMbIHWTENEH HATUCK
BbpXy LUaxTHaTa apMMpoBKa. [peanaraiikn HOBO BbXe, NMpu
NpoekTHaTa NpOBEpka MOXe Ja Ce MWCIIM OCBEeH 3a
KOHCTPYKUMSITA My KaTO SKOCT Ha OMbH, CbLO Taka 4 3a
HauuHa My Ha onnuTaHe.

MogemHaTa MawwHa e epHobapabaHHa C [BYCEKLMOHEH
6apabaH Tn LIP - 6x3,2/0,75. Tosu BUE NOOEMHW MalLWHM
mMoraT fda ce w3nonseaT npu pabota Ha OBa XOpM3OHTA.
MalwmHaTa € MOHTMpaHa B OTAEMNHa Crpaga Ha NOBbPXHOCTTA
BbPXY MacuBeH xene3obeToHeH (hyHOaMeHT W e 3akpeneHa
KbM HEro ¢ aHKepHuW BonTose.

EnekTpo3agBukBaHeTo Ha pygHWYHaTa nogemHa ypenba e
egHopsuratenHo 6e3 pepykTop. 3adBWXBaHETO Ce OCb-
wecTtBsBa ¢ GABHOXO4OB MOCTOSHHOTOKOB [BUraTen ¢ Hela-
BMCMMO Bb3DykaaHe no cuctema =[] (reHepaTtop-gauraten).
CunxpoHeH geuraten min COC n=1000 r/min; S=1860 kVA,
P=1600 kW; lMoctosiHHOTOKOB reHepatop Tun — MI1-172-10
KY4, P=1450kW; n=1000r/min; NOCTOSAHHOTOKOB ABMraTen Tun
- M2-26/51-2,5 YXI4, P=2500 kW.

CnMpaqHaTa cuctema € C NHEBMO-TEXECTHO 3a[BWXBaHe,
OBYYentoCTHa C napanenHo npeMmecTsaHe.

3agauM Ha ONTUMMU3ALMATA U aHANKU3 Ha
BapnaHTuTe

[maBHaTa uges Ha wsuncnuTenHata nposepka v usbopa Ha
ONTMMareH BapuaHT e fa Ce 3anassT OCHOBHUTE KOHCTPYK-
TUBHM €NeMEHTU Ha nofeMHaTa CUCTeMa - MOAEMHUAT CbA
(NC), waxTHaTa apMWMpoBKa, HafLWwaxTHaTa Kyna ¢ Hanpas-

18

naBaWuTe LWanbu, ycTpoiicTBaTa 3a TOBApPEHE U pasToBap-
BaHE M, MHOrO BaXXHO, Ha noaemHaTta MalmHa (M) - 3apagm
HeoDOxo4MMOCTTa OT MMHMManHW 3arybu Ha Bpeme, Tpyg M
OONBNHUTENTHU MHBECTULIUN.

MogemHu cbaoBe
lMooeMHMAT Cba OT efHa CTpaHa € CBbp3aH C BbTPELUHO-

PYOHWYHUSI TPAHCMOPT, KOWTO 0 OrpaHW4aBa ¢ onpefeneH Bug

BaroHeTkn, a OT fApyra — C napaMeTpuTe Ha LWaxTHaTta

apmupoBka. BapwaHtute TyK npu 6baewy no-kapauHanHu

NpoMeHy ca:

- TMpemuHaBaHe KbM ApYyr TUM BaroHeTKM C Mo-ronsma
BMECTUMOCT (NpK 3ana3eHa NIbTHOCT Ha pyAaTta) W
npoBepKa Ha SKOCTTa Ha NoaeM-HOTO Bbxe 1 M ¢ HoBusi
noneseH ToBap;

- MpemuHaBaHe KbM 3-€TaxHa KreTka CbC CblUus TN
BaroHETKM — MPOMEHSI Ce CaMo BucouMHaTa Ha MC — u
OTHOBO NPOBEpPKa Ha BLXETO U MalLMHaTa;

- npemuHaBaHe kbM HOB 1C — kneTka umu ckun (M3usno
pasnuyHoO BUXAAHe — NpeaHasHa-yeHne Ha PI1Y camo 3a
TOBap), kK0eTo 61 10Be-No 40 N3MEHEHUS B apMUPOBKaTa,
TOBaPO-pa3TOBapHNUTE YCTPONCTBA, OKONOLLIAXTHUS [BOP
Ha MpuWeMHuTE nnowaaku, nonesHus Tosap u ap. e ce
Hanoxat NPOMEHW 1 B HAALIAXTHUSI KOMMIEKC, Hal-Beye
B NpUeMHMs ByHKep 1 TPAHCMOPTHUTE BPBL3KK; MOXe Aa €
HeobxoanMa 1 HOBa HafWaxTHa Kyna — KaTo BUCOYMHA 1
KOHCTPYKLWS;

- Mpu HeobxoaMMOCT OT paboTa Ha MHOMO XOPU3OHTW U OT
ronemMu AbNOOYMHM — 3anasBaHe Ha AOCErallHust Tun
kneTka, HO NnpeMuHaBaHe kbM eaunH NC 1 NpoTUBOTEXECT.

BbB BCMYkM Chiydau ca  Heobxogumy mpecMsiTaHus w
npoBepku Ha pabotocnocobHocTTa Ha MM, 3a Aa ce aokaxe
0CTaBaHETO 1 B eKcrnoatayms.

EpHa oT Bb3MOXHWUTE NPOBEPKM € AKOCTHO M3YMCNsiBaHe Ha
LWnuHOpuyHaTa vact Ha 6apabaHa (npu 3anaseHn guameTsp -
D6 u wwupoumHa — B6). lMpu HeobxogumocT Moxe Aa ce
npemuHe KbM no-gebena namapuHa, KOETo BOAM A0 Mo-
rofleMu CTOMHOCTW Ha MakCUMarHoTO CTaTUYHO HaToBapBaHe
Ha TM. TogobHM npecmsTaHMs ca NpaBeHW 3a PasnnyHu
KoHCTpykuum 1M, u3non3saHu B Bwbrrapckata pygogobueHa
npomuiuneHoct 2002, Moyes.

MoaeMHu MalmnHn
HeobxoaMMocTTa OT CMsiHa Ha nogemMHaTta MalinHa 6u

Ao0Bena [0 LUAnocTHa NpoMsiHa B HAALLIAXTOBMSI KOMMIEKC:
- aKko CMe B rpaHuLMTe Ha egHobapabaHHUTE MaLLMHM
WM MPEMUHEM KbM eJHOBbXEHa Tpuella wanba, e
Ce Hanoxar NPOMeHM camo B Crpagata — Han-Beye no
yHoameHTuTe Ha M, MOHTaxa Ha cnupayHata
cuctemMa M T.H., HafWwaxTHata kyna Moxe fa ce
3anasu Npy Marnku U3MEHEHNs B YCUNMSTa BbPXY Hes,
HanpaBnsBawuTe Waibu morat ga ce MPOMEHsT no
pasMepu, HO He 1 N0 MSCTO Ha MOHTaX;
- @Ko Ce Hamoxu npemuHaBaHe kbM AByBapabaHHa
MM, usnoctHo 6K ce M3MeHWNa KakTo crpagata i,
Taka W HajLWaxTHaTa Kyna, a CbLo U CbOpbXeHusiTa
Ha MOBBLPXHOCTTA — CBbp3a-HW C PA3TOBAPBaHETO M
no-HaTaTbluHaTa 06paboTka Ha pyadaTa;
- Tpeta Bb3MOXHOCT € MPEMWUHABAHETO KbM
MHOTOBbXEHa Tpuewa waiba ¢  aHanmoruyHm
nocrieguumn, kato ropeusbpoeHute, Ho 6w 6Guna



onpaegaHa npu  Goraty

ObnbounHa;

3anexu Ha ronama

Morat fia ce pasrnexgat oLe BapuaHTW U KOMBUHALWM OT
TAX NPU 3ana3saHe Ha eauH unu Apyr napameTbp NOCTOAHEH,
Ho pabotata e MHoro obemHa. Bu 6una onpaBpaHa u
HeobxoauMa npy LANOCTHA PEKOHCTPYKLMS Ha PyLHMKA.

OCHOBM Ha NPOEKTMPAHEeTO U NPeAUMCTBA Ha
U3bpaHus BapuaHT

KoHkpeTHaTa 3apava B crnyyast MMa NPaKTUKO—TIPUIOXEH
XapakTep, CBbp3aHa € C 4YacTMYHW MPOMEHU M Ce mpeanara
BbB Bpb3ka C Han-6nn3kuTe NnaHoBE Ha MUHHO-LOOMBHOTO
npeanpustue B “Yenoney”.

OCHOBHMTE U3XOLHW JaHHU 3a MPOEKTUPaHe W NpoBepka ca:

e [ogMWHA  NPOM3BOAMTENHOCT  Ha  pygHuka  —
Ar=1000 000 t/rog.

e  Bucounna Ha nogema — H = 445 m, (335m + 100m);

e [lpenHasHayeHne Ha mogemHaTa ypeaba — 3a M3B0O3 Ha
pyga v xopa

e  Bua Ha nonesHoTo M3konaemo — pyaa; 0bemHo Terno Ha
MomnesHoTo M3konaemo — yo= 3,05 t/md.

HanpaBeHn ca npecmsTaHWst 1 NPOBEPKM Ha MOAEMHOTO
BbXe, MOAEMHaTa MallWHa, CrupayHata cucteMa U
€NEeKTPO3aABKBAHETO N0 MeTOAMKaTa OT FHeBa, [lepeHoBCKM
(2003) 3a epHobapabanHa MMM u HeoOpblua-TenHa KneTka.
W3uncreHa e kMHemaTukata M OWHAaMWKaTa Ha nogema w e
JokasaHa paboTocnocoBHOCTTa Ha CbLUECTBYBA-LLMS OpraH 3a
HaBWBaHe Ha BLXETO KAaToO SKOCT M KOHCTPYK-TUBHU pa3Mepu
(goctatbyHa wwmpoumHa Bs pa cbbepe ponmbnHuTEnHaTta
AbITXMHA BbXe Npu yabrbaBaHe Ha waxTara).

PaspaboTeHaTa Tema C HanpaBeHUTe U34YNCIIEHNS W B3ETUTE
NPOEKTAHTCKM peLleHns no3sonsea yabnbasaHe Ha Bl
“KanutanHa” - pygHuk Yenoned ¢ owe eguH xopu3oHT — 100m.
Bbnpekn ye nunceaT MKOHOMMYECKW MPECMATaHUS, NpUeTUsT
BapuaHT 3a NpOMsHa B CbCTOSHWETO Ha PITY e Hai-usrogeH,
3aloTo:

- 3anasea opraHa 3a HaBWBaHe Ha BbXeTo Ha M B CbLuus
BMA — KaTO reOMETPUYHI Pa3MEPU 1 KaTO KOHCTPYKLWS;

- 3anasBa MOAEMHMS Cbd — CbOTBETHO TUMa BaroHeTKa,
KOHCTpYKUMSITA ~ Ha  LliaxTHata  apMupoBka U
npoM3BOANTENHOCTTa — 3a MOBWLLIABAHe Ha nocnegHaTa
Ce BMnusie BbpXy CKOPOCTTa Ha NoJema;

- KuHemaTukaTa Ha nogema Ce 3anas3Ba Kato W3XOBHU
[aHHW 32 3aKOH Ha ABWXEHWETO; yBenuyasaiku mbTa (H)
W 3ana3Banku YacoBaTa MPOM3BOAMTENHOCT, Ce Hanara
yBenmyaBaHe Ha CKOPOCTTa;

- MPOMEHs enekTpo3afBMXBAHETO — KOETO M03BONsBa no-
BMCOKa CKOPOCT; OT u3nonaeaHata -1 rpyna ce 3ana3sa
MOCTOSHHO-TOKOBMSAT ABUraTer], a Ce CMEHST NOCTOSHHO-
TOKOBMAT reHepatop (0T 1450 Ha 2900kW) 1 CUHXPOH-
Huat aeuraten (ot 1600 Ha 3150kW); ocseH 3a no-
ronsMata CKOpoCT HOBOTO 3afBWXBaHe e JOCTaTbyHO U
3a no-roneMuTe Terna OT AOMbMHUTENHaTa AbIXWUHA
BbXe M 3a AOMbIHW-TENEH pesepB 0e3 omacHocT oOT
npeToBapBaHe;

- TPOMEHS KOHCTPyKUMSTa Ha MOAEMHOTO BbXe KaTo
OCUrypsiBa Mo-ronsiMa SKOCT B PaMKIUTe Ha BOMyCTMMUS 3a
MM paboTteH anameTbp; ds = 60 mm, 6x36 (1+7+7+7+14)
napanenHa/kpbctocaHa nneTka ¢ U3KyCTBEHa CbpLieBUHA
(1SO 2001, Bridon);

- 3ana3Ba TEXHOMOTMYHWMS KOMMIEKC Ha MOBBLPXHOCTTA —
ByHkepy, Bpb3ka C TPOLIAYHO OTAENEHNE U T.H.;

- 3anasea HagllaxTHata Kynia no pasmepu W KOHCTPYKLKA,
CbLLUO M HanpaBnsBaLyuTe wanbu.

Bbaeww Hacoku 3a pa3Butue Ha PITY

Mpu HeobxoaMMOCT OT no-HaTaTblUHO yAabnbasaHe Ha BLU
Morar Aa ce pasrnefart CNeaHUTe TEXHUYECKMN PELUEHMS.

A) 3ana3BaHe Ha egHobapabaHHaTa MalumMHa C;

- MMHUManHu npomenn no MM — cmsHa Ha obnuuoBKaTa Ha
BapabaHa 3a nmo-ronaM AMameTbp BbXe B paMKkuTe Ha
LOMyCTUMOTO;

- CMSiHA Ha UMMHOpWYHATa YacT — C famapuHa c no-
ronsima aebennHa — ¢ NpoBepka Ha narepyBaHusi, MaxoBu
MOMEHTW 1 Py CUIMOBM U3YNUCTIEHMS;

- M34YMCRISIBAHE Ha OCTaTbyHMS PECYPC HA OTAEMHUTE
enemeHTn Ha PI1Y 3a onpeaensiHe Ha OOMbAHWUTENHNSA i
CPOK Ha ekcnmoatauuss — MOXe Aa Ce M3non3ea
MeToamKa, NpeanoxeHa B ancepTaumoHHa pabota -2002,
Noyes;

- npepaboTBaHe Ha bapabaHa B TakbB C baraiyy HaBuBKN —
BX. B.1;

B) MpemuHaBaHe kbM ABybapabanHa M cbc cnegHuTe

BapuaHTu:

- ©[HOCINOWHO HAaBMBAHE Ha BBLXETO;

- [BYCMOMHO HABWBAHE Ha BLXETO;

- npepaboTBaHe Ha BapabaHa B TakbB C Gsrawy HaBKUBKM
Ha TpueHe.

Crnopen npaBunHuka 3a OesomacHocT Ha Tpypa /2/
ABYCMOWHO HaBWBaHe Ha MOAEMHOTO BbXe e AOMyCTUMO Mpu
u3nonseaHe Ha PlY BbB BepTUKamnHu WaxT camo 3a ToBap.
ToBa npomeHst nNpefHa3Ha4YeHWETo Ha pasrnexaaHata 1Y -
MOXe da ce mucrM M 3a cmsHa Ha [C ¢ BcuukuTe
LOMbMHUTENHU MOCNEACTBMsA. 3a MOMEHTa Cce crupaMe camo
Ha BNWsHWETO Ha 2-bapabaHHaTa MalMHa Npu ABYCMOWHO
HaBWBaHe Ha NOLEMHOTO BbXe.

Mpu pexum Ha MY ¢ ABYCNONHO HaBWBaHE UMa OMACHOCT OT
HenoapefeHo HaBMBaHe HAa BBLXKETO M CBbP3aHUTE C TOBA
OTPULATENHM NOCNEANLM:

- HamansBaHe Ha Bb3MOXHaTa [dbMKMHA BbXe 33
HaBMBaHe Bbpxy 6apabaHa;

- yBenM4YaBaHe Ha paguyca Ha HaBMBKUTE OT BBLHLUHMS
CMOM W OMacHOCT OT MpeckayaHe Ha BLXETO M3BbH
pebopaa, BogelLa O Cepro3Ha aBapuiiHa cuTyaums

TpsibBa Aa ce NPeABMAST CLOTBETHUTE MEXaHWuHU U
ENEeKTPUYECKN 3aLLNTH.

Ha Bcsika koHkpeTHa [1Y gelictea cneumguyeH KOMNNeKS ot
hakTopy, BIMSIELLM BbPXY NpoLieca Ha HaBMBaHe Ha BbXETO:
- CbCTOsHME Ha obnuuoBKaTa — AbNOOYMHA Ha KaHanuTe
nog BBXETO, BWUCOYMHA Ha rpebeHnTe, Hanuuve Ha
NOKarHo U3HOCBAHE;



- KormeGaTemnHM NpOLECM M CKOpPOCT Ha HaBMBaHe Ha
NOAEMHOTO BbXE;

- Hanuue W BWO Ha HanpaBnsBalo YCTPOWCTBO MNpH
BNW3aHe Ha BbXETO Bbpxy bapabaHa;

- KpaeH oKayeH ToBap;

- KOHCTpYKUMS Ha  BBKETO — JIMHEMHa  Maca,
CbMPOTMBIIEHNE HA YCYKBaHE, KOpaBKHa 1 Ap.

- yCWnve Ha TpueLLmTe HaMOTKM BbpXy 6apabaHa;

- XOPWM3OHTANMHOCT Ha  maeHus Ban Ha  [IM,

nepneHanKynspHOCT CNpsIMO NOcoKaTa Ha ABWXeHWe Ha
MnCw ap.

b.1. Mpu TIM ¢ 6srawy HaBMBKM Ha TpUEHE NMMCBa
0BWKHOBEHOTO 3aKpenBaHe Ha BbXETO KbM pebopga Ha
HapabaHa. Ycunueto ot 3aaBuxBalius 6apabaH ce npepasa
upe3 TpueHe. Kpauwata Ha BBXETO CE CBbp3BaT KbM
nogemuute cbgose. OcurypsiBa ce €HOCMOMHO HaBKBaHe,
MKOHOMMS Ha efHa MbilHa ObIKWHA BbXe, YBENu4aBaHe Ha
TOBapONOLEMHOCTTa M NPOU3BOAUTENHOCTTa Ha Y. 3a mbpau
MbT TakaBa KOHCTPyKums ce uanonasa 1990r. B YkparHa. MMpu
npemectaHe Ha MC oT gonHa 4o ropHa npvemMHa nnoLyagka
TPUELLMTE HABMBKM CE MPeMecTBaT OT eauHWs pebopg KbM
apyvs.  Tpu  npepabotBaHe Ha eaHobapabaHHa [1M
AbnbounHaTa Ha obcnyxsaHata yact ot BLU ce yBenuyasa c:

(1)

kbpeto: D — puamersp Ha GapabaHa; ds — guameTbp Ha
BbXETO; Ni — OPON Ha CTaLUMOHApHWUTE HaBMBKM 3a TpUeHe —
(5+5 — 3a meTanHa obnuuoBka); n — 6poi Bsrawm HaBMBKM Ha
MOZIEPHU3MpaHaTa MalLnHa.

AH = 7(D + ds)( ni—n), m

Mpu npepaboteaHe Ha aByGapabaHHa MM, npu koeTo ABaTa
fapabaHa e ce M3NOMN3BaT KaTo €OuH Tpuel, opraH 3a
HaBVBaHe JOMbIHUTENHATa BUCOYMHA Le bbae:
AH =27(D + ds)( ni=n), m (2)
MogepHusauusita Ha 6apabaH Ha M no cuctema ¢ Barawim
HaBMBKM € palnoHanHa no cneaHuTe npudnHu:

- yBenu4aBa Ce BUCOYMHATa Ha Noaema;

- yBenu4aBa Cce TOBapOnoLEMHOCTTa;

- Hamansea Ce HanperHaToTo CbCTOsHWE Ha BapabaHa;

- MoBMWABA Ce HagexgHoctTa U BesonmacHocTTa Ha
pabora.

3aknioyeHune

Mpu HeoGXOAMMOCT OT MOfiepHU3aLms TpsGea fa ce onpe-
[NV Bb3MOXHUAT JOMbLMHUTENEH CPOK Ha eKcrinoaTauus Ha

lMpenoptyaHa 3a nybnukysaHe ot
Kategpa “Mexanusaums Ha MuHuTe”, MEM®
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PITY. TMpu oueHka Ha OTAENHUTE €ieMEHTU Ha NoAemHata
ypenba TpsibBa fa ce cbobpasAT crnegHUTe KpUTEpUn:

- TeopeTuyHa 060CHOBKA 3a 3ana3BaHe UInu CMsHa;
- cnasBaHe Ha nanckBaHusaTa Ha 16T,
- MOparHo ocTapsiBaHe Ha CbOTBETHATA KOHCTPYKLWMS 1 ap.

MpaBu ce mpoBepka 3a Bb3MOXHOCTUTE Ha HoeaTa (1Y Ha
6asa — roguiiHa NPOKM3BOAMTENHOCT, BUCOYMHA Ha MOAEMa,
KOe(MLIMEHT Ha CUrYPHOCT Ha NOAEMHOTO BLXE U Ap.

N3BbpluBa ce 060CHOBKA W aHanmn3 Ha BCUYKM Bb3MOXHM 3a
koHkpeTHata [1Y BapwaHTM, 3aBuCelM OT YCroBusTa Ha
Oboewara ekcnnoatauusi, U M3bop Ha MKOHOMMYECKM Hal-
WN3rogHus.

Mpu nnaHvMpaHe W Cb3gaBaHe Ha  Heobxoaumata
opraHusauuMs Ha paBoTa MO PEeKOHCTpyKUMsiTa ce B3uMar
Npedsun  Bb3MOXHOCTUTE Ha  Hanu4yHata  MomollHa
MexaHu3aunMs 3a edeKTMBHO W3BbpLUBAHE Ha MOHTaXo-
[EMOHTaxHUTe onepauu. CbBMeCTsiBaT Ce MaKCUMaIHO
TPy [eMHOCTW 3a OCUrypsiBaHe Ha KpaTKu CPOKOBE Mpy
cna3BaHe Ha U3NCKBAHWUSTa Ha NpaBUnHULMTE Mo Ge3onacHoCT
Ha Tpyma W oTpacrnosute HopMaTueu. [lpeueHsiBa ce
Bb3MOXHOCTTa 3a YCMOPEAHO HOPMAnHO M3BbPLUBAHE Ha
[0BVBHUTE W TpaHCNOPTHU paBoTi B pyaHuka. Msnonsea ce

HalMAT M YyXOecTpaHHWST — onuT  npu  u3bopa K
OCbLLECTBABAHETO Ha ONTUMareH BapuaHT.
Kato  HayyHO-NpWUNOXHM MpUHOCM HA  MpeanoxeHaTta

paspaboTka MoraT [a ce NogvepTasiT HanpaBeHUTe aHanuaw,
n3crneaBaHus 1 NPOrHO3W 3a pasBUTUE Ha PyOHWKA, CBbP3aHK
C TEXHOJOMMYHM U KOHCTPYKTUBHYM NpomeHm no PI1Y Ha wwaxTa
“KanutanHa”.

Nutepatypa

Moues Wnus, 2002r, [IncepTaLMoHeH Tpy/ 3a nonyyasaHe Ha
obpasoBatenHa v HayyHa cteneH “floktop”, Codms, MIY
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CMM - SYSTEM FOR CONTINUOUS CONTROL OF BEARINGS FROM THE MINING
MECHANIZATION
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ABSTRACT. The article considers a system for continuous control, based on one of the methods of shock pulses, and namely dBm/dBc method. Described are the
possibilities provided by the method, as well as the required equipment for the diagnostic needs of open-pit mining mechanization. Comments are made on the
diagnostic parameters and their criterion sufficiency for the various types of mechanic damages subject to non-destructive control.

CMM - CUICTEMA 3A HEMNPEKBCHAT KOHTPOJ1 HA CbCTOAHUETO HA TbPKANALLWU NATEPU OT MUHHATA
MEXAHU3ALIUA

B. lMoxudaesa’, fp.Xuekosuy?, M. Panuuy?

"MuHHo-2eonoxku yHusepcumem “Ca. Mear Puncku”, Cogust

2Bucwe mexHuyecko yqunuue, 23000 3pensHuH, Cbpbus u YepHa eopa

PE3IOME. B craTusiTa ce pasrnexaa cuctema 3a HenpekbcHaT koHTpon, 6asvpalla ce Ha MeToaa Ha yaapHuTe UMnyncy, a iMenHo Metog dBm / dBc. Onmcanm ca
Bb3MOXHOCTUTE KOUTO NPEeOCTaBAT METOAA, KaKTo U HEOBXOAMMOTO anapaTHO OCUrypsiBaHe 3a HyXaMTe Ha AMarHoCTUKaTa Ha MUHHaTa MexaHW3aums OT OTKpUTUS
Bbrnesobus. HanpaeeH e KOMEHTap Ha AWarHoCTUYHUTE napaMeTpu W TXHaTa WHOPMATUBHOCT 3a pasnUyYHWTE BUOOBE MEXaHW4HW MOBpeau, Moaneaxaly Ha

6e3paspyLumTeneH KOHTPO.

Introduction

The contnuous technological process in the mining industry
sets high security and reliability requirements to the mining
mechanization. Past experience shows that the main reasons
for emergencies are linked in the first place to damages in the
roll bearings. The statistical analysis of damages in roll
bearings reveals the main reasons leading to emergencies.

- 45% - deteriorated lubrication;

- 25% - incorrect mounting, most often overtightening;

- 20% - misalignment;

- 10% reach their limit life, i.e. they damage because of
material fatigue.

This statistics predetermines also the main directions for
improvement of the technical servicing of roll bearings — and
namely, to create prerequisites for the larger part of bearings to
damage because of material fatigue, i.e. to reach their limit
exploitation life, through effective control of the lubrication
condition and the quality of mounting. Past practice in the use
of portable instruments and on-line systems proves that the
specifics of the mining mechanization is best suited by the
methods and apparatuses of SPM Instrument.

Theoretical argumentation

The instruments and systems of SPM Instrument use the
Shock Pulse Method (SPM), which was established more
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than 30 years ago and is the most specialized and informative
method for analysis of the condition of roll bearings, presently
used in the industry. The main fundamental difference,
distinguishing it from the methods of other firms that are based
on vibration measurements, is that in measuring and analyzing
the vibrations there can only be registered damages that have
already appeared in the roll bearing, while with the SPM
method - by controlling the lubrication — dry friction and thereby
mechanical damage of the bearing can be repeatedly
prevented.
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Fig.1

The “secret” of the SPM method is hidden in the specialized
piezoelectric SPM transducer, which is mechanically and
electrically adjusted to register the shock pulses in a very
narrow range. The frequency range (32 kHz) is not accidentally
selected, considering that the upper limit of attenuation of the
mechanical vibrations is around 27 kHz. In this way the SPM



transducer registers low-energetic shock pulses, intensifying
them 5-7 times stronger compared to the standard vibration
transducer. The signal thus obtained passes through electric
filters, after which a series of analogue pulses (Fig.1) enter the
analyzing part of the measuring module. In this sense, the
SPM method does not use *filtering method” for measuring of
the bearings, unlike the “Envelope” equipment, and it is wrong
to identify it with the vibration control methods. There exist 2
variants of the SPM method, which use the same SPM
transducers, but differ in the evaluation and analysis of the
shock pulses. As of present, “Maritza-Iztok” Mines has been
using only one of them for diagnostic purposes, and namely
the dBm/dBc method. Control there is realized on the basis of
information about two limit parameters dBm and dBc, which
illustrate the momentary condition of the bearing. dBm is a
maximal level for a small number of shock pulses which are
with high amplitude. It is an indicator for a damage in the
bearing. DBc is a bottom level for many in number, but weaker
shock pulses (around 200 pulses/second). It is an indicator for
the lubrication condition. The two values are measured by a
normalized decibel scale, which means that the scale is
adjusted individually for every bearing after having entered the
data thereof.

The bearing’s details required for calculation of the initial
level dBi, in relation to which reading of the two limit levels is
done, are: diameter of the shaft (d) and frequency of rotation
(rpm). In this way, after measurement, the dBm and dBc
values are already evaluated and show the actual condition of
the bearing by means of an arrow orientated opposite the
respective zone of the condition scale (Fig.2):
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Fig.2

For a bearing in good condition the graph of the shock pulses
corresponds to Fig.3, and for a bearing subject to replacement
- Fig.4.
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Fig.4

The method dBm/dBc is used for evaluation of the condition
of roll bearings with Tester T30 and Module system SMM.
System SMM (Fig.5) consists of single-channel and double-
channel modules, which convert the signals from the
transducers of shock pulses (SPM) and the vibration
transducers in a universal current signal 4-20 mA. It is
designed for:

Temperature
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Fig.5

e  Continuous monitoring of the condition of roll bearings by
the SPM method dBm/dBc;

e  Measuring the level of vibrations according to ISO 10816;
e  Measuring the temperature and analogue signals.

The measured signals can be analyzed in 2 ways:

e By the display modules DMM10, disposing with a color
diode indication. They can be mounted in the operator’s cabin
of the drive station or in the excavator’s cabin;

e By sending the outgoing analogue signals 4-20 mA from
the converting modules to the PLC system.

Experimental investigations

A monitoring system of the SMM type for monitoring of the
heavily loaded bearings has been installed on a drive station of
a belt conveyor in Troyanovo-3 mine of “Mines Maritza-lztok”
EAD. The system has been built up to the level of display
modules DMM10, with alarm signalization upon damage and
possibility for connection to a PLC system. Thus structured, the
system SMM operates together with the existing programs
Condmaster®Pro 46, Version 1.11, Tester T30 and Analyzer
A2011 in the mine. By way of information on the condition of
each bearing, the screen of the display modules shows in
digital form the controlled levels dBm/dBc, and upon eventual
subsequent inclusion of the modules to the PLC system on a
computer screen in the diagnostic laboratory of the mine there
would be obtained solely the graph of the level dBm (Fig.6). By
the trend of the maximal level of the shock pulses we judge of



a developing damage in the bearing. A shortcoming of this
variant is the lack of information on the bearing’s lubrication.
This information can be obtained by periodical manual
measurement of the levels dBm/dBc by means of Tester T 30
or analyzer A2010, after which the results from the periodical
control are entered into a computer and processed with the
program for diagnostics and evaluation of the bearings
Condmaster PRO. The presence of a big number of measuring
points does not permit conductance of effective diagnostic
control. Therefore, at the present moment, the diagnostic
control of the bearings is reduced to evaluation of their
condition only in the periods preceding capital repair of the
machine. On the other hand, it is not possible with the
available equipment to do forestalling diagnostics and
respectively — timely repair intervention to prolong the life of
the bearing.
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Fig.6

These negative circumstances can be overcome by
implementing a system for continuous monitoring of the
technical condition with automatic evaluation of the measuring
results of the CMS type. Up to 250 measuring modules with
total points number up to 4000 can be connected in a CMS
system. In this way the system is extremely flexible and
permits, after initial installation of a certain number of
measuring points, a stage-by-stage expansion by adding new
measuring channels. CMS ensures on-line connection
between the analysing software and the measuring points from
each machine. Through this connection measurement data are
obtained and instructions are sent to the measuring modules.
For this prupose, two programs are used by the CMS System:
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Communication program CMS and analysing program
Condmaster®Pro.

Conclusions

1. The many years of experience with the control of bearings
from open-pit coal-mining mechanization has unmistakably
confirmed the shock-pulse method as the most effective
method for diagnostics and control of their condition.

2. Based on the specifics of the equipment in open pits, to
ensure reliable protection of heavily loaded rotor mechanisms
on excavators, spreaders, drive stations, etc., the most
expedient would be to build up a System for continuous
monitoring of the technical condition with automatic evaluation
of measurement results of the CMS type.
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NON-DESTRUCTIVE CONTROL OF THE BASIC SHAFTS OF MINE HOIST MACHINES

V.Pozhidaeva', Dr. Zhivkovich?, M.Ranchich?

1 Mining-and-Geological University “St.lvan Rilski”, 1700 Sofia, Republic of Bulgaria
2 Higher Technical School, 23000 Zrenyanin, Serbia and Montenegro

ABSTRACT. The technology for non-destructive control of the basic shafts of mine hoist machines is based on ultrasounds and magnetic-dust defectoscopy. The
article considers the application of the two methods for control in the various critical cross-sections of the shafts. Determined is the position of the controllable sectors
and ADD are applied — diagrams for adjustment of the control sensitivity and evaluation of the defect dimensions.

BE3PA3PYLUUTENEH KOHTPOJT1 HA OCHOBHWUTE BANOBE HA PYOHUYHWUTE NOQEMHU MALLUHK
B. lMoxudaeea’, p.XKuekoeuy2, M. PaHyuy?

"MuHHo-2eonoxku yHusepcumem “Ca. Uean Punicku”, Cogpust

2Bucwe mexHuyecko yqunuue, 23000 3pensHuH, Cbpbus u YepHa eopa

PE3IOME. TexHonorusTa 3a 6e3paspyLunTeneH KOHTPON Ha OCHOBHUTE BamnoBe Ha PYOHUYHITE NOAEMHM MaLLMHK, ce 6aavpa Ha ynTpa3BykoBa U MarHUTHO-Npaxoea
nedektockonus. B cTatusTa ce pasrmexaa NpunoXeHWeTo Ha [BaTa MeToda 3a KOHTPON B pasnMuHWTE  KPUTMYHM CeyeHust Ha BanoseTe. OnpegeneHo e
pasnonoXeHUeTO Ha KOHTPONMPYEMMUTE yuacTbLy U ca npunoxenn APl — ouarpamu 3a HacTpoiika Ha YyBCTBUTEMNHOCTTA Ha KOHTPOMA U OLEHKA Ha pasvepuTe Ha
nedekra.

Introduction Defectoscopy is recommended to be conducted during
capital repair of the hoist machine and upon expiry of the
Hoist machines are the main element of mine hoist systems. service life indicated by the manufacturer, and also upon
Complete with the other elements of the mine hoist system — violation of the exploitation rules when the shaft has been
hoist vessels, hoist and balance cables, guide pulleys, shaft damaged because of incongruous load. Defectoscopy is
frames, etc., they have a primary function and are subject to applied to the main shafts of the MHM with drum diameter from
periodic control for the purpose of guaranteeing operation 12to9m.
safety.

The basic shaft of the mine hoist machine (MHM) receives
the entire external load and transmits it through the bearings of
the foundation. In the process of exploitation of the basic shafts
sudden loads emerge upon bedding of the emergency brake,
overloading of the hoist vessels or their abrupt lowering, etc.
Particularly dangerous are emergency loads due to overhoist
and bumps of vessels deviating from the reinforcement and
buntons of the shaft.

Defectoscopy methods

The technology for control envisages ultrasound and
magnetic-dust methods for defectoscopy. The ultrasound
method is used for control of the roundings of the shaft

shoulders and the places of press fits (mainly for pipe shafts). a - shaft on three supports with sliding bearings

The magnetic-dust method is used for control of the exits of the b - shaft on two supports with roll bearings

key channels of stressed connections, around the lubricant- Fig.1 - Disposition of the controllable sectors of the basic shafts of the
' MHM

feed openings, and when necessary — for specification of the
parameters of defects found by ultra-sound methods, with

ensured access to the controllable surface. Fissures from material fatigue usually appear in the

roundings, the places with press fits, key connections and
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lubraction openings. Fig.1 shows the position of these sectors
on the basic shafts of the MHM. To discover the fissures,
preventive defectoscopy of the shafts is carried out.

Ultra-sound control (1-fig.1) uses type transducers at the
frequency of 2.5 MHz with entry angles of 0°, 41°, 50°, as well
as separately-combined used depending on the possibilities for
access to the various control zones, the type and dimensions
of the shaft. Control sensitivity depends on the remoteness of
the controllable zone from the point of entry of the ultra-sound
oscillations and has to provide for discovery of artificial defects
with surface area: up to 100 mm — 7 mm?2 (3 mm), from 100 up
to 400 mm - 50 mm2 (8 mm), from 400 up to 700 mm - 80
mm2 (10 mm), above 700 — 700 mm2 (30 mm).
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b - for transducers 30°

The sensitivity of the magnetic-dust control method (2-Fig.1)
must correspond to the conditional level of sensitivity B.
Sensitivity is adjusted by a reference-free method, by reading
ADD (amplitude, distance, diameter) diagrams. The use of
ADD - diagrams for control sensitivity adjustment and
evaluation of defect dimensions - excludes errors from
possible differences in the acoustic characteristics of the
material of the sample and the article. Normally, in order to
obtain the support curve of the main signal, a support echo-
signal from the cylindric surface of the shaft itself is used,
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obtained in several points situated along the various shaft
diameters. Such solution is possible for distances from the
point of signal entry to the reflecting surface longer than 80 mm
and therefore it is acceptable for control of the basic shafts (the
minimal distance from the point of entry of the ultra-sound
oscillation to the controllable zone is equal to 90 mm). Fig.2
shows ADD - diagrams used for the adjustment of control
sensitivity with different transducers.

P/P, dB =40 F25 MHz
_]5_0 d=12 mm

Steel 4§
E feﬂectiolr by the 5
- ngle

L L | " J

&0 L
150 175 200 225 750 Hy,mm

230 230 50 477 £ mm

¢ - for transducers 45°
Fig.2 - ADD - diagrams for adjustment of the sensitivity and evaluation
of the equivalent dimensions of the defects

In the ultra-sound control of the roundings of shafts with roll
bearings the transducers are mounted perpendicularly to the
front surfaces of the separate shoulders, and for shafts with
sliding bearings (except for the middle necks of the shafts of
three supports), mounting can also be done obliquely to the
front surface with directionality along the generatrix of the shaft
neck. Control of the step-like parts of the shaft and the places
of press fits (for pipe shafts) is carried out with transducers
inclined to the shaft surface and directed along the generatrix.
Upon discovering a defect, we have to determine its
coordinates, equivalent surface and conditional remoteness.
The magnetic-dust control is carried out as per the scheme
shown (Fig.1) with a SON, as the shafts as a rule are made of
steel 45. For magnetization, there are used electric contacts
and flexible cable from the apparatus set. For determination of
the direction of the magnetic force-lines of the magnetic field
and evaluation of the control sensitivity, special accessories
are used (Fig.3), the main element whereof — control sample 2,
is a steel disk consisting of seven segments, tightly fitted one
to another and soldered. From the reverse side of one of the
segments a 3mm groove is made by means of a chisel, for
evaluation of the control sensitivity, so that on the uppermost
surface of the disk a clear groove is formed. After that, the
upper surface of the disk is ground until a smooth surface with
a visible trace is formed in the cutting spot and is covered with
several layers of light nitro-enamel. The sample is placed in
frame 1 of non-magnetic material, which has openings to pour
suspension. Frame 1 is fixed in a wire frame 3, which can
rotate by use of tubular handle 4. The controlled sectors of the
bearing necks of the shaft are de-magnetized.



Fig. 3. Accessory for determination of the direction of the magnetizing
field and the control sensitivity

Conclusions

The application of preventive defectoscopy of the basic
shafts of the mine hoist machines helps to prolong the service
life of the whole hoist system, and also increases the reliability
of its exploitation. In the cases of emergency load or low
quality of repair or mounting, a defectoscopy of the shaft will
enable us to predict the safety in the exploitation of the hoist
system.
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WU3CNEOBAHE HA TEXHONNOTMYHUTE NAPAMETPU HA YOAPHO-OTPAXATEJTHA
TPOLUAYKA /YOT/

Emun Lyuyekos?, JIbye3ap Jlazoe?

.2TexHuyecku yHusepcumem — Cocpusi, emil_assenov@yahoo.com; Icho@mail.bg

PE3IOME. B pabotaTa ce faBat pe3yntature OT NpOBEAEHUTE N3CNEABaHNS BbPXY TEXHONMOTMYHI NMapaMeTpy (MPOM3BOAUTENHOCT, MOLLHOCT U CTEMEH Ha TPOLLEHE)
Ha YOT 3a Tpu Buga matepuan (CMeHMT, peyeH Yakbn /keapuuT/ u BapoBuK). ViacneaBaHusiTa ca n3sbpluenn Ha nabopatopa YOT B kat. ,MNNTCT” Ha TY-COOUA.
lMonyyeHn ca 3aBUCUMOCTM B rpacMyeH BUA 3a TEXHONMOTMYHMTE NapameTpu B 3aBMCMMOCT OT nepucpepHaTa cKopocT Ha potopa u 6posi Ha uykoBeTe. Tesu
pesynTaTil ClyaT 3a OCHOBa Ha WU3CrneaBaHNs Ha reOMETPUYHM, KUIHEMaTUYHM 1 cunoBm napameTpy Ha YOT.

STUDY OF IMPACT CRUSHER TECHNOLOGICAL PARAMETERS
Emil Tzoutzekov', Lachezar Lazov?
Technical University — Sofia, emil_assenov@yahoo.com; Icho@mail.bg

ABSTRACT. This work represents results from study of technological parameters of impact crusher (productivity, power and size reduction range). Study is provided
on three kinds of materials. The studies have been made on laboratory impact crusher in “Material Handling” department at TU-Sofia. Graphical relations about
technological parameters as function of rotor peripheral velocity and number of hammers have been obtained. These results could be used for subsequent studies of
geometric, kinematical and dynamical parameters of impact crusher.

BuBepeHue Cunute Ha ypapa B MnnouuTe ce M3MepBaT C OOMKHOBEHU
XMYHM TeH3onpeobpasysaTenu ¢ 6asa 12 mm.

3a nocturaHe Ha HabensisaHaTa Len B KOHCTPYKUMATa Ha

busnyeckns MoZen Ha yaapHoO-oTpaxaTenHa Tpowayka bsxa Upes koMOuHMpaHe Ha pa3nuyu 06opoTu Ha poTopa, Ypes
3aMOXEHN Bb3MOXHOCTM 33 BapupaHe Ha reOMEeTpUYHUTE W 4YeTupuTe peMbYHY Laitbn, pasnuyeH Gpoit HyKose Ha poTopa
MexaHU4HUTe napaMeTpW, KakUTO ca: Opol Ha 4ykoBeTe W pasnuuHuTe npobu matepuan 3a TpolueHe ce Cb3fapoxa
BbPXY poTopa, 6poit 1 PasnuMuHO Pa3nonoXeHWe Ha yaapHo- pa3nu4Hyu pexumm Ha paboTa H Tpoluaykara.

OTpaxaTenHuTe oYM, pas3nuyeH Bbrbil Ha HakMoHa Ha
3axpaHBalums ynem W pasnuyHu nepucdepHn CKOpocTW Ha
potopa. MogensT 6e cHabaeH ¢ Heobxogumata anapatypa 1 MpoBexaaHe Ha ekcnepumeHTa
“3MepBaTeNHW CPeacTBa 3a MpOBeXAaHe Ha M3NUTaHMATa.

WanuTaHus ce u3BbplIMXa BbPXy TpWU Buga MaTtepuanu: 3apavyata Ha MpOBEXOAHWUTE MOLEMNHW EKCNepUMEHTAMHN
BapOBUK /MepreneH Tun/, peyeH Yakbn /KBapLUUT/ U CUEHUT. W3crneaBaHus Ha YAapHO-OTpaxaTenHa Tpollayka ce CbCTo B
CrneaHoTo:
e YcTaHoBsiIBaHe Ha CWnMTE H ymap Bbpxy potopa M
OnucaHune Ha ekcnepumeHTanHata ypegoa OTpaaTeNIHUTE MNIOMM U EKBUBANEHTHOCTTa Ha Teau
cunu;
B eKcriepuMeHTanHUTe  M3CrefBaHWs  Ha  yJapHo- e  YcTaHoBsiIBaHe Ha MPOM3BOAMTENHOCTTA Ha Mofena npu
OTpaxaTeNiHUTe TPOLAYkW M3MEPBAHETO HA  MeXaHWU4HU Pa3nU4HM PEXUMM Ha paboTa;
BENWYMHM KaTO YLAPHW HAaTOBapBaHWS, HANPEXEHUS U Apyru e  YcTaHOBsiIBaHe Ha 3bPHOMETPUYHATA XapaKTepucTuka Ha
ca 3aTpyOHEHU OT ycroBusTa Ha paboTta Ha Tpollaykata. MaTepuanuTe npeaM M Cnef TPOLIEHETO W OT Tam
LisinoTo BLTPELUHO NPOCTPAHCTBO CE NPOCTPENBa OT KbCOBETE CTeneHTa Ha TPOLLEHE Ha Mogena;
HaTpOLIeH  MaTtepuan, KOMTO  MoraT  Aa  MOBPeAsT e YcTaHoBsiIBaHe rofeMuHaTa Ha BbpTAWMS MOMEHT Ha
n3mepBaTenHuTe enemeHTn. Mpu 13cneaBaHeTo Ha yaapHUTe Bala Ha poTopa M M3pa3xoABaHaTa MOLWHOCT OT
npolecn e HeobxoauMo Ja ce mopbepaT TakMBa MeETOAM, ABuraTens;
KOWTO f[a MoraT Aa W3MepBaT W PErUcTpuUpaTt CuroBn M
KMHEMaTUYHU BEMUYMHIM IPOMEHSILLN CE MO BpeMeE H paboTHUS Cnopep nocTaBeHaTa 3afjadya Ha eKcnepuMeHTamnHuTe
npoLec 1 B LWKpOK AuanasoH. Cnopen npuetaTa MeToaumka Ha ncnedBaHWs Ce M3MepBaxa W ycTaHOBUXa  CRepHUTe
ncregBaHe  HeODXOAMMUTE — MEXaHWYHU  BENMYMHM  Cce BEMUYMHY:

perucTpupat C MoMOLUTa Ha TEH3OMeTpuyHa amapartypa.
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1. Cwnute nomnyyaBaHW OT yAapuTe Npu TPOLUEHETO B
OnopuUTe Ha yOapHO OTpaxaTeNHWUTE MroYM BbB
BEPTWKAITHO W XOPW30HTAITHO HanpaBneHve.

2. BbpTAWMAT MOMEHT Ha Bana Ha poTopa.

3. Obopotute Ha Bana Ha poTopa.

4.  3bpHOMETPUYHMS CbCTaB Ha MaTepuana npeau u cneg
TPOLLEHETO.

5. FAKocT Ha HaTpoLUeHus MaTepuan.

6. KonuuyecTBo HaTpOLIEH MaTepuan 3a eauHNULA BPEME.

Cpep,HaTa NPON3BOANTENHOCT Ha Moaena 3a pasnnuyHuTe
pexmMn Ha pa60Ta Ce yCTaHOBsiBalle 4pe3 npeaBaputesnHo
M3MepeH maTepunan n uamepsaHe Ha BpEMETO Ha TPOLLEHE.

MepudepHute  CKOPOCTU, NpU KOUTO CE MPOBeAoXa
ekcnepumenTute 6sxa: V1=10.5 [m/s]; V2=24.2 [m/s]; V3=31
[m/s]; V4=36 [m/s].

Martepuanute, KouTO ce HaTpolasaxa bsxa ¢ MakcumarneH
pasmep 00 55 MM. 3bpHOMETpUYHATa XapaKTepucTuka Ha
M3X0JHUS MaTepuan e nokasaxa Ha rpadvkara Ha cur. 1.
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®ur. 1. 3bpHOMETPUYHA XapaKTePUCTHKA Ha U3XOAHUTE MaTepuany.

MonoxeHneTo Ha NnouuTe Be Taka perynupaHo npe3 Bpeme
Ha paboTaTa, Ye [a Moxe fa ce momyuu yaap Onuabk fo
LeHTpanHus. HaknoHbT Ha paboTHUTE Nnouu ce ABWXKeLLE B
rpaHuLmMTe Ha NPENOPBYUTENHUTE ONTUMAITHM TPaHMLIW.

3axpaHBau.u/|ﬂ ynel7| N HEroBnA HakKNOH Ce NPOMEHMLLEe npes3
BpeMe Ha eKkCcrnepuMeHTa C Len aa ce NPOMEHN CKOPOCTTa Ha

3axpaHBaHe M oTTam OrmaronpusiTHO MpOHWKBaHE Ha
maTepuana B paboTHOTO MPOCTPAHCTBO.

MonyyeHu pesyntatu

3anucute Ha HaToOBapBaHUATa nony4yaBaHu oT

W3mepBaTeNHaTa anapatypa Ce 3anucBaxa B nameTTa Ha
nepcoHaneH KOMMKTbP C NOMOLTa Ha aHanoros-LudpoB
npeobpasysaten /ALM/. MonyyeHnTe OUCKPETHWM 3anucu ce
aHanuanpaxa ¢ nomowta Ha EXCEL n MATLAB. lMonyyexnTe
pesynTaTi C NPeacTaBeHn Ha rpadumkuTe Ha urypu ot (6) go
(10).
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®ur.2. Pasxoa Ha mowHocT [KW] B 3aBUCUMOCT OT nepucpepHaTa cCKopocT
[m/s] npu aBa yyka.
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®ur.3. Pasxop Ha mowHocT [KW] B 3aBUCUMOCT OT nepudpepHaTa ckopocT
[m/s] npu Tpm yyka.

=== ceHUT === BapoBUK ==£¥= peyeH YaKbl |

8
,AH
_A? ]
6 EF/(-D\.ﬁ
/
4 T/’/’
2 'D'/
0
10 15 20 25 30 35

®ur.4. Pasxop Ha mowHocT [kW] B 3aBUCUMOCT OT nepudpepHaTa ckopocT
[m/s] npu yeTupm uyka.
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®ur.5. CTeneH Ha TpolleHe B 3aBUCUMOCT OT nepuchepHarta ckopocTt [m/s]
npw ABa Yyka.
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®ur.6. CTeneH Ha TpoLLEHEe B 3aBUCUMOCT OT nepudepHata ckopoct [m/s]
npu TpW uyKa.
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®ur.7. CTeneH Ha TpoleHe B 3aBUCMMOCT OT NepucpepHata ckopocT [m/s]
Npy YeTUPHU YyKa.
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®ur.8. MpoussoautenHoct [kg/h] B 3aBUcumMocT oT nepudpepHara
ckopocT [m/s] npu ABa yyka.
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®ur.9. MpouseogutenHoct [kg/h] B 3aBUCKMMOCT OT nepudepHata
ckopocT [m/s] npu Tpu Yyka.

MpenopbyaHa 3a nyGnukysaHe oT PeakuMOHEH ChBET Ha
ceKums MexaHunsauusi, enekTpucmukaLms 1 aBToMaTusaumst Ha MUHUTE
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®ur.10. MpoussoautenHoct [kg/h] B 3aBucumocT oT nepudepHarta
ckopocT [m/s] npu yeTnpm uyka.

U3Boau

W3pasxogBaHata MOWHOCT Bapupa B 3aBMCUMOCT OT
CKOPOCTTa Ha BbpPTEHEe, HATpOLWaBaHUs MaTtepuan u 6pos Ha
uykoBeTe Bbpxy potopa. OceBeH ToBa TS MOKas3Ba TsACHA
Bpb3ka C MPOM3BOANTENHOCTTA M CTEMNeHTa Ha TpoweHe. Han-
€HEpronormbLaemM € CUEHUTLT, CER HEero CneaBaT pPeYHUST
YaKbi 1 BapoBHKa. TaM, KbAETO CTeneHTa Ha TPOLLEHE e Hal-
HWCKa MMaMe Han-MambK pa3xog Ha eHeprus.

CreneHTa Ha TPOLLEHe e B3eTa MO OTHOLLEHWE Ha CpeaHus
AMaMeTbp Ha M3XOLHWS NPOJYKT U HATPOLLeHUs maTepuan. Te
ca npecMmeTHaTW no TernoBHua MmeTod. OT rpadmkute SICHO
nnam, Ye Hai-egpute dpakumm npeobnagasat B npobu
nory4eHun Npu Hal-mankata paboTHa CKOPOCT U YETUPK YyKa.
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METOOMKA 3A CUHTE3 HA IBYMACOBUY BUBPALIMOHHN MALLUHK
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PE3IOME. B pa6otata ce cb3faBa METOANKA 3@ CUHTE3 HAa KMHEMATAYHM W CUNOBI NapamMeTpu Ha [ByMacoByu BMOpaLMOHHW MalwmHu. Ha 6asaTa Ha cbCcTaBeHa
cuctema AndepeHLmMantiv ypaBHeHns 3a ABYMacoBu BUOPALMOHHM MallMHM C [Be CTeneHu Ha cobofa Ce aHanuavpaT 3HauumuTe mapameTpu W ce fasar
npenopbk 3a M300p Ha OCHOBHWUTE KMHEMATWYHM M AMHAMUYHA MapameTpu Ha BUOPALMOHHM MalmMHM. AHanuanmpa ce M MycKOBWS MPOLEC Kato ce oTyuTa
npoMeHn1BaTa CMyLyaBalla cina B To3u eTan Ha paboTaTa Ha BuOpaLyoHHaTa MalvHa. CbagafeHaTa MeToanka MOxXe Aa Ce mpunara 3a CMHTE3 Ha OCHOBHUTE
napameTpy Ha BUOPaLMOHHI MENHNLY, BMOPALMOHHM NpeceBaTenu, BUBpaLMOHHY cenapaTopu.

KNOY0BW AYMU: mopenvpare, AByMacos Mogen, Bubpavmu, AuHamuka.

METHODIC FOR SYNTHESIS OF TWO-MASS VIBRATING MACHINES
Emil Tzutzekov', Petko Nedyalkov?, Lachezar Lazov3, Dragomir Vrazhilski*
1234 TU - Sofia, Faculty of Mechanical Engineering

ABSTRACT. The aim of this job is to create method for synthesis of kinematical and dynamical parameters of two-mass vibrating machines. There is analysis of
important parameters based on the solved system of differential equations. Also there are recommendations for the choice of the basically kinematical, dynamical and
energetically parameters of the vibrating machines. The starting process has been analysed. Application of this methodic is suitable for the synthesis and choice of
basic parameters of vibrating comminution mills, vibrating screens, vibrating separators.

KEY WORDS: modeling, two-mass model, vibrations, dynamics.

BuBepeHue [peogonsBaHeTo Ha HedocTaTbUWTe Ha  ABYMacoBuTe
cucTeMM e yacT 0T 3aabnboyeH  TEOpeTUYeH U
eKCnepuMeHTaneH aHanW3 Ha MpoLecuTe W SBMeHusTa

KakTo e W3BECTHO OT MexaHukaTa TPEenTALMTE CUCTEMM
MoraT Aa GbaaT pasrnexaaHu kato efHO M MHOrOMacoBM.
MHoromacoBuTe  CUCTEMM Ca  TakuBa, MpU  KOWUTO
enacTuyHaTa cuUCTeMa Ha OKauBaHe Ha CbCPEefOTOuEeHUTE
WK pasnpedeneHnTe Mack He MO3BONSIBA EKBMBANEHTHa
3amsHa C efHoMacoB Mogen. M3non3BaHeTo Ha MHOO
MacoBM MOZENM 1 B YACTHOCT Ha ABYMAcoB, N0O3BoNsBa Aa
Ce M3NON3BaT pasnMyYHM  OMHAMWYHM  SBMEHWsl, KaTo
PE30HAHC, aHTMPE30HaHC. Pe30HaHCHUTE SIBMEHUS Mpu
€HOMAaCOBUTE CUCTEMI Hat-4eCTO Ca BpedHU W BOAST A0
HapylleHWsl LenocTTa Ha MaluuHHWg — arperaT. [lpu

CBbpP3aHM C AMHaMUKaTa Ha [BYyMacCOBU MEXaHWU4HM CUCTEMMN,
4acT, OT KOATO € CMHTEe3bT NpoBedeH B HacToALlaTa pa60Ta.

[lBymacoBu cucTemu MoraT fa GbaaT M3NOM3BaHM Mpu
BMOPALMOHHM NPEceBaTenNy, cenapaTopy, MENHULM U T.H.

WU3cnenBaHxe u pesyntatu

TeopeTMYHOTO M3criedBaHe 3anoyBa C  M3rpaxgaHeTo Ha

AByMacoBa € Bb3MOXHO BpedHuTe edekT ga 6baar
nsberHati. MonoxutenHute edekT NpU U3NON3BaHe Ha
PE30HAHCHW ehekTM € Bb3MOXKHOCTTa 3a W3Non3BaHe Ha
edeKTa Ha AMHAMUYHO YCUMBAHE T.e. - MUHUMATHA eHeprus
3a 3a[BWKBaHe, a MPU U3NOM3BaHe Ha aHTUPE3OHAHCHN €
eeKTbT Ha AMHAMWYHO raceHe, LUMPOKO W3MOM3BaH BbB
BMOporaceHeTo W BMBpOM3ONaLnaTa. KoHCTpyupaHeTo U
eKcnnoatauuaTa Ha TakaBa cucTema obaye e CBbp3aHo C
onpefieneHn TPYOHOCTH, YacT OT KOMTO Ca Hanudue Ha
MapasuTHU PE3OHAHCM, HECTABUNHOCT Ha  MPeXogHUTe
MPOLECH 1 T.H.

KOpeKTeH MaTemMaTu4yecki Mofien Ha cucTemarta. Onpenensr ce
BCMYKM  MacoBM,  €nacTMYHM  napameTpy, Kakto U
CbNPOTUBMTENHUTE M CMyLLaBallX CUNK, KOMTO BIMSST Ha
ABUKEHWETO Ha cuctemarta. Tean napameTpu moraT ga Gbaar
M3MepeH ekcnepuMeHTarnHo, a yacT OT Tax MmoraT ga 6baat
nonyyYeHu Npu U3rpaxaaHeTo 1 uacneasaHeto Ha CAD mogena
Ha MalLmMHaTa.

Ha ¢ur. 1 e gageHo rpadmyHo nNpeAcTaBsHe Ha [BymMacosa
MexaHuyHa cuctema. [lapametpute Ha cuctemara ca
CbCPEeOTOYEHN, ABKEHUETO e camo No efHa TpaHCnaLMoHHa
KoopauHara.
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®ur. 1. IBymacoBa cuctema

B HacToAWIOTO MacnenBaHe MacaTa Ha MaTepuana BbpXy
MalLUHaTa ce npuema Kato npucheauHeHa KbM ChOTBETHATA
Maca Ha TPenTsL|aTa CUTOBAaTa NOBbPXHOCT.

[dvHamukata Ha cucTemata Ce OnMcBa CbC CUCTEMA
pudepeHUManHy ypaBHeHs. 3a KOPEKTHO NoslyyaBaHe Ha
napameTpuTe Ha cuctemara ce uanonasar
AudepeHUnanH1Te ypaBHeHNs Ha JlarpaHx oT BTopu pog:

OE
9B E o 0 0
dt oq, g, aq,
KbaeTo:
E, — kHeTnyHa eHeprus; E, — noTeHuuanHa eHeprus;

® — ancunatveHa eHepris; Q; — oboblyeta cuna.

YecTo efHaTa OT BPb3KUTE KbM HEMNOABUKHUTE ONOPYK Ce
npemaxsa: ¢, =0;b, =0, CblWO K 3a0BUKBAHETO Ce

nokanuavpa B eaHa ot MacuTe: Hanpumep Q, =0.

——q2 —qt
Y cr
m | YT
1
?

®ur. 2. [iBymacoBa cuctema

W Tamnx Cuctema  KU3pasnte 3a KMHETUYHaTa,
Mn
noTeHUManHara u gucunaTueHaTa eHeprus ca:
m, ., . m, . .
E =—-*d +2*q; (2)
kT BT %
C C. 2
E =1*x?+12%(x, —x 3)
P 2 1 2 ( 1 2)
b1 22 b12 22 22
d):?*qfi'?*(qz_%) )

Mory4aBaT ce CnefHuTe ypaBHEHWs 3a ABIKEHME:

mg, +¢,*q; +Cy *(q1 _qz)+b1 *q, +b, *((L _qz):() (6
mZ(jZ +Cp *(qZ _q1)+b12 *(qz _q1):Qj (6)

Cucremara [1Y ce npeacTaBs B MaTpuyieH BUA;

AxG+Bxqg+Cxq=Q, )
KbeTo:

A:[m, 0 J C:(C’ +C,, _C12j
0 m, —Cs Ci,

MaTpuua Ha B uma cbliata cTpykTypa, kato C.

npe,ﬂCTaBﬂHeTO Ha cuctemarta [1Y B KaHOHUYEH BUg €:

@:(—Agc —A1'1BJX{ZJ ®

3a pa ce onpepenat cobCcTBEHUTE CTOAHOCTM W COBCTBEHUTE
BEKTOPU Ha cuCTemaTa, Ce M3MoM3Ba KaHOHWYHOTO YpaBHEHWe
Ha HeaemndupaHaTa cucTema:

@z(—Ao’c ;j@ ©

OT NONyYeHOTO MaTPUYHO ypaBHEHME NECHO ce onpenensT
COBCTBEHUTE KPBIOBM YECTOTH, KOWUTO Ca BCBLUHOCT HYMUTE Ha
AeTepMUHaHTaTa OT criegHaTa MaTpuua:

0=(C-w’xA)’ (10)
CobCTBEHUTE YECTOTY Ce NpecMsTaT oT: F =|im ()] .

AMNAMTYAHO-4ECTOTHUTE 7 thasoso 4eCTOTHUTE
XapakTepUCTUKM Ha cucTemaTta Ce nofyyaBaT npu 13nonasaHe
Ha MaTpPUYHOTO ypaBHEHMe Ha AemMndupaHaTa cuctema:

0=(C-w'xA+aw*B)’ (11)

AMNAUTYAHO-YECTOTHUTE " (ha30BO-4eCTOTHUTE
XapakTepuCTUK/ NO3BONABAT MHOTO NIECEH aHaNU3 Ha PeXuM1Te
Ha paboTa Ha cucTemara, 1 ynecHsBat B crieasallus nogbop Ha
CNeAHNUTE TPU XapaKTepHW pexuma Ha paboTa:

a) OVHaMWYHO YCWNBaHe — KoraTo MpWHyZeHaTa 4ecToTa
CbBragHe ¢ efHa oT CobCTBEHUTE YeCTOTU Ha cuctemarta. [pu
TO3W PE30OHAHCEH cryyail Ce peanuanpa 3afBukBaHe Ha
cucTemata ¢ MUHUMarHa eHeprus.

0) OMHaMMYHO raceHe — KOraTo Ce peanuanpa pexum Ha
aHTupesoHaHc. [pu TO3M cryyal ce HynupaT AWHAMUYHUTE
CUNKW BLB (DYHAAMEHTA.

B) OMHaMuyHa cTabunmusauus — Korato amniuTyguTe Ha
CbLOTBETHATa Maca He 3aBUCAT OT NapameTpuTe Ha Macata.

3a KOHKpETEH KOHCTPYKTWBEH mnpuMep Le Cce pa3srnena
BuOpaLMOHeH npeceBaTen CbC  CREQHWTE  MapameTpu:
M =4000 kg, X=0.015 mm,w=102.63rad/s.

Ako peanuanpame KOHCTPYKUWSI HA TO3M MpeceBaTen KaTto
€[HOMacoBa cucTema, CMyLaBallaTa cuna bu cnegpga fa obae:

F=M*X*w’ =4000"0.015*102.63° =6.319*10° N .

PeanuanpaHeTo Ha TakMBa AMHAMWYHM CUMKM BOAW AO HUCKA
HaJEXAHOCT Ha narepyBaHeTo.

B TO31 cryyau MOAXOAAWO € W3ron3BaHeTo Ha edekta Ha
[MHaMMYHO YycunBaHe. Manon3sa ce Cmyllasalia cuna
YecToTa CbBrajala C efHa OT COBCTBEHUTE 4EcToTM Ha
cuctemara. [leTepmuHMpa ce  CriegHata  Matpuua  CbeC
COGCTBEHMTE YECTOTH Ha CMCTEMaTa:
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-1
Q=(w,~w,,w,,~w,) .
Pa3BiUTETO Ha BEKOBOTO ypaBHEHWE IMa CIEAHMAT BIA:
_ 2 % * 2 % 2
Q_(c,+c12—wi m,) (cjz—w, mz)—c,z (12)

PelueHneTo Ha Tasn cuUCTeMa YpaBHEHMS, B Ccnyyas 2
KBagpaTHM YypaBHEHUs f[aBa uM3pasuTe, OT KOUTO Ce
NpecmsTaT KOpaBWHUTE Ha MPYXWHUTE, Taka Ye cucTemaTa
Aa pabotu B pe3oHaHc. [lageHute ot baymaH (1970) nspasu
ca OriekoTeHW W OMpOCTEeHW, kaTo Ce npeHebpersa
BMWUSHWETO Ha C, BBPXY C,, . TOYHUTE N3pa3n OT peLleHneTo

Ha Tasn cuctema ca focta obemmuctn, a pelleHndaTa ca
[BOMHKM. [laBaT Ce 4MCMeHWTe CTOMHOCTM Ha enacTuyHuTe
KOGCpVIL[VIEHTVI 3a noco4veHara no-rope matluunHa.

w, =12.57 rad /s, w, =102.63 rad / s
m, =4000 kg, m, =1500 kg
c, =873541,c,, =1.14234*10" ;c, = 4.1886 * 10 c,, = 238238

MbpBUTE CTONHOCTM Ha PELUEHNETO 0BYCNaBsAT ThpCEHUAT
Cryyait Ha INHAMUYHO YCUNBaHE.

Ha cour. 3. v cour. 4. ca fageHn amnaMTYgHO-YECTOTHUTE U
(ba3oBo-  YECTOTHUTE  XapakTepuCTMKM  Ha  Taka
napameTpuanpaHarta cuctema.

L
0 20 40 60 80 100 120
®ur. 3. AMIIUTYAHO-YECTOTHU XapaKTepUCTUKM.

Bropute CTOMHOCTW Ha peLUeHUETO CbLOo Ca peasnHu, Ho
He OTroBapAT Ha YCMOBWETO 3a NMpefaBaHe Ha MUHUMAaIHa
cuna KbM yHaameHTa.

Kato 06o06LieHne, 3a Aa € Bb3MOXHO CHHTE3WpaHe Ha
ABymMacoBa cucTema, e HeobxoayMMo fa bbaaTt U3BECTHN:
a) MacoBuTe NapameTpu Ha cUCTEMATA;
) YeCTOTHW NapamMeTpu Ha ANHaMMYHaTa CUCTEMA.

& | 4
3 J \

n n n L
o 20 40 B0 80 100 120
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®ur. 4. ®a30BO-4eCTOTHN XapaKTEPUCTUKM.

Hai-yecTo napameTpuTe Ha egHaTta maca ce nogbupar B
3aBMCMMOCT OT TEXHONMOrMYEeH MnoKasaTen Ha WckaHaTa
mMalnHa. YectoTHWTe napameTpu ce u3bupar  uucTo
MpaKTUYeCKm:

- MbpBa pe30HaHCHa 4ectoTa — OT YCMOBMETO 33
MUHUMW3MPAHE Ha cunaTa npeaaBaHa KbM (yHAAMEHTa;

- BTOpa pe3oHaHCcHa YecToTa — Aa CbBnaja ¢ yectotata
Ha Bb3byxpaallata cuna.

3a MbpBOHaYanHo AeTepMUHNpaHe Ha MacoBsuTe NapameTpy e
Hail-necHo Aa ce noAbepe CLOTHOLLEHNE MEXaY ABETE Mach Ha
ABymacosara cuctema - k., =m,/m, . [TbpBu eTan e u3bop Ha

cxemaTa Ha [BymacoBaTa cucTema. Btopu eTan BkmtouBa
nogbop Ha TOBA OTHOLIEHME B 3aBUCUMOCT OT PasmuyHu
KpuTepum:

- KOHCTPYKTWBHM W SIKOCTHU KpUTEPUY;

- TeOMETPUYHM M EPrOHOMUYHU KPUTEPUN;

- €HEepreTUYHU 1 MOLLHOCTHM KPUTEPHU.

Mpu cnyyas Ha AMHAMWYHO YCUNBaHe cuUcTeMata e B
PE30HaHC W TEOPETUYHUTE MOLLHOCT M EHEPIUS 3a 3a/iBUXKBaHE,
KMOHST KbM Hyrna 3a KOHCEpPBATWBHM CUCTEMM, @ B OCTaHanuTe
Cryyan ca paBHW HA eHeprusita Ha 3arybute B MexaHWYHaTa
cuctema. T.e. €HEpreTMYHO UM  MOLWHOCTHO YCrioBue 3a
3a[BWKBaHE Ha CUCTEMaTa B YCTAHOBEH PEXWM He moraT Aa
Oboat fageHn. EHepreTMWHO ycrioBue 3a 3afBWXKBaHe Ha
cucTemata Moxe Aa 6bie AafeHo camo 3a MyCKOBMS MPOLIEC.

— g ——q1
—»e«
LY
¢ cn c1
m2 NV mi
L
17

®ur. 5. [iBymacoBa cuctema

Mpuobpxame ce KbM cucTemata AajeHa Ha  ur.S.
3anuMceaMe  KMHETWYHAaTa M MOTeHUManHata  eHeprus
cbrnacysaHo ¢ Beer (1988), nonyyasat ce cnegHuTe u3pasu:

1* * * 2 * A * [k 0k 5k
EkZE [Jo ot +m, *qf +m, q§]+m0 I*@*q, *cosg
E - *[*gj 1* * A2 * (2 _ 2 (13)
, =M, sm<p+2 [C, q; +C (% qz)}

0= "[by 47 +b,"G7 +b,"4; |

szmg*e*(pz;MCp:0-5*d*y*mo*/*¢2

2 %
Jy=e""m, +J,,
Kbaeto:

M — BbPTALL MOMEHT Ha JBUraTens;

M, — CbNpOTUBUTENEH MOMEHT B Narepute;

J — VHepLMOHEH MOMEHT Ha BUOPOBB3OYAMTENS 1 ABUraTens;
m, - Maca Ha febanaHca.

[IY 3a [ABWXEHWETO Ha cucTemaTta No Bpeme Ha MycKoBus
npotec ca:
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m1*d1+01*q1+b1*q1=0 I — T T
M, "G, +C, "Gy +Cip *(q; +0;) 46,7 G, + (15) o “
+b,2*(b1 +52)m2*(7§+m0*l*¢2*sin<p=02 or nd \
V) ﬂ ~| “ i h
\U] ‘
|:
_{ ] | |

\ !

J,*o+m,*g*e*coso+b,*¢=M-M_,

Pewwenusata Ha cuctemata [1IY 3a BpemeTo Ha MyckoBus
npoLiec ca fafeHu B rpaduyeH Bug;:

omega-[s5]
"
8
T

C AR R A SR SR R Sy - ;
=0 I IR
z T
L i
0040 nls 1| 1|5 2| 2|5 é 3|5 4 o f
4 T T T T T T T |
_ ) ________ ________ I “ 1 | “ EDD o5 1‘ 15 z‘ 2‘5 é 3‘5 4
2o i i . { Il A I I |l ®ur. 8. lMyckosu npoueck npy pasnuyHo K.
= oo froeeees R R i Ha cwur. 8. ca HacnoxeHn rpadukute Ha W3MEHeHWe Ha
T e brIoBaTa CKOPOCT Ha BWOpaLWOHHWA Banm Mpu  PasfMyHO
®ur. 5. BubpockopocTu M aMnaMTyam Ha NbpBa Maca. CbOTHOLLEHME Ha MacuTe km
[k 400 : : : : : ! : OCHOBHM n3soaun OT  u3cnegBaHETO Ha nyckosute

XapaKTepucTuku ca:

- npu cboTHowerue K, Grnusko Ao 1 (CuHS nuHKA —
¢ur.8.) M3MEHEHNeTO Ha brroBaTa CKOpPOCT € CbC cTabuneH
pasmax W Hucka dectota. T.e. MycKaHETO € TPYAHO, HO
cTaburHo.

- npu cboTHowexne k, 6rusko fo 10 (4epHa nuHMA —
¢ur.8.) M3MEHeHNeTO Ha brnoBaTa CKOpPOCT € C HecTabureH
pasmax M BUCOKa uYecToTa. T.e. MYCKAHETO € IIECHO, HO
HectabunHo. B To3u cnyyai brmosarta 4ectota ce konebae

300

200

fifs2]

100

150

=1
=]

omega-[g5]

50
: : : : : : : OKOIO YCTaHOBeHaTa 4ecToTa Ha Bara, KOeto e BpefdHO 3a
%% v 18 2z 25 5 35 Lfnara cucteMa Ha 3afBuxBaHe.
®ur. 6. brnosa ckopocT U BIbN Ha 3aBbPTaHe Ha poTopa Ha - npenopbyYnTenHo CbOTHOLLEHNE km e B
BMOpOBBL3OYAUTENS. nmanasoHa 1.5+ 3.5
s & j ) ) j ! : !
oo T WY, ! U3soam
7 AR
s 0 AL 1. Cob3pgageHa e wMeTogMka 3a CWHTE3 UM aHanu3 Ha
) R e R e S KUHEMaTUYHUTE WM OMHaMUYHW MmapaMeTpu Ha [BYMacoBu
01 i i i i i i i BMOPaLMOHHW MaLLUHW.
0 05 1 15 2 25 3 35 4

2.M3crenBa ce nyckoBMs MPOLEC Ha [BYMAcoBM BUOPALMOHHM
10 e T T MaLLWUHK C OTUMTaHe edhekTa Ha 3omepdery.

. S 3.Cb3mageHata MeToguMka e MpWUNoXeHa 3a  peanHa
BMOpaLMOHHa MaLLuHa.

) 05 1 15 2 25! 3 35 4
®ur. 7. BubpockopocTu 1 amnnuTyam Ha BTOpa Maca. HMTepaTypa

W3cneaBat ce nyckoBWTE XapakTepUCTUKU Ha cucTemata baywar B. A 1970. BubpauuoHHble mawursi
cmpoumenbcmge U npou3godcmee  CMpPOUMESbHbIX
npyu pasnnyHo CbOTHOWEHWe Ha Macute k. [opobHo Mamepuarnos. M. ,MaLIUHOCTPOEHME.
uacrieaBaqe e AafeHo 3a MpbB MbT OT 3oMepdens v Hocu MoppnaHos W. T. 2004. MpunoxeHue Ha MatLab 8 unxeHepHume
HeroBoTo ume - Vopaatos (2004). uscnedeaHus — Yacm | u Il. Pyce. ,PyceHcku Yrueepcutet”.
Beer F. P. & E. R. Johnston, Jr. 1988. Vector Mechanics for
Engineers: Dynamics. USA “McGraw Hill Book Company”.

MpenopbyaHa 3a nybnukysaHe oT PefjakUMOHeH ChBET Ha
cekumst MexaHuaaums, enektpudukaLys 1 aBToMaTr3aLms Ha MUHUTE
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THE AMELIORATION OF THE NON-UNIFORM LOAD DISTRIBUTION IN SHOULDERED
THREADED CONNECTIONS USED FOR THE LARGE DIAMETER DRILL STEM

Adrian Creitaru', Alexandru Pupazescu?

12 Petroleum-Gas University, Ploiesti, Romania

ABSTRACT: One of the most commonly employed connections for large diameter drill stem components is the shouldered threaded one. Due to high axial and
torsional load, these joints can use a special asymmetric thread. For this type, the stress and deformation states are revealed using the Finite Element Method. As
acknowledged, the load distribution over the spires is non-uniform. Consequently, it causes the development of high stress areas in the proximity of the shoulder. The
overloaded state of the first spire engaged is obvious. Therefore, the root of its active flank becomes a hard stress concentrator. The present paper proposes a
method for the overload state amelioration by using the fine pitch adjustment. It can be made of some of the spires near the shoulder, at the pin of the joint. As a
result of the FEM application, the stress maps obtained show the maximum level in a certain ameliorated situation. The paper also determines the optimal pitch
adjustment proper to a determined load state.

NOAOBPABAHE PA3AENAHETO HA HEEOQHOPOOHMA TOBAP YPE3 BPBb3KW, U3MNON3BAHU NPU BYPIUA C rONAM
AWAMETBP

Adpuan Kpeiimapy?, AnekcaHopy llynasecky?

1.2YHugepcumem 3a Hegpm u 2a3, lnoecmu, PymbHus

PE3IOME. EfHa oT Hait-HaToBapBaHuTe Bpb3kv Npu ynotpebata Ha Byprusta ¢ ronsam auameTsp e pameHHata. BbB Bpb3ka C ronsMoTo akcuamHo W TOpauanHo
HaToBapBaHe, Te3n BPB3KW MOraT Aa M3NoN3yBaT CreuuanHn acuMeTpuYeH HULWKW. TTpu TO3n BUA CBBP3BAHNS, CbCTOSHUATA HA Hanpexerue u aedopmaums ce
onpefensT Ype3 unonsysaHe Ha MeTopa Ha kpaitHus enemeHT (FEM). Tbit kaTo e npueTo, Ye pasnpedeneH1eTo Ha ToBapa Haj LUNUUoBeTe (cnupanata) He e
€[HOPOAHO, TO TOBA MPUYNHABA 0Dpa3yBaHETO Ha 30HW C ronsAMo HaTUCK Ha MecTaTta 6nm3o Jo pamoto. Mpw MbPBOTO HaTOBapBaHe, MpeToBapeHaTa 30Ha €
oyeBuaHa. [Mopaan ToBa B ABHOTO Ha HErOBWAT aKTWBEH (PriaHr HAcTbMBa KOHLEHTPALMS Ha BUCOKO Hampexenue Hacroswarta ctatus npegnara MeToA 3a
obnekyaBaHe Ha MPETOBapPEHUTE 30HH, Ypes M3Non3BaHe Ha hrHa HacTpoiika. ToBa Moxe fAa Obae HanNpaBeHO Ha HAKOMKO MPYXXWHW BNM30 A0 pamoTo, MpU MACTOTO
Ha cbefuHeHneTo. Kato cnepcteue OT npunoxenueto Ha FEM, HanpexeHue, koeTo Ce nornyyaBa MokasBa MakCUManHOTO HMBO B onpedeneHo obrnekyeHo
nonoxexue. B cTatuaTa CbLYO Taka ca onpefeneHn NOAXoAALLM H1BA HA HaTOBapBaHe 3a afieH ToBap.

1. General outlook - flanged connections;
- bayonet connections.

1.1. Large Diameter Rotary Blind Drilling
The large diameter Rotary blind drilling uses a similar
method of oil & gas drill practice.

As known, the threaded and the flanged connections are the
most frequently used. This paper refers only to the threaded joints.

The threaded conical shouldered connections, used in large
diameter drilling, have specific geometry (lordache, 1983). It
refers to the asymmetry of the thread profile, which is obviously
different by the API well known symmetrical profile.

Though performing methods are similar, the characteristics
of the big hole are different. The depth of the hole is, generally,
in the 200...600 m domain (in seldom cases, up to 1000 m, or
more) and the nominal diameter goes to 2,5...6 m (Creitaru,

2004; lordache, 1983). The stem building is similar to the petroleum activity, by

adding successive pipes to the tubular structure. Each make of

The stem structure is similar to the conventional drilling but . ;
ucure 1S Simi ven "ing bu the threaded joint requires the pre-load torque (Ms).

the overall dimensions and weight of the components (those
which determine high level loads strain and stress) should be

mentioned. Last studies on pre-load torque (Creitaru, 2002; Creitaru,

2004) recommend, as a possible solution, the differential

The drill unit has the same functions as usual for the dril forque choice.

stem movement: the rotary and thrust of the rock bit. The That o calculate and apoly — f h k=(1 oint
sludge (and liquid or compressed air, if necessary) circulation a m'e"ans (‘i)ca culate an 'appy —for 'e'ac =(1..n) jom' S
determines the structure and type of pipes. In any case, the the specific M.’ values, that involve specific and gradual axial
drill pipe joints can be used under one of following three forms:

rondod shoulered conmeetions: pre-load, F{¥), for each of them. The stem structure, general

load and each joint (connection) load are shown in figure 1.
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Fig. 1. The general stem structure and load; each joint (1 - n) load

1.2. The loaded condition of the stem connections

The differential torque, if positional numbering is from (1) -

up to the drill collars to (n) — at the mouth of the bore are in

following relation (Creitaru, 2004):

MO <M@ <. <M¥) < <MD (1)
The equation above determines a similar axial pre-load

distribution, at the make joints moment:

FO<FE® <« <FM <. <FM (2)
Figure 2 shows the overall axial load for the “Joint k” (a) and

the conventional “load-deformation” diagram (b).

After the initiation of pipes’ connections (fig. 2., b, line 1),
stem section made is a running tool into the well. This moment,
the axial load of each connection is changing: every
component has its own resultant of all forces (fig. 2., b, line 2).
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Ahin

-
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Force significations over the diagram:
FY- pre-load axial force;

Fy- additional axial force;

Flf- external (operational) axial force;
F{L total (resultant) axial force;

F¥. remanent axial force.

Joint axis

a. The axial load considerations
on the “Joint k”

b. The conventional “load-deformation” diagram
and force distribution over the pin-box pair

Fig. 2. The overall axial load for the “Joint k” (a) and the conventional
“load-deformation” diagram (b).
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The load-deformation diagram shows the different strain of
both components, in the several two situations:
- when the pin and box components are made-up; the

Mt(sk) application — for each (k) joint — involves different axial

pre-loads, Fo(k), that determines axial tension for the pin and

axial compression for the box; the mechanical phenomena is
described by the line 1 (fig. 2.1., b);

- when pipes are running into the well, the resultant
load for the joint is defined by the line 2 of the diagram (fig.
2.1, b); the pin is overloaded cause the external (operational)

force, Fe(k)- equivalent of the bottom resultant weight; the total

(resultant) axial tension for the pin becomes Ft(k); the box
load situation is also changed this case; the axial compression
decreases at the F,()level.

The intercourse for these forces (as related axial loads) is
well known as the load-deformation theory.

When operational axial forces F{*) become known using

the weight cumulative calculus, the remnant axial forces can
be determined by the equation:
F.®) =(0,25...05)-F® 3)
Equation (3) offers certain comments because the remnant
force — required for the seal condition on shoulders — can be
substantially reduced, in case of airlift internal circulation; this
case, the remnant axial force could be recommended:
F.) =(015...04) - F (3)
In consequence, the resultant (total) axial load — needed for
the pin dimensioning — becomes:
RO = R+ R )
The determination of the additional force easy comes from
the reflexive relation:
F{9 =k, -FY (5)
where ko is the load factor, which depends on the complex
geometry of pin and box by the rigidity factors, ¢, (for pin) and
¢y (for box). Usual values determined by calculus for the load
factor (ko) are a bit higher than 0,4 (Creitaru, 2004).

This force determination goes to the axial pre-load, which is
necessary for the make-up torques, at each (k) level of
connections. True to the pattern described in the figure 2, the
axial pre-loads are:

Fo) =R+ R (6)

Than, the determination of the make-up torques, M) — for

the connections (1-n) - are as following:

K K
M) =My g, + My g =a - FE (7)



where:
- M is the frictional torque, specific for the threaded
Zone;
- Msnis the frictional torque, specific for the shoulder:
- asis the make-up factor, that can be express by the
following equation:
N - di:,ash

d2m ), M de sh
: 'tg(ﬂm"'@)"'ih"—
2 3 dg,sh _diz,sh

(8)

ag =

The operands in equation (8) are the acknowledged ones:

d,, is the thread diameter for the measurement plane; d,, ¢,

and d, ;, are the external and internal limits of the shoulder;

B, is the incline of the thread spire; ¢ is the friction ratio
(¢'=arcty(z4, / c0s5)) and gy, is the friction factor for the
shoulder of the joint.

2. The Finite Element Method analysis of the
threaded shouldered connection

2.1. The main research objectives
The Finite Element Method (MEF) is one of the most useful
methods in the structure design.

Its aim is to determine a complex state of stress and strain
and to emphasize the load distribution on spires of its thread.
This paper is a part of an ample research plan, using a part of
technical results (Creitaru, 2004).

The main research directions were following:

o to determinate the state of stress and strain for the
threaded shouldered connections used for the large
diameter drill stem,;

o to analyse and optimize the special asymmetrical
thread in use;

o to determine the main concentrators effects;

o to analyse the conditions for using the multiple
thread for this kind of connections.

For these purposes, the object of modeling and analyse is
one of the most used shouldered connection for large diameter
stem assembly: the 14 3/g inch size.

Last years, FEM applications on threaded connections were
developed in many countries, in similar directions (Marx, 2001).

2.2. The program, modeling and structural results

For the MEF applications, as well known, there are a lot of
programs to use. The 5.6 version of ANSYS program leads to
good analyse results.

The model created had to include both the components of
the joint: the pin and the box. The model included only the
target zone of the assembly, in the shoulder’s neighborhood.
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Thus, strategic reasons of research determine the option for
the parametric initialization of the thread; it gives the possibility
of varying the geometrical elements (in successive runs):
conicity, active and passive flank angles, pitch and others.

The 2D axis-symmetric model uses a number of 8696
elements (Plane 2) for this ANSYS application. The final result
of the connection modelling is shown in the table 1.

Table 1.
The characteristics of the model of the joint
The type of axis- PLANE 2, elements with
symmetric elements used
6 nodes, 2D type
for model
The total number of 8696 clements
elements
The total number of nodes 17.722 nodes
Contact pairs (for surface)
The type and the number | 7xpaE 169 and CONTA 172
of contact elements B
(for = 0,08)

For the composed model we used generated points (that
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become nodes), lines and areas and, finally, volumes.

Fig. 3. The pin and box model, generated to use in ANSYS program

Figure 3 presents the model generated in this structure (both
pin and box elements present).

The modeling also considers the real configurations that
belong to the elements: the real roots at the base of the active
and passive flank, the grooves of the threaded pin and box, the
double tapering of the spires etc.

The increments in use have different sizes, thicker in the
zones of maximum interest: flank roots, grooves, shoulder.

2.3. The load models applied in ANSYS

If the purposes we have in view by MEF method are the
analysis of stress and deformations — in the pre-load and
external strain conditions — the model has to reproduce real
situations. In consequence, we must choose such load cases.

The cases to consider are based on the scheme reproduced
in the figure 4.
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Fig. 4. Dimensional structure of connection, thread type and load cases

The values of the load were considered the heaviest in strain
connection — which is the “n” joint (situated at the mouth of the

hole.

The pre-load cases are synthetically detailed in the table 2. It
shows the real load in practice, equivalency, and the way to
simulate it by program, symbol, and practical values in use.

2.4. Results of the FEM analysis

The results obtained by running the ANSYS application are
comprised of a list of the stress and deformations — which were
selected for the nodes situated on the contour — and of the
axial, radial, circumferential and von Mises stress maps.

The maps were selected in two variants: for all the pin-box
structure (fig. 5) — which shows the stress level all over the
joint — and details-map — to concentrate only on high stress
zones of interest (fig. 6).

The samples of graphic results are selected to show the
general distribution of stress (oy, 0x, 0z and Gech — von Mises).
Figure 5 can be used to identify the high stress zones and
have a global evaluation.

Figure 6 presents samples of detailed maps. These were
determined for the combined loads (LOAD CASE 2), for the
strain symbolised p100/f20. Theses maps show more details
on stress disposed in zones of high levels - the pin groove and
roots of the first spires near the shoulder. However, this is the
zone of maximum stress in analyse.

3. The improvement of the load distribution over
the threaded shouldered connections

3.1. Preliminary useful deductions as FEM analysis output
The FEM analysis brings some useful conclusions regarding

(AVG)
DMX =.102015
601

L?S-lz)gds considered in the FEM application the threaded shouldered connections (Creitaru, 2004):
Real Values EqUiv' Values Typ,e The map of G, distribution, for the LOAD CASE 1 - p 100 3Y
load used load used strain | Symbol

symbol | [kNm] | symbol | [kN] model ANSvS 562 omm 10 2000 SME
39 1125 [ Press. [ ps0 e BOX)
MO | 78 FM | 2251 | Press. | p100 x | '
117 3376 | Press. p150

This pre-load modelling LOAD CASE 1 shows the influence
of the make-up torque (and axial pre-load force involvement) to
the stress and deformation state in all connections.

The influence of combined case of LOAD CASE 2 shows
what happens when the pipes are running into the well, when
resultant axial load strains the joint (n). This cases are
synthetically detailed in the table 3.

Table 3
Combined loads considered in the FEM application
(n) (n) (n)
Real Mis Fo Fe Type
load | values | values | values | girain Symbol
symbol | used | used | used | moqel
[kKNm] [kN] [kN]
1360 | Press. f2
39 1125 ress. | p50/f20
M (M 3400 | Press. | p50/f50
ts 1360 | Press. | p100/f20
78 2251
,3'33 3400 | Press. | p100/f50
e 1360 | Press. | p150/f20
117 3376
3400 | Press. | p150/f50
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The map of o, distribution, for the LOAD CASE 1- p 100

5.6.2 JAN 10 2002
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BOXJ

The map of Gy, distribution, for the LOAD CASE 1- p 100

ANSYS 5.6.2JAN 10 2002 O

Fig. 5. Picked sample of stress maps, determined for the load p100



o the pin-box pair model shows that the higher stress
level always belongs to pin’s threaded zone;

o the global stress state, in both pin and box
components, is, generally, at a moderate low level; the high
stress zones are restricted locally;

o both pin and box components shows that the highest
level belongs to the threaded and groove zones; the active
flank roots areas of the pin points out the highest stress levels,
cause of the strongest stress concentrator, that is, the thread
(Marx, 2001);

e the sfress analysis shows a non-uniform load
distribution on thread spires, from shoulder to the bit of the
conical pin;

o both load cases in analyse — pre-load and combined
axial load — shows that the stress level is higher on first 3-4
helical spires of the pin;

e the maximum stress point — all load cases, both
strength variants - is always situated at the second spire basis
(root of the active flank), which is the first spire in load
engagement;

e as expected, the combined strength (LOAD CASE 2)
always determines higher stress levels;

e as expected, the weight of axial stress (oy), reported
to equivalent stress (decn), is always higher; by contrast, radial
(0x) and circumferential stress (0z) levels are much lower.

-295.145
-179.878
-64.612
50.655
165.922
281.189
396.455
511.722
626.989
742.255
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for combined load p100/f20
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347.641
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500.109
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b. The o, stress map,
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S2 (AVG) SMN =-75,209 SMX =273.994 -75.209
-36.408
2.392

41.192
79.992
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Fig. 6. Picked sample of stress maps, determined for the combined load
p100/f20

3.2. The load distribution over the thread of pin and box
As presented before, the load distribution along the 13 helical
spires of the thread is non-uniform.

The FEM analysis (Creitaru, 2002; Creitaru, 2004) conducted
to the load distribution draw out. Figure 7 presents, as an
instance, the load distributions for some of the cases analysed.
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The LOAD CASES
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Fig. 7. The non-uniform load distribution over the spires of pin and box

It's plainly obvious that non-uniformity of load distributions is
an undesirable consequence and this makes necessary to
adopt measures to equalize it.

3.3. The pitch adjustment description
The pitch adjustment of the conical thread of the joint refers
to a fine (and accurate) profile modification.

It can be operated to the pin or box component, but pin
processing is more simply.

Poin = Poox
) 80X\
, MNEL
).\\ .\.§.. N \‘
PIN '-'-‘—----‘%

LSS
a. The pin-box threaded contact, without pitch adjustment

| Poox = ct

\ Pbox = ct

BOX\\
r?/

\ W
I;\\\\\'/,\\\ NN
- \\ ﬂ\\ V

7" ...A._ Splre 4
-Ap -Apy 7
! P1-2)pin zpcz-m l-'(:-qg n Ppin = ¢t

b. The pin-box threaded contact, with pitch adjustment of the pin

Fig 8. The pin-box contact, on usual and pitch adjusted connection

The pitch adjustment means helical cut of the active flank,
executed on first 2-4 spires from the shoulder. The cutting
depth has to be gradual, decreasing from the first helical spire,
up to the 3-rd, or to the 4-th spire, in nullification.

This pitch gradual adjustment modifies the initial contact of
pin and box thread, creating a local clearance. This clearance
between similar spires of pin and box are thinner from the first



spire-pair of the shoulder to the last pair (3-rd or 4-th), where
this clearance is finely annulled.

This decreasing clearance determines that, initially, when
make-up torque is not yet applied, the flanks contact on “higher
load spires” doesn't initially exist.

Afterwards, when pre-load comes, the elastic deformations of
elements modify the clearance and the re-distribution of the
load appears.

The pitch modification, Api, is decreasing, from the first pin-
box pair of spires. Figure 8 shows the graphic disposal of the
spires, on this area of interest.

3.4. The pitch adjustment settling

Evidently, the adjustment settle is both difficult and
necessary. A suggestive method to estimate the length of pitch
adjustment is by analysing the behaviour of pin deformations,
along the first 3-4 spires.

For this evaluation, the FEM displacement results are the
best option.

In this analysis, three different levels of pitch adjustment
were settled, for both load cases (LOAD CASE 1 - p100 and
LOAD CASE 2 - p100/f20):

o the low level adjustment (s1), Ap=0,01 mm; this case:
- spires 4...13 have normal thread;
- spire 3 has Ap=0,01 mm;
- spire 2 has Ap=0,02 mm;
- spire 1 has Ap=0,03 mm;
o the medium level adjustment (s2), Ap=0,02 mm; this
case:
- spires 4...13 have normal thread;
- spire 3 has Ap=0,02 mm;
- spire 2 has Ap=0,04 mm;
- spire 1 has Ap=0,06 mm;
o the high level adjustment (s3), Ap=0,05 mm; this case:
- spires 4...13 have normal thread,;
- spire 3 has Ap=0,05 mm;
- spire 2 has Ap=0,10 mm;
- spire 1 has Ap=0,15 mm.

3.5. The FEM main results and interpretation

The FEM running by ANSYS determined the data list of
nodes stress and displacements, and also all types of stress
maps ((0y, Ox, 0z and Gecn ). As known, using Huber Henchy-
von Mises Theory, equivalent stress expression is calculated:

[ 2 2 2
Oec = \/0'1 +05 + 03 —(o-lo'z + 0,03 +0'30'1)

©)

There were selected, for these cases, the stress data nodes
by contour, to compare cases (s1), (s2), (s3) and the un-
adjustment case of thread.

When connection is in pre-load state (LOAD CASE 1 p100),
the modifications of stress maps (in the interest zone) is shown
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by the figure 9. There were selected only these cases: (s1),
(s3) and, by opposite, the un-adjusted standard case (std).
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Fig. 9. Comparative stress (oy and oecn ) maps for the LOAD CASE 1

These results give a global image of stress level evolution. A
better evaluation of pitch adjustment procedure should result
by analysing the stress distribution over the 13 spires, for
standard (std), (s1), (s2) and (s3) situations. Figure 10
presents the stress distributions in these evolution cases. We
can emphasize that:

- the(s1) case determines a substantial decrease of the maximal
stress level on critical spires 2 and 3, beside a high equalization;
- the (s2) case determines a temperate decrease of the stress
on spires 1-3; the max. loaded spires is transferred from the
2nd to the 4t spire;

- the (s3) case determines the transfer of the max. loaded point
from 2nd to the 4t spire beside its bit raising level.
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Fig. 10. The stress distribution for standard (std), (s1), (s2) and (s3) situations

The same effect — the attenuation of stress max. values — can be
observed in second load case (LOAD CASE 2 — p100/f20) — for
the same (std), (s1), (s2) and (s3) situations.

The graphic representation of the stress distributions, on the
spires of the pin is presented in figure 11.
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Fig. 11. The stress distribution for standard (std), (s1), (s2) and (s3) situations
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Section “Mechanization, Electrification and Automation in Mine”
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4. Conclusions

The FEM analysis on the connections operated by the pitch

adjustment of the thread leads to the following conclusions:

e the smaller values of adjustment (<0,01 mm) doesn't
modify the stress distributions and so, it becomes useless;

e higher values of adjustment (>0,03 or 0,04 mm) change
only the place of the max. stress development (from 2n to
the 31 or 4t spire); some cases, the absolute max. value
is a little bit higher;

e the most spectacular results are obtained for the level of
adjustment in Ap =0,01...0,25 mm domain (this size of
joint and load level); for any other case, FEM study is needed;

o the reduction of the max. stress level on the structure is,
generally, evaluated about 25...55%.
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HOISTING ENGINE COMPOUND FACILITIES - SCIENCE AND RESEARCH APPLICATION
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ABSTRACT. Hoisting engine type facilities (i.g. Koepe winder ) ensure guaranteed output i.e. extraction of minerals ( exploitation) and both personal and materials
transportation services. Depth average of coal mines in extraction zone was formerly up to 1560 m (Uranium ore mines) .For the time being (at present) usually deep
mines depth level is at average 1100 m approximately (CMD, a.s. corporation. All components comprise latest both scientific development and technology latest
know-how accordingly to praxis in work effectiveness requirements.

HAYYHO-U3CNEOOBATENCKU U3CNEQBAHNA B YELLKATA PENYBITUKA OTHOCHO KOMBUHWUPAHW NOQEMHU
YCTPOUCTBA

Xalinex lMpeyek

TexHudecku yHusepcumem — Ocmpasa, 708 33 Ocmpasa — Mopy6a, Jlucmonady 15, HELLUKA PETTYBITMKA

PE3IOME. Toan Tun KOMB6MHMPaHW NOAEMHN YCTPOWNCTBA OCUTYpSBaT rapaHTUpaHO KOMMYeCTBO NMPOM3BOACTBO, B T.4 KakTO [AOOUTM MUHEPanHX CypOBUHM, Taka v
TpaHcnopTa Ha obcnyxBalyns nepcoHan u HeobxoaumuTe matepuanu. CpefHaTa Abn60YMHa HA BBIMMLHMTE MUKW B JOBMBHATA 30Ha A0 ckopo Belue okono 1560
M (YpaHoBM MWHK). B HacToswms MOMEHT oBUKHOBEHO Tean AbnbounkHn — e npubnuautenHo okono 1100. Beuukin KOMNOHEHTM ODXBALAT NOCREAHUTE Hay4YHM
pa3paboTky 1 TEXHONOrK, Hali-HOBUTE NO3HAHMS OT NPaKTUKaTa, Taka Ye fja OTrOBaPAT Ha U3MCKBaHMATa 3a epekTuBHa paboTa.

1. Introduction It has to be noticed that above spoken engines were
delivered via SKODA PLZEN CORPORATION up to 1965. And
Development at deep-mines transportation technology , both consequently accordingly to Czech government decission  as
vertical skip hoisting included personal transportation proved to a general general contractor (i.e. overall supplier) was
be culminating during period between 1948 up to 1967 years. dedicated CKD Praha corporation. In 70-tieths of the previous
20-tieth century, there were introduced in operation multiple —
The very first crisis noticed falls between 1968 — 1970 yeras. ropes engines marked as 4k4016 . Declared engines’
Than it came to a great step in development of minerals performance 2x1, 75MW, usable workload was 20 tons, an
extraction. Simultaneously there was a new requirements on average hoisting speed 14ms-'(16 ms-).
increased emphasis at vertical transportation improvements
dealt with such a situation and consequently its solution. So called engines of a third generation drive, delivered only

via CKD Praha (with exemption of transportation) than included

types are as follows 2B6018/21, 2B6124 a 4K5016.
2. Hoisting engines (TS
geng (TS) Useful workload-skip-hoisting is 35 tons, at average hoisting

So called engines of a first generation i.e. an asynchronous speed 18 ms-1(14 ms-1), transportation depth at 1000 m.

motor types of maximum output attainable at about 1 MW is at
present time a thing of the past, (brought this point of view of
up to date). The only existing exceptions are in circumstances
of so called “blind holes” or holes aimed at helping
underground works operation supporting.

Operation process control (regulation) in former state was
done with help of 12 pulse thyristor.

Main stress is laying on programmed speed control. A
special precautions are taken into account as for end skip-

buckets positions.
So called engines of a second generation drive, direct- P

current equipped with a rotary convertor (dynamotor) of a
Ward-Leo type, so these are in operation from 1960 year up to
a present days.

In this case there was computer technique method used and
simultaneously backing up acquired data writing it into data
medium (data-carrier).
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For existing technologies as for both 2nd and 3th engines
generation machines used, there were developed special
friction (wheel-brakes disks), multiple ropes disks with help of
computation techniques correspondingly relevant to those
present “time-line” accessible.

In the period comprising years from 2002 year and later on,
this computation technologies used when developing new
construction methods were namely - finite element method
(FEM).Accordingly to hoisting facilities actual state situation
(TZ) than relevant steps were taken correspondingly to
reconstruction requirements.

Also further on design computation and construction of the
main engines compounds were realised in accord with both
latest science and research know-how (knowledge) — main
shafts (arbours), shafts bearings (recently friction bearings, but
for the times being anti-friction bearings (or so called rolling
bearings) 500 mm up to 740 mm diameter, shoe-type brake (or
so called brake shoe) in recent times, now at present times it is
disc modular system constructions.

9/2005 there are prepared for expedition to foreign countries

hoisting engines of which parameters are as follows:

a) 6 ropes, - hoist tower, Koepe, type 6K5012;

b) 2-drums type 2B5024;

) useful workload ( skip ) 45 tons;

) speed of mining work operation 10,5 ms;
) mining shafts depth 405 m;
j) installed rated capacity 2x4 MW (Koepe)
2x2,5 MW( 2B5024).

c
d
e

3. Vertical holes equipment

3.1. Drums type (TS)

Engines are situated in retractable holes and serve the
purpose of both materials and persons transportations (at max.
speed 12 m"). Equipped with 4-etage (4-floor) cages (72
person).Routing slide rails — woodden and clued guidance
facility, span pieces and shaped cross-member- steel beams,
U, I, shapes or angular (squared) pipes.

3.2 Friction TS (Koepe)

Operating engines a great deal are running within in
ventilacion holes as two—ways operation skip facility. Guiding
of buckets - steel angular (squared) pipes ((150/150 or
150/200). Spans and cross-mebers — recently U, | now angular
(squared) pipes.

In the event of occurrences agressive pit water (mine
waters) containing both iodine water and bromine waters and
NACL, than in these cases a special materials are used
designed for anticorrosive purposes.

For dynamics subsystem assessment dealt with
transportation vessel (pot, container) — hole equipment facility,
the mathematical model was created named ,DYNAD".

Recommended for publication by the Editorial board of
Section “Mechanization, Electrification and Automation in Mine”
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Simultaneously verification is also done accordingly to CBU
Praha Vyhlaska €. 415/2003, Sb. regulations after every 2
years succesing and it takes place for all TZ with declared
speed above 8 ms'.

For these cases there were developed on our department the
digital recording system aimed at continuous recording
immediate acceleration of the relevant subsystem.

Protocolarly this document is a part of audit-document, so
called “Two years periodical complex audit (inspection) TZ".

4. Conclusion

For further needs of mining enterprises there are running
research works within our department of which main goals are
aimed at life-span prolongation namely hoisting equipment ,
especially main holes i.e. with diameter 7,5 m equipped with 2
operational TZ.

Science and research became a great deal a matter of
computation (computing works), projects and construction of
TZ and TS. It comprises cooperation of VSB — TU Ostrava,
Department of Machine Parts and Mechanisms and
contractors ( i.e. providers, suppliers).
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NEPCNEKTUBX HA KOMIMNEKTHATE NPEHOCUMW ENEKTPUYECKW YPEQBU B
MUHUTE

Cmecparn YobaHos

CMC-C EOQL, MunHo-2eonoxku yHugepcumem “Ce.MeaH Puncku”, 1700 Cogpus

PE3IOME. KomnnekTHuTE MpEHOCUMM enekTpuyecks ypeadbn MHTErpUpaT B €4HO OTpaHMYEHO MO pasmepu MpOCTPAHCTBO ENEKTPUYECKW anapaty 3a CpegHo
Hanpexerue (CH), 3a Hucko HanpexeHue (HH) v 3a ynpaBneHne 1 KOHTPOM Ha MOLLHW arperaty, kaTo HanpyuMep BEHTUNATOPM 3a [MaBHO MPOBETPSIBAHE, MOLLHM
MOMMY, COHAM, MPOXOAYECKN MALUMHW, Pa3noNOXeHN B OTAANEYEHN M TPYAHO [OCTBMHM paitoHn. OBeKTUBHI NPe[noCTaBKkM 3a TAXHOTO Chb3fjaBaHe e Mporpeca B
TeXHoMormuTe, NoJobpeHnTe KayecTBa M MOBULLEHATA KOMNAKTHOCT HA emneKTpU4eckuTe anapati W HOBUTE enekTpuuyeckn matepuani. Mop pbKOBOACTBOTO W
HeMocpeACTBEHO y4acTue Ha aBTopa € Cb3[afeHa onucaHaTa NoaBMkHa enekTpuyecka ypeada 3a 3axpaHBaHe, ynpaBsneHue, 3alluta 1 aBToMaThieH KOHTPOn Ha
BeHTMnaTopa Ha Lllaxta “Cesep” B Yenoney MaiHuHr".

PERSPECTIVES OF COMPLETE PORTABLE ELECTRIC SYSTEMS IN MINES
Stephan Chobanov
CMC-C Ltd., UMG “St.Iv.Rilski” Sofia, Bulgaria

ABSTRACT. The complete portable electric systems integrate inside a limited space: middle voltage (MV) electric devices, low voltage (LV) devices, and control
devices for powerful drives such as main ventilation fans, powerful pumps and drills, drifting machines, located in remote and hardly accesible places. Objective
precondition of their invention are the progress in the tegnologies field, the improved quality and compactness of electrical devices and new electric materials. Under
the direct comanding of the author and with his personal involvement, the described below portable electric system for power supply, control, protection, and
automatic control of the blower in “Sever” shaft, Chelopech Mining has been created.

KomnrekTHUTe  MpeHOCMMM  eneKTpUYeckd  ypeadw CbKpPaTEHOTO BpeMe 3a M3MbIHEHWe W MycKaHe B
pa3LMPsBAT CBOETO MPUMOXEHME CbC CrEeLUpUIHUTE CH ekcnnoaraums.
MOMOXWUTENHU KayecTsa:
e BbamoxHocT ga 6bgaT goctaseHu Ha obekta B
rOTOB  BWA, NPOM3BEOEHM UM KOMMMEKTOBaHM
NpeaBapuUTEnHO B 3aBOACKN YCIOBUS,

CnekTbpbT Ha NPUNOXEHWE Ha NPEHOCUMITE eneKTPUYECKN
ypeaby HenpekbcHaTo ce paslwupssa. B Hayamoto Te ca
Hamupany MNpUroXeHUe B reonoronpoyyBaTenHuTe 0BeKTH
Mpu npoyyBaHeTo W O06MBa Ha HedT, NMpu u3rpaxaaHe

e  BknioyaHeTo B paboTa cTaBa B MHOTO KpaTbk CPOK; CEIMLLA 1 MaNKN MIPEANPUSTAS B TPYAHO AOCTBIHM PaVioHi 1 B

e [lpeHocumata KOHCTPYKUMs ro3sonsBa fJa ce nycTuHsTa. Mo HacToALEM Te HammpaT LUMPOKO MPUIOXKEHNe
focTaBAT [0 0DekTa C  KOHBEHUMOHaneH u Wy Hac, KaKkTO B MPOMWLLMEHOCTTA, Taka M B NybnuyHOTO
cneunanuanpad  TpaHCmopT, kaTto 3a TOBapHO - CTPOUTENCTBO, HO C Ta3u 0COBEHOCT, Ye Te ChabpkaT ypeabu
pastoBapHuTe pa60TVI Ce u3nonseaTt KpaHoBKU CpH u HH, B Hskou cryyaum U Tpchd)opMaTopM
CbOPBXEHNA, (KomnnekreH..., 2004; MHorodyHkumoHanHu..., 2005; MKTT...,

e Bb3MOXHOCT fa ce uHTerpupar B obLua KOHCTPYKLus 2005). ToBa MacoBO HaBNKU3aHe Ha NpeHocUMUTe ypeabu uma
en. ypeou 3a CH u HH, kakto u anapatypa 3a CBOV NpeanocTaBki. Te ca CBbP3aHN C BUCOKUTE TEXHOMOMN
ynpaBrexune, 3aliuTa u KOHTpOrT; Mpy NPOM3BOACTBOTO Ha ENEKTPUYECKUTE anapatil, C HOBY

e JlecHo ce npemecTBaT Ha HOBa nMolanka, ¢ ENEKTPOTEXHUYECKN W CTPOUTENHM MaTepuani, ¢ eheKTUBHN
MUHWMAHW yCUnusa 1 CpeacTBsa; 3aMTM  OT KOpo3usi, TOMno W xupgpowsonauwu. Epwa

e 3barea ce w3rpakmaHETO Ha MOCTOSIHHU WK CbBpeMeHHa npeHocuma ypegba 6esnpobremMHo Moxe Aa
BPEMEHHW MOCTPOVKM, KOETO W3MCKBa Bpeme U ocuryp  KOMAOpPTHM  YCrIOBMSI  KakTo 3@  0GCryXBaLLms
[0CTaBKa Ha CTpoUTeNHM Matepuanu. MocneaHoTo e nepcoHarn, Taka 1 3a anaparyparta.

npobnem npu TPYOHO AOCTBMHM pailoHM, a
MOHTaXbT Ha €en. ypeabu MaKcKBa 3HAYMUTENHO
noseye Bpeme npu Mo — TPYAHWTE YCroBUS 3a
pabora;

e MHoro yecTo npeHocumnTe ypeadu ce okaseaT U C
Mo — HMCKA CTOWMHOCT, BBLMPEKY, Ye UKOHOMMYECKaTa
UM eeKTUBHOCT Ce Onpeadens npeau BCUYKO OT

B enextpouHxeHepuHroeata dupma CMC - C e
KOHCTpyMpaHa W Ce Npou3Bexga MHOrogyHKLMOHAMHA
npeHocuma enekTpudecka ypegpba /MIMEY/. [Mbpeata Ge
npedHasHayeHa 3a enekTpo3axpaHBaHe, YnpaBlieHue U
3alWuMTa Ha BeHTUNIaTopa 3a LeHTPanHO MpoBETpsiBaHE Ha
waxta “Cesep” B Yenoney Mannunr EA[l, 3agBuxBaH OT
CMHXPOHEH [BuraTen M ycnewHo ce ekcnnoatupa OT neT
roguHu (dur. 1).

51



®ur. 1. KomnnektHa npeHocuMa enekTpuyecka ypeaba (3arpapgeHa B Kpbra) 3a ynpaBneHue Ha BeHTMNaTopHa ypegba — waxrta “Cesep”, Yenoney

MainHuHr

KoHcTpykumsiTa Ha crpagata e MeTanHa ¢ Hocelu npodumm
OT CTYAEHO W3TerneHu KeagpaTHu enemeHtn (dur. 2) ¢
pasmepu 3, 20 / 6, 95 m. CteHuTe v TaBaHa ca OT CTOMaHeHa
namapuHa 2 mm. OTBbTpe e obnuuoBaHa ¢ runcodasep, nog
komTo e Tonnonsonauwsra 100 mm muHepanHa Bata. MogbT €
ABOEH: OTAONYy C Magka namapuHa, a oTrope ¢ pudenHa
namapvHa 4 mm. Mexgy TAX ca pa3nonoxeHn kabenHute
ckapu. 3a npeHacsHe ca MNPeABWAEHUM MOHTaXHW YLK,
MoHTpa ce Bbpxy ueTupun 6eTOHOBM (byHOAMEHTa Ha
BUCOYMHA 60 ¢m OT NOBBPXHOCTTA.

OcHoBHWTE enemeHTM Ha nogskHaTa ypeaba ca (CHuMKa,
yepTex, NnaH):

e PasnpegenutenHa ypeaba CpegHO HampexeHue
(Pwur. 3)

e PasnpepenutenHa ypenba
(Pwur. 4)

o  CraHuus 3a ynpasneHue (CY);

e  TupucTopeH Bb3OyauTen.

HUCKO  HanpexeHue

3a 6esonacHata pabota npu obcnyxeaHe ca OCHLECTBEHU
cnegHuTe GMOKMPOBKY:
e 3abpaHa 3a oOTBapsHe BpaTaTa Ha Kunus npu
BKMIOYeH paseguHuTen — QS1 (MexaHuuHa);

e Cpely npeBkN4YBaHE Ha  pasepuHUTENUTE
QS1+QS4 nop ToBap (enekTpuyecka);
e 3abpaHa 3a €OHOBPEMEHHO BKMKYBAHE Ha

npexkseeayunte QF1 n QF2 (enektpuyecka).

B ypenbute ca BbBeEHM CIeaHUTE LOMbHUTENHN CUCTEMM:
o AnapwmeHa cuctema “Moxap’;
e AnapmeHa cuctema “Hapywwuten”;
o  TenedoHHa NUHKS;
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e  KnumatnyHa cuctema;

o  MbnHuesawut Ha enektponposoaute 6 kV u Ha
NMHUATE 33 AUCTAHLIMOHHO YNpaBneHue;

e  PaboTHO 1 aBapuiiHO BbTPELIHO OCBETIIEHKE;

e  BobHLIHO OCBeTNEHNE;

e  En. 3axpaHBaHe 3a co6CTBEHU Hyxam (CH).

YnpaBneHneTo Ha BEHTUNATopa W TEXHOMOTUYHUS KOHTPON
Ce OCbLLECTBSBA C MUKPOMPOLIECOPEH KOHTpONep C rpadmyeH
QuCnnen, Ha KOMTO ce 13006passiBaT xapakTEPHUTE BEMUYUHM 1
CBCTOSHUS:

e Hanop /pa3pexpare/, Pa — ¢ baprpad u nsnucaxa
MOMEHTHA CTONHOCT;
e [lebut /npousBogmuTenHoct/, md/s — ¢ baprpad u
M3n1caHa MOMEHTHA CTOMHOCT;
e YecToTa Ha BbpTEHe Ha JBuraTens;
o [locoka Ha BeHTUNaTopa;
o Temnepartypata Ha narepute Ha BeHTWNaTopa M
peuratens, °C — ¢ uicna v G6aprpacu;
o Temnepartyparta Ha okornHata cpeaa, °C;
e HanpexeHueto Ha 3axpaHBaHe, kV — C uucno u
Gaprpad;
o C OyKkBeHM O3HaYeHWs Ce M3nMCBaT anapmute W
30HMTE C aBapUIHNTE CbCTOSHUS;
e [IMarHoCTUYHM PyHKLMN:
- nornoxenve
BEHTUNATOpa;
- MOMOoXeHne Ha cnupadkara;
- MOCOKa Ha nycka;
- CbCTOSHWE Ha NPeKbCBaYnTE;
- BMA Ha ynpaBneHweto — pwbuHO (P) mnu
aBTOMaTHyHO (A).

Ha nionaTkute Ha
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®ur. 2. Konctpykuus (CkeneT) Ha KOMNEKTHa NpeHocuMa en. ypeaoda

®ur. 3. Enextpuyecka ypeaba 6 kV
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®ur. 4. Enektpuyecka ypeada HH

N3bopbT Ha BWA@ Ha ynpaBneHWe — aBTOMATMYHO MU
PBYHO, CE MPOMEHs PbYHO OT Aaucnnes. [lBata pexuma ce
OCbLUECTBABAT OT NyNTOBETE 3a MECTHO ynpaBneHue W 3a
AUCTaHLMOHHO ynpasneHue (ur. 5).

®ur. 5. MynT 3a AUCTaMLMOHHO yNpaBneHue

lMpenoptyaHa 3a nybnukysaHe ot
Kategpa “EnektpudukaLius Ha MUHHOTO npou3soacTeo®, MEM®

KpaTkoTo onucanwe Ha paspaboTeHata v npou3sexgaHa B
CMC - C npeHocuma ypenba, xapaktepusupa AeiCTBUTENHO
HelHaTa MHOrOYHKUMOHANHOCT. 3a pasnuka OT MacoeO
npoussexgaHute  (KomnnekteH..., 2004; MHorodyHkumo-
HanHu..., 2005; MKTM.., 2005) T4 cbabpka OCBeH
KOMyTaLMOHHWN 1 3awmTHu anapatv CpH u HH, apgantusHa
MMKDPOMPOLIECOPHa CUCTeMa 3a YnpaBreHue M KOHTpON 3a
TEXHOMOrMYeH arperar.

MpeHocUMUTE  MHOTOCDYHKUMOHANHW  en.  ypenbu ca
e(PEKTUBHO PELLEHNE C aKTyanHO W NEPCNEKTUBHO 3HAYEHNE
Lie Ham1paT BCE NO-ToNAMO npunoxeHne. EdektneHocTTa UM
e BescnopHa, korato 06eKTUTE Ca CbC CPABHWTEMHO KpaTbK
CpoK Ha cnyxba, Kkorato Ce HamupaT Ha OTAaneveHn w
TPYLHOZOCTBIHU 30HM M koraTo 6bP30TO MM NyckaHe B paboTa
WMa CbLUECTBEHO 3HAYEHWE, CbC 3HAYNMU WKOHOMMYECKM
nocneauum.

Nurepatypa

KomnnekteH OeToHOB TpaHcdopmatopeH noct FK — 2,
®unkab, Mnosagus, 2004 r.

MHorodyHKumoHanHn manorabaputin MKTI 250/ 20/ 0, 4 -
Enekrporel, Cocus, 2005 .

MKT v BKTI - Pavel & Sons Cocous, 2005 .

Mentewes M., Cr. YobaHoB - MWHoBaumm B CMC-C
enekTpouHxeHepuHr, HayuHa cecusi 50 r. MY, ToguiwHmk
MTY, .47, cs. lll, C. 2003 .
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MWHHATA ENEKTPOEHEPIETUKA U ABTOMATU3ALIUA - MPUOPUTET B

OEVMHOCTTA HA “CMC - C” EOO[]

MuneHr [penkoe, Hukonat Tpacues, Hukonaii Mukos

CMC-C EOQ[ Codpus, IMupdon 2070

PE3IOME. B foknaga ca pasrnefaHu Haii-3HauumnTte nocTikenust Ha dupma “CMC-C” EOO[ B enekTpouHXeHepnHroBaTa c AEMHOCT CBbp3aHa C MUHHUTE U
MeTanyprimyHuTe npeanpusTus: Munn “Mapuua nstok’, Kymepuo Meg, EBpomatran, Yenoney MaiHuhr, Enauute Mea, MuHa “CaHsHup’”.

MINING ELECTRICAL POWER ENGINEERING AND AUTOMATION - PRIORITY IN THE ACTIVITY OF “CMC - C” LTD.

Milen Drenkov, Nikolay Trasiev, Nikolay Mikov
CMC-C Ltd Sofia, Pirdop 2070

ABSTRACT. Report consists the most significant achievents of company “CMC-C” Ltd in regards to its electrical engineering for mining and metallurgical plants:
“Maritza iztok” mines, Cumerio Med, Euromangan, Chelopech Mining, Elacite Med, “Staniantzi” mine.

CMC-C enekTpouHxeHepHHr, oT cb3gaBaHeTo cv npean 10
rOOMHW, OCHOBHO € paboTuna 3a MuHMTe B obrnactta Ha
enektpuyeckute ypeadu CpH m HH, kakto u B cthepata Ha
ABTOMATM3aLMATa U KOHTPONA TEXHOMOTMYHUTE MPOLIECH.

MopaepHu3npaHe Ha pyAHUYHUTE
pasnpenenuTenHu u TpaHcopMaTopHM
nogctaHuumn CpH n HH

PaspaboTeHn ca nMpoekT 3a  MOAEpHW3MpaHe Ha
CblUeCcTBYBaLUY NoacTaHuuu B pyaHuk “Benu Bper” — 20 / 6kV;
Muna “CraHsHun” — 20 / 6 kV; 3a nogcraHuna 3 /pygHudHa/
6/0, 4 kV; nogsemHa noactaHums 6 kV 3a pyaHuk Obpoumiue,
EBpomaHraH. [lo-ronsmara yact ca peanusupaHu, a Apyru
NpeacTodT aa ce u3mbnHAT. MogepHusnpann ca PY — 6 kV u
PY -0, 4 kV B MHOrO MMHHM NPeaNPUATUS.

®ur. 1. BuHweH Bua Ha KPY npeau pekoHCTpyKumMs

MogepHusauusta  /peTpodput/ Ha KOMMNNEKTHUTE
pasnpegenuTenHn yctponctea CpH e geiHocT, cebp3aHa ¢
nbpeuTe CTbNKM Ha CMC-C, kosiTo npogbikasa v [0 AHeC.
PekoHcTpyupanu ca Hag 150 KPY, npousseaenu B bunrapus u
BuBwute avpxasu OP u CCCP. Ta obxsawa 3amsHa Ha
MafioMacneHnTe Unn Bb3AyLUHM npekbeaadn CpH ¢ enerasosu
1 C BaKyyMHU KaMepy NpeKbCBaYM, 1 Ha enekTpOMEXaHNyHUTe
3alnTHM peneTa ¢ MUKPOMPOLIECOPHM 3almTh. Ta3u AeiHocT
3anoyHa npe3 1996r. 8 BIMAK All (cera Yenoney MaiiHuHr),
Kbaeto ca mogepHusupann Hag 95% ot Bcuuku KPY. [lo-
kKbCHO TOBa 0Oe HanmpaBeHo B EBpomaHraH Al - MuHa
Obpoumle, B Omukop Meg (cera Kymepuo Meg), B pyaHuk
Enauute v gp. (YobaHos, 2005)

®ur. 2. PeneeH otcek Ha KPY npeau pekoHCTpyKums

Ha d¢wur. 1 u 2 ca nokasann KPY npeau, a Ha ¢wmr. 3 n 4 —
cnep pekoHCTPyKLUusTa.



®ur. 4. PeneeH otcek Ha KPY cnep pekoHCTpyKums

®ur.5. TnasHo Tabno HH cneg pekoHcTpykuus Ha [oacTaHuus
“PygHuyHa” B Yenoney MaitHuHr.

Tosan nogxoa ce okasa M3KNIUUTENHO ePEKTUBEH, ThI KaTo
OT efHa CTpaHa peTpoduTa rapaHTupa YHKUMOHANHUTE
kayectBa Ha 100% cnpsmo KayecTBaTa Ha M3LANO HOBO-
poctaeeHn KPY, a ot apyra ToBa ce ocblyecTssiBa ¢ 2 — 2, 5
MbTU NO-Manko CpeacTBa.

PekoHcTpympaHa n3usno u MoHTMpaHa e noactaHums 206 B
FOmukop Meg, ¢ MUKPONPOLLECOpHM 3alnTi Sepam.

C nmbnHata peKkoHCTpykuus Ha Tabnata 3a BTOpWUYHA
komyTaums B OPY 110 kV ce noBuwM 3HAYUTENHO
HaZeXaHOCTTa Ha 3axpaHBaHETO Ha Yenoney MaiHuHr.

PekoHCTpyMpaHu W MOAEPHU3NPaHKM ca rmasHUTe Tabna Ha
cTpaHa Hucko HanpexeHnue (TTHH) B ronsm 6poit noactaHuuy:
MogcTaHums pyaHudaHa (Ne 3) (cbur. 5); noactaHums “InaseH
kopnyc”, noactaHuus CCTe Yenoney MaiHuHr (MeHTewes u
ap., 2003; TexHuueckm... ).

MogepHu3upaHe Ha pyaHUYHM NOAEMHM ypeaom

CMC-C ycnewHo KOMMNEKCHO MOAEPHW3MPa PYOHUYHN
nogaemMHu ypeabu kakto B yactTa Enektpo, Taka n B KM un A.
MopembT Ha waxta “KanutanHa” B Yenoney MaiHuHr e
OCHOBHO peKOHCTpyupaH. [logemHaTa ypegba Ha lwaxTa
“KanutanHa” B pygHuk O6pounwie (dur. 6) e oxneeHa cneq
ObArOrogMLHA  KOHCEpBauWs B HE3aBbplieH  BuA.
CMHXpOHHWST ABUraTen ce ynpasnsBa C BakyyMeH npekbeBay
EVOLIS u e 3awuteH ¢ MukponpoLecopHa 3awuta Sepam.
3usn0 e NpoekTupaHa 1 U3MbiIHEHa CxemaTa 3a ynpaBnexue,
3a 3awmTa 1 curHanusauus. NMpoekTupaH e BaroHooOMeHa Ha
XOpU3OHTa M npueMHaTa nnowaagka. MoHTupanm ca
npoussegeHuTe BbB (upMaTta cneuuanHu tabna (gur. 7) ¢
MHEMO CXemu, nyckatenn W OesKOHTaKTHW JatumuM 3a
nosvUMoHMpaHe. BaroHooOMeHbT BkMtouBa ronsm  Gpoi
[aT4MLM W KparlHU U3KIHYBaTENM, (PYHKUMOHANHO 0beanHEHN

B KOHTpOIep.

®ur. 6. LLlaxTa “KanutanHa” Ha pypHuk “O6pounie”, EBpomanran Afl

YHpaBneHue 1 3aliuTa Ha pyaHU4HUTE
eN1eKTpo3aaBMXKBaHUA

CMC-C pgukTyBa MoOpepHu3auusiTa B YNpaBnEHMETO,
3almTaTa M aBTOMaTU3auMsTa Ha ENeKTPO3adBWKBaHWsSTa B
MuHuTe. lMpean 5 roguHM ca BbBEOEHW MbpBUTE YECTOTHM



ynpaenenus (VSD) wn codrcraptepu B Yenomey, a B
paslMpeHneTo Ha ChbluecTyBaliata dabpuka M HOBOTO
npeanusiTie ca NpeaBWAEHW AECETKM YECTOTHO ynpaBnsemu
3agBuxBsanus. (TexHuyeckm... )

®ur. 7. MynT 3a ynpaBneHne ¢ MHEMOCXeMa Ha BaroHooOMeHa

CMC-C B mMOMmeHTa € eauHCTBEH NPOM3BOAMTEN B CTpaHaTa
Ha pyOHWYHM nyckaTenu W pasnpegenurenHu Tabna B
HOPMarHO U3MbIIHEHWE, CTPUKTHO CNasBaiku N3NCKBAHMATA HA
BAC 11623 - 83 n BAC EN 60439 - 1.

lMyckatenute W pasnpepenvuTenHuTe yCTpoiicTBa Ca
M3MbITHEHW C ENEKTPUYECKM anapaTi, No NpegnoynTaHue Ha
knumeHta, ot Siemens, ABB u Schneider Electric.
CneunanuanpaHnTe 3aliMTHU YCTPONCTBA, CheuudnyHn 3a
MWHWTE, KbOETO Ce npunara eguHcTBeHo IT cuctema kaTo:
Gnokupawyn peneta ot yteukn BRU, penerta 3a koHTpon Ha
CbMPOTMBIIEHNETO W LENOCTTa Ha 3a3eMUTENHUS MPOBOAHMK
Ha MOABWXHUTE MUHHW ENEKTPO3adBWXKBaHM MawmHn RKZP
(PL), anapatv 3a 3awuTa OT TOKa Ha YyTeyka CbC 3aLUMTHO
W3KMIOYBaHE B eAHO(A3sHN 1 TpUA3HN MPEXM C HANPEXeHNe
127 V v 220 V, 3awutn 0T npekbeBaHe Ha dasa ZPF u gp.
(MeHTewwes u gp., 2003; TexHuuecku... ).

®ur. 8. Nyckatenn MNP u pa3npepenutento 1abno NMHHP B pyaHnyHO
HOPMarnHo U3NbIIHEHUe

Pa3paboTeHu ca CbBPEeMEHHU TUMOBM CXEMM U KOHCTPYKLIMN
3a nyckaTenu u pasnpefenuTentn Tabna ¢ Hanpexenue 220,
380, 660, 1000 1 1140 V ¢ HomuHaneH Tok o 800 A. Ha dur.
8 ca nokasaHu nyckarenu u Tabno HH.

Myckatenute 3a Asuratenu ¢ mowHocT Hag 100 kW ca
W3MbIHEHU C ENEKTPOHHA 3aLLuTa.

Te3n enekTpuyecks anmapat Ce W3NON3BaT MacoBo B
noA3eMHuTe pyaHuum Ha Yenoney MaiHuHr, EBpomaHraH, a
mogudukaumm  3a TN cuctema ce npoussexgatr 3a
oboratutenHu dabpuku, OTKPUTW PYAHALM U NPEYNCTBATENHM
cTaHLmw.

CMC-C ‘Metannnact”

CbBMECTHO C paspabotun u

npouseexaa B ApebHu cepun egHa U3KMIOYMTENHO NonesHa n
CMONyYnMBa KOHCTPYKUMS Ha LLENCenHO CbeanHeHune 3a 250 A
/ 1000 V AC 3a MMHHWTE, KOETO MOXE [Ja Ce KOMMIIeKToBa C
aBTOMaTMyeH npekbeBay (cur. 9). (Mentewes u gp., 2003;
TexHuuecku... )

®ur. 9. ABTOMaTMyYeH NPEKLCBAY C LIENCENHO CheAuHeHe 3a
3axpaHBaHe Ha npobuBHa kaperta.

CBbBMECTHOTO MON30TBOPHO ChTPYAHUYECTBO Ha Te3W ABE
VMpMM € B OCHOBATa Ha €OHO CbBPEMEHHO W NEePCreKTUBHO
CbOpPBLXKEHNE - MHorodyHKunoHanHa npeHocuma
enekTpuyecka ypegba ¢ B1coka eheKTMBHOCT M MPUIOXMMOCT.
B enHa KOHCTPYKUMS Ca WMHTErpUpaHW enexkTpuyeckn ypenow
CpH, HH 1 KM 1 A 3a ynpaBneHue Ha MOLLHM BEHTUNATOPM,
MOMMK, KOMNPEeCopy, COHAM, paboTeLn B TPYAHO AOCTBIHA 1
oTaneyeHun 3oHu. (TexHu4ecku... )

WamepBaHe, KOHTpON M ynpaBneHue Ha
KOHCYMMpaHaTa eNleKTpuyecka eHeprus

CMC-C nbpBa B CTpaHaTa pearvpa Ha HoBaTa cuCTEMaA 3a
3annallaHe Ha enekTpuyeckata eHeprust ¢ BbBeXgaHe Ha
nasapH1TE MPUHLMNK M pa3paboTy, C aKTMBHOTO yyacTue Ha
cneumanuctn ot MY “Ce. MeaHn Puncku”, MukponpouecopHa
CMCTeMa 3a KOHTPONM W ynpaBrneHue Ha pasxogute 3a
eNeKTpUYECKa EHEprus Ha MpUBUIIErMpoBaHuTe notpebutenu
(Ctounos u ap., 2004). Hawwwm cuctemm ca ycnewHo BbBEAEHU
B O6oratutenHoto npeanpustue ‘Enauute”, B PyAHUK
“Enauute” 1 B MuHu “Mapuua ustok”. Cuctemata B pamkuTe



Ha BCEKM aCTPOHOMMYECKM Yac He CaMO OTYMTa EHeprusTa, Ho
[aBa Mperopbki 3a KOPeKuusl, MPorHo3npaHa Mo Kputepui
MWHWUMarHa pasnuka B KOHCyMupaHaTa u gorosopeHata ¢ HEK
eHeprust (MOLLHOCT) B Kpas Ha uvaca. A ToBa e BaxHa
npeanocTaBka 3a 3annallaHe Ha KOHCymupaHaTta eHeprus no
MUHMMamNHa LeHa W 3a HamansBaHe Ha pasxoauTe Ha
ApYXecTBaTa 3a eNeKTpoeHeprus.

CMC-C n enektpobe3onacHocTTa

Mo Tpaguummute Ha  MMHHATa  ENEeKTPOeHepreTuka
enekTpobe3onacHoCTTa e NpuopuTeT M B AenHocTTa Ha CMC-
C. Tsa ce pa3snBa B HSIKOJIKO NOCOKM:

o CTpMKTHO crnasBaHe Ha U3NUCKBaHWATa 3a
DesonaceH Tpynd W 30paBe B LAMOCTHaTa
WHXEHEPUHroBa AEMHOCT, JOKa3aHo C nuncata Ha
3110M0NYKM OT Ch3AaBaHETO Ha hupmara;

e (Cb3gaBaHe Ha opraH 3a koHtpon - “CMC-C
koHTpon” oT Bug C — eguH OT MbpBUTE B CTpaHaTa
ceptudpmumpanmn no EN ot [JbpxasHata AreHums
“bbnrapcka cnyx6a 3a akpegutaums’;

o KomneteHTHO pelwasaHe Ha npobnemn o
enekTpobesonacHoCTTa OT edHM OT  Haii-
W3TbKHATWUTE B CTpaHaTa cneyunanmcTy, pabotewm
¥ CbTPYAHMYELLM BbB hupmaTa.

XapakTepeH e npumepa C Bb3fnoxeHaTta W NpodecoHanHo
W3MbMHeHa 3afava 3a enekTpoobesonacssaHe Ha en. ypenbda
HH B AG3eTuepa Ha Acapen MeaeT B CbOTBETCTBME C
HOpMaTuBHUTE u3nckeanus B P bBbnrapus. Bwbeege ce
BOMBITHATENHO 3aLLWUTHO U3KIIOYBAHE M OT AMPEKTEH JOMMP B
netnposogHata (3P + N + PE) IT mpexa 1 B gBynpoBogHaTa
mpexa 220 V AC 3a onepaTuBHO HanpexeHue. TeXHNYECKOTO
PELUEHNe W M3MBbIHEHMETO 0sixa BMCOKO OLEHEHM OT
cneumnanucTute Ha dupmarta goctasumk VOEST ALPINE.

EnektponHxeHepuHr B MeTanyprusTa

Mpes nocnegHute roguin CMC-C akTBHO pa3su LeinHOCT v
B c(pepaTa Ha MeTanyprusTa — “cbcefileH” 10 MUHUTE OTpach,
C TEeXKM VYCMOBWMA 3a MOHTaX W ekcnnoatauus Ha
enekTpuyeckute ypeabu. [lokasaTenctso 3a 3aBOHBaHMS
aBTOPUTET Ha cupMaTa, C BMCOKO  KayecTBO MU
npogecroHann3bM, € HenpekbCHATO HapacTBawms obem u
CNOXHOCT Ha Bb3noxeHuTe 3agauun npe3 2004/2005 roguHa B
€[IHO OT BOAELMTE M eHEKTUBHU METamnypruyHi NpeanpusTus
B cTpaHata — lOmukop Mep (cera Kymepuo) B rpag Mupgon.

Hai-cepuosHata u obxBaTHa 3agaya, kosTo (pupmata
nomy4u W W3MbIHW, € U3MbIIHEHNETO Ha vacTuTe EnekTpo u
KM n A B HoBaTa npeuucTBaTeNnHa CTaHUWMs 3a OTNAgHM
BOAM: M3rpageHu ca HoBu kabenHu Tpaceta (Hag 8 km);
MoMoXeHN ca CWUnoBW U KoHTponHu kabenwn (Hag 30 km);
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pesepBHO 3axpaHBaHe ¢ UPS, pailoHHO OCBETNEeHME, NycK U
Hanagka Ha Hal-CbBPEMEHHU eneKkTpO3afdBuKBaHUS 1
anapatv 3a ynpaBreHWe, perynupaHe W 3aliuTa; MOHTaX U
Hanagkata Ha KM u A obxsalua anapatypa Ha ABB, Endress
+ Hauser, Jumo, Yokogawa, Auma matic v gp. (¢ur. 10)

WHTepeceH oT npodecnoHanHa rnegHa Touka Gewwe
Bb3MOXEHWSAT WHXEHEPUHT HA HOB Komnpecop B KncrnopogHus
Lex, 3afdBWkBaH OT aCWHXPOHEH ABWraten C KC poTop W
MOLLHOCT 6,2 MW (TexHuyeckm...). WcTuHcko
npeausBukaTencTBo 6e NpoeKTUpaHeTo M HacTporkata Ha
MUKpOMpoLecopHaTa 3aljuta Ha TO3M MOLEH fAsuraten,
Sepam 1000+ M87 cbobpkawa 23 napameTbpa 3a
HacTpoika.

KoHcynTaHTCka 1 ekcnepTHa geiHOCT

Beuuku cneupanucT ¢ BUCLIE M CPEAHO  CMeuManHo
obpasoBaHne B CMC-C ca pabotunu npogbmxuTenHo B
MUHMTE 1 oboraTUTENHW NPeanpusTUs. 3HaHusITa U onuTa B
rnogYepTaHo cneuuduyHaTa MUHHA eHepreTika Mo3BOnsBaT
NPoECUOHANHN PELLIEHNS U U3MBITHEHUS! BLB BCUYKW €Tanu
Ha eneKTPOWHXEHEpUHra — MpoyyBaHe, NpOeKTUpaHe,
NPOM3BOACTBO, MOHTaX, NyCK U Hanagka. Tean 3HaHua 1 onuT
no3sonAeaTr fAa Ce W3BbPLIBAT KOMNETEHTHW aHanusu,
€KCMepTM3N W KOHCYNTaHTCKa AEMHOCT Ha Hail-BUCOKO HYBO.

B pesyntar Ha Hawwm aHanuau, NpenopbKY 1 M3MbIHEHME ca
Ka4yeCTBEHO MOAODPEHN PenemrHn 3aluTh B eneKkTpuyeckuTe
ypegbn CpH B “Enaumte wmeg” Al XBoCTOXpaHunuiie
BeHkocku 2, OboratutenHus komnnekc B Mupkoso (2000 -
2003r.), B Yenoney Mainunr ALl (2004r.). OnTumusmpaHeTo
Ha YYBCTBUTENHOCTTA W CENEKTUBHOCTTA Ha 3alluTuTe B
ypenbute 20 kV u 6 kV ce pokasea C npeycTaHOBEHWUTE
“‘nsrapsHus” Ha pgsuratenn u  TpaHcdopmatopu CpH, ¢
NPeKLCHANNUTE HECENEKTUBHU W3KMIOYBAHUA — MpUYMHA 33
NPeKLCBAHE Ha TEXHOMNOMMYHWA NPOLEC U Ha NpoM3TUYaLLmMTE
oT ToBa 3arybu. (MeHTewes u ap., 2003; Ctounos u ap., 2004)

EpyauuusaTa Ha cneuuanuctute ot pupmata be gokasaHa w
BMCOKO oueHeHa oT GRD Minproc Ltd, AscTtpanus, kosito
NpOoeKTMpa NPeACTOALLOTO pasLuupeHune Ha Yenoney MaiHuHr.
CMC-C 6e wu3bpaHa [a KOHCynTMpa W KOpEecnoHaupa c
Minproc B npoueca Ha MNpeAnpPoOeKTHOTO W MAENHO
npoekTMpaHe. Hawnte MHeHUs 1 NPenopbKMA Ca NPUETU MHOTO
CEPMO3HO M MOYTW BCUYKM Ca 3amnOXeHU B TEXHWUYEeCKuTe
peLleHus. (TexHuyecku...)

HenHoctta Ha CMC-C, xapakTepusupalia ce C BHCOK
NpOdeCcMoHann3bM, C KOPEKTHOCT, TOYHOCT M OTFOBOPHOCT €
oueHeHa B MHorobpoinHuTe pediepeHuum ot Bbrrapcku u
4y)KAECTPaHHM OUPMU, 33 KOUTO UMW C KOMTO CMe paboTunu.



®ur. 10. EnemeHTH ot enektpoo63aBexaaHeto u KUM u A B HoBa npeuncteatenHa cranuus, “CUMERIO”

A)
B)
B)

r)

YnpaBsneHue ¢ nyckaten, TepmuHaTop Ha Profibus DP n pe3epBHo 3axpaHBaHe;
KaGenHu ckapn
Tabno c YecTOTHO ynpaBnieHWe Ha nomna.
KomyHukaums ¢ koHTponep upe3 Profibus DP;
Momnu, ynpasnsiBaxm no cuctema DOL.
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BIMAHUE NPUHLIMNA HA IEUCTBUE BBbPXY EbP30AEUCTBUETO HA ANAPATUTE
3A 3ALUUTA OT TOK HA KbCO CbEAWHEHUE B PYAHUYHA
ENEKTPOCHABOUTENHA MPEXA

Eemum Pyiivoe KbpuyenuH

MurHo-eeonoxku yHusepcumem “Ca. Mear Puncku”, Cogpus 1700, brneapus

PE3IOME. 3a 3almTa Ha yvacTbKoBaTa eJ'IeKTpOCHaG,ClMTeJ'IHa MpeXxa OT TOKOBE Ha KbCO CbeAMHEeHME Ce M3NON3BaT anapat 3a MakCMMmanHOTOKOoBa 3alluTa,
BCTPOEHM B PyAHNYHUTE NPEKbCBAYM U nycKaTenn. B foknaga e nokasaHo BAMSHWETO Ha NPUHLMNA HA AencTBUE BbpXy 6'bp30,qe|;10TBMeT0 Ha anapatute 3a 3awuTta
OT TOK Ha KbCO CbeaVHEHMe.

PRINCIPLE OF WORK OVER FASTWORK OF THE APPARATUSES FOR PROTECTION OF CURRENT IN MINE ELECTRICAL
NETWORK EFFECT

Evtim Karcelin

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, Bulgaria

ABSTRACT. For protection of the section electrical network from current are used apparatuses for maximal current protection, built into mine switches. Principle of
work over fastwork of the apparatuses for protection of current effect is shown in the paper.

/3non3eaHuTe B TEXHMKATA YCTPOMCTBA 3a 3alluTa OT TOKO- Zen
i Uy =—-"U sin(oat +Y -0 + )
BE Ha KbCO CbefMHeHWe pearupat Unu Ha onpeaeneHa CcTou- ® z o om V=0p T Ppsn
HOCT Ha TOKa UI1 Ha CKOPOCTTa Ha W3MEHEeHWe Ha Toka (MbpBea ¢

Mpou3BoaHa Ha ToKa Mo BpeMeTo). KbaeTo: Z, - = R2. X
- &pgn T ns.n ns.n

3awuTHMTE YCTPONCTBA, pearnpaliy Ha MOMEHTHaTa CTom-
HOCT Ha TOKa Ha KbCO CbefuHeHue, ce SBABaT yCTponcTaara _
e Ly = \/(RT +R¢ + Rﬂ,B.n)2 + (XT + Xk +X;|s.n)2
TN MM3, ¢ KOUTO Ce KOMNMEKTOBAT PYAHUYHUTE aBTOMATUYHM
npekbcaaun Tun AB.

XuB.n

3a oueHka 6bp30aeiicTBMETO Ha TO3M BUA anapart 3a 3aluTa Ppen = arcth—
LLie Ce Orpefenin HEroBOTO BPEME 3a cpaboTBaHe Npu Bb3HWK-
BaHe Ha OTane4eHo ABY(asHO KbCO CheMHEHNE B PyLHUYHA

eJ'IeKTPOCHHGJJ,MTeJ'IHa cucrema.

BN

X; + X +X 18N
Pp =arctg——————-"—
R; +Ry +Rpan
[ObmxvHaTta Ha kabenHata NMHMSA (TpaHW4Ha CTOWHOCT Ha
CbMPOTMBNIEHNETO Ha kabena) ce onpeaens OT YCMOBMETO 3a

. Ot TO3M n3pa3 ce Bxaa, 4e CTOMHOCTTA Ha OTHOLUEHWUETO
MUHUMAINHa CTOMHOCT Ha HanpeXeHWeTto Ha Knemute Ha

Z
€NEKTPOABUTATENS NPW HETOBOTO MyCKaHe. Z“B‘” , XapakTepuaupaLlo HUBOTO Ha HanpexeHusTa, TpsabBa
¢
Cornacho (MYE) B Mpexu 3a HomuHanHo Hanpexerue 660 B na Gbae He no-manka ot 0,686. Mpu ToBa ycroBue rpaHnyHa-
(Unin = 565 B) CTOMHOCTTa Ha HaNpeXeHWeTo Ha U3BOANUTE Ha Ta CTOMHOCT Ha CbNPOTUBNEHNETO Ha kabena e BbaMOXHO Aa
eneKkTpoaBuraTenst Mpu HEroBOTO MyckaHe He Tpsibea Aa Gbae ce onpeaeny no opmynata
no-Hucko oT 475 B, koeTo npeactaensea 0,686 Um (Um — amn-
NUTYAHA CTOMHOCT Ha (ha3HOTO HanpexXeHue Npu NpaseH Xog 2 2.2
Ha CUNOBMS TPAHC(OPMATOP). Zy =—N+n" +KZpgp —m ™
B nyckoB pexum ycTaHOBeHaTa CTOMHOCT Ha (ha3HOTO Han- KbaeTo:
PEXEHWE HA KNEMUTE Ha enekTPOABWraTens ce onpepens ¢
n3pasa n= (RT +Rpen )cos<pk + (XT +Xpen )sin(pk :
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m= (RT + Rﬂg_n + (XT + X.U.B-n ;

O = arctg—xk'CH ;
K.cn

k= 1 =14577.
0,686
Xken, Rken — CbOTBETHO MHAYKTMBHO W aKTUBHO cneuuduyHo

CbNPOTUBNEHNE Ha (ha3a Ha kabena, om/kMm.

B cvotBetcTBME C Ghopmyna (1) rpaHMyHaTa CTOMHOCT Ha
CbMPOTMBNEHWETO Ha kaben CbC ceveHne Ha paboTHUTe xuna
50 mMm2 (@ =1084°) e pasHo Ha 0,21736 oM, KOeTo CbOT-

BeTcTBa Ha 504 M AbnXuHA Ha kabena.

B pexum Ha npa3eH X044 Ha Mpexara, korato TOBapHUAT TOK
€ paBeH Ha Hyna, MOMEHTHaTa CTOMHOCT Ha Toka Ha ABY(asHO
KbCO CbeauHeHue (dasm B n C ca cbeamHeHn Ha KbCo) ce
onpefens ¢ u3pasa

Uge = [sin((nt +(—90°—)—sin(y —90— (p)ept J

KbaeTo:
Y3
m- o2z

@ =arclg Xy
RT+Rk
P= ('O(RT"'RK).
XT+Xk ’

90° - brbN Ha U3MECTBAHE MEXAY BEKTOPA Ha HamnpexeHwe-
TO Ha bas3a A 1 BEKTOpa Ha NMHENHOTO HaNPEeXeHWe Ha HaKb-
€0 cbeamHeHue asn B u C.

3a napameTpuTe Ha cucTema 3a enekTpocHabasBaHe,
CbabpXaLla TpaHcgopmaTopHa noactaHums tun TCLUBM-250
(Um =565 B, X7 = 0,0642 om, Rr = 0,0192 owm), duaepeH kaben
ChC ceyveHune Ha xunata 50 mm2 (X« = 0,081 om/km, R¢ = 0,423
om/km) n 125 kBT (Xgen = 0,424 oM, Rpen = 0,214 om) B
CbOTBETCTBME C M3pa3a (2) 3a Toka Ha [BYdasHO KbCO
CbeaMHeHMeE ce nornyyvaea:

'k c=19188fsin(ot+y-11431°)-sin(y-1143) 05| ()

AmMNAMTYAHATa CTOMHOCT Ha roNeMWHATa Ha ToKa 3a HacT-
pouka, npu KosTo cpaboTBa 3aLLMTHOTO YCTPOMCTBO Lue bbae

— m
wacmp. K

D188 127924

y 7

62

kbaeTo Ky =1,5 — KoOeULIMEHT Ha YyCTBUTENHOCT

BpemeTo 3a cpaGoTBaHe Ha 3alLMTHOTO, pearupailo Ha Mo-
MEHTHaTa CTOMHOCT TOKa Ce OMpedens kaTo MpeceyHa Touka
Mexay kpueata i, =f(t) w npasara nuHws, opanHarara Ha

KOSITO € paBHa Ha aMNIUTYAHaTa CTOMHOCT Ha Toka 3a cpaboT-
BaHe Ha 3aLLMTHOTO YCTPOMCTBO.

lpathoaHanUTMYHOTO u3crnensaHe Ha 3asucumoctTa (3) no-
ka3Ba, Ye MaKkcUMarHoO Bb3MOXHaTa CTOMHOCT Ha BPEMETO 3a
cpaboTBaHe Ha 3alMTHOTO YCTPOICTBO € 7,9 MC 1 ce momyya-
Ba npu y =1935°.

Bes ga ce u3MeHaT napameTpuTe Ha enekTpocHabauTenHa-
Ta cucTema ce onpefens 4 BpemeTo 3a cpaboTeaHe Ha 3a-
LUTHOTO YCTPOICTBO, pearnpalLlo Ha ckopocTTa Ha HapacTsa-
He Ha Toka (Ha mbpBaTa NpPOWU3BOAHA Ha TOKa Mo BPEMETO).

Mpu OBya3HO KbCO CbEAMHEHWE B PEXMM Ha MpaseH XoA
Ha Mpexarta CKopocTTa Ha U3meHeHue Ha Toka (A/C) ce onpe-
[ENs N0 CreaHus 13pas;

diy o,

el [cos(wt +y — 90— @)+

(4)
+ctge.sin(y — 90— (p).ept]

3a npueTuTe NapameTpu Ha pasrnexgaHata enekTpocHab-
QMTENHa cucTeMa B CbOTBETCTBME C U3pasuTe (4) ce nonyyasa

% =602809cos(wt +y —1143°)+
+22133sin(y - 1143°)e~0%5%

Mo aHanorus Ha onpegeneHata no-rope HacTponka 3a cpa-
foTBaHe Ha 3awuTaTa, HacTpolikaTa 3a cpaboTBaHe Ha MaKcu-
MarlHOTOKOBaTa 3alluTa, pearMpalla Ha CKopocTTa Ha HapacT-
BaHe Ha TOKa, Ce MoJy4aBa OT OTHOLIEHUETO:

di,.
dt

ol .,

=401872.

Hacmp . u
Mpyu ToBa MaKCKMarnHO Bb3MOXHOTO Bpeme 3a cpaboTeaHe
Ha 3aLMTHOTO YCTPOWNCTBO € paBHO Ha 2,1 MC 1 ce nonyyasa
npu y =74,06° .

Mpu t = 0 o1 u3pasa (4) ce nonyyasa

i ~BoUn
dt 22X, +Xy)

sin(y —90°)

3a y=90° croiiHOCTTa Ha MbpBaTa NPOM3BOLHA Ha TOKa

Mo BPEMETO e paBHA Ha Hyrna, a CTOMHOCTTA Ha BTOpaTta
Mpou3BoaHa Lie Bbae pasnuyHa oT Hyna

i,

2
dt {=0,y=

:M

90° 2(XT +Xk)



MonyyeHnte pesynTatm 00OCHOBaBaT Bb3MOXHOCTTA 3a
Cb3[aBaHETO Ha YCTPO/CTBA 3a Obp3ofeiicTBalla 3awuTa,
ocurypsisalia 0e3omacHO M3Mon3BaHe Ha enekTpuyeckarta
EHeprna BbB B3pKUBOOMacHW Npon3BoacTBa.

ﬂeVICTBVITeJ'IHO, 3a YyCnoBuATa Ha pyaHUYHaTa y4aCTbKOBa
mpexa npu t =0 n y=90° 3a CTONHOCTTA Ha OTHOLLEHUETO
Ha BTOpaTa NPOM3BOAHA Ha TOKa Npu ABY(Aa3HO KbCO Cheau-
HEHMe KbM BTOpPAaTa NPOM3BOAHA Ha TOKa Ha NyCKOBMA TOK Ce
nony4aea,

(X7 + X + Xggn Jsine

=T ax)

KOeTo BuHaru € no-ronsimo ot 1,5. B pasrnexpaHata cuctema
3a enektpocHabassaHe K = 1,95, T.e. TeopeTMyeckn € Bb3-
MOXHO Aa Ce M3nonaea M BTOpaTa NpoM3BOAHA Ha Toka Mo
BPEMETO B yCTpoiicTBaTa 3a Gbp3oaeicTBaluTe 3aLmTu.

lMpakTyecku BTOpaTa MPOW3BOAHA HA TOKa MO BPEMETO €
HenpekbcHaTa OYHKLMS M € Bb3MOXHO Aa Obae nonydyeHa ca-
MO 4pe3 OnepauuuTe Ha nocnegoBaTenHo AudepeHumpaHe.
Mpw TOBa KaTo AMchepeHLmMpaLLy yCTpocTBa ce u3nonaeat R-
L unmn R-C sepur.

Mopagu cBouTe Ge3nopHM MpeaUMcTBa enekTpudeckaTa

€Heprusa Hamupa LWMPOKO npunoxeHne BbB BCUYKKU OTPACIN Ha

lMpenoptyaHa 3a nybnukysaHe ot
KaTegpa “Enektpucukanms Ha MMHHOTO npou3soacTeo”’, MEM®
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MPOMMLUNIEHOTO  MPOW3BOACTBO,  BKMIOUMTENHO W B
B3pWBOOMACHWUTE NPOU3BOACTBA BbB BbIMMLHATA, HE(hTEHATA,
rasoBata M Xumuyeckata NpPOMULLNEHOCT. 3aefHO C ToBa
enekTpuyeckaTa eHeprna ce aBABa U efHa OT NpU4MHUTE 3a
Bb3HWKBAHE Ha MNOXapwu M eKkcnno3nn B Te3n Npon3BoacTBa.
Eto 3awo paspaboTBaHeTO M BHEAPSBAHETO  Ha
Obp3oaencTBalLM anapaTh 3a 3aluuTa u Ha GbpaoaeiicTealm
KOMYTaLMOHHW anapaTit Lye ocurypsia edbekTMBHa 3aLynTa ot
KbCU CbeaWHEHWs HA enekTpocHabauTenHaTa cuctema upes
eHeprvn7|Ha 13onauusa Ha noBpeaeHUA y4acTbK.

Nutepatypa

WnwkmH  H.®., 3awmTa LWaXTHbIX 3NEKTPOYCTAHOBOK U
kabenHbIx ceten. M. Yrnexusaat, 1959.

OporkwvH  B.I.  w  pgp., [pombiwneHve  w3nbiTaHus
BricTpogencTaaloLLero annapata Be3KOHTaKTHOM
komyTauuin ABBK-2,5, M., UHW3GHYron, 1971, cB 3.

Wyukuit B. M v ap., 3aliuTHOE WYHTMPOBAHWE OAHOMA3HBIX
MOBPEXAEHMIA 3NEeKTPOyCTaHoBOK, M., OHeproatommagar,
1986.

Hapegba Ne3 3a ycTpomncTBO Ha enekTpuyeckute ypeabu un
€NEKTPONPOBOAHUTE MIMHIU,

lyrsee  b5.0., BspbiBosawmta e  anekTpobesonacHoCTb
WwaxTHbIX ceTen. Kues, [oHeuk, B. LWkona, 1986.
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EKCMNEPUMEHTAIHO U3CNEOBAHE HA IMABHU BOOOOTIIMBHU YPEQBU HA
NOA3EMHWU PYOHULIN

Eemum Pyiivoe Kupuenun?, Pymen McmanusiHos?, llembp lMempos?, Unust Moyees3, Todop
Kaepowunoe3, Mean KocmaduHoe*

"MuHHo-2e0noxKu yHusepcumem, “Ce. Mean Puncku”, 1700, ep. Cocpusi
2Munu “6obos don” - EAL], ep. 6oboe don

3“Pyomeman” - EALL, ep. Pydozem

“Mura “HepHo mope”

PE3IOME. B poknapa e obocHoBaHa 1 npeasoxkeHa MeToauMka 3a eKCnepuMeHTanHo U3cneaBaHe 1 oLeHka 3a eGheKTUBHOTO U3NON3BaHe Ha enekTPoeHeprusTa 3a
BOAO0OTNIMB HA NOA3EMHU PyOHULIK. Tosu MeTO[ Llie Ce 13non3ea 3a 13cnensaHe Ha rmaBHN BOOOOTIMBHU ype,q6|/| Ha NoA3emMHUTe pyaHULIM B eKcnnoartayus.

EXPERIMENTAL RESEARCH OF MAIN WATERTIDE INSTALLATION OF UNDERGROUND MINES
Evtim Karcelin?, Rumen Istilianov?, Petar Petrov?, llia lochev3, Todor Kavroshilov3, lvan Kostadinov*
" University of Mining and Geology, 1700 Sofia, Bulgaria

2“Bobov Dol” Mines — Bobov Dol City

3“Rudmetal” — Rudozem

4“Cherno more” Mine

ABSTRACT. Methods of experimental research and evaluation of effective usage of electricity for watertide in underground mines are substantiated and proposed.
This method will be used for research of main watertide installations in underground mines that are in operation.

BbBepeHue PEXUM Ha paboTa, Npu KOMTO fa y4acTBaT Npu U3paBHSBAHETO
Ha eNeKTpUYECKITe TOBApN HA eNeKTPOeHepruitHaTa cucTema.
TnaBHUTE BOAOOTMNBHM ypenbu ca eauH OT Hail-MOLHUTE 3a pabota B pexum Ha “notpebuTen-perynatop Ha MoLHoCT”
KOHCYMaTopn Ha enekTpudecka €eHeprust npu MOA3EMHMS [9] e HeobxoaMmo fa ObAAT pelueHn peula BbNPOCH, Npy
[o6ue Ha nonesHyn uskonaemu. ETo 3alijo 060CHOBABAHETO 33/ibIDKUTEITHO Crla3BaHe Ha HopMaTUBHIUTE AOKYMEHTU [3,4].
BHEPSIBAHETO Ha BCSIKO peLleHue, BOAELLO A0 HamansBaHeTo
Ha pasxoga Ha enekTpoeHeprus 3a BOAOOTNMB  UMMa npOBeﬂeHOTO npeaBapuTenHo npoy4saHe 3a CbCTOAHNETO U
3HauUTENEeH UKOHOMMUECKN ed)eKT_ pexuma Ha pa6OTa Ha [NaBHM BOJOOTINBHU ypeﬂ6l’| Ha
NOA3EMHM PYAHULM B eKcririoaTaums nokasea, ye Te paboTsT B
CratucTikata nokassa [6], ue enekTpoeHepruiHaTa cuctema pexuM ‘[0 0Tkas" C TEXHUYECKU rMokasaTemn, CpaBHUTENHO
Ha CTpaHaTa ‘TpaauuMOHHO’ MOAbPXa ABE SBHO M3pa3eHi MHOTO MO-HUCKI OT NAcnOPTHI 1 MPOEKTHM [2].
30HW 33 BbPXOBO HaToBapBaHe. [lokpuBaHETO  Ha
eneKTpUYeckUTe  TOBapW Mpe3  BbpXOBWUTE  30HM  Ha CﬂeﬂBa Ja ce oTt4yeTe U OGCTOQTGHCTBOTO, Ye LeHaTa Ha
enekTpoeHepruitiata cuctema (EEC) umat u3kntoumTenHo €NTEKTPOEHEpruATa B CTpaHata U Ha MeXOyHapoAHWs nasap
BMCOKA CTOMHOCT, KOSTO CbLLUECTBEHO BRMSIE U  BbPXY HenpeKkbLCHATO HapacTga.
OKOHYaTeNHaTa CTOMHOCT Ha erieKkTpuyeckaTa eHeprusi, KosTo
ce npepanara oT NPOU3BOAMTENNTE. Pa3paboTBaHeTo Ha MeToaMka 3a M3creABaHe Ha [MaBHM
BOAOOTNMBHM  YPeAOM NpW  eKCrroaTauMoHHU  YCroBuS,
EQHO OT pelueHnsiTa 3a WU3paBHsIBaHE Ha ENEKTPUYECKUTE OnpefensHe Ha TeXHU4eckoTo UM CbCTOSHWE U pexnma Ha
TOBapu Ha EEC e CTUMyNMpaHe uYpe3 LieHaTa Ha pa6OTa Bb30CHOBA Ha nonyvyeHuTe pesyntaTu, onpegendde Ha
ENEeKTPOEHepPrUsiTa Ha enektponotpebutenure 3a pabota ycrosusTa, paspaboTBaHe U BHeApsiBaHe Ha anapatypa 3a
U3BBH 30HUTE Ha BbPXOBO HAaTOBapBaHe. ynpaBneHue Ha rnasHW BOAOOTNIMBHW ypeabu B pexum Ha
pabota‘noTpebuten-perynatop Ha MOWHOCT”  Onpeaenst
[naBHWTe BOAOOTNMBHW ypeabu Ha MOA3EMHU PYAHMLMK, akTyarHocta  Ha  3aja4ata 3@ fposexnaHe  Ha
paﬁoTeu_M B cBOOOAEH, UMKNWYEH pexuM ce siBsBar eKcnepuMeHTanHo nscneaBsaHe Ha FBYBekcnnoaTauMﬂ.

enekTponoTpeGMTENM, KOUTO € Bb3MOXHO fa Ce MpuBedaT B
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B goknaga e obocHoBaHa MeTodMKa 3a EKCMEpPUMEHTaITHO
n3cnegBaHe W oueHka 3a €dEKTMBHOTO U3MOM3BaHe Ha
€NeKTPOeHeprvsiTa 3a BOAOOTNMB HA MOL3EMHU PYOHULM.
MpuBegeHn  ca  TEXHMYECKUTE  XapaKTEPUCTUKW  Ha
npeactrasutentn  BY, «kouto we 6bgat obekt Ha
eKCnepuMEHTanHN U3cneaBaHus.

OCHOBHM XapaKTepUCTMKN Ha IMaBHM
BOAOOT/IMBHYU ypeaou

KaTo oCHOBHM CpeacTBa 3a rMaBeH pyLHWYEH BOJOOTIMB Ha
MOA3EMHM  pYOHMUM  Ce  W3non3BaT  LEHTPODEXHM
MHOTOCTEMEHHN CEKLMOHHM NOMNKM. Ha npakTuka ca Hamepumy
NPUNOXEHNE HUCKOOBOPOTHM NOMMM C YeCTOTa Ha BbpTEHE 25
¢! (1500 o6/MuH) 1 BUCOKOOGOPOTHWM MOMMK C 4YecToTa Ha
BbpTeHe 50 ¢! (3000 06/MuH).

OCHOBHM eKcrnoaTauMoHHW napaMeTpu Ha PyOHUYHWUTE
LeHTPObEXHN nomnK ca:

H - Hanop, (m)

Q - nponssoauTenHoct, (m3h, m3/s)

1 - KOeULMEHT Ha NONE3HO AeNCTBMe,

N - koHcymmpaHa mowHocT, (kW)

Heew - BAKYMMETPUYHA BUCOUMHA HA BCMYKBaHe, (M)

OyHKUMOHaNHUTE 3aBIMCUMOCTH, nonyyeHn no
eKCriepuMeHTaneH MbT W3passBaliM 3aBacuMOCTTa Mexay
Hanopa, K.N.4., MOWHOCTTa Ha Bana, Agonyctumara
BakyMMETpUYHA BMCOMMHA Ha  BCMyKBaHe  (BOMYCTUM
KaBWUTaLMOHEH 3anac) oT npoussogutentoctta H=f(Q), n=f(Q),
N=f(Q), Hew=f(Q), Knon=f(Q) ce ce npepcTaBsaT rpaduuecku
WNK aHanUTUYHO M e NMpUeTO Aa Ce HapuyaT XxapakTepUCTUKM
Ha nomnute. CbllecTByBaT  TUMOBM  (NacmopTHu) U
AENCTBUTENHM XapaKTepucTuku. TunoBaTa XapakTepuctuka -
TOBa € YCPeAHeHa XxapakTepucTuka MofyyeHa B pesynTar Ha
CTEHAOBM  33BOACKA  W3NUTAHWS HAa  HSAKOMKO  MOMMM.
[encTBUTENHA XapakTepucTUKa Ha [afjeHa nomna — ToBa e
WHOMBMAYanHa XapaKkTepucTuka Ha JafeHa nomna, nonyyeHa
B Pe3ynTaT Ha U3NUTBAHETO Ha KOHKPeTHa nommeHa ypeaba.

PaboTeH pexum Ha nomnata — ToBa ca eKcnoaTaLMoHH1Te
napametpu Ha nomnara (Q, H, Hee, N, mu) B MOMeHTa Ha
eKcrepuMeHTanHata npoBepka Ha MoMnata, BKMKOYEH 3a
paboTa B HanopeH TpbOONPOBOA.

OntumaneH pexum Ha pa60Ta Ha nomnaTta - ToBa € pexuma
Ha pa60Ta C MakcumaneH K.n.n.

CreumnduyHu enekTpuyecku 3arybu Ha nommarta — ToBa €
pa3xofa Ha enekTpoeHepris 3a npenomneaHe Ha 1 m3 BoAa,
3aBycelLLy 0T paboTHUS PexuM M K.N.A. Ha noMnata.

CneumduyeH pasxof, Ha eHepriist Ha BOROOTNMBHA ypeaba —
TOBA € Pa3xofa Ha eNeKkTPOeHeprus, 3pasxoaBaHa 3a nogem
Ha 1 m3 Boga Ha Buco4mMHa 1 m.

CneumdnyHm 3arybu Ha enekTpoeHeprist B nomnata:
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3 H
€y = 217233.107°.—— (kWh/m?) (1)
T]n()}lfl
CneuncuyeH pasxof Ha eneKkTpOeHeprUst Ha BOAOOTNMBHATA
ypenba:

_27233.10°H

cney
77}’17

, (kWh/m3)

MeToauka Ha uscneaBaHe

EAnH oT MeToauTe 3a OLEeHKa eqpeKTUBHOTO W3MOM3BaHe Ha
ENEKTPOEHEPrsTa B [NaBHUTE BOJOOTNMBHM ypeabu e
CBbP3aH C ONPefensHETO Ha CpefHaTa CTOMHOCT Ha K.N.4. Ha
ypenbara 3a eqHo aeHoHowme. To3u K.N.4. ce onpeaens kato
OTHOLUEHWEe Ha nonesHaTa eHeprusi, Heobxoguma 3a
W3NOMMBaHE Ha AEHOHOLLHMS BOAOMPUTOK KbM (haKTU4eCcKM
n3pasxoBaHaTa eNeKTPOEHEPrust 3a efHO [JEHOHOWME U ce
onpeaens ot upasa:

77 — p() H ZQ()eu
“ "~ 1000.3600.E,,

KbaeTo:

0 — NITbTHOCT Ha pyAHUYHaTa Bofa, kg/ me;

H: - reomeTpuyHa BMCOYMHA HA M3NOMMBaHe Ha
Bojata, m

Qoen - AEHOHOLLIEH NPUTOK Ha PyAHWYHA BoAa, M3,

Eoen - haKTMYeCKM pa3xof Ha EnekTpoeHeprus 3a
AeHoHolwye, kWh.

KoetuupeHT Ha nonesHo AeicTeue Ha nomna npu paboTeH
PeXM ce Onpeaens no cregHusT u3pas:

QH

n, =2725107
77()6’ N

(4)

KbOETo:
TNae - K.N.4. HA ENEKTPOABUraTENS 3aBWXKBALY NOMNATA;

Q - npou3BoaMTENHOCT Ha NoMnaTa B paboteH pexum, (m3/h);
H - Hanop Ha nomnaTta B paboTeH pexum, (m);

N - MowHocT Ha enekTpogsuratens, (kW);

2,727.10° - koepvuMeHT 3aBMCEL, OT pa3MepHOCTTa Ha
BMM3aLLuTe B M3non3eaHaTa (popmyna BenmumHy, ().

3a onpegensiHe CTOMHOCTUTE HA Qaen M Eoen € HEODXOAMMO
[a Ce W3MbMHAT crneuuanHn uamepsaHus. OT U3BECTHUTE
MeToaM 3a W3MepBaHe Ha [EHOHOLUHWS BOAOMPUTOK Hai-
HafeXoeH ce sBsBa MeToga OCHOBAH Ha M3MepBaHe Ha
KONMYeCTBOTO BOAA, KOETO Ce MU3nomnea ¢ nomnute. Mpu ToBa
e HeobXxoanMo crea U3nomnBaHe Ha BoaaTa OT BOAOCOOpHUKa
[0 onpeaeneHo HUBO [1a Ce chpaT NoMnuTe W [a ce 3acede
BPEMETO 3a 3ambfBaHe f; Ha BOAoCOOpHMKA C Boga Ao
3ajameHo HuBo. Cned ToBa Ce BKIKOYBAT MOMMNUTE, KOUTO
paboTAT 4O TO3WN MOMEHT, 4OKATO BOfaTa BbB BOAOCOOPHMKA
He crnagHe [0 MbpBOHAYaNHO 3afafeHOTO HUBO. TakuBa
3amMepu Ce W3MbHABAT Hail-Manko oT 3 A0 5 MbTu M
nonyyeHute peayntati 3a Qoen U Eden CE YCpeaHABaT. 3Haenku



MPOM3BOANTENHOCTTA Ha NoMnuTe Qnow M BPEMETO 3a TsAXHATa
pabota fow Ce OMpedens KONMMYeCTBOTO Ha M3nomMnaHaTa
Boda. [lpoM3BOAMTENHOCTTa Ha MOMMWTE MPU Te3n OnUTU
TpsiGBa Aa ce NpoBepsiBa N0 e4MH OT Bb3MOXHUTE METOAM,
npeactasexn B [jumos [1., 84-85.

ﬂ,eHOHOU.lHVIFIT BOJONPUTOK Ce onpenensa ¢ n3pasa:

24tn0MQn om
tno/w + t3

Qt)eH = 24Qvac = (5)

dakTuyeckaTa KOHCYyMaLMsl Ha ENEKTPOEHepPrus ce onpeaens
Mo nokasaHWsTa Ha enekTPOMEPUTE, WNK Ype3 M3YMCTIsiBaHe
no cpopmynara

_ N()eiti

oen

E (6)

Mpeoic.

Mo W3YMCIUTENHUAT MeTOL [EHOHOWHWS pasxofn Ha
eNeKTpOeHeprus ce onpeaens no opmynara

i Nogiti
i=1

77 Mp

oden

KbaeTo:

n - Opon Ha nOMNeHWTE arperati, KOUTO ca
y4acTsanu B U3MOMNBAHETO HA AEHOHOLLHNS BOGONPUTOK;

Nagi. — MOLHOCT, KOATO € NojaBaHa KbM OTAemnHUTe
enekTpogsuratenu (M3vepeaHa ¢ BaTMETPW UMK U34MCrieHa no
nokasaHusTa Ha amnepmMeTbp W BOMTMETBP C OTYMTaHE Ha
(haKkTopa Ha MOLLHOCT Ha eneKkTpo3afBuxBaHeTo), kK\W.

MowwHocTTa Nee.i. Ce Onpeaens no uapasa:

173U, 1, cos ¢;
gal 1000

KbaeTo:
Ui — nnHeHo HanpexeHe Ha 3axpaHBallara Mpexa, V;

li— TOK Ha 3axpaHBaLLaTa Mpexa, A,

€OS®; — (PaKTOp Ha MOLLHOCTTa Ha i-TUS eNeKTPOABUraTen;
ti— Bpeme 3a paboTa Ha i-T1s eneKkTpoABMraTer, Yac;

Noew — CPEAHOOEHOHOLLIEH K.M.4. HA eNeKTpuYeckaTa Mpexa;

K.n.g - N wp. CE ONpeaena no cnegHna n3pas

Zn:N()eiti
77061-!: n =

Z NOeiti + AEn

i=1

KbOeTo:
AEyp. — 3aryba Ha enekTpoeHeprvis B 3axpaHBaliarta
enektpompexa , kWh.

67

Cnep 3amecTBaHe Ha MOJyYeHUTE AaHHM B paBeHCTBO (1)
npy HeobXOAMMOCT Ce aHammaupa YucneHata CTOWHOCT Ha
CPeaHOAEHOHOWHMS K.M.A4. Ha BOJOOTNMBHATA ypeaba, KoeTo
€ Bb3MOXHO [a Ce MpeAcTaBW Kato MPOM3BELeHUe Ha
CPEHOAEHOHOWHNS  K.N.4. HAa  Mpexata  Mup., Ha
3aABuXBalnuTe enektpodBuratenn nNge, Ha MNOMMNEHUTE
arperatu fNnown. M Ha TpbOONPOBOAA Nmp. 3@ BOAOOTNMBHATA
ypenba, T.€.

776)/ = 77Mp ndsnno,lrinmp (10)

33 AdCUHXPOHHUTE  eneKkTpoaBuraTenu, W3non3eBaHn 3a
3a[BWKBaHe Ha MOMNM BbB BOOOOT/MBHM Yypeabu npu
NpaBUTHOTO MM M30MpaHe, NO TOBAp CPEAHOAEHOHOLLHMS
K.N.0. Ha enekTpo3adBWMXBaHETO C OOCTAaTbYyHA TOYHOCT €
Bb3MOXHO fAa Ce MpueMe paBeH Ha HOMMHanmHata My
CTOMHOCT.

OtumTalikn, Ye K.n.0. Ha TpbbonpoBoaa npu paboTa Ha i- Ta
nomna ¢ Hanop H; ce onpeaens no 3aBUCUMOCTTa Nmp.i. = He/Hi,
CpeHOAEHOHOLHNS K.N.4. LWe Ce onpeaens no (opmynata:

H, 5t
M :Zn:t_ :|Z_1:H_. (11)

i=1

Wsnonsgankn  k.n.g., nonyyeH no copmyna  (7),
CpeaHOOEHOHOWHMS K.N.A. Ha arperata e ce onpegens no
cnefHus uspas:

My

nno,u =
77,Mp '77()6' 'nmp

(12)

Ha ocHoBaTa Ha Nony4eHUTe CTOMHOCTY 3a K.N.A. Ha BCUYKM
MOMNEHM arperaTv u enemMeHTU Ha BOLOOTNMBHATa ypenba e
Bb3MOXHO fa ce pa3paboTu KOHKpETHa mporpama ¢
TEXHWYECKM pELLEHWS 3@ TMOBULIABAHE Ha e(heKTUBHOTO
W3MON3BAaHE HA  KOHCyMMpaHaTa  eneKTpoeHeprus  OT
BOAOOTNMBHATA ypenba NoCpPeACcTBOM PEMOHT UMK 3amsiHa Ha
arperaTi 1 enemeHTH, UMaLLy Hai-HUCHK K.N.4.

TeXHNYeCKU XapaKTEPUCTUKM Ha
npeAcTaBUTENHM raBHU BOAOOTIMBHU ypeaou
Ha NoA3eMHU PyAHULM 33 U3CneaBaHe

B Tabnmua 1 ca [JageHu  OCHOBHUTE  TEXHUYECKM
XapaKTEPUCTUKN Ha NPEACTABUTENHU TNaBHW BOROOTIIMBHM
ypeabn Ha  MOA3EMHM  pygHMUM 3@ M3cnefBaHe.

TexHOMNorMyHUTe  CXeMM
WctanusHos P. v ap., 2003.

Ha ypembute ca [adeHu B



Tabnmua 1
Ng obext
5 ‘© -
= =% o
Obex, © g 2 =
TEXHUYECKM e |89 =
= o [}
napameTpu ';% ;.} =
= = x
a | g a
1. | Hanop m | 400 | 320/250 | 600
2. | MpousogutenHocT | méh 490
Ha ejHa nomMna
3. | Mowpoct Ha | kW | 315 | 630/315 | 800
enekTpoasuratensa
3aaBnxealy
nomnarta
3ab.: 3a pygHuUK “YepHo Mope” B UMCTUTENs Ca NoKasaHU AaHHUTE 3a
BTOPOTO CTbMano, a B 3HaMeHaTens JaHHUTE Ha MbPBOTO CTbano.

MMpn W3MbHEHME Ha EKCMEPUMEHTANHOTO W3CcreaBaHeHa
nocoyeHute B Tabrmua 1 BOZOOTNMBHM ypeobu we ce
13non3BaT M METOAMYECKUTE yKasaHus, Aageru B (Qumos [.,
84-85; Monos, 1972; PykosoacTso no... 1988).

M3Boam

B NpakTMKata ce € Hanoxwna TpaguuuaTta, npu KOATo
BOLOOT/IMBHUTE KOMMNEKCU Ha MOA3EMHUTE PYOHULM Ce
ekcnnoatupar 6e3 KOHTPONMPALYY W AuUarHocTupalLy npubopwm,
B pesynTaT, Ha KOeTO HacTbMBa HeJonyCcTUMO W3HOCBaHE Ha
CKBMOCTPYBALLO 063aBexgaHe.

I'Ipe,qnomeHaTa METOANKa 3a eCKnepuMeHTanHo n3cnegpaHe
M OLEeHKa Ha e(beKTVIBHOTO M3MOJ3BaHe Ha eNieKTpoeHepruaTa
3a BOAOOTNMB Ha nNOA3EMHW PpyAHMUM B eKcnioatauua e

lMpenopbyaHa 3a nybnukysaHe OT
Kateppa “EnektpudhmkaLus Ha MMHHOTO npou3soacTeo”, MEM®
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Bb3MOXHO [fa Obae MW3nonsBaHa 3a MpoBeXdaHe Ha
TEXHUYECKA AMAarHocTMKa W paupMoHarHa oOpraHusauus 3a
paboTa Ha [MaBHWTE BOLOOTNMBHM ypenbu. Tosa we
rno3sonABa f[a Ce KOHTPOnMpa M CBOEBPEMEHHO fa ce
OTCTpaHABAT ~ HEM3NPaBHOCTUTE,  Bb3HUKBAWM My
eKcnnoaTtaumaTa Ha BOAOOTNMBHUTE Ypeady, ChbXpaHsBaiku
CKbMO CTPYBALLO 063aBeXaaHe 1 U3KITIOYBaHE HA HEAOMYCTUM
Mpepasxof Ha eNeKTPOeHeprus.
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TYHEJNTHA OCBETWUTEJNIHA YPE[IBA B I'PAL “NNOBAUB” C NITABHO PEIYNMUPAHE HA
APKOCTTA HA BXOOHATA 30HA

Kpacumup Benuros

MurHo-eeonoxku yHusepcumem “Cs. Mear Puncku”, 1700 Cocpus, krasiv@satline.net

PE3IOME. B poknana e onucaHa pekoHCTPYKLMSTa Ha TPAHCTOPTEH TyHen Hamupaly ce B rpag [1noBavBs noa LieHTpanHus niowaa u nowarta. TyHembT e vacT oT
BaXHa TPaHCMOPTHA apTepust B LEHTbPA Ha rpaja C ronsMa WHTEH3VNBHOCT Ha ABWKEeHWeTo. MMPOeKTUpaHeTo e W3BbpLIEHO Ha 6asaTa Ha HOBMS E€BPOMENCKM
CTaHAAPT 3a TYHENHU 0CBETUTENHM ypenou.

LIGHTING DESIGN OF TUNNEL ON THE CITY “PLOVDIV” WITH PROPORTIONAL CONTROL
Krasimir Velinov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, krasiv@satline.net

ABSTRACT. The paper presents the results of an implemented project of the lighting and controlling systems for the tunnel, situated on the city “Plovdiv”. The design
is based on the last European standards and requirements for tunnel lighting, as well on the contemporary technical and technological decisions.

1. BbBepeHue 3. OcBetutenHa ypeaba Ha TyHena
OcBeTuTenHata ypeaba Ha MbTeH TyHen e  CNOXHO 3.1. NpoyyBaHe Ha CBETNUHHWA KNUMAT Nped BXoAa Ha

cbopbxeHue. pu NpoekTMpaHeTo Ha Takaea ypenba Tpsibea TyHena

Aa ce cbobpassiBaT MHOTO W CNIOXHM M3K1CKBaHWs. B foknapa e TyHenmbT e w3rpageH B Nocoka M3TOK — 3anag. B neteH

OnucaHa PEKOHCTPYKUMATA Ha TPAHCMOPTEH TyHeN Hamupaly CITbHYeB JeH bs1xa M3MEepeHU CrefHUTe SIpKOCTU Npeqd Bxoda

ce B rpag [noeavB NOA LEHTpanHMs Nnowag W nowara. Ha TyHena nokasanu Ha dumrypa 1 u curypa 2.

TYHErbT e YacT OT BaxHa TPaHCMOPTHa apTepus B LIEHTbPa Ha

rpaga C  TOMsIMa  MHTEH3WBHOCT — HA  [BWKEHMETO. Obpabotkata Ha [JaHHWTE MnOKasea, Ye MakcumanHaTa

MbpBOHaYanHO OCBETWUTENHaTa ypeaba Ha TyHema e CpefHa spKOCT npej [Bata Bxoga Ha TyHena e

narpajeHa C akcuanHu ynuyHW ocBetuTenn 0Ge3  sAcHO NpubnM3NTENHO eHaKBa M HAMa Aa Haaxebpnu 4000 cd/m2,

oopmeHa BxogHa 30Ha. [lopaguM HecbOTBETCTBME Ha

ocBeTuTenHaTa ypegba cbC HopmaTuBHUTE u3ncksaHus (BIC 3.2. OnpepensiHe Ha BXoaHaTa APKOCT

16103-83; Hopmu 3a..., 1988; CEN CR 14380:2003; CIE..., CbrnacHo [Jenctealms y Hac CTaHAapT 3a  TYHErHo

1990) GeLLe M3BBLPLLEHA PEKOHCTPYKLMS Ha TyHena. ocseTnenne n prEN/CEN/TC169/WG6, 3a BXogHWTE 30HW Ha

TyHena cnefaBa Aa ce peanuaupa spkoct - Lex = 120 cd/m? 3a
[BaTa Bxofa.

2. OnucaHue Ha obekTa
BbB BbTpelLHaTa 30Ha Ha TyHena Tpsbea Aa ce peanuaupa

TyHensT e ¢ efiHa TpbBa C /Be NMEeHTH 3a BCsKA NOCOKa Ha CpedHa sipKOCT Ha MbTHOTO NNaTHo Lex.3 = 4 cd/m?. B HolueH
OBWKEHWe, BCSka CbC WupounHa 4.2 m. MakcumanHarta pexuM, Ypes npesknioYBaHe Ha [BOEH Apocen B
BUCOYMHA € 4,8 m. TyHeJTbT € B 3aBOW C AbMKWHA MO OCTa Ha ocBeTuTennTe, cpeaHaTta ApKoCT Ha MbTHOTO Ce HaMmanABa [0
CEeBEPHOTO nnaTHo 245 M 1 283 M — 3a XHOTO nnatHo. OT 2 cd/m2.

BXofa He ce Bixaa usxoaa. CTeHUTe Ha TyHena ca urpageHm

OT BEPTUKANHW GETOHM NaHeny ¢ wnpodnHa 1.3 M. TaBaHbT e 3.3. N3bop Ha CBETNOTEXHUYECKO pelleHue

OT NMOMOXEHM HAMPEYHO Ha NocokaTa Ha ABvkeHue 2T-naHenu. 3a 0CBETMNEHNETO Ce M3NOn3yBa HacpellHa cictema Ha
Hactunkata Ha mbTs e acchanTtoBa, kosiTo CbobpasHo cBoUTe OcBeTNeHue,  KOATO €  3HauMTenHo  MO-MKOHOMMYHA.
CBETIIOTEXHUYECKN XapaKTEPUCTUK CE OTHACS KbM Knac R3 ¢ VianonseaHn  ca  KOPO3WMOHHO-YCTOW4MBM  OCBETUTENM,
go = 0,07 cd/m?/Ix. MakcumanHata [onycTMMa CKOPOCT Ha u3paboTeHn OT eKCTPyAUpaH anyMuHMiA CbC CTeneH Ha
[IBWKEHME Ha MOTOpHUTE MpeBO3HM cpenctea e 60 kmih. sawmra IP-65.

WHTeHsnBHocTTa Ha aBuxeHne e oT 100 go 1000 mncth.
Jluncea pasgenuTtenHa ueuua.
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®ur.2. TyHen nog nowara - 3anageH Bxoa. MamepeHa ApKoCT NpeA BXoaa Ha TyHena.
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MpumepHO cBeTnOpasnpedeneHMe Ha OCBETUTENs e
nokasaHo Ha ur.3. Kato CBETAWHHM W3TOYHWLW Cce
u3nonssat HIIBH 150, 250 1 400 W.SON T+ 3a BxogHata v
npexogHaTa 30Ha Ha TyHena OCBETWTeNUTe ca C
aCMMETPUYHO - HACPELHO Ha MocokaTa Ha [BWKEHMETO
W3NbuYBaHe, @ 3a BbLTPELIHO TyHeNHaTa 30Ha, KaKTo U
HOLLHOTO ¥ MOMYHOWHOTO OCBETNIEHME W3ITbYBAHETO HA
oceeTutenute e  cumeTpuyHo.  Ocsetutenute  ca
PasnonoXeHN B KyxuHuTe Mexgy 2T-naHenute, Kato
NPeanasHoTo CTbKO € Ha BucounHa 4.8 M, T.e Ha
BUCOYMHATA, Ha KOSITO € [ONHUAT Kpal Ha OEeTOHHWUTE rpeau
Ha TaBaHa. [leTann 3a oka4yBaHe Ha OCBETUTENUTE € NoKasaH
tur 4.

08:48:21

CBetnopasnpedenenune N 9
Fi=90°

@— Fi= 0O°

¢ur.3. CBeTnopasnpeneneHune Ha OCBETUTENNTE BB BXOAHATa 30Ha

fleTamn - OKQUBGHE HA OCBETMTENA BHPXY TOBOHO
M 120

< <K
&
K

cT. meoenn 918 "

(N2XH 3x15 30 neeeknpusaHe Ha aBoeH apocen)
NeXH 2x1.5 sa sneasnerve Ha EMP/

I NeXH 4x25 MOMoXer BLDXY CKOBM
M Bxoasua kyTus 30 kasenuTe [P-65
s X acumeTPvuHUTE OCBETATEMM CO TUN ‘Bres-usnes’
Y %
c no 2 uyuepa 916 1 923

KyTuA c MPA

TyHe/eH oceeTuTen

MoOCOKa HO gBuxerue

¢ur.4. Cxema Ha 3aKpenBaHe Ha OCBETUTENUTE

OcBETNEHMETO Ha BXOQHUTE 30HM Ha TyHena ce
ocbluecTBsiBa C 42 6posi OCBETUTENM C aACUMETPUYHO
M3ITbYBaHE 3a BCAKA OT MOCOKUTE Ha [BWKeHue u obwo 57
Opos OCBETUTENM CbC CUMETPUYHO W3MbYBaHe - 3a
OCHOBHOTO OCBETNEHMe Ha TyHena. Obwwmst 6Gpoit Ha
oceeTutenute e 141. 3a ocBeTneHue Ha cnupkata o
3anagHWs M3Xod Ha TyHenma ca npedBuaeHu 6 6Gpos
oceeTutenu (npoxektopu) cbc 150 W meTan-xanoreHHu
namnu 1 cteneH Ha 3awmta IP-54. Obwara uHcTanupaHa
MoLLHoCT € 44,8 kW.

3.4. N360p Ha cxema Ha BKNIOYBaHe Ha OCBETUTENUTe

3a ocBeTNeHWe Ha aganTaluMoHHaTa 1 NpexoaHaTa 30HM Ha
[BaTa BX0OAa Ha TyHesna Ce M3nonaBaT OCBETUTENN Ha (hvpmMa
OEHUMA-2001 OO[l ¢ enekTpoHa MycKOBO-perynupatla
anapatypa (EMPA) ¢ nnaBHo perynupaHe Ha UHTEH3UTETa Ha
cBeteHe Ha namnute ot 20 o 100%. BbB BxomHaTta u

Fi= D®
Fi=15%
Fi=30°
Fi=a5®
Fi=90%
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npexoAHaTa 30Ha 3axpaHBaHETO Ha OCBETUTENUTE €
CEKLIMOHWUPaHU Ha Tpu TprUchasHu TOKOBK kpbra. CurHansT 3a
yNpaBneHWe Ha OCBET/IEHMETO MOCTHMBA MO TOHYECTOTEH
kaben 2x0.75MM2 OT KOHTpONMep, MOHTMpaH B Tabno
ynpaernexue. PeanusnpaHute SpKoCTW 3a BxogHata W
npexofHaTa 30Ha 3a MakcumariHata CTeneH Ha BKIOYBaHe, B
33BMCMMOCT OT pa3CTOSHMETO OT BXO4Aa Ha TyHena e
nokasaHa Ha ¢ur.5.

L [cd/M2]
120

10 20 30
¢ur.5. PasnpeaeneHne Ha ApKOCTTa BbLB BXOAHATa M NpexogHaTa 30Ha
Ha TyHena.

4050 80 A0 B0

3a pasnuka OT OCBETUTENHWTE ypeabu B aHanmornyHu
TyHenm [5, 6], B Hactosiwata ypegba ce wu3nonssar
OCBETUTENN C NMaBHO PETyNMpaHe Ha CBETIIMHHUS MOTOK. Mpw
NpOMsiHA Ha YNpaBnsBalLUs CUrHas, CbOTBETHO SPKOCTTa Ce
npomensi o1 100 5o 20% oT Hes.

3a HOLWHOTO W MOMYHOLHO OCBETNIEHME Ha TyHEna ce
13MON3BAT OCBETUTENW CbC CUMETPUYHO U3MbyBaHe u 150W
HIBH ¢ koHBeHUOHaNHa nyckoBo-perynupalLla anapa-typa ¢
ABoeH fpocen. OcBeTUTENUTE Ca Pas3nofioXeHU Mo ocTa Ha
NIaTHOTO 3a [BWXKEHWE, 33 Aa Ce OCbLUECTBABA OMTUYECKO
BogeHe. [IpeBKMOYBAHETO MEXOY HOWEH UM MOMyHOLLEH
PEXUM CE OCBLLECTBSIBA YpE3 MPEBKMIOYBAHE Ha [BOVHMS
JPOCEN, C KOETO Ce peanuaupat SpKoCTW Ha MbTHOTO NAaTHO
CbOTBETHO 4 1 2 cd/m2. CurHambT 3a NPEBKIOYBAHETO Ha
JpocenuTe Ce nogaea OT KOHTPOMepa M MWHaBa npes
KOHTaKTOp B Tabno ocsetneHne. CblUMAT CUrHan ce nogasa
no 3axpaHeawus kaben 6x4 MM2, kaTo LIECTW MPOBOAHMK.
MoHodhasHMTE OTKMOHEHWS Ce OCbLLECTBABAT ¢ kaben 4x2.5
MMZ2 KaTo YETBBHPTUS NPOBOAHWK € YNpaBNsBaLl.

CBETNOTEXHNYECKUTE  M3YMCTIEHUS Ca  U3BBPLIEHW C
nporpamata EPTUN 2.1 (MporpameH npogykT 3a... 1995).

4. YnpaBneHue Ha OCBETNEHNETO

MpemuHaBaHeTo Ha Bofaya Ha MIMC npes TyHena e
CBBP3aHO C roNisiMO HaTOBapBaHE Ha 3PUTENHUS aHanu3aTop.
HatoBapBaHeTo e CBbp3aHO C Obp3aTta nmpeagantauws Ha
OKOTO OT BMCOKAaTa SPKOCT Mpeg Bxoga Ha TyHema Ao
SPKOCTTA HA BBTPEWHO-TYHENHaTa 30Ha. Hal-Texkust
Cnyyail e Npu SICEH CITbHYEB [EH MPe3 3umaTta W Hanuymue Ha
CHEXHa TMOKpMBKA. 3a [fa Ce M3BbPWM 3pwTenHaTa
afjanTauus, Ha BXoga Ha TyHerma ocBeTuTenHata ypegba e
peanuanpaHa BXOfHa U NpexofgHa 30Ha. Pa3nonoxeHneTo Ha
OCBETUTENUTE € TakoBa, Ye [a Ce peanusvpa NpoMsHa Ha
ApKOCTTa Ha MbTHOTO MNaTHO MO ONpedeneH  3aKoH.



MakcumanHaTta CTeneH Ce BKITIOYBA, KOraTo npeg Bxoda Ha
TyHena € Han-cBeTno. Td € u3uMcrieHa fda peanuaupa
makcumanHo 120 cd/m2. Korato BbHLUHATa SIPKOCT He € Taka
ronsiMa (npu 06nayHo Bpeme M cMpayaBaHe), C MoMoLLTa Ha
perynupyemoto EMPA ce HamansiBa WHTEH3UTETa Ha CBETEHE
Ha naMnuTe NpOMOPLMOHANHO Ha  BXOOHWA  CuUrHan.
KoeduumeHTa Ha nponopuLmMoHanHoCT ce 3agaBa TabmnyHo.
TbiA-KaTo MoONoOBMHAaTa OT MOLLHOCTTA 3a OCBETNEHWE €
CbCpedoToMeHa BbB  BXOAHATa M NpexogHata  30Ha,
HanuuMeTo Ha ynpaerneHne Ha ocBeTneHneTo 6u JoBeno Ao
ronemu MKOHOMMM Ha eNEKTPOEHEpPrus.

3a HacTOAMAT TyHen yNpaBEHNETO Ha OCBETIIEHMETO CE
OCbLLECTBSABA C MUKPOMPOLIECOPEH KOHTPOMEP, Pa3nonOXeH B
Tabno ynpasnexue. BxogHus curHan 3a uamepeHata sipkocT B
30HaTa Ha npubnuxasaHe Ce nonmyyasa OT ABa spKOMepa
MOHTMPaH/ Ha CMMPaYHOTO Pa3cTOsiHWE Nped BXOLOBETE Ha
TyHena. OT W3TOYHaTa CTpaHa sipkomMepa Ce MOHTMpa C
nomoLyTa Ha MeTanHa ckoba Ha BMCOYMHA 3M OT TpoToapa
(okorno 4.5m ot mbTHOTO nnatHo). OT 3anagHns BXog CTpaHa
fipKOMepa Ce MOHTMpa C NOMOLUTa Ha MeTanHa ckoba Ha
BMCOYMHA 4.5M Ha GETOHHa KoMoHa nog MocTa.

CvrnacHo gokymeHTbT Ha CIE Ne 88/1990 spkomepute ce
MOHTWpaT B 30HaTa Ha npubnixasaHe, Ha pa3cTosHWE Mpef
BXOAa Ha TyHena, paBHO Ha CMMpayHUst MbT, Ha CTbNO C
BucounHa 4.5 - 5.0 m. ApkomepbT € C BIMOBO Mofne Ha
“3MepBaHe Ha apkocTTa - 20°, ¢ onTMYecka oc, HacoveHa KbM
cpefaTta Ha Bxofa Ha TyHena. B kayecTBOTO Ha MPUEMHWK ce
n3nonsyBa CunuuueB  (POTOENEMEHT CbC  CheKTpanHa
YyBCTBUTENHOCT OnM3ka [0 Ta3u Ha YOBELKOTO OKO M
WHTErpupalla  cdepa,  OcpedHsiBalla  sipkocTTa B
HabntoaaBaHOTO BrIIOBO Mone.

KopnycbT Ha sipkoMepa e 06paboTeH ¢ BUCOKOYCTORYNBH Ha
aTMOC(epHM  BRMSIHWA  AHTUKOPO3WOHHW  CPEefCTBa.
[lombrHMTENEH eKpaH-CeHHUK OT Hepbxaaema CToMaHa
3alWuTaBa ApKkoMepa OT MpsKO nomajaHe Ha ClbHYeBa
CBETMMHA W Ha CBETMMHA OT WU3KYCTBEH W3TOYHMK, KAKTO
npeanasea [OMbIHUTENHO OT aTMOCKEPHU BIUSHUS (ObXA,
CHAr, NTUUM 1 ap.). BbB BbTpellHus obem Ha sipkomepa C
rnomolyTa Ha TepMmoperynatop ce nogbpxa NoCTOsHHa
paboTHa TemnepaTypa, OcurypsiBalia  ONTUManeH W
MOCTOAHEH PEXMM Ha paboTa Ha enekTPOHHUTE eneMeHTH |
npeanaseaHe OT 0breaeHsiBaHe U M3NOTsIBaHe Ha CTHKIOTO.
KanuGpupaHeTo Ha sipkoMepa ce U3BbpLUBa B NabopaTopHu
YCrOBYS 1 Ha MSACTOTO HA MOHTMPaHE.

Ot sapkomepa n3nu3a yHuduumpaH TokoB curHan 4 - 20 mA
C LUMpMOBAH TOHYeCTOTeH kaben. Toan curHan ce untpupa
1 0BpaboTea no LMdpPOB MbT B CLOTBETCTBUE CbC 3aNOKEHMS
anropuTbM 3a YnpaBeHWe Ha OCBETNEHWETO Ha TyHena OT
KoHTponepa. 3axpaHBaHETO Ha sipkomepa Ce OCbLLECTBSABA C
otgeneH kaben CBT 3x1.5 ot TO-1 go knemHaTa kyTus Ha
sipkomepa. MoHTaxbT Ha spkomepa Bbpxy cTbnba ce
OCBLLUECTBABA C KOH30Ma, NO3BONSBALLA HACOYBAHETO MY BbB
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BepTMKarnHaTta 1 XOpu3oHTanHata paBHuHa. [JOMbAHUTENHO €
MOHTUpaH 3a3emuten R<10 oma.

KoHTponepwT e peanuanpaH Ha MUKpONPOLIECOPHA OCHOBA
C uW3non3yBaHe Ha CbBpeMeHHa enemeHTHa Gasa,
rapaHTUpalla BMCOKM EKCMMOATaLMOHHN XapaKTepUCTUKA U
Ha[eXOHOCT.

YnpaBneH1eTo Ha OCBETIIEHMETO OT cucTemaTta sipKomep-
KOHTpOMep Ce OCbLUECTBABA KaTO Ce OTYMTaT M TaKuMBa
(hakTopy KaTo: Bpeme HeobXogumo 3a pasrapsHe Ha
namnuTe, BpemesafpbXka NpW ABa  MOCNEA0BaTEsNHU
npexoja OT efHa CTeneH B [pyra, Bpemesafpbxka Npu
KpaTKOBPEMEHHM W3MEHEHUs! Ha afanTauuoHHaTa SPKOCT,
criefieHe Xoaa Ha U3MeHeHue Ha PKOCTTa - HapacTBaHe Unu
HamarsiBaHe v apyru.

TeXHWN4eCKM XapaKTepUCTUKMA Ha ipKkoMepuTe:

- amanasoH Ha namepsaHe-0+-3500 (6500, 10000) cd/mz;
- NMPUEMHMK - cunmumes doToanoa, V(L) kopekums;

- 'BINI0BO Norne Ha uamepsaHe - 20°;

- TOYHOCT - 3%
- YHUuumpaH TokoB 3xog — 4+20 mA;
- 3axpaHBaHe - 220V,

- TemnepaTypeH avanasoH Ha pabora - - 30°C go + 40°C;
- MaKCIManHO BbHLUHO CbNPOTUBNEHE
B TOKOBUS KPBI (RnmmstRroeap) - 600 OMa;
- TemnepupaHe - 18 W ¢ Tepmoperynarop;
- okauBaHe - c¢ 6ont M10, ¢ 2 cT.Ha cBOOOAA.

ABTOMaTu3MpaHaTa CcucTeMa Ce CbCTOM OT CheaHuTe
(yHKLMOHANHW Briokose:

- ABa 6pos apkomepu ¢ 20° BrMOBO Nose Ha HabnoaeHue;

- WHOPMALMOHHO — ynpaBnsBaLo Tabrno, ¢ Bb3MOXHOCT
3a BM3yanusauws Ha paboTelmTe cTeneHu oT ypeabata u
paboTa B aBTOMaTU4EH W PbYEH PEXMM;

- MOMeBW  BXOOHO-M3XOOHM — MogyrM -
KOHTpOnepu.

JIOrM4ecKkn

5. PeaynTati u npenopbku

OnmcaHaTa PeKOHCTPYKLMS Ha TyHENHa ocBeTuTeNnHa ypenba
Oelue u3BbPLLIEHa B Ha4anoTo Ha 2004 roguHa. MamepeHute
KONMMYECTBEHM U KAYeCTBEHW MOKa3aTeNM CbOTBETCTBAT Ha
n3umcreHuTe. /13anon3saHeTo Ha OCBETUTENN C ENEKTPOHHA
MyCKOBO-perynupalla anapatypa v MiaBHO yNpaBneHWHe Ha
CBETIIMHHMS NMOTOK € MbPBYW OMUT B MPUAraHETO Ha TaKbB TUM
perynupaHe Ha sipkocTTa Ha BXOfHaTa 30Ha. 3a MbpBU MbT CE
BbBEX4A M [OMbMHUTENEH PEXWM Ha HamansiBaHe Ha
SPKOCTTa BbB  BbTPELWIHO-TyHenHata 30Ha B  cnabo
HaTOBApPEHMTE HOLUHM YacoBe. Beuykn Tesn mepku goBexaar
[0 HamansiBaHe Ha KOHCyMauusiTa Ha enekTpoeHeprus. Ha
cur. 6. e NokasaHa peanuanpaHaTta 0CBETUTENHA ypesda



¢ur.6. CHumKa Ha peanu3snpaHata ypenba
Nutepatypa

BAC 16103-83. OceetneHne Ha TyHEnMW. TeXHUYECKN
WN3NCKBAHMS;

Hopmu 3a npoekTupaHe Ha MbTHU U KENe3ombTHU TyHemnu
1988;

CEN CR 14380:2003 “Lighting application — Tunnel lighting”.

CIE. Technical Report, Guide for the Lighting of Road Tunnels

and Underpasses. Publication Ne 88, 1990.

MpenopbyaHa 3a nybnukysaHe ot
Katenpa “ Enextpudmkauns Ha MUHHOTO npou3soacTeo”, MEM®

73

BenuHos K., X. Xpuctos, H. Jlazaposa. EHeproedextvBHa
ocBeTuTenHa ypenba. “Exepretuka’, Codoms, 1/2000.

XpuctoB X., K. BenuHos, M. LWadepckn. HoBn ocBetuTenHu
ypeabu ¢ aBTOMATUYHO YNpaBneHue B MbTHUTE TYHENM
“Kenesunua” n “KpecHa” oT mexayHapogeH nmbT E97.
“TheTrwa”, Codms, 1/2002.

EPTUN 2.1 - TlporpameH npogykT 3a NpOeKTUpaHe Ha
TYHENHW OCBETUTENHM ypeabu. TexHuyecko onucanne. Cll
“ENIEKTPOMNPOIPAMA”, Cocpus 1995 .
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CbBPEMEHHW ENEKTPOU30NALMOHHU MATEPUAIIN U TEXHOIOI UM,
WU3MNON3BAHU NPU PEMOHT HA BUCOKOBONTOBU ABUIATEIA

KoHcmanmun Tpuykoe’, Koncmanmun Kocmos?

.2MunHo-2eonoxku yHugepcumem "Cs. Mear Puncku”, 1700 Cogus

PE3IOME. HanpaBeH e aHanu3 Ha HoBu "6oraTh Ha cmoma" W30nauuoHHW MaTepuany, npousBoAcTBO Ha dwmpmata ISOVOLTA - AscTpust u3nonssanu mpu
NMPOM3BOACTBO 1 PEMOHT Ha BUCOKOBONTOBM ABuraTenu. PaspaboTeHa e TexHomorns 3a n3paboTeaHe Ha raBHa 13onauys npy PEMOHTA Ha aCUHXPOHHW ABUraTenu
6 kV B ycnoeusta Ha "PEMOTEKC - PAOHEBO" EA[. lMonynpomuiuneHute w3nutaHust Ha uapaboTeHute obpasum ca NpoBefeHW BbB BUCOKOBONTOBATA
u3nuTeaTenHa nabopatopus Ha 3aBog 3a enektpuyecky mawmHn ENMPOM-3EM, rp. Codmsi.

CONTEMPORARY INSULATING MATERIALS AND TECHNOLOGIES USED TO REPAIR HIGH-VOLTAGE MOTORS

Konstantin Trichkov!, Konstantin Kostov?

1.2University of Mining and Geology "St. Ivan Rilski", 1700 Sofia, Bulgaria

ABSTRACT. The present paper considers the analysis of modern resinous insulating materials made by ISOVOLTA, Austria and used in the production and repair of
high-voltage motors. A technology was developed to produce the mam insulation in the repair of 6kV induction motors performed by Remotex-Radnevo. The semi-
industrial tests of the samples were conducted in the high-voltage testing laboratory of ELPROM-ZEM, Sofia.

KauecTtBOTO Ha PEeMOHTa Ha enekTpuyecknte MallvHu B
MHOro ronama CTeneH ce onpeaens OT Ka4yeCTBOTO Ha er.
m3onauuara. I'Ip0|/|3Bo,q14Tenv|Te Ha en.n3onaunoHHn
matepuanin HenpekbCHaTo pa3p860TBaT HOBW MO-Ka4eCTBEHU
matepuann C no-BnCOKo I'Ip06VIBHO HanpexexHue, no-BUCOK
TONMWHEH Knac, 3a Aa Morat Aa U3nbfiHABaT U3UCKBAHUATA Ha
Npou3BOANTENUTE Ha eNeKTPpUYeCkU MaLlnHu.

B muuu ,Mapuua-ustok” Afl, rp. PagHeBo B ekcnnoaTaums
Ce HamMWpaT HSKOMKO XWMsAM enekTpUYeckM MalWHM OT Hag
400 tvna. MowHOCTUTE Ha en.MallMHM CbLLo ca C TBbpAe
WMPOK [Mana3oH OT HsKOMKO fgeceTku Bata go 1000 kW. B
Tabnuua 1 ca gageHu KONMYeCTBOTO aCWMHXPOHHM ABUraTenm
B.H. oTpeMoHTMpaHm 3a nepuoga ot 1996 r. go 2002 .

Tabnumua 1.
Fogmta .qtl)( 3\?0 Haﬁ v\2’80 Haqu V\5!50 Ha.lil VSGO O6uo
1996 1. 2 25 10 6 43
1997 . 0 25 18 1 54
1998 . 3 25 32 7 67
1999 . 7 15 31 13 66
2000 3 15 35 13 66
2001 r. 0 23 16 5 44
2002r. 7 23 35 15 80
O6uwo: 22 151 177 70 420

Enektpuyecknte mawuHu B MuHWM  Mapuua-ustok” Al
paboTAT MpW TOBa B MHOTO TEXKA YCIMOBUS. PEXMMBT Ha
pabotTa € HenmpekbCcHAT, MaluMHUTE paboTAT B CUIHO
3anpaweHa cpega. [lopagu ocobeHus xapaktep Ha
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pyoHUYHATa KOHdUrypaumus, TemnepaTypute npe3 nsToTo
HagMmuHasat 40°C, a npe3 3umaTa BnaxHOCTTa € TBbpPAE
Bucoka. [lpeg Bug MOBMMHOCTTA Ha  3aJBUXKBaHUTE
CBbOPBKEHNS, ENEKTPUYECKUTE MaLLMHX paboTAT B YCROBUS Ha
noBuwLeHn Bubpaumu. B 3axpaHBalyata Mpexa Ha pyaHuuuTe
CblUECTBYBAT TBbPAE BUCOKM MpeHanpexeHus. B Hskom
Cryyan €eneKkTpuyeckuTe MallMHW Ce MpeToBapBaT 3a
onpegeneHu nepuogu oT Bpeme. Bcuuko ToBa BOOM A0
MoBWLLEHATa aBApUIAHOCT Ha 000pYABaHETO, @ B YACTHOCT - Ha
enekTpuyeckute mawmHu. (OT4eT no..., 74-76)

FonamoTo pasHoobpasne Ha €enekTpUYecKUTE MalMHW W
TEXKUTE YCMOBMS Ha eKcnnoaTtauus BOAAT A0 OnpefesnieHu
3aTpyoHeHus npu pemoHta um B "PEMOTEKC-PAOHEBO"
EAL, rp. PagHeBo. V3nonsyBaHaTta B MOMeHTa 130MaLMOHHa
cuctema Ha 6asata Ha Mukadonuin MXLW e HepgocTaTbyHO
HagexgHa Npu TakuBa HaToBapBaHWs. Huckata npobusHa
SKOCT € MpWUuMHa 3a efgHa 4acT oT npobusute. pobnemu
Cb3gaBa M BWCOKAaTa BNAXHOCT B PYAHWUMTE CbyeTaHa C
BMCOKaTa XMrpockonnyHocT Ha Mukadponuit MXL. Hannumeto
Ha NepUOAMYHM NPEeTOBapPBaHMS W BUCOKWTE TemnepaTypu Ha
pabota BOAAT 4O NpeBMlLaBaHe Ha AOMYyCTUMMTE 3a Tasu
u3onauus Temneparypu.

[octaBeHnte B MOCNEOHATE TOAMHM UM MycHATW B
eKcnnoaTaums enekTpUyeckn MallMHW Ca MOYTU BCUYKA C
TonnuHeH knac F (155°C). TakuBa enekTpuyeckum MallmHu,
otpemoHTMpann B "PEMOTEKC-PAOHEBO" EAL cwe
CbLLeCTBYBaLLaTa TEXHONOMS CTaBaT Beye C TOMIMHEH knac B
(130°C) u noHexe ca paUWOHArHO  KOHCTPyMpaHW,
npeBuMLLABaHETo Ha paboTHaTa UM TemnepaTtypa € YecTo MbTu
taranHo.



Bcuuko m3noxeHo [0 TyK Mokasea, Ye M3NON3yBaHEToO Ha
“30raLmMoHHa cucTema Ha ocHoBata Ha Mukadonuit MXLL npu
peMOHTa Ha enekTpudeckute MawmHun B "PEMOTEKC-
PAOHEBO" EA[l He oTroBapsi Ha W3WCKBAHETO 3a BMCOKA
HaOeXOHOCT MNpU  MHOMo  TEXKM YCnoBuA Ha pa60Ta.
Heobxoaumo e BHeapsiBaHe Ha HOBa M30MaLMOHHa CUCTEMa,
OTCTpaHsiBaLLa ropenocoYEHINTE HEAOCTATBLM.

B Hactosijata cratus Ce aHanuMaupaT KauyecTBaTa Ha
CbBPEMEHHWUTE  EMNEKTPOM3ONALMOHHM MaTepuanu ¢ uen
pa3paboTBaHe Ha TEXHONOrMs Ha HOBa U30MaLMOHHa CUCTEMa,
MPUNOXeHa NpU PEMOHTA Ha aCUHXPOHHM fasuratenu B.H. B
,PEMOTEKC-PAOHEBQO" EA[l. (KatanoxHu ....)

B cBeToBHaTa npakTuKa Npy NPOM3BOACTBOTO HA PEMOHTA Ha
BMCOKOBONTOBM [ABMraTens Ce W3NOn3BaT [Be OCHOBHU
cuctemm (Togopoea, itoctabaqos, 2003):

- RESIN RICH - (borata Ha cmona) M30nauuoHHa
cucTeMma;

- VPl - (BakyymupaHe M npecoBaHe) W30MnaynoHHa
cuctema.

RESIN RICH cuctemata e Hail-LUMPOKO pasnpocTpaHeHa 3a
NpOM3BOLCTBO M PEMOHT Ha cekumu Ha paurateny B.H.
M3non3saHWST  €nekTpoM3onaLMoHeH MaTtepuan Cbabpka
OTHOCWUTENIHO BUCOK MpoueHT (okono 40%) TepmopeakTuBHa
cMmora, KOWTO ce noanara egHOBPEMEHHO Ha MpecoBaHe U
n3nuyaHe B cneuuanyu npecu. He ce Hanara JombAHUTENHO
“MNperHupaxe cbe cmona (cour. 1).

K%E%“‘:?ii‘s&%
R

®ur. 1. MpuHumnHa cxema Ha npeca 3a Resin Rich

1. MogBwxHa npuTUCKaLa nnockocT; 2. MeTanHu kNUHOBE;

3. HenogBmxHa HarpeBaTenHa nnockocT; 4. Cekuusi 3a npecoBaHe U
u3nuyaHe; 5. Msonauus; 6. MoaBuxkHa npuTUCKalwa M HarpeBaTesiHa
NNOCKOCT.

OcHosHn npegumctea Ha RESIN RICH u3onauuoHHa
cucTema ca CnegHuTe:

- TonnuHeH knac Ha usonaumsta - knac F;

- Bwucoka npobueHaTa sikoCT Ha u3onauusTta - Hag 50
KV/mm;

- Hucka XUrpocKOMMYHOCT Ha cucTeMata - NpaKTU4eCcku
OTCbCTB3;

- Manku anenekTpuyHuTe 3arybm - Hucok tgd(< 0,01);

- Hucka cebecToiHOCT Ha peMOHTUTE;

- He MHOrO cCnoXeH TEXHOMOTMYEH MpoOLEC W
obopyaBaHe, HO CpaBHMTENHO CkbMO obopyaBaHe 3a
ycnoswsita B bunrapus;

- Wsonauws Ha ocHoBa CntoAa 3a BUCOKA YCTOAYMBOCT
Ha YacTUYHW paspsaan
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- OCHOBHO NPEAMMCTBO € PEMOHTHONPUIOAHOCTTA, T.€.
BCAKA efHa MoBpefeHa Cekuust Moxe aa Obae AeMOHTMpaHa
OT CTaTOpa W Ha HEtHO MACTO MoXe [a Obae NnocTaBeHa HOBa,
C MMHMMarHa ceb6eCTONHOCT Ha PEMOHTA.

B Tabnuuen Bug (Tabn. 2) ca gageHu Bb3MOXHOCTUTE 3a
n300p Ha CbBPEMEHHM W30MaLUMOHHM MaTepuanu cropeg
cneundunyHuTe  M3nckaHus, npunoxumn 3a RESIN RICH
cuctemara.

VPl cucremata w3nonmsea cyxu (4 + 8% creneawo
BELLECTBO) M30MmaunoHHu matepuanu. [Mpu Tasn cuctema
CEKLWMTE MIu Lienvs cTaTop Ce BKapBaT B aBTOKMNaB, nognarar
C€ Ha BakyymupaHe, UMMperH1paxe 4pes 3anuBaHe CbC cMona
MOA HansraHe 1 NocnessaLlo 3nuyaHe B nety.

Mpu wu3pabotBaHe Ha cekuunTe, 3a wu3onmauns Ha
eOuHNYHUTe npoBogHuum npenopbuBame CONDUCTOFOL
0264 c¢ pebermna 0,09 mm. lpeacTaBnsiBa bBKaBa Cyxa
NEeHTa CbCTOSILLA Ce OT CIIIAEHNTOBA XapThs Ha OCHOBaTa Ha
KanuMHWpaH MYCKOBWT, UMMPErHUpaHa ¢ enokcuaHa cmona u
PET-cpunm. PET-ounMbT € [OOMBbAHUTENHO MNOKPUT CbC
creumarHo TOMsWO Cce Nenuno M Mo Tasu NpuyuHa
NPOBOAHULMTE MoraT Aa GbaaT cnensaHn 3aegHO Ypes KpaThk
Hatuck npu Temnepatypa 160°C. CONDUCTOFOL 0264 e
NEHTOB MaTepuan M Ce HaHacs PbYHO UMW MaLMHHO C Y%
NpUNoKpuBaHe.

3a cnemBaHe Ha NpoBOgHWUMTE U OPOPMSHE  Ha
reomeTpusiTa Ha npasaTa 4YacT OT CeKuusiTa, NpenopbyBame
W3NONM3BaHETO Ha TEPMOCBMBAEM pa3fenuTeneH  unm
VOTAFILM 2645. 3a ocHoBHa u3onauusi npenopbyBamMe
matepuana POROFOL 0546, nog dopmarta Ha neHtu. Toit ce
CbCTOM OT BUCOKO abcopbupalla CMKOAEHWTOBA XapTus Ha
OCHOBa HekanuupaH MyckosuT, PET-counm kato Hocuten w
PET-mat oT cTpaHa Ha crniogeHuToBata xaptusi. Kato
CBbp3BALLO BELYECTBO € W3non3BaHa ernokcugHa cmona bes
BTBbpAMTEN. JleHTaTa e rbBKaBa, Meka M MHOrO mopecta u
no3BoMsBa HABMM3AHETO Ha WMMpPErHauuoHHa cmona npes
ronam 6poit cnoese. M3onupaHnTe no TO3M HAYMH CEKLWM ce
MOHTMpAT B CTaTopa U Ce YKpenear.

Mpw nonaraHe Ha HaMOTKaTa B CTATOPHWS NakeT, 3a kaHarHa
1 MEXOYCnoHa M3onaums npenopbyBame CTbKIOTEKCTONMNT C
TemnepatypeH knac H (180°C) ISOVAL® TM. Mocneanusat ce
CbCTOM OT CTBKNOTbKaH UMMPerHpaHa ¢ enokcuaHa cuctema.
lMpuTexasa OTANYHA TEPMMYHA W XMMUYHA YCTONYMBOCT, KaKTO
11 BUCOKA MeXaHU4YHa AKOCT Mpu NOBWLLEHa TemMnepaTypa.

3a ykpenBaHe Ha YemnHWTE 4acTW B CTATOPHWS NakeT
npenopbyBame PROMAT ME 2242, cberosl, ce OT CTbKMo-
MaT U MHOTO Marnko KonuyecTBo enokcuaHa cmona. PROMAT
ME 2242 npu umnperHupaHe Cbc cMorna yBenuyasa obema cu
£0 200% 1 No TO3M HA4MH YNITbTHSBA MHOTO Jobpe ,MpasHuTe
npocTpaHcTea’.

Ha dwur. 2 e nokasaHa TexHomormyHaTa cxema Ha VPI
uHcTanauus. TpsibBa ga ce otbenexu, Ye kayecteata Ha VPI
cucTemaTa, OCBEH OT M3MON3BaHWTE €neKTPOM30naLOHHM
mMaTepuanu, [0 rofisMa CTeneH ce OnpeaensT OT kayecTeaTa
Ha MMMperHauMoHHaTa CMona M MPaBWUITHOTO MPOTMYaHe Ha
npoueca.



Tabnuua 2.

MpunoxeHne Matepuan/ LumeHcus 6,6 kV [ 105 kV [ 15k
anTtepHaTuBa Hebenuta x Bpoii crioese/nebenvHa Ha 3onaumsTa mm (cneg 3abenexk
Yact ot nsonauus Tun LMpyHa (mm) npecoBaHe)
EnuHnyHa CONDUCTOFOL 2009 0,09x12 mm (0,06
NpOBOAHNKOBA N30MaLNs MM NpecoBaHo)
CONDUCTOFOL 0264 0,09x12 mm (0.06 | 3 x HO 3acTbNEHO o 2 x50% C nenuno 3a
o | 2 x50% 3acTbneHo
MM NpecoBaHo) Ha 3ur-3ar 30% 3aCTblNeHo npexoHconmaaLms
CONDUCTOFOL 2159 0,10x12 mm (0,07
MM NpecoBaHo)
MpexkoHconuaaums (ako | VOTAFIXE2102 0,15x25 mm 1 X Ho 38CTBMIEHO Korato ce nanonssa
Ce 131ckBa) Conductofol 2009
OcHoBHa n3onavys CALMICAGLAS 0409(2005) 0,18x1000 mm 12 cnos 6x50% | 18 cnos 9x50% 26 cnos | B-cucTosHMe, TBBPAA
(2005 ¢ pasgenuTeneH 0,18x20(25)mm =/,6mm =2,4mm 13x50%  |ocHoBHa nsonauus
i) =3 5mm
CALMICAGLAS 0409(2005) o 24 cnos
(2005 c pa3genuTeneH (()) 2211;218 (%%)Tn rrr:] 16 0:2'0: ?ﬂﬁo % 12x50%
unm) ’ ' =3,5mm
0,
CALMICAGLAS 0409 0,24x20(25)mm 1 0x50%
=3,5mm
CALMICA 70 0900 0,16x1000mm 10 crios 18 cnon 9x50% | 20 oA
0,16x20(25)mm 5x50% =1,3mm =2,2mm _ ’
=3,3mm
YenHa nsonauus CALMICA-FLEX 0824 0,11x20 mm 4x50% B-cbcTosiHMe, nonyrbBkaBa
CALMICA-FLEX0919 0,13x20 mm 5x50% 8x50% |4enHa usonauus
FEINMICAGLAS 0986 0,13x20 mm 4x50% 5x50% 8x50% Cyxa, rbBkaBa YenHa
FEINMICAGLAS 2128 0,13x20 mm 4x50% 5x50% 8x50%  |m3onaums
CALMICAGLAS S 2008 0,18x20 mm 4x50% 5x50% 8x50% B-cbcTOsIHME, CBMBaEMa,
CALMICAS 100 0902 0,20x20 mm 4x50% 5x50% 8x50% TBbPZA YeNHA u3onauvs
3atmra oT KopoHa CONTAFEL H 0865 0.12x25 mm 1x50% Cyx, npoBoasLy
e(ekT B KaHanHaTa vyact PET - mat
Monynpoeogswa nexnta [EGSB0413 0 1-su cro: | lMony npoBoasia, B-
B YerHara yact 0,24x20(25)mm AS:)?((M) :"a _ 1x50% gbmkuHa = | 1x50%150mm | cbeTosHme
EGSB 0483 - 100 mm 2 -py coit
0,28x20(25)mm 60 mm 1x50% 75mm MonynpoBogsia, cyxa
lMokpuBHa neHTa B ISOSEALP0713 o B-cbcTosiHMe., nokpuBHa
yeriHaTa Yact 0,18x20(25)mm 1x50% NEHTa, YepBEHO-KahsiB LBAT
KaHanhu mbnHutenu ISOVAL 11 CTBKIO NlamMuHaT enokcuaHa
0,2 -20mm
Pa3amepu cropea HyxauTe omona, EP GC 203
CONTAVAL2017 P CrIOPEA HYXA TTpOBOASLY CTHAIO NamMuHaT,
0,2 -20mm
ernoKcvaHa cMona
YkpenBaHe B YenHuTe ISOVAL 11 0.2 -20mm CTBKIO NamMuHaT enokcuaHa
yactu ' cmona, EP GC 203
PREFILZ 2082 Pa3smepu cnopea HyxanTe [Monuectep duny ¢
0,5;1,0; 1,5mm enokcuaHa cmona B B-
CbCTOsIHWE
BAKYA NIiAS L TWHUS 32 KanSTahe BCJ'IG,EI,CTBI/IG Ha BaKyyMnpaHeTo 1 nocneasallo MMnperHnpaHe
BEHTW %%‘}\an'd \:;%%Doﬂs“ne BaKYMHA IHHAR I'IO,EL HaﬂﬂraHe;
i NS - Maonaqm Ha OCHOBa CItoga 3a BMCOKa yCTOFNVIBOCT Ha
X
YaCTMUYHKU pa3paaun;
PESEPBOAP 3A VP _
b semieianiol o PESEPBOAP MHoro go6pa TonnonpoBOANMOCT.
CMOTA - s Kato CbLUECTBEHN HeJoCTaTbUM Ha cucteMata morat Ada ce
= otbenexar: BuCOKa CeOECTOMHOCT, CKbMO TEXHOMOMMYHO
oxnawaauy
o obopyaBaHe; HEpPEeMOHTHOMPUIOZHOCT (MpM  HanuuMe Ha
nospeneHa cekunA, Tpﬂ6Ba Aa ce AeMOHTUPAaT BCUYKK CEeKL MK
BnycKkareneH oteop
38 il OT cTaTtopa).
®ur. 2. TexHonornyHa cxema Ha VPI - nHctanaums nMTepaTypa

OcHoBHuTE NpeammcTBa Ha VPl — n3onauuoHHaTta cuctema

ca cnegHuTe:;

- TonnuHeH krnac Ha wusonaumusta - knac F wumm H.
OB6WKHOBEHO Ce ompeaens OT UMMPErHaLMoHHaTa CcmMona;

- Bucoka nmpobuBHaTa sikocT Ha wmsonauusta - Hap 50
KV/mm;

- Hucka xurpockonMYHOCT Ha cucTemarta - MpaKTU4ecku
OTCbCTBA, M3NUTaHWE Ha T.H. "BOAEH TecT";

- Manku guenekTtpuuHute 3arybu - Hucek tgd (< 0,01).

lMpenopbyaHa 3a nybnukysaHe ot
Kategpa “Enektpotextuka“, MEM®

Otyet no HAC Ha BMI'M 1974-76. "PaspaboTteaHe Ha runaoea
“3onauus Ha TArOBW ABUraTenn Ha enekTporioKOMOTMBY
EL-2".

KatanoxHu pgaHHu u paspabotkn Ha dwmpma ISOVOLTA -
AscTpus.

TopopoBa A., TI. [iocTtabaHos.
mamepuanu., TY Cocous, 2003.

EneKmpomeXHuquKu
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AHAIU3 HA ABUWXEHWETO HA POTALMOHEH ®EPOMAIHUTEH ENUNCOUA BbB
BBbPTALLO CE MArHUTHO NOJE

KoHcmaumun Kocmos, CmedpaH [lynee, KoncmaumuH Tpuykoe

MurHo-eeonoxku yHusepcumem “Cs. Mear Puncku”, 1700 Cocpusi

PE3IOME. M3non3eaHeTo Ha LMNMHAPWYHM (hepoMarHUTHU paboTHM YacTWLM, 3adBWXKBAHM OT BBPTALLO CE MarHWUTHO More, Hamupa LMPOKO MPUNOXeHue 3a
WHTEH3NMULMPaHE HA HAKOW TEXHOMOMVYHN mpoLieck. Mpu M3YNCNIEHNETO Ha ENEKTPOMArHUTHIS MOMEHT, AENCTBALY Ha TakuBa YacTULM, Ce Hanara 3aMeHsHeTo UM
C poTaLMoHHN enunconan. B HacTosiwaTa paboTa ce u3cneaBa AvMHaMUKaTa Ha [BVKEHVETO Ha €AuH POTALMOHEH ENUNCOWA BbB BBPTALIO CE MAarHUTHO rone, B
130TpONHa HenpekbCcHaTa Cpeaa, NPY NPOM3BOMHN HaYamnHM YCroBus.

ANALYSIS OF MOVEMENT OF ROTATIONAL FERROMAGNETIC ELLIPSOID PLACED IN ROTATING MAGNETIC FIELD
Konstantin Kostov, Stefan Pulev, Konstantin Trichkov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia

ABSTRACT. Cylindrical ferromagnetic working particles driven by a rotating field are widely used to intensify certain technological processes. Rotational ellipsoids are
used to model these particles when calculating the electromagnetic torque acting on them. This paper considers the dynamics of the movement of a rotational
ellipsoid placed in a rotating magnetic field in an isotropic continuous medium under any initial conditions.

lMo3HaBaHETO Ha 3aKkoHa Ha ABWXEHWETO Ha paboTHUTE
yacTUUM Ha BMXpoBaTa MalMHa e Heobxogumo, 3a da ce
W34MCAIM MPABUMHO TEXHOMOMMYEeCKUAT UM edekT. lNpu ToBa
TpsbBa Aa ce Hamepu Bpb3kaTa Mexay napameTpute Ha
MarHMTHOTO Mone, pa3MepuTe Ha 4actuuuTe, Macata W
MarHUTHUTE UM CBOWCTBA OT efHa CTpaHa U XapaKkTepucTUkuTe
Ha OBwxeHueTo M. OOMKHOBEHO Te Ca C LMIWUHAPWYHA
copma, C OTHOWeEHWe Mexay Ab/KMHAaTa W AMameTbpa
6+10, Ho 3a uenute Ha aHanusa e LenecbobpasHo
3aMEHSIHETO UM C poTaumoHeH enuncout, Koctos (2004). B
HacToswata pabota ce u3cregsa  AuHamuMkata  Ha
ABVKEHNETO Ha eOVH POTALMOHEH enuNcong BbB BbPTALLO Ce
MarHMTHO Mofe, B W30TPOMHA HeMpekbcHata cpega, npu
MPOW3BOSTHI HaYanHK yCroBus.

L Z

®ur. 1.

BbBexaame HenoasumkHa AeKapToBa KoopAuHaTHa cucTeMa
XYZ, YNATO KOOpPAMHATHaA paBHUHA xOz cvBnaga ¢ paBHUHaTa

Ha BbpTeHe Ha BekTopa Ha noreto Bo, a Havanoto it — ¢
LieHTbpa Ha enuncouga (mpecevHata Touka Ha ocuTe My).
OsHavaBame:

—

a — BeKkTop, NpuWnoXeH B LeHTbpa Ha enuncouga U
HacodeH no octa My, MokasBa MOMOXEHUETO Ha

pa3rnexnaHoTo T4n0 B NPOCTPaHCTBOTO. MO,EI,yJTbT My ‘a‘ €

paBeH Ha pgbfrata nonyoc a (poTauynWoHHaTta oc) Ha
enuncouaa.

Q' —brbn Mexy BekTopa Ha noneto Bo 1 sekTopa a;
() — BITI0BA CKOPOCT HA BbPTALLOTO C& MarHUTHO None;

ok +6 —vron MeXay 0CTa Z U BEKTOpa Ha Noneto Bo ;

¥ — bIbITbT, KOWTO paBHUHa XOz cknioyBa C BekTopa a ;

O —brenmexay Bo n ax;

[ — brbn Mexay octa y u momedta M, peiictealy Ha
enunconaa.
Hadur1t o, [, ¥, wt+6 v O caopueHTUpaHn bInu.

B KoctoB (2004) ce u3Bexaa u3pasbT 3a CUMHXPOHHWS
MOMEHT, [eiCTBaly BbPXy (DEpOMarHUTeH pPOTALMOHEH
€NUNCous, NOCTABEH B XOMOTEHHO MArHWUTHO Mone ¢ MarHuTHa

miaykums Bo w marnuten mutenauter Ho. BbB Bakyym

Bo :,Uoﬁo (4, =4710" H/m e wmaruuHata



MPOHMLIAEMOCT 33 BakyyM) W hopmyrata 3a Mogyna Ha
MOMEeHTa UMa Buga

M =—kBsin2a =-M, sin 2«,
KbaeTo

k>0 - «koedbuumeHt, 3aBucel, OT pasvMepute Ha
enuncomaa u oT OTHOCUTENHATa My MarHUTHa MPOHNLAEMOCT
M. 3a KOHKDETHO TSNO, NPU  fMHEAHW  YCrOBMS
(4, =const.) ce nonyyasa K = const.

B, =|Bo| — moayn Ha Bektopa Ha noneto Bo.

M, =kB? — abcoioTHa CTOIHOCT Ha MaKcUManHus

Vs
MomeHT. [onyyasa ce npu & = iz .

3HaKbT MUHyC oTpassBa (hakta, ye M BuHaru geitctea B
nocoka, obpatHa Ha « . BeKTOp'bT M € nepneHankynspeH

Ha paBHWHATa, onpeneneHa ot a n Bo
Pasnarame BEKTOpUTE au Bo Nno cnegHnsa HaunH:
a:axz+ay n M :sz+M; s

KbaeTo:
ax: 1 M x; ca BEKTOPHM KOMMOHEHTU COTBETHO Ha @ U

Ha M TEXHM NpoekLmun B paBHuHa xOz;

a.y "n M ca BEKTOPHW KOMMOHEHTH Ha a 1 Ha M no
ocTay.
Ot Our. 1 ce Buwxga, Ye ckanapHuTe KOMMOHEHTU ca
CbOTBETHO:
a, =a.cosy, =—M|sin 3,
— 1 r_
a, =-a.siny, M/ =|M|cos 8.

Na wu3bepem 3a 0006WEHN KOOPAWHATM, €AHO3HAYHO
onpeaensiLm nonoXeHWETO Ha enuncouaa B NPOCTPaHCTBOTO,

bIMTe ¥ U O . B TakbB cryyait € Heobxomumo aa ce
n3passt oo u 5 upes ¥ n O .

CkanapHoTo npouasefieHue Ha Bextopute Bo 1 @ e
Bo.a=B,.acosa = Bo(aXZ + ay)

Kato Bsemem nom BHumaHue, ye Bo.ay =0, saworo

Bo L ay, nonyyasame

B,.acosycoso = Bj.acoso .
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CrnepoBatenHo

COSa =C0SOCOSy .

Bekropute M u a ca nepnengukynaprnn M.a=0.
f— M xz.axz + M ’y.ay :O

M 1 Bo,

nepneqavkynspa cneasa, ye M x; | Bo . 3atosa

To  kaTo OT TeopemaTta 3a TpuTe

—[Msin g acos;/cos(%—§j—|M|cos,B asiny =0.

=sind=—cotgpigy. 2)

=—|M|.sin g =—M sin 2a.sin g =
_ 2M, cosav1-cos®a
J1+cotg?p '

3amectBame COS¢x ot (1)u cot gf3 ot (2)

2M , c0s 5 cos yy/1-cos* 5cos’y

sin% o
tg’y

M, cos &'sin 2y,/1-cos’ 5 cos’ y

=- \/sinz — = =-M,cosdsin2y.
y+sin®dcos” y

Xz

1+

AHanornyHo HaMunpawme:

M/ =|M|cos B =M, sin2acos B =

_ 2M, cosa1-cos’ &
J1+cotg?p

Kato wusnonssame u3bpanute 0600WeHn KoopauHaTK,
pasnarame [BWKEHWETO Ha enuncoupa Ha f[Be poTauuu,

_

YAUTO OCK CKNHOYBaT NpaB bbb/l NOMEXAY Ch. M;

cot g8 =-M,sin25cos? y.

nopaxaa
poTauust B paBHMHa XOz C TeKyll brbNl CMPSMO OCTa Z Ha
HernoaBWxXHaTa koopauHatHa cuctema @t + 6+ O v brnosa

cKopocT 0+0. POTaLl'I/IFI onucealla brbn 7, ce Cb3dasa
OT MOMeHT nepneHankynapeH Ha paBHWHATa, B KOATO Nnexar

au axz 3atoBa pasnarame M xz Ha
— vomnorenta M xzu N0 0C U, KOATO e Ha MomnoxuTeneH

BB % 0T @xz . MerHo M xqu mamensi brbn v .

— komnoHeHTa M ax; no octa Ax: .



Ot our. 1 ce Bukaa, Ye ckanapHute komrorenTn M, u
M,,, ca

axz

M., :sz cos(z +8)=-M, cos? 5sin 2y, (3)

M., :sz‘cos(éwz): ~M, sinScosssin2y.

Pasnarame M ax; Ha

— komnoHeHta M xza M0 ocTa a.Cb3gaea poTaumsa okono
octa 2a Ha ennnconaa.

— komnoHeHTa M sy noocta Y. M xzy € konuHeapeH Ha

—_—

!
M.
CKaJ'IapHI/ITe KOMMOHEHTH Ca.
Maxz H H
=—2 —_M_sin26siny,
Xza COS}/ (o] 7
M, = —‘sza cos(%—y)=-M,sin28sin?y.

W Taka, pasnoxuxme M o cnegHns HaumH:

—

M = (Wy +MXzy)+Mqu +sza.

CKanapHaTa KOMMOHEHTA Ha BbPTALLMA MOMEHT MO ocTa Y €

' H 2
M, =M +M,, =-M sin25cos” y —
—M, sin28sin’ y =—M sin 26.

Okasa ce, 4e ocBeH poTauuuTe okono ocute U u Yy,
CbllecteyBa U poTalua OKONO OCTa 23., OblXallla ce Ha

momeHta M xza . CNefoBaTeNiHO KMHETMYHATa EHeprna Ha
enunconga uva suaa:

1 N 1o, 1. .
T=2Jo+8f +2372+23,6°, (@)
2 2 2
KbaeTo
— J, © HepLVMOHHHST MOMEHT Ha POTaLMOHHMS ENUNCOA,
cnpamo octa 2a;
— (0 e bIMOBaTa CKOPOCT Ha ENUNCOMaa Npu BPTEHETO My
okono octa 2a; CnepoBatenHo ¢» e Tpetata o6obLyeHa
KoopAauHaTa. Heka otuntame (0 OT Nno-AaneyHata OT paBHWHa

xOz nuHMS, KbaeTo paBHWHaTa, obpasyBaHa OT & W Ax

npecuda enunconaa B Hadankus moment t=0. Mpuemame
MonoXuTenHaTa nocoka Aa ce onpegens no NpaBunoTo Ha

[JECHUS BUHT COC a .
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— J € MHEepLMOHHMAT MOMEHT Ha POTALMOHHMA enuncous
cnpsamo oc 2D , MuHaBalla npes LeHTbpa Ha TexecTTa My U

neprneHankynsipHa Ha a .

MHepuMOHHUTE MOMEHTH Ce ONPEAENAT KaKTO creagsa:

J. :%(a2 +b2),

J:2mb2’
5

KbdeTo M e macaTta Ha enuncouaa.

Mpu pasnuka Mexay brnoBUTE CKOPOCTW Ha MONMETO M Ha
enuncouaa no octa Y B HeNoABWXHATa KOOpAMHATHA

cuctema, T.e. npu O # 0, uma ycrosms 3a nHayuMpaHe Ha
BMXPOBM TOKOBE B NPOBOASLNS ENWNCOME U Bb3HWUKBA
aCHXpOHEH MOMEHT (MOMEHT Ha BWXpoBWTE TokoBe). [a

paanoxum sexktopa Bo B MomenTa, korato & =0 Ha
Boa — komnoHeHTa no octa a,

BoaL — KOMMOHEeHTa, nepneHankynsapHa Ha a .

Mopaau ChblUecTByBaLLaTa CUMETPUS, MPU OTHOCUTENHOTO

neuxeHne Ha Boar cnpsmMo enunconga ce uHayumpar e.a.H.
C paBHM aMnuTyaM W C MpOTMBOMONOXHM hasm B
PaBHOOTAANEYEHUTE OT LIEHTbPA My eNeMEHTapHN y4acTbLU.
ChblUeBPEMEHHO € 0YEBMIHO, Y HAMA YCMOBMS 3a Cb3faBaHe

Ha TOKOBe, Taka 4e NnoneTo Boal He Cb3aBa MOMEHT.

Moneto Boa uHAyuMpa BuxpoBM TokoBe. TO € C Moayn
B0 COS y, BbpTM Ce CnpsAMO enurnconaa C brmoBa CKOpocT

O ¥ Cb3OaBa acMHXPOHEH MOMEHT. TOYHOTO aHanMTUYHO
“3uncnsBaHe Ha NocneaHWs e HeBbL3MOXKHO, HO Mopaay ToBa,
Ye € 3HAUMTENHO MO-MarbK OT CMHXPOHHMS, W3BECTHA
HETOYHOCT He O1 NOBMMANA CbLLECTBEHO Ha YPaBHEHWETO Ha
ABwxeHreTo. [la npuemem, ye

— POTaALMOHHUAT ENUNCoMA € 3aMeHEH C LWNWHOLP CbC
Chlyms obem 1 ¢ JbikuHa 24 ;

— MarH1THaTa npoH1LAeMoCT £/ Ha TAMOTO e MOCTOSIHHA;

— TOKOBWUTE KOHTYpU Ha BUXPOBUTE TOKOBE BBB BCAKO

—

Ce4yeHne, nepneHauKynapHo  Ha a, npegcrasnasar

KOHLIEHTPIYHI OKDBXHOCTM C LIEHTLP BbPXY OCTa a ;

— MONETO Ha NMbTHOCTTA Ha BUXPOBUTE TOKOBE € MNOCKO-
napanesHo;

— npeHeGpersaMe  pa3MarHMTBalIOTO  BNMSHME  Ha
(hepoMarHUTHUA MaTtepuan Ha TANOTO, AbMKaWo ce Ha
XOMOTeHHOTO My HamarHutBaHe; ToBa He BOAM [0 ronsama
rpelka, 3aworo octa 2a e 6+10 mbw no-gbrra ot
[MaMeTbpa Ha LMNUHabpA.

Na ot6enexum ¢ R pagnyca Ha 3aMeHSIMS LUAMHABLP.
Acro e, 4e R=hb, kbpeto h <1 e koeduumenT, 3asucel
or @ un b, koiito necHo ce naumncnssa. C HamansBave Ha



TEKyWWs pagnyc I Ha JajeH UMIMHOBP ce yBenu4aBa
WHOYKTMBHOCTTa Ha TOKOBMTE TpbOW M 3aTOBa MITbTHOCTTA Ha
BMXPOBUTE TOKOBE HamansBa. [lpu ToBa 3a no-Aeben
UMMUHOBP ABNEHWETO € OLLe NO-NOAYEPTaHO, ako CpaBHABaMe

MpW CbLUMTE OTHOCUTENHM TEKyLW paguycy %? Mopaan

TOBa MOXE [a Ce NpuUeme, Ye 3a paauycu Ha uacrnefpaHuTe
tera R =0,8+3mm, kouto npeacrasnsear uHTepec Ha
13crneaBaHeTo, LENUST TOK e CbCPeoTOYeH B TOKOBA Tpbba ¢
BbHWeH pagnyc R 1 pebenmna d , Hesasmcewa ot R.
Pasbupa ce, d 3aBMcu oOT KpbroBata uectota Ha

MpeHaMarHuTBaHeTo O, HO TyK Tasn 3aBUCUMOCT Ce
npeHebpersa. Mpuemame d =0,4mm. Torasa aKkTMBHOTO
CbNPOTMBNEHWE Ha TpbbaTa e NpubnuauTenHo

ety ety

B 2ad

mp

HaMMpame WHOYKTMBHOCTT@ Ha TOKOBaTa pr6a, KaTto
cyntame, 4e 2a>>Rn cnepfosaTesiHo ce cuensa C Luenna
NOTOK, Cb3AaAeH OT Heq.

_uaR?
2a

L

mp

Cera moxem pJa uanonssame dopmynara 3a cpegHata
CTOMHOCT Ha acCUHXPOHHWSI MOMeHT oT (Papxu u [lanasos,

1981), kKaTo MMame npemdBud, Ye XOMOreHHoTo none Boa
Cb3daBa BWXPOBMTE TOKOBE MpU BBLPTEHETO CU  CMPAMO
TANOTO:

BLTRR,,

M =- -
6 2 2)2
2‘ R,, +6°L,, )

o212
MpeHebpersame O me B 3HaMeHaTens, 3amecTBame
onpegerneHuTe no-rope BeNYMHM 1 NornyyaBame
N2 41,4 2
0B radh"b” cos® ¥

M

" 2pR-9)

kbaero M e MomeHTBT Ha Buxposute Tokose npu y =0

—M &cos® y,(5)

o= 1%“ . 3a enuncona ¢ onpeaeneHn pasmepu v gafeHa
MarHuTHa npouuaemoct, M , = const. MomextsT M,

[ieiicTBa Mo 0CTa Y ¥ ce MposiBsiBa camo Npy pasnika Mexay
BITIOBUTE CKOPOCTM Ha MOMETO W Ha TAnoto no ocra Y .
3HaKbT MWHyC Moka3sa, 4Ye TOA Ce NPOTMBOMOCTABS Ha
MpoMsiHaTa Ha brbna o .

OcBeH pasrmefaHuTe  AOTYyK  ABUraTeNiHM  MOMEHTHU,
CbLLECTBYBAT W CLMNPOTUBUTENHM, ObIKALM C& HA CUIKTE Ha
TpueHe. MNopaay Mank1Te pasmMepy Ha enunconaa, NMHeNHUTe
CKOPOCTW Ca Marnku W 3aToBa npuemame, 4e MOMEHTUTE Ha
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TpMeHe Ca MpOMOpUMOHanHM Ha MbpBaTa CTeneH Ha
CbOTBETHATa brfioBa CKOPOCT. [py TOBa KOE(ULIMEHTUTE Ha

NPONOPLUNOHAITHOCT Npu ABMKEHUATA NO o uno Y Ca paBHu,

3alli0TO BLPTEHETO W B ABaTa cnyyas e okono octa 2D Ha
enunconaa.

M, n

Kato umame npensng, 4e MOMEHTUTE szu’ y

M xza JencTBaT CbOTBETHO NO HanpaBneHne Ha 0606Ll.l|eHVITe

KoopauHatm v, o @, CbCTaBame cuctemata

oudepeHuMantm ypaBHeHus Ha JlarpaHx OT BTOpM pog
(Mucapes n gp., 1988). 3a Tasu uen MbPBO Hamupame
NPOU3BOJHMTE Ha KUHETUYHATA EHEPTUS:

Moo T=up
oy oy

ﬂ:O, a—T:J(aHS)
)

T o T g
op op

YpaBHeHusTa Ha Jlarpanx ca:

Ea_-lt: szu _klj/

dt oy

%%z M, -M, Scos’y —k,(o+3)
ia_-r: sza _k2¢'

dt o¢

Tyk K7, kl(w+5) u K, ca momeHT Ha TpueHe npu

onvuceate Ha cboteeTHuTe brnu, a K, 1 K, ca koeduumenty

Ha NponopLUnoHaITHOCT. 3HaI.I,MTe MUHYC npe MOMEHTUTE Ha
TpUeHe nokasgatr, 4Ye Te ca O6paTHO Haco4eHn Ha
CbOTBETHUTE BINOBM CKOPOCTU. 3amecTBame HamepeHuTe no-
rope MOMeHTU K nonyyaBame

Jj7 =—M, cos® 5sin2y —k
J6=-M,sin26-M scos’ y ko ko ()
J.p=—M,sin25siny —K,p.

YpaBHeHusTa Ha JlarpaHx (6) onuceaT ABWXEHUETO Ha
POTALMOHEH enuncous, noctaBeH B OOWO MOMOXeHWe BbB
BbpTAIO CE C MOCTOSHHA BIMOBa CKOPOCT XOMOrEHHO
MarHuTHO Mone, BbB BCEKW MOMEHT OT BpemeTo. ToBa e
HEXOMOTEHHa HenuWHeWHa cuctema oT  AudepeHLmanHm
ypaBHeHus oT BTOpu ped. Cucremara e Hepelwuma B
ksagpatypu. 3abensssame, 4ye MbpBUTE [BE YpaBHEHUs ca
He3aBucuMu OT TpeToTo. [pyn ToBa NOCNEAHOTO HE AONPUHACS
3a peluiaBaHe Ha nocTaBeHaTa 3adaya, 3allioTO BbPTEHETO

OKOMO OCTa & HAMA TEXHONOrnyeH e¢>e|<T.



[la pasrnegame cuctemara, CbCTaBeHa OT MbpBUTE ABE
ypaBHeHWs, Kato npeanonarame, Ye aCUHXPOHHWAT MOMEHT €
MHOTO MO-MabK OT CUHXPOHHMS W 3aTOBa ro npeHebpersame.
MonyyaBawme:

J¥ =—M, cos® 5sin2y —k

. . )
I8 =-M,sin26 —k,5 k.

[la noTbpCUM peLUeHe 3a Criyyasi, Korato brmuTe ¥ 1o ca
A0CTaTbYHO Mariki, 3a Aa MOXe [1a ce Npueme

sin2y =2y, sin26=26 n coso =1.
Toraea cuctemata (7) gobvea Buaa
V+2Ky+aly =0

S+ 2K, + 0?5 = 2K 0,

KbAETO CM€e 3ameCcTunin

2M
a)2 — o]

ky
0] J '

J

. 2k,

Monyunxa ce ABe He3aBUCUMN AndepeHUMantn ypaBHEHMS.
BTOpOTO € HEXOMOrEHHO M HEroBOTO pelleHne e cymata OT
o0WMst MHTerpan Ha XOMOTEHHOTO YpPaBHEHWe MNKC eAuH
YacTeH WHTEerpan Ha HEXOMOTEHHOTO. PeLleHMeTo Ha YacTHUS
WHTErpan faea CTaLMoHapHUs MpoLec, KOMTO HacTbMBa creq
BeskpaiiHo MHoro Bpeme n e fageHo B Koctos (2004), kbgeto

ce onpepens brbmbT O, = CONSt., npu KoiiTo HacTbMBa

paBHOBECKE MEXAY CUHXPOHHMS U CbNPOTUBUTENHUS MOMEHT.
PelieHnsTa Ha ABeTE NWHENHM XOMOreHHW AudepeHLmanHu
YpaBHEHWs OT BTOPW ped C MOCTOSHHU KoeduUMeHTH ca
nssecTHu, (Mucapes u gp., 1988). Heka npuemem mbpBoO, Ye

cpepara e ¢ Manko Tpuewe, T.e. Ky <@, . B To3u crydai

obluTe MHTErparM Ha AudepeHLManHuTe ypaBHEHUs UMaT
BUAA:

y=Ae " sin(w't+6)
5s=C.e " sin(w't+¢)+5,,,

KbeTo

2 2
o' = \ @y — k3 € 4eCToTa Ha 3aTUXBaLUTE TPENTEHUA,

A,,C,, 0" n @' ca nHTErpaLMOHHN KOHCTAHTU U Cce
OMpedensT upes HauasHuTe YCrIOBMS MO OTHOLIEHME Ha
7,0,7 n O. [a ot6enexum BenMuMHUTE B MOMEHTa

t=0 ¢ MHOEKC Hyna. Toraea Hanpumep KOHCTaHTUTE 3a
MbPBOTO ABWXEHWE Ca:

Ky, +7
A = lys+| e w .
'y,

@' =arctg —.
K7 +7,
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[lBIXEHMETO Ha enuncouaa e 3aTuXBallo TPENTenuBo Mo
OTHOLUEHMe Ha paBHMHa XOz M Ha BbPTALWMS CE BEKTOp Ha

noneto Bo u BOOMW [0 aHynupaHeTo Ha )/ 1 yCTaHOBABAHETO

Ha O=0,. Bukga ce, uye [BWKeHusiTa Mo [BeTe

KOopAuHaTK Ca He3aBWCUMUK, HO YeCToTaTa UM Ha TpenTeHe
w' e efHakea. Yectortara Ha TpenTeHe 3aBuCK OT mMacaTa U
pasMepuTe Ha TANn0oTo, OT MardHuTHata My npoHMLUaemocCT, OT

MarHutHata WHOYKUUMA Ha BbpTAWOTO none Bo n ot

CbMpOTMBIIEHNETO Ha Cpeaara. M3BecTHO €, 4e @, €

cobcTBeHaTa YecToTa Ha TpenTeHe npu nunca Ha TPUEHE.
Buxgame, 4ye yectotata Ha TpenteHe B CbNpOTUBUTENHA

cpepa @' e no-marka ot @, .

brubT O Ce oT4MTa CrpsAMO BLPTALLMS ce Bektop Bo.
CnepoBatenHo abconioTHaTa brioBa CKOPOCT Ha enuncouga

noocta y e o+ 1) , T.6. OCHOBHOTO [IBMXEHWE Ha TANOTO €
poTauma € brinoBa CKOpoCT @ .

[la pasrmegame cera  ABWKEHWETO MpU  rOAsMO
CbnpoTuBneHne Ha cpepara. Torasa K, > @, v obuure
WHTerpanu Ha AudepeHLmManHuTe ypaBHeHUs UMaT BUaa:

y=Ae ™ sh(it+6)),
5=Ce ™ sh(it+¢])+35

cm?

KbeTo

_ fe2_ 2
A=4k; —o;

A,C,, 6 v @ ca WHTETpaLMOHHI KOHCTaHTU W Ce
0y, M O,.
[IB/KeHMeTO Mo BETE KOOPAUHATY € anepuoanyHO U OTHOBO
BOAW 10 @aHyNMPaHETO Ha ) 11 YCTaHOBSIBaHETO HA O =0, .

OMPEAENsT OT HAYANHUTE YCMOBUS ¥/, ¥y,

Heka K; = @), . 3aKoHbT Ha ABWKEHMETO UMa BUAa

y=e"(At+A,)

(1)
_ ket
S=e™(C,t+C,)+45,,.
ToBa e  TPaHWMYHOTO  anepuognyHO  [BUXKEHME.
VIHTErpaumnoHHNTE KOHCTAHTU Ce HamupaT Mo CbLUMS HaYWH.
Moxe fa ce [okaxe, Ye B TO3M Cryyal cuctemata Haii-6bp30

[0CTra yCTaHoBEHOTO ¢ cheTosHne ¥ =0 n 0 =6, .

MonyyeHa € Bpb3kAa MEXOY 3aKOHA Ha [JBWKEHME,
napameTpuTe Ha noneTo, pasMepuTe, MacaTta W MarHuTHaTa
npoHuLaeMocT Ha enuncouga. Toea e Heobxogumo 3a
M34YNCNSBAHETO HA TEXHOMOTMYHMS edekT Ha paboTHUTE
4acTULM Ha BUXpOBaTa MalUWHa.
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WHOYKUWOHEH HEYTPAITU3ATOP HA OBEMHU 3APAON C NOBULLEHA

E®EKTUBHOCT

CmedpaH CmegpaHoe’, Uean Munee?, UeaH lpodaHoe?

1.23 MuHHo-2eonoxku yHusepcumem “Cg.MeaH Puncku”, 1700 Cogpus

PE3IOME. B cTatusiTa ce npeanara MHAYKUMOHEH HeyTpannaaTop Ha 06eMHI 3apsan, KOTO OCBEH TPaAMLMOHHO W3MON3BaHUTE UMTIOBUEHN PA3PSAHU enekTpoaM,
CbabpXa OOMbHUTENEH eNexkTPOA BbB BUA Ha NMpbuKka. M3scHABa ce (hMandeckaTa CbLYHOCT Ha BIUSHWUETO Ha AOMbAHUTENHUS eNeKTPOA Bbpxy pabotata Ha
HeyTpanuaatopa. TEOPETUYHO Ce [0KAa3Ba, Y€ [OMbIHUTENHUAT eneKkTpoa NoBulaBa eqeKTUBHOCTTA Ha HeyTparmsaTtopa. C HEroBoTo [eiCTBUe 3apsobT Ha
u3TMYaLLaTa ot TpbBONPOBO/IA ANENEKTPUYHA TEYHOCT MOXE [1a Ce HEeyTPanuanpa HambIHo.

INDUCTIVE NEUTRALIZER OF BULK CHARGES WITH INCREASED EFFICIENCY

Stefan Stefanov’, Ivan Milev?, Ivan Prodanov3

1.23 University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia

ABSTRACT. An inductive neutralizer of bulk charges, which apart from the traditionally used point discharge electrodes contains an additional electrode in shape of
rod, is treated in the paper. The physical nature of the additional electrode influence on the neutralizer operation is explained. The increase of the neutralizer
efficiency by the additional electrode is theoretically proved. The charge of the flowing out insulating liquid can be absolutely neutralized by its action

M3gcHaBaHETO Ha (u3nyeckata CbLUHOCT Ha npoueca Ha
obpa3syBaHe W HaTpynBaHe Ha 3apsiau B ABWXELLO CE ropuBo
no3BonsiBa fa ce Npeanoxu MeTof 3a HeyTpanuaauus Ha Tesu
3apsgu ¢ NOMOLUTa Ha YCTPOWCTBA, KOMTO Ce BKMtouBaT B
MarucTpanata 3a 3apexgaHe. ToBa ca pasnuyHi KOHCTPYKLMK
WHAYKLUMOHHM  HeyTpanu3atopW,  enuMuHupalu  obemHu
3apsou.

B [1] e npeanoxeHa KOHCTPYKTUBHA CXeMa Ha UHOYKLMOHEH
oDeMeH HeyTpanu3aTop Ha CTAaTU4YHO ENEKTPUYECTBO C
noBuLLeHa edekTnBHOCT (cur. 1).

Loed

®ur.1

Tol ce cbctoM OT Kopnyc 1, WMMOBMAHM €enekTpoan 2,
LOMbMHUTENEH ENeKTpoa — Npbyka 3 U HakpamHuk 4, KOUTo e
“30nmMpaH OT 3a3eMeHus kopnyc 1 nocpefcTBOM (hraHuu oT
€NeKTpPON30naLoHeH MaTepuan.

Mpu  OBMKEHMETO HA  3apedeHaTa  TEYHOCT MO
TpbbONpoBoAa, BbTPE B HaKpalHWKa Ce HaTpynsa 3apsf C
TaKbB 3HaK, kKakbBTO € TO3M Ha HedpTonpogykTa. MocoveHmsT
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3apsig, a CbLUO TaKa W MbIHUAT 0BeMeH enekTpUYecku 3apsg
Ha TEYHOCTTA B HaKpalHWKa, MPeAn3BUKBAT NOBULIABaHE Ha
MoTeHUMana Ha TO3M yyacTbk, @ CrefoBaTefHo W Ha
[OMbIHUTENHUS enekTpoa. MMof AeiicTBMe Ha pasnukata B
MOTEHUMANUTE  MEXOy  OOMbIHUTENHUS  ENEeKTpod U
WIMOBUHUTE €NEKTPOAN Bb3HWUKBA €EKTHT KOPOHA, BHACSLY
B ofema Ha TEYHOCTTA 3apsd C NPOTUBOMONOXEH MO
OTHOLUEHME HA TEYHOCTTa 3HaK. [Mpu ToBa MOTEHLMAbT Ha
CUCTEMATA [OMbIHUTENEH ENEKTPOf-HaKpaiHUK Ce NoBULLIABA
[oTOraBa, [okaTo B HakpailHWka CblUecTByBa 3apsid, T.e.
[0KaTO CTaBa penakcauus U HaTpyneaHe Ha 3apsau B HEro.
Mpu ToBa TOKLT NPe3 WIMOBMOHUTE enekTPoAM HapacTsa
[0TOraea, A0KaTO CyMapHUST 3apsid BbTpe B HakpaiHuKa He
CTaHe paBeH Ha Hyna. [o-HaTaTbk MOBMIIABAHETO Ha
rnoTeHUuana ce MpekpaTsiBa, kaTo 3apsgbT Ha W3xoda Ha
HeyTpanu3aTopa HarmbIHO Ce aHynmpa.

Mpu Bb3HUKBAHE Ha KOPOHEH Pa3psf Mexy enexkTpoauTe 2
W AOMbIHUTENHUS eNekTPpog 3, Mpe3 WUIMOBMOHUTE eNeKTpoau

NpoTh4a TOK Ha NPOBOANMOCTTa I 7 CTOMHOCTTa Ha TO3M TOK
3aBucK OT noteHyuana U Ha OOMBIHUTENHUA €eneKkTpPOoA,
d)opmaTa N pas3nonoXeHneTo Ha [ONbJIHUTEeNHUA U

UrmoBnaHUTE  €nekTpoan, Kakto M OT OTHOCUTENHaTa
eneKTponpoBoAMMOCT ]/ Ha Te4yHoCTTa.

|, =KU, (1)

kbaeto K e koedLueHT Ha nponopLyoHanHocT.



Ha u3xoga Ha koprnyca 1 CbllecTByBa TOK Ha TEYEHWETO
IT , koiTo e anrebpnyHa cyma Ha ABa ToKa:

I+ =pW=p,W —-KU, 2)

KbaeTo L € MITbTHOCTTa Ha 06eMHA 3apsi Ha TEYHOCTTa Ha
3
uaxoga Ha kopnyca 1, ¢/ M~
3
- O, - BXOAHATa NITbTHOCT Ha 0bemHus 3apsd, ¢/ M~ |

W 3/s;
- - NIPOM3BOAMTENHOCTTA Ha npenomnBaHe, M~/ S
- pW - TOKLT Ha TeueHmeTo Ha uaxoga, A ;

- ,00 W - TOKbT Ha TE4EHNETO Ha BXoaa, A .

MoTeHUMan®bT Ha LOMbIHUTENHUS enekTpod 3 ce onpeaens
OT NOTeHUMana Ha HacTaekata 4 u 3aBucu OT obwwsa 3apsa

Ql Ha TE4YHOCTTa BbTPE B Ta3n HaCTaBKa, OT 3apada Q2,
HaTpynaH No CTEeHUTE Ha HacTaBkaTa B pe3yntar Ha TOKa Ha

penakcauus | p » KaKTO 1 OT enexTpudeckus kanauurer C

Ha cucTemarta HactaBka 4 M [OOMbAHWUTENEH enekTpoa 3
CNpAMO 3ems:

(Q +Q2)’

U= 3
c (3)

KbeTo:

Q =pV, (4)

a

t
v
Qz = J.pTdt
0

CnepoBatenHo
t oV
pV + [PV dt
T
U= °C : (6)

3.
kbaeto: V' e 0BembT Ha HacTaskata 4, M™;

T - BpPEMEKOHCTaHTaTa Ha penakcauus Ha 06emMHus
3apsa Ha TeyHocTTa, S,

WHTerpanHoTo ypaBHeHue (6) onpeaens pexuma Ha pabota
Ha HeyTpanusaTopa A0 HayanoTo Ha KOPOHHMS paspsig Ha

urnosuaHute enektpogu 2 (Momexta =t0), T.e. [0
[I0CTUraHe Ha HauanHus noTeHuman Ha kopoHata U o Mpu

U =U,nt=t, or(6)3aspemero t, cenonydasa:
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Cr

t
° PoV

—U,

—7.

PelueHneTo Ha HTErpanHoTo ypasHeHue (6) uma suaa:

P=Pol ot <t, 7
u ty,=U, CT—T
° pV

Cnepn 3amecTBaHe Ha (6) B (2) ce nonyyaea:

KV 1t
It =pW=p,W -—— p+—fp.dt .(8)
C Ty

YpaBHeHue (8) onvcea NpOLECHT Ha HeyTpanu3alys, Korato
HacTaBKaTa W JOMbNHUTENHUAT €NeKTPOa AOCTUTHAT CTOAHOCT

Ha noteHymana U o W B Mpoueca Ha HeyTpanusaums ce

BKMKOYBA TOKbT Ha KOPOHATa Ha UrnoBMOHUTE eNeKTpoaun. I'Ipm
TOBa

t-to

Po-e °

P ty <t<o0

Cnep 3amectBaHe Ha (9) B (8) ce nonyyasa

t—to t-tg t S-tg
KV . -
poe T W=pW—=fppe © =[poe 7 dS
z-0
Mnm
t-tg t
W o KV KV Z KV 7
C C 7 C
KV
Axo ce nonoxu W + —— = D ce nonyuaea
t-tg t
, KV KV -
D-We * =7|—+—e7 |
Cr Cr
t-to
, D-We 7
oTkbAeTo T = N (10)
KV =
1+e?
Cr



Te. T = F(T'). CnepoBatenHo Tpsibea ga ce HamepsT

HENOABWXHUTE TOYKW Ha (yHKLMATa F (T ') [2]. 3a Tasu uen

3a pa ce npogbikM aHanu3a TpsbBa fa ce uacnensa fanm
!
F (2' ) € CBMBAWl@ Ce (yHKUMS, T.€. W3MbIHEHO NN e

ce VI36VIpa nHTEpBan [Z'],_, 7’2 ] , T],_>O . Ako YCNOBMETO
!’ " !
T 2174,T5 [, 70
t-tg
!/
, D-We * Mpou3BoaHaTa Ha pyHKUMSTA F(T ) nma Buga:
(4] < < Ty (11)
KV ~
S 14er
Cr
t—tg t t—t, t
D-W.e © [1+ef'j— D-W.e © [1+ef'j
N d.F(T’) 1 .
F(z‘)— d. KV 2 —
C.r [1 +e” j
t _fo _to %
e’’| —W.ite 7 +Wit,e 7 +Witge 77 —WLit _KV
_ C.z Cc
KV 1 )2
[1+ e’ J
(13)
dF(7') =t
Kato ce uma npeasug, 4e 7 ce onpegens ¢ uspasa T( : D_We ‘@
2
t
dF(z’ —
(13), TO HepaBeHCTBOTO —() <1 wmoxe na 6wvae KV 1+e’@®
T T
YOOBNETBOPEHO Mpu MOAXOAsAW, u3bop Ha napameTpuTe
K,V C,W u 7. Cneposatenio ot npuHuMna 3a WTH.
cBMBAWMTE  M306paxeHus F(T ') ¥UMa  eAuHCTBeHa B sakmioyeHne Moxe fa Ce Hanpasu W3BOPBT, ue

! !’
HenoaBMXHa TOYKa B UHTEpBana [Tl, Tz], KOATO MOXe Ada

Cé HaMepu KaTo rpaHuua Ha peaudata OT nocneaoBaTesiHn
FIpVIGJ'IM)KeHMFI, o6paayBaHa Nno CnegHnA Ha4yuH:

T(n) = F[T(’n—l)]’ (14)

KaTo T('0) ce M36Mpa NPON3BOJTHO OT MHTEpBana [T]’_, T’z ],

T.e.
t—tg
, D—W.e “)
@)= t
KV 14 %@
C.z

lMpenopbyaHa 3a nybnukysaHe ot
Kateppa “EnektpotexHuka“, MEM®
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MbpBOHAYaNHO 3apsAbT HA M3X0f4a Ha HeyTpanusatopa ce
CTPEMMU KbM Hyna C BpeMeKOHCTaHTa 7 , a cnef [OCTUraHe Ha

noTeHunana UO MeXxay enektpoaute 2 n 3 - c

BpEMeKoHCTaHTa T . Tlpu TOBa TOKbT Ha MPOBOAMMOCTTA
nosuLIaBa edeKTUBHOCTTA, KaTo CaM yyacTea B npoleca Ha
HeyTpanuaaLus, CbKpallaBaiku BPEMETO, 3a KOETO 3apsabT
Ha 13Xofa Ha HeyTpanu3aTopa Ce enMMUHIPA HambITHO.

Nurepatypa

CrecpaHos, C., N. Munes, W. lMpopaHoB. OcobeHoctn Ha
eNeKTpU3aLusaTa  Ha  OWENEKTPUYHM  TEYHOCTW  OT
npenvBaliyM MarucTpanu B MPUEMHW pe3epBoapn U
YCTPOWCTBA 3a OrpaHM4YaBaHe Ha NOSIBUMOTO Ce CTaTUYHO
enektpuyectso. FoguwHuk Ha MI'Y, Tom 47, cg.lll, Cocus,
2004, cTp. 73-75.

Angelov V. C. Fixed point theorems en uniform spaces and
applications.  Czechoslovak ~ Mathematical ~ Jou’nalq
V.37(112), 1987, 19-33.
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WU3MNON3BAHE TEOPEMATA HA LLUOKITU-PAMO 3A ONPEAENAHE 3APAOA HA
EOWHULA OBITMKUHA HA CTPYHEH HEYTPAJIU3ATOP

CmedpaH CmegpaHoe’, Uean Munee?, UeaH lpodaHoe?

1,23 MuHHo-2e0noxku yHusepcumem “Ca. Mear Puncku”, 1700 Cocpus

PE3IOME. B cratusita ce pasrnexaa KOHCTPYKUMSI Ha WHOYKUMOHEH CTPYHEH HEYTpanu3aTop Ha enekTpoctaThyHu 3apsigu. [peanara ce MeToguka 3a HEroBoTo
opa3mepsiBaHe. Ypes u3snonssaHe Ha Teopemata Ha LLoknu-Pamo ce n3sexaa 13pas, ¢ KOUTO Ce onpeaens NMHenHaTa NITbTHOCT Ha 3apsifa Ha eauHNLA AbIKUHA W
WHTEH3WTETa Ha eNeKTPUYECKOTO NONE Ha pa3psaHNs eNeKTpoa, NpeAcTaBNsBaLY OmbHaTa CTpyHa (MPOBOSHMK).

USE OF THE SHOCKLY-RAMO THEOREM FOR DETERMINATION OF THE STRING NEUTRALIZERCHARGE PER UNIT OF

LENGTH
Stefan Stefanov?, Ivan Milev?, Ivan Prodanov?

1.23 University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia

ABSTRACT. Design of an inductive string neutralizer of electrostatic charges is treated in the system. A methodology for its dimensioning is proposed. An expression
for determination of the charge linear density per unit of length and the electric field strength of the discharge electrode representing astringed wire (string) is worked

out by the Shockly-Ramo theorem.

EpHo ot cpeacTeata 3a noHwxasaHe NTbTHOCTTA Ha 3apsga
Ha HaenekTpuaMpaH HedTONPOAYKT € W3MON3BaHETO Ha
WHOYKUMOHEH HeyTpanu3aTop CbC 3a3eMeH  paspsgeH
€NeKTPOf BbB BUA Ha NMPOBOAHMK C MaTbK AMaMeTbp (CTpPyHeH
HeyTpanu3aatop) (¢ur.1).

®ur.1

Pabotata Ha TakbB HeyTpanusaTtop Ce OCHOBaBa Ha
yBenu4yaBaHe NPOBOAMMOCTTA Ha TEYHOCTTa nof AeicTBre Ha
€NEKTPUYECKOTO More, Bb3HWKBALLO B 0OnacTTa Ha paspsigeH
enekTpos, cb3daZleHo OT npeMuHaBaliata TeyHocT. Konkoto
Mo-CUIHO € MoneTo B 0BriacTTa OKOMO enekTpoaa, TOMkosa no
e(EKTMBHO € eiCTBMETO Ha HeyTpanusaropa.

VIHTEH3UTEeTbT Ha MONEeTO OKOMO enekTpoda [0 ronsma
CTeMeH ce onpegens oT aebenuHata Ha AMenekTpuyHata
BNOXKa (2) 1 ouameTbpa Ha paspsigHus enektpog (1). Ako ca
3afjafieHn MpOXOZHUST [MAMETbP Ha  HeyTpanusaTopa,
AVaMETLPBT Ha PaspsiAHWs enekTpog, BXOAHaTa NTbTHOCT Ha
3apsaaa M OKENAHWAT Koe(ULMEHT Ha edeKTUBHOCT, 3ajadvata
3a M3UACTSIBAaHE Ha HeyTpanu3atopa Ce CBexga [o
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onpedendHe Ha ONTUMaNHWA BbHWEH [AWaMeTbp Ha
OVenekTpuyHata BIIOXKA W [ObJKMHATA Ha paspagHuA
enekTpod.

PebT Ha 3uMcnsiBaHe ce CLCTOW B CIEAHOTO: onpeaensiHe
Ha TOKa Ha OTPA3bK OT paspsiaHUs eNeKTpos C AbMKUHA A|1,

33 KOWTO WHTEH3UTETLT Ha €1eKTPOCTaTU4YHOTO none ce
npuema 3a NoCTOsiHEH; n34ucnsaBaHe Ha 3apsfa B cnefBallua

NO ObJDKMHATA Y4aCTbK Ha HeyTpannaartopa AIZ C OTYMTaHe

Ha n3Tu4aLlna 3apag no AbJHKMHaTa All N T.H.

PesynTaHTHaTa AbMKMHA HA PA3PSAAHUS €NEKTPOf e

I =Al +AlL +.....+ Al , ™)
npu KoATO Ce [oCTUra  3afjajeHusT  KoeuUMEHT  Ha
ehekTnBHOCT. KonmM4yecTBOTO Ha 3apsfa, u3Thvall B 3emsTa
OT y4acTbka Al wa paspsagHUSA enekTpog ce onpegens oT
WHTEH3WTETa Ha NONeTO, BUAA HA TEYHOCTTa W AMaMeTbpa Ha
paspsAdHUS enekTpod. VIHTEH3UTETLT Ha nonerto, Ch3gageHo
OT enekTpoda, ce orpefens OT WHAYKTUPAHUS BbPXY Hero
3apsa Ha eguHMUa ObmkMHA 7 B 3aBMCUMOCT OT BXOAHATa
NMBTHOCT O Ha 3apsfa B HeyTpanuaaropa.

npaBﬂT Ce cnegHuTe ponyckaHuA: KpaesuAaT ed)eKT Ha

yuacTbka ot paspsighust enektpog Al He ce orwmra, koeto
no3sonsBa [a Ce Pelin PaBHWUHHA 3adada; nopaau Mankus
AMamMeTbp Ha pa3psaHMs enekTpod MHTEH3UTETHT Ha NoneTo



Mo MOBbPXHOCTTA My Ce MNpuemMa 3a PaBHOMEPEH;
OTHOCUTENHATA  AMeneKTpUYHa  MpOHMLAEMOCT  Ha
AVenekTpuYHaTa BMOXKA 1 Ha HedTONpoAyKTa, ce npuemar 3a
MOCTOAHHI; MPU U3UMCTISIBAHETO HE Ce OTYMTA BIUSHUETO Ha
3apsma Ha TEYHOCTTa, OTMOXKEH BbPXY CTeHUTe Ha
OVeneKkTpUYHaTa BrOXKA, KOETO 3HAYMTENHO OMpoCTABa
peLleH1eTo, a Bb3HMKBALLA rpellika BOAM [0 3aHWKaBaHe Ha
W3YACTIEHUTE  CTOMHOCTM 33 edeKTUBHOCTTa  Ha
HeyTpan13aTopa B CPaBHEHIE C UCTUHCKUTE.

CroiHoCcTTa Ha 3apsga 7, WHOYKTMpaH Ha eduHuua
ObIKMHA Ha paspsgHUs  enekTpod, Ce  onpedens B
CbOTBETCTBME CbC CXeMata Ha ¢ur. 2.

)/
h
,—f./’/
ot
7 A
"] Y o o
-1 I 0 +T RU
{
i i /
) ] R
| } —
i
: )
| S —") ~»-—1—--~ a —ei

®ur.2. 1 - pa3paaeH enekTpon; 2 — AUeNeKTpUYHa BNoXka; 3 — Kopnyc;
4 - TpbonpoBop

MMpeaBua Mankus paguyc Ha paspsigHWs enexTpoa R2 ce
npuema, Ye HEroBUSAT LiEHTbP € Pa3fonoXeH Ha PascTosiHue
Ro OT OCTa Ha CEYEHWETO Ha HeyTpanusatopa Ro e
BLTPELLHWAT paanyc Ha AUENEKTpUYHATA BMOXKA).

B cvoTBeTcTBME C Teopemata Ha LWoknu-Pamo [1] 3apsgbT,

MHOYKTUPaH Ha eduH OT enekTpoaute, cneactene Ha 3apsna
q Cb3faBall noneTo, ce onpedena ¢ u3pasa

quud = q'qDA’ (2)

KbETO (D 4 € NMOTEeHUManbT Ha (UKTUBHO NannacoBo nore B
TOuKaTa, B KOSTO Ce Hammpa 3apaabT (], Koo Bb3HNKBa, ako

Ha ernekTpoda, Ha KOWTO ce onpedens 3apana e 3afajeH
MOTEHLMAN PaBeH Ha eAMHULA, a Ha OCTaHanuTe enekTpoam
noteHynanuTe ca paBHu Ha Hyna.

Crie[0BaTtenHo, BbpXy PaspsaHNs enexkTpos 3apsaabT e:
7= || pppds, (3)

KbAeTo S e NmowTa Ha CEYEHMETO Ha HeyTpanusaTtopa,
3aMbIHEHO C HAGNEKTPU3MpaHaTa TEYHOCT.

Nannacosuar noTeHuman (DA Ce onpegena no metoguka

332 M3u/NCnsBaHE Ha enekTpuyecko none B cUCTEMa Ha
koakcuanHu uunuHapu [2]:

T I;
pp=-——InL. 4)
2ng,& I

MoTeHyManuTe Ha LUNNMHOPUTE C paguyc Rl " Rz ca:

27E &, R,
= L In E (6)
v2 2reye, R, '

Mo ycnosumeTo Ha TeopemaTa Ha LLoknun-Pamo

P~ =1,

cnepoBaTenHo

Llné— T Ina+(h_R1)=1,

2ne e, Ry, 2me,e, R,

0TKbAETO

s 27E 4 &, _ 27e &, 0
2a 2aR;
— In

In R, R,[a+(h-R,)]
Ry
3amectBaitku (7) B (4) ce nonyyasa
1 ) (x+a) +y?

On = 1 .8
A n 2aR, /(X_a)z +y?

R,[a+(h—R,)]

3apsaabT Ha eAuHULA SbIKMHA Ha paspsiaHUS enekTpos e

T=

2aR1

" Rlar(h-Ry)]

Towa O (qur2) e ¢ xoopaurarn: O'(a+R,,0), a
xe[a2R,].
OT ypaBHEHMETO 33 OKPBXHOCT

(x—a—R, ) +y? =R?

ce onpegens: yl(x) = —\/ RZ - (X -a—-R, )2 "



MMpu ToBa
Y2(x)=+yRZ —(x—a—Ry )’.

a+2Rp Rg-{x—a—RO)Z 5
P (x+a) +y?
= In [-~———2 7 dx.dy. 9)
‘ In 2aR, j (x—a)*+y? Y
R[a+(h-R)] #  _[rd-(xarop?
P

Ako ce nonoxun A =

, W3pa3bT (9) nobuea Buaa:
2aR, paswT (9) A It

"Rofar(h-R,)

a+2Rgp Rg +(x—a—R0 )2

SN j I {In[(x+a)2 + yz]—ln[(a—x)2 +y2]}dx.dy (10)

P JRE-(x-a-Ro P

Crep wHTerpupate no yacTu, no OTHOLEHWe Ha npomeHnueata Y , ot (10) ce nony4asa:

a+2Rg

= A J.\/Rg_(x—a—RO)Z.In[(x+a)2+R§—(x—a—R0)2]—

JRZ —(x—a—R,)?
(x+a) (1)

—\/Rg —(x—a—Ro)z.In[(x—a)2 +R2 —(x—a—Ro)2]+

— 2\/R§ —(x—a—Rg)? +2(x+a)arctg

(x-a)

+2\/R§ —(x—a—Ry)? —2(x—a)arctg \/Rg —(x-a-Ro)’ }

lMo-HaTaTbk CriefBa Aa ce W3BBbPLLN MHTErpUpaHe Ha u3pasa (11) no OTHOLWEHMEe Ha NpoMeHnuBaTa X . MHTerpupaHeTo camo Ha
MbPBUS UreH OT TO3M U3pas3 €:

a+2RQo

J‘\/Rf —(x—a-— on)z.ln[(xﬁLa)2 + R2 —(x—a—Ro)Z]dx.

Ao ce nomoxn X—a—-R, =6, 10 i xX=a, o 6=—Ry, nm x=a+2R,, o 6=R,,
Xx—a+a—a—R, =6 omaer0o X +a=6+2a+R,.

Torasa
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aTO\/Rf ~(x-a—R, . In[(x+a) +R? ~(x-a-R, f Jox= TW-'”[(“ZM RS +R: =6 Jde. (2

_RO

a

PelueHneTo Ha 13pasa (12) ce n3BbPLLBA, KaTo ce uanonasa utepauuata ¢ = RSiN 7. Cnenosatento

Ro

JRE —|—62.In[(e+2a+ Ro)? + RZ —ez]dez

_RO
7T
+Z=
2
\/ROZ(:L—sinZz-).ln(Ro.sinz-+2a+ Rg—Rgsinzz—)Ro cosz.dz =
_
2
7C
_'_7
2 2 2
RS cos Rg sin
:joln (2a+R§) 14+ o T e ST
2a + R§
_Z
2

RZcos’ 7 +R,sint
2a+R?Z

[No-HaTaTbK M3pas3bT In[1+ J ce paarnara B peg Ha Tennop, unu

- . R 2
I(l choszr+Rosmr] RZcos’r+R,sint 1£R§coszr+Rosmr]

2a+R? 2a+R? 2 2a+R?

ToraBa

R?cos? 7 + R, sin 'z R R, .
R? (2a+R02 14 o 00 TR ST =R’ Icoszr[ln(2a+R§)+—°Zcoszr+—°23|nr—
i 2a+R 2a+R

2
2a+R; a+R; .

+
o N

NN

2

2
—l Rg —° cos’r-— 1R—s.lnr dr =R In(2a+R)
2 2a+ 2

2 2a+ R2
4 +2 R3 +2 3R4

cos* r.dr+—2—| sinz.cos z'dT—R In(2a +R;

2a+R2£ a+R§L ( )2 4ha+Rﬂ
2 2

Tbi1 KaTo

jcos rdr—2jcos rzdr=2 (4 l)| =2—3—§, Isinr.coszr.drzo

41 24 4

_E 2
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WHTerpupaHeTo Ha ocTaHanuTe uneHoBe Ha u3pa3s (11) ce
M3BBLPLLBA MO aHANOMYeH HauuH.

Ot ¢ur. 2 cnepga, e h=a+R,.

. h+a
Kato ce wu3nonsesa CBOMCTBOTO R =—
a

rony4asa
(h—a)h+a)=(a+Ro —a)a+R, +a)=RZ, oTkaero

2 2 2 2
_R1 -Rg h—R1+R°

2R, 2R,
Ha auenekTpuyHata Bnoxka e d = Ry —R,.

a , @ pebenuHata Ha cteHaTa

Mpu onpegjeneH 3apsg 7 HA eQMHMUA [bIXMHA Ha
paspsOHNs  eneKTpoh — MHTEH3UTETbT Ha  NOneTo €
T

lMpenopbyaHa 3a nybnukysaHe ot
Kateppa “Enektpotextuka“, MEM®
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B 3aknioueHne Moxe fa ce Hanpasu U3BOALT, Ye B [0KNaaa
€ HanpaBeHO TeopeTUYHO u3creaBaHe W e NpeanoxeHa
MeTofMKa, MO KOATO Mpu 3afjafedn p, Ry, Ry, Ro 1 npu
npomMeHnMBo d MOXe [Ja ce MOCTPOM  3aBUCMMOCTTa
E(z)=f(d), a ot Tam aa ce usbepe ecekTMBHOCTTa Ha
HeyTpanusaropa.

Nutepatypa

lepwreitn .M. OOwmin cnyyaid HaBedeHWs TOKOB Npw
OBIKEHWN  3apsda W He3apsKEHHbIX MPOBOLHMKOB.
KypH.TexH.¢m3., 35, Ne5, 1963.

HOapesckmn  AN., E.C.KyxapkuH. TeopeTnueckue OCHOBbI
anektpotexHukn,  vactb I, OcHoBbl ~ Teopuw
anekTpomarHuTHoro nons, M., w3g. “Beicwas Lwkona”,
1965.
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AHANUTUYHN 3ABUCUMOCTH 3A EQVH BUI NOLEMHO YCTPOWUCTBO C
NOCTOAHEH MATHUT

AHOpeli CmeghaHoe Kosapos?, CHexxaHa CmeghaHoea CmosiHoga?

" MuHHo-2e0noxku yHugepcumem “Ce. Mean Puncku”, 1700 Coghusi
2 YHueepcumem “lpocp. 0-p Acer 3namapos”, bypeac

PE3IOME. B foknaga e npeacraBeH matemaTiyeH MoAen 3a paspaboTBaHe Ha MO[EMHO YCTPOWCTBO C MOCTOSHEH MArHWT M MOBULUEHW Ka4yecTBa B CPABHEHME C
[Aocera 13non3BaHyu aHanoau.

ANALYTIC DEPENDENCIES FOR A TYPE OF A HOISTING DEVICE WITH A CONSTANT MAGNET
Andrei Kozarov', Snejana Stoianova?

T University of Mining and Gelogy “St. Ivan Rilski”, 1700 Sofia

2University “Prof. d-r Asen Slatarov”, Burgas

ABSTRACT. A characteristic of the device is that the slacking and attacting the magnet is carried out without demagnetization and magnetization of the constant
magnet. Constructively, it is achieved by creating a parallel way for the magnetic flow. That way is parallel to the anchor. With help of the operating coil, at the time of
slacking the magnetic flow of the constant mahnet deflects from the anchor. At the time of attracting, through the additional magnetic conductor, a flow with opposite
derection is created. This flow connects with the main flow through the anchor. The main dependencies between the parameters of proposed construction are
deduced.
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MopeMHOTO YCTPONCTBO C NOCTOSIHEH MarHUT Moxe Aa 6bae ®o1a — > A
ynpaenseaHo 6e3 Ja ce pasMarHWTBA MOCTOSHHUS MarHuT,
KaTO MarHWTHWAT MOTOK, Cb3A4afeH OT NOCTOSIHHUS MarHuT ce L L
OTKMOHSIBA OT KOTBaTa Ype3 NOAXOAAWO  MPUIIOKEHO [000000000000000)
KpaTKOTpanHO MarHuToaBMXeLo HanpexeHnue [1]. Takosa ®ow | N <«—— Qo1 S
YCTPOWUCTBO MO MPUHUMN € nokasaHo Ha cur.1 B cnyyas,
koraTo NWNCBa YNpaBnsBallo Bb3AENCTBME W KOTBATA € l
oTnmycHaTa. ToraBa MarHWTHWAT notok Poi, Cb3gageH ot
NOCTOSIHHUS MarHUT € CPaBHUTENHO ManbK Nopaau HanuumeTo
Ha ronsma BbafyllHa MexauHa Xmax KbM koTBaTa. lpu ToBa
noTokbT Dotk NPe3 KoTBaTa € OLLe NO-MarbK, Thil KaTo YacT oT
notoka ®o1 Ce OTKMOHSBA Mpe3 ropHaTa Bb3gyllHa MexauHa
A, npe3 KoATo MuHaBa noTokbT Pota. MMpu TOBA € MbPBO
npubnkeHne (npeHebpersaHe Ha oCTaHanWTe MOTOUM Ha |
pasceitBaHe) ®o1= Dort Dora. Mopaan mankata CTOWHOCT Ha
notoka ®o1a NOJEMHATa CUNA HE MOXKE Aia NPUBEYe KOTBaTa.

it

Ha cur2 e nokasaHo CbCTOSHMETO Ha cucTemata npu ur.1. MopemHO YCTPOACTBO C NOCTORHEH MarHuT
nofaBaHe Ha ynpaBensBaLy TOKOB UMMyNC BbpXy HamoTkaTa Wy
C Uen npuBIMYaHe Ha KoTBaTa. MarHMTOLBMKELLOTO
HanpexeHneU=Wyiy, cb3gageHo OT  ynpasnsBeallaTa
HaMOTKa, Cb3faBa MNpe3 Bb3AyllHATa MEeXAuHa MarHuTeH
notok ®y, HacoYeH MPOTMBOMONOXHO Ha mnotoka ®Po1a OT
npegHus cnyyan. MNpes ekpauupawara HamoTtka We npoTuya
roNsiM TOK B MPOBOZALLATA NOCOka Ha Auoga [ v To3u TOK,

cbrmacHo npuHuMna Ha [leHu, 3anasea notoka ®os
npakTUyeck HenpomeHeH. CriegoBaTenHo npe3 KoTBaTta ce
HacoyBa [AOMbIHMTENHO NOTOK ®pon= Poat Dy, ToBa
yBENMYaBa CbLUECTBEHO MOAEMHaTa cura W KoTeata ce
npuBnuya.
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®ur. 2. CLCTOAHME Ha eNeKTpOMarHUTHaTa cuctema npu nopaBaHe Ha
ynpaBnfiBal TOKOB MMNYNC BbpXy ynpaensBawara Hamotka Wy c uen
npvBNMYaHe Ha KOTBaTa

Ha ¢wur.3 e nokasaHo CbCTOSHMETO Ha CuUcTemaTta crepg
NPUBMMYAHETO Ha KOTBaTAa.
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®ur. 3. CbeTosiHMe Ha efleKTpoMarHuTHaTa cuctema cnep npuenMyaHeTo
Ha KoTBaTa

YnpasnsBalwmuaT TOKOB umnync e 3atuxHan. [lpes
Bb3dyllHaTa MexauHa A npemuHaBa noTokbT Poza < Pota.
Mpe3 kotBaTa npemuHaBa MOTOKLT Pox > Dot [lpes
MOCTOSIHHUSI MarHUT MpemuHaBa NoToKbT Poz = Pooat Doz >
®o1. MoTokbT ®oz € no-ronsm ot Poq, 3awoTo obwoTo
MarHWTHO  CbMPOTMBNEHWE, MNpe3 KOeTo €  3aTBOPEH
MOCTOSHHUS MarHuT € no-manko (Xu > X = 0). HapacteaHeTo
Ha notoka oT ®o1 10 o2 cTaBa 6bP30, 3aL0TO AMOabLT [ He
noseonsBa nNpoThyaHe Ha Tok npe3 We B nocoka, kosito ce
NpOTMBOMOCTaBS Ha HapacTBaHeTO Ha Po.

Ha cur.4 e nokasaHo CbCTOSHUETO Ha enekTpoMarHuTHaTa
cucTemMa Mpu nogaBaHe Ha ynpaensBall TOKOB WMMyMC 3a
OTMyckaHe Ha koTeaTa. TO3M WMMYNC MMa NPOTUBOMONOXHA
nocoka Ha npeauwHus. Mpu ToBa ronsiMa YacT OT NoToka npe3
koteata @ox Ce OTKNMOHSBA OT HES M Ce HacoyBa KbM
mexauHata A. [pu ToBa NMPUBMMYAHETO Ha KOTBAaTa PsA3KO
HamansBa M KoTBaTa Ce oTtnycka. Cneg 3aTuxBaHe Ha
ynpaensBawus WMNync cuctemara 0aBHO nNpeMuHaBa B
CbCTOSHWETO, NOKa3aHo Ha (ur.1, Tbil KaTO MHOYKTMPaHUTE
TokoBe B We 3aTuXBaT CbLL0 HaBHO.
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®ur. 4. CbCTOAHME Ha eNeKTpOMarHUTHaTa cucTema npu nopaBaHe Ha
ynpaBnfiBaly TOKOB UMMYIC 3a OTNyCKaHe Ha KoTBaTa

MocTaHoBKa Ha 3agavaTa

Tvit KaTo ynpaenseawuTe umnyncu Tpsbsa ga wmart
3HauMTENHa MOLLHOCT, Haii-LenecbobpasHo e Te fJa ce
nonyyaBaT u4pe3 paspexgaHe Ha [JOCTaTbyHO  roMsM
kanauuTeT npe3 ynpasnsBalyata Hamotka. Heobxogumo e aa
ce Cb3fage MeToauka 3a OnpefensHe Ha ronemuHata Ha
HeOBXOAUMWS  KamauuTeT, HanpexeHWeTo [0 KOeTo Tok
TpsbBa Aa 6boe 3apedeH 3a MpUBNMYaHe W OTMYCKaHe,
ronemMuHaTa Ha Bb3fyluHaTa MexauHa A 1 B6posi Ha HaBuBKUTE
Ha ynpaensBalara HamoTka Wy. 3a peluaBaHe Ha 3agavata ¢
MbpBO MpUBNMXKEHWEe Ce npuemaTt ChegHuTe OnpoCTABALLM
npeanonoXeHus.

MpeHebpersat ce notouuTe Ha pascenBaHe. [peHebpersar
Ceé MarHUTHMTEe CBbNPOTUBNEHUA Ha BCUYKM 4YaCTu Ha
MarHuTOMpoBOda C W3KMKYEHWEe HA MOCTOSHHUA MarHuT.
lMpeHebpersaT  ce  aKTUBHUTE  CBbMPOTMBMEHWS  Ha
TokoBOZewmTe Yactu. [puema ce oule, Ye Bb3AylIHATA
MeXAuHa Mexay noncute M KoTBaTa Ce WU3MEeHA Mexay
CTONHOCTUTE Xmax U Xmin.

AHanu3 Ha paboTHUTe npouecy

A.OTnycHata koTBa

N3uncnsBaHeTo Ha CbCTOSHMETO Ha YCTPOWACTBOTO Mpw
OTMycHaTa KOTBa W fnunca Ha Yynpaenseaw, WMAync 3a
NpuWBNNYaHe € eneMeHTapHo U TYK He ce pasrnexaa. Tosa
nsumcnsaBaHe Tpsbea ga ocurypu camo Marnka CTOMHOCT Ha
nofemHaTa cuna Bbpxy kOTBaTa, Taka Ye Tasu CTOMHOCT Aa
Obae HAKOMKO MbTW NO-Marnka OT TErfoTO Ha KoTBaTa.

b. Mpouec Ha npuBnuyaHe

KonpensaTopbT e 3apefieH [0 HavarnHo Hanpexerue Uo n B
MomeHTa t = 0 ce BKNtouBa KbM HamoTkata. OT TO3U MOMEHT
ca B CWna ypaBHeHusTa:
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[(I)y(t)"'q)om]2 ~M _d2X
SiHo dt?
Mpn HavanHu ycnosus:
q(0)=U,C
d
a =0uwm @ (0)=0
dt J_,
X(0)=X,,
) _
at ),
kbpeto: Oy(f) e noTokbT nMpe3 Bb3AylWwHATa MexAanHa A,
. d
Cb3dafeH OT ynpaBnsiBalms Tok | = d—?, a ((t) e 3apsigbT
Ha KoHOeH3aTopa. 3a fJa ce u3berHe OOMbIHWUTENHO

YCNOXHsIBaHe, C LieHaTa Ha Manka rpeluka, BpeMeTo OT
MOMeHTa Ha BKntoysaHe t = 0 Jo MOMEHTa B KOWTO nofemHaTta
Cuna HagMWHE TErnmoTo Ha KoTBata e npeHebperHaro.
HanucaHata cuctema  gudbepeHUManHu — ypaBHEHUS e
HENMMHEMHa W aHaMUTUYHOTO M PeLleHMe € HEBB3MOXHO.
KomnioTbpHOTO pelleHne cblio e 00emMucTo M He AaBa
0003pumMun pesynTati, yoobHM 3a NpakTUYeCK M3BOAM.

C'bLI.|eCTByBaT YacTHU Cny4vaKn, Bb3MOXHW Ha MNpakTuka,
KOUTO Morat fda Cb3dadar npeactaBa 3a Xapaktepa Ha

npouecute W Ha Hal-BaXHWTE  3aBUCUMOCTM  MEXLY
napameTpuTe, KOUTO NOAJIEXAT HA ONPEeAeNsHe.
Hait-neceH 3a wu3cnedBaHe e CnyvasTt, npu  KOWTO

€NEeKTPUYECKUAT npouec (MpoTuyaHe npes ynpaensBaliaTa
HaMoTKa Ha MbpBaTa MOMyBbMIHA Ha TOKA) 3aBbpLUBA Npeau
koTBaTa Aa € nonyyuna 3abenexumo U3MeHeHWe Ha
koopamHaTata X (X ~ Xmax), HO NpK TOBa, KOTBATa € nonyyuna
JocTaTbyHa CKOPOCT, Taka Ye MO WHepuus Aa AOCTUTHE [0
nolocUTE Ha enekTpomarHuTa. B To3u crnyyan siBneHusTa ce

onuceat CbC CreaHUTe ypaBHEHNA:
g9 ‘X
w, dt dt’

2 2
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KbJETO M e macara Ha KOTBaTa, a
-1

L=W,’. A 2K

Satly Syt
HavanHu ycnosus:
q(O):uoc;[dqj =o;X(0)=xmax;(‘”<] “0

dt t=0 dt t=0
dq

ce

Mpu TOBa, Thil KaTO TYK € MPUETO, Ye TOKbT | =

aHynupa npeau koopauHaTata X Aa e nonyyuna sabenexumo
M3MEHEHME 33 HAKAaKBO Marko BpemMe At , BTOPOTO
AUcepeHUManto ypaBHeHMe MOXe [a Ce WHTerpupa B
rpaHuum ot 0 1o At, Npu KOeTo ce nomnyyasa:

2
At
L LOl—q+<l)01k dt = M(gAt+V, )
Sitty 5| W, dt

(ypaBHeHue A)

Tyk Vk e ckopocTTa, nonyyeHa oT KoTBaTa B OCOKa Harope B
Kpasi At Ha NpexodHWs Mpouec 3a Aa [JOCTUrHE KoTeaTta [fo
nontocuTe, T.6. 3a fa ce nonyun X ~ 0 e HeoBxoaMMo fa ce

uambnm yenosueto V, = /20X, , KbAETO g € 3eMHOTO

yCKOpeHMe.

PeluaBaHeTo Ha audepeHUManHoTo ypaBHeHue 3a 3apsga q
Npn HanuCcaHWTe HavanHu Yycnosusa [fOaBa ClegHuA Uu3pas:

g=U,CcosQt, Q:L,

JLC
nonoxuTenHa € npueta nonsipHoOCTTa Ha 3apsga B C,
nokasaHa Ha dwuryparta. AKO 3a MONOXMTENHa ce npueme
Nnocokata Ha TOKa Ha paspexpgaHe Cce nonyyasa:

KbAeTo KaTo 3a

0

L
C
npes3 OTnyweH TUPUCTOP, CbOpMyI'IVITe Ca BanuaHuW [AokKaTto

TOKbT € nonoxuteneH (Ha paspexgaHe), T.e. 3a

0<t<zJLC =At.

sin Qt. Tbit kaTo paspexaaHeTo ce OCbLUeCTBsBa

7~/ LC

Pur.6



BbB hopmyna (A) ce 3amecTtBa d—? = | nnopaau mankara

CTOMHOCT Ha At BenuumHata gAt ce npeHebpersa npep Vk.
Taka ce nonyyasa:

A, 3
O (LC)2 +2U LCPy + 2D 3y VLC > M /20X 1 Sy 1t

y

HanucaHata dopmyna e TouHa npwu: 2X x> 7z LC.
g

Bbnpekn HanpaBeHWUTE  OMPOCTABALLM  MPELNONOKEHMS
Mnomny4YeHMsT nM3pa3 e HeynobeH 3a NpaKTUYeCKo onpepensHe
Ha napametpute Uo, C n Wy npn 3agageHa reometpus Ha
MarHuTHaTa cuctema. Ilo-npocT v yaobeH n3pa3 moxe fa ce
nonyum, ako ce npeHebperHe notokbT otk Taka ce nonyyasa
MO-CUIHO HEPaBEHCTBO, KOETO rapaHTMpa C mno-ronsma
CMrypHOCT NPUBIINYAHETO Ha KOTBaTa:

J,’ 3
02 (LC)? 2 M 29X 1 Sy 4y
y
W 2
kaTo ce B3eme npegsud, ve | _ _ A%y ce nonyyasa:
A 2X,.,
7+7
Sy Sy
3
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Pur. 7.

I". Mpouec Ha oTnyckaHe Ha KOTBaTa

LlenTa Ha npoueca e fa ce OTKIOHU NOYTU Lenns noTok,
NPUBNMKYaLL KOTBaTa 1 Cb3AafeH OT MOCTOSHHUA MarHuT npes
Bb3OylIHaTa MeXAuHa A Ha MarHUTHWA LWYHT. 3a uenTa npe3
ynpaenseaLata Hamotka Wy ce nponycka KpaTkoTpaeH TOKOB
“Mnync ¢ nocoka, obpaTHa Ha nocokaTta Npu NPUBINYAHETO HA
koTBaTa. ['oremMuHaTa Ha Toka ce onpenens oT u3pasa:

. A
Wyl =Dy, —.
S
HoOa
I'IpOﬂbn)KVITeJ'IHOCTTa Ha TOKOBUA UMNync TPHGBa aa 61:/3,6
noHe 50 ms, TbI1 KaTo 3a TakoBa BpemMe KoTBaTa noj ,U,eMCTBMe
Ha TexecTTa c ce oTaend OT NONCUTe Ha OKOJo 1cm.

Cb3faBaHeTo Ha TakbB WMMYNC € Hail-NecHo upes
BKIMIOYBaHE HA MOCTOSIHHO HaMpeXeHWe CbC CbLOTBETHATA
ronemuHa 1 nosIPHOCT KbM ynpaBnsBeawlaTa 606uHa.
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OT HanpaBeHUs aHarmu3 ce BWKAa, Ye MOCTaBeHaTa 3afjava
Ma MHOTO PELUEHMs, T.e. PA3NMYHM TPYMM OT CTOMHOCTW Ha
Uo, C, Wy nipu KouTO Ce ocurypsiBa NpUBNNYaHe Ha KoTeaTa.

EneprueH 6anaHc Ha npoueca Ha NpUBNMYaHe

Mpn HanpaBeHUTe ONPOCTSBALM MPEANONOKEHMS, KOUTO
BOOAT A0 Mpouec, onucaH ¢ ¢wmrypu 5 u 6 ce nonyyaea
NpOTUBOPEYME CbC 3aKOHa 3a CbXpaHeHue Ha eHeprusta. OT
ur.5 ce BukOa, Ye B Kpas Ha npoueca eHeprusTa Ha
KOHAEH3aTopa € paBHa Ha HavanHaTa My eHeprusi, Tbil kaTo
HanpexeHWeTo My No abconoTHa CTOMHOCT B Kpast Ha npoLeca
€ PaBHO Ha HayanHoTO. ToraBa Bb3HWKBA BLMPOCHT OTKbAE CE
€ nonmyuana eHeprvsita, Heobxoguma 3a MOBOMraHe Ha
kotBata AE=MgXmax. ObsicHeHneto e cnegHoto. [lpu
HanpaBeHUTE MPEANONOXEHUS € npeHebperHato NpoTUBO
€.4.H., NpeausBMKaHo OT [BWXEHWETO Ha KOTBaTa, KOETO
yBenuyaBa WHOYKTMBHOCTTa Ha 6obuHata Wy. ToBa npoTtnBo
€NEKTPOABWKELLO HANPEXEHNE € Masko M 3a NpUbnmanTenHu
M34nCrneHns MoxXe fa ce npeHebperHe, HO ako Ce NpaBu TOYEH
BanaHc TpsbBa ga 6bae otyeteHo. OTunMTaHeTo My NoKasea,
ye (bopmata Ha paspsgHUs TOK Ce OTnMYaBa OT TOuYHaTa
hopma Ha CMHyCOMAarnHa noMyBbiHA, KAaKTO TOBA € MOKa3aHo
Ha ¢our.7. Toa BOAM M 0O M3MEHEHME Ha KpuBaTa Ha 3apsga,
nokasaHo Ha cur.8. lNomnyyeHuTe OTKMOHEHMS ca Marku, HO
Hamb/HO OTrOBapsT Ha OanaHca Ha eHepruute, Tbii KaTo
eHeprusTa, HaTpynaHa B KOHZEH3aTopa B Ha4anoto Ha
npoueca € [Ba nopsgbka Mo-ronsAMa OT  eHeprusTa,
Heobxoauma 3a noBauraHe Ha koTeara.

B. I'Ipouec Ha 3aAbpXaHe Ha npuBne4vYeHaTa KOTBa.
|-|p0Ll|eC'bT € CTalWOoHapeH N eneMeHTapeH 3a U34ncreHue.
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HepocTaTbk Ha KOHCTPYKUMSITA: TETNIOTO Ha eNeKTpoMarHuTa
€ YBENUYEHO NMPUMEPHO ABa MbTU B CPABHEHWE C U3BECTHUTE
KOHCTpykuMW. KaTo ce wma npegBui, Ye CbBPEMEHHUTE
MOCTOSHHWA MarHUTW MoraT Aa 3afbpkaT ToBapu LeceTku U
CTOTMLM MbTW NO-rONeMW OT COBCTBEHOTO MM TErno, TO3u
HE[OCTaTbK He € ChLLUECTBEH.

MpenuUMCTBO Ha KOHCTPYKLMSTA: MOBULIEHA CUTYPHOCT Mpu
3afbpXaHe Ha ToBapa M MOBMLIEHA NpuTeraTenHa cuna B
MOMEHTa Ha NPUBMUYaHE Ha KoTBaTa.
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CbNOCTABAHE HENMHEMHOCTTA HA TUMWYHU CTPYKTYPU HA USMEPUTENHU
YPEQU

leopau Padynos’, Neopau Tpanos?

1.2 MuHHO-2e0moxku yHusepcumem “Ca. Mear Puncku”, 1700 Cogpust

PE3IOME. JluHeiiHaTa 3aBMCMMOCT MEXAy W3MepBaHaTa BEnMuuHa M M3XOOHWS CUrHanm Ha M3mepBaTenHus yped (matuuka) e 3agbikuTenHo YCrioBue mpu
CbBPEMEHHUTE CUCTEMM 3a aBTOMATUYHO ynpaenenue. Ho peanua namepeatenyu npeobpasysaTeny, SBABaLLM Ce CbCTABHA YacT Ha M3MepBaTeNHUTe ypeau, umart
HenuHeitHa dyHKUMSA Ha npeobpasyBaHeTo. ToBa BNMSE BbPXY NIMHENHOCTTa HA XapakTepucTiKkaTa Ha ypeaa. BAnsHWeTo e pasniyHo Npyu pasnuyHuTe CTPYKTYPHM
CXeMM Ha u3mepBaTenHuTe ypean. B foknaga TeopeTMUHO e W3CNeABaHO BAMAHWETO Ha HenwHeeH npeobpasysaTen, BKMIOYEH B M3MepBaTenHaTa Bepura Ha
“3MepuTeneH ypen, B 3aBUCUMOCT OT CTPYKTYpHaTa Cxema Ha ypeda. Pasrnesany ca Tpu TUMMYHI CTPYKTYPW Ha yYpeau, KoUTo, B pasnniHu KOMOMHaLmW, BKITtoYBaT
LanoTo pasHoobpasne OT wameputenHn ypeau. CbnoctaBenn ca abCOMIOTHUTE TPELKM, KOUTO Ce MOMyyaBaT Mpu €4HW W CbluM (KaTO HEMMHEMHOCT)
npeobpasysaTtenu, B pasniniHUTe CTpyKTypu. MonyyeHnTe pesyntaTi ca oHarneaenm ¢ Tabnuuy u rpacmkm.

JUXTAPOSITION OF NON-LINEARITY OF TYPICAL STRUCTURES OF MEASUREMENT INSTRUMENTS
Georgy Radulov’, Georgy Trapov?
.2 University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, Bulgaria

ABSTRACT. Linear dependence between measured quantity and output signal of measurement instrument (pick-off) is obligatory condition in the contemporary
automatic control systems. But a large number of measurement transducers, included in measurement instruments, have non-linear characteristic. This influences the
linearity of the instrument characteristic. The influence is different for different structural diagrams of the measurement instruments. In the paper is investigated
theoretically the influence of non-linear transducer included in measurement circuit of measurement instrument depending on the structural diagram of the instrument.
Three typical structures of the measurement instruments are investigated, which, in the different combinations, include all the diversity of the measurement
instruments. In the paper are juxtaposed absolute errors, resulting in identical non-linear transducers included in different structures. The results are given in tables
and black and white drawings.

BbBepeHue B npobnema CTPYKTYPHU CXEMM Ha ypeau WM3nonssaHW B cUCTEMUTE 3a
aBToMaTU3aLNS.

NnHeiHaTa 3aBUCMMOCT MeXAy W3MepBaHaTa BENMuMHA W
W3XOOHUS CUrHanm Ha UW3MepBaTenHWs ypen (gatuuka) e

3abIIKATENHO YCMOBWE TNPU CbBPEMEHHUTE CUCTEMM 33 MocTaHoBKa Ha 3apavaTa

aBTOMaTMYHO ynpasneHue. B cbloTo Bpeme pepuua

“3mepBaTeNHW npeobpasyBateny, SBABaLLM Ce CbCTaBHA YacT CTpYKTYpHUTE CXEMW Ha M3NON3BaHUTE B CUCTEMUTE 3a
Ha uM3MepBaTenHUTe Ypeau, UMaT HemnuHeiHa (yHKUMS Ha aBTOMaTu3aumus U3MEPUTENHU ypeau Morat ce cBefat [0 Tpu
npeobpasyBaHeTo. ToBa Ce OTpassiBa Ha XapaKTepucTukaTa OCHOBHMU, MOKa3aHW CbOTBETHO Ha ur.1, dur.2, dur.3.

Ha nuHenHocTTa Ha ypeda. CobluecTByBaT peguua noxsartu 3a

NWHeapusupaHe — IMHENHO-OTCeYKoBaTa  anpokcuMaums, OyHKUMS Ha npeobpasyBaHETO Ha waeaneH u3mepBaTeneH
BKMIOYBAHE NOCNeJ0BaTENHO UMK NapanenHo Ha HeMUHenHUs ypez C nocnefoBaTeNiHo CBbp3aHu npeobpasyeatenm (cur.1)
Apyr npeobpasysaTten, ¢ NOAXOAsLLA HENMHEHOCT, AndepeH-

UMarnHo CBbp3BaHE Ha [BA HENMWHEHW npeobpasysaTtenu X1 = le

(koraTo TOBa € BB3MOXHO) U Ap. Ipe3 nocnegHUTe roguHu, ¢

HaBNW3aHeTo Ha MUKpOMpoLecopute B  M3MepBaTErHuTe X2 = Kz-X1 = Kl'KZX

ypeou, nvHeapuaMpaHeTo CcTaBa M MO MpOrpameH MbT.
Bbnpekn MHoroobpasneTo oT MeToaM 3a NMHeapuaupaHe Ha
XapaKTepUCTUKATE Ha U3MEPBATENHUTE YPEAy, U3NON3BaHeTo X, =K. X, ; =K..K; X
Ha CTPYKTYPHM CXEMW, KOMTO BOAAT [0  JIMHEMHW

XapakTEPUCTUKA 3ana3Ba CBOETO 3HAUEHME. TOBA BAKM C OLUE  «rvreerrrsssrrssnnsnniininunnnians
no-ronsiMa curna B ClyyaunTe, KOrato Tesu CTPYKTypu umart u Y=X =K.. K. X
apyrv npegumctaa (OpHatcku, 1980). Tosa e npuunHa fa ce n 1
uscriefBaT  NMHeapusMpaliuTe  CBOWCTBA Ha  TUMWNYHK

KbaeTo X1, Xz, ... Xn1 M Y ca MH(OPMATUBHUTE NapaMeTpu Ha
WN3XO[HWTE CUTHaMNM Ha CbOTBETHUS NpeobpasyBaTern.
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X, K Xi Ko |- Xey o Xef Koo [XFY
Qua.1
_X_'_. Ki X Ko X2 o . ol Ks X
L Y
—> —>
x| ¢ Xl e [X% X'mgl . [ X
Qua.2
x| fiL. Ko LX=Y
C
duz.3

OyHKUMSA Ha npeobpa3yBaHETO Ha upeaneH W3MepuTeneH
ypeL C  napanenHo-MocnefoBaTeNHO  CBbp3BaHe  Ha
npeobpasysatenute (dur. 2) we ce onpegenu, kato ce
onpeaenst Hai-Hanped X'n v X'm. O4eBUAHO e OT mocrneaHns
13pas, ye Te Le 6baar paBHM Ha

X =K,.K,..K,.X'
X, =C,C,.C X"

V3xopHUAT curHan Ha ypeda Le 6bae dyHKuMs Ha Agata
curHana X X,

Y =1(X,, Xy)

Ypeoute ¢ obpaTHa Bpb3ka obxBawawia  BCUYKM
npeobpasyBatenu, korato He CbAbpXaT BbB Bepurata 3a
npaBo npefaBaHe WHTErpUpaLlo 3BEHO Ca CbC CTaTU4YHO
ypaBHoBecsBaHe. Korato cbabpkaTt MHTErpupaLlo 3BeHo ca ¢
acTaTMYHO  YpaBHOBECsABaHE.  Ypeante € acTaTUuHO
YPaBHOBECSBaHE Ca MNO-TOYHW, HO Ca NO-CNOXHM U NO-
WHepuuoHHW. Te ca Hamepunu no-cnabo npunoxeHue B
CMCTEMUTE 3@ aBTOMATWUYHO ynpaenexue. ETo 3alo Tyk we ce
CMpeM camo Ha ypeauTe C CTaTUYHO ypaBHOBeCsBaHe (¢ur.3).
TsaxHaTa npeobpasoBatenHa GyHKUMS ce MmonyyaBa kaTo ce
us3xogu OT npeobpasoBaTenHaTta (hyHKUWS Ha OTBOpPeHaTa
Bepura (OpHatcku , 1980, CraBpakues, 1995, Pagynos, 1995).

Y = K1.K2...Kn. A X= K1.Ka...Kn.(X - Xoe)

KbOeTo Xos € CWrHambT Ha obpaTHa Bpb3ka paBeH Ha
Xos C.Y, a C e npenasatenHuar koeduUMEHT Ha
npeobpasysatenss BbB Bepurata 3a oOpaTHa Bpb3ka
(obpaTtHust npeobpasyeaten). 3amecTBaku CurHanma Ha
obpaTHa Bpb3ka B U3pa3a nonyyasame

Y= (X-C.Y).Ki.Ko..Ky
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1 cneq npeobpasyBaHe

KKK,
1+CK, K,..K,

Mpu  nonoxexue, ue
1<< C.K1.K2...Kn ce nonyyasa

€ N3MbIIHEHO ycnosneTo

X

C

~
~

Y

W3cneaBaHe BNUAHMETO Ha HENMHENHUTE
npeo6pasyBaTeny BbPXY XapaKTepucTMKaTa Ha
ypeAa npu TpuTe CTPYKTYPHU CXEMM

Hanenute yHKuMM Ha npeobpa3syBaHeTo, kakTo Oele
nogyepTaHo ca Ha upeanHu ypegn. B pencteutenHoct
n3mepBaTenHuTe ypeam paboTAT B peanHu yCrioBus C pearHu
npeobpasyBaTtenu, KOMTO MoraT Aa 6baart, KakTo C HENMMHENH
npeobpa3yBaTenHN XapakTepUCTHKK, Taka U ga ce BAUSST OT
CMYLLIaBaLLM BENNYMHM.

[a pasrnegame cnyyait korato eauH ot npeobpasysaTenuTte
nMa HenwHelHa xapaktepucTuka f=f(x2). Heka ToBa ga e i-a
npeobpasysaten.

Mpu ypen c nocneaoBaTenHo CBbP3aHU npeoGpasyBaTenu
Lie ce nomny4u

X, =K,.X;

X, =K,.X; =K,.K,.X

X, =K. X2, =K, (K,..K, ;.X)?.

PecnektneHo N3XOOHUAT CurHan e 6b,u,e paBeH Ha
Y =K,.K (K..K_)*X?

K=K,.K (K..K_)* «

2
3aMecTiM B nocrneHus 3pas nonydasame Y = K. X

Kato osHaumm ¢

Buxga ce, 4Ye xapakTepuctukata Ha ypega ocCTaBa
HennHenHa.

AbcontTHaTa  rpellkata  OT  HEMMHENHOCT,  Mpu
U3MepuTENHUTE ypeau U3non3saHu B cUCTeMUTE  3a

aBTOMATUYHO PerynupaHe, korato NiHenHaTa xapakTepucTuka
ce siBABa AonMpaTenHa kbM peanHata we Gbae

AY =KX 2 — KX = KX (X —1)

Mpw ypeou ¢ napanenHo cBbp3aHu npeobpasysaTeni e ce
nonyum cbLmaT edoekt. Pasbupa ce BTOPUAT KITOH MOXe Aa ce
M3MoN3Ba 3a NuHeapuaupaHe Ha xapakTepucTukata Ha ypeaa.
Ho ToBa € HeonpaBaaHo, 3aLyoTo MOXe fa CTaHe No-npocTo ¢
UMTUpaHUTE B HAYanoTo MeToau.



lpw BKNKOYBAHETO Ha eavH HennHeeH npeobpasyBarten, CbC
cblyata XapakTepucTuka, NpW yYpeau CbC CTaTU4EeCKo
ypaBHoBecsIBaHe Le ce nonyuu (Pagynos, 2005)

1 X

1+ 2KCX
Y= + 2~a T s
4K°C* KC

2KC?

(a)

J

, (1+2K.C.X X 2 OT TaKa nony4eHust n3pasa no-ckopo MOXe [ia ce 3aKrioum, ye
Yo - K C2 Y + C?2 =0 XapakTepucTukaTa Ha ypefa e HenuHelHa. XapakTepbT Ha
) HEeNMMHeMHOCTTa MOXE [a Ce M3CnedBa, Ype3 YUCNEHO
wn Y we Gbae paBHo Ha pelleHWe 1 Ja ce CbMoCTaBu C XapakTepuctukata nosyyveHa
Mpy CbluMTe YCMOBWS MO NbpBaTa CTPYKTypHa cxema. B
2 2 Tabnuua 1 ca gageHu pesynTaTtuTe MOMyYeHu MW YMCHEHO
Y :l+ 2KCX + 1+2KCX — X Wn cnen OnpefensHe Ha XapaKkTepucTukuTe, 3a [OBETe CTPYKTypH,
2KC? 2KC? C? CLOTBETHO NMpK koedhnLMeHT Ha npeobpasysaqe K=0,1; 1; 10;
npepa6oTka 100; 1000, 3a ypeauTte CbC CTAaTUYHO ypaBHOBecsBaHe M K=1
3a ypeam bes obpatHa Bpbaka.
Tabnuua 1.
X K=0,1 K=1 K=10 K=100 | K=1000 | K=1, npu ypean 6e3
obpatHa Bpb3ka
0 0 0,00 0,00 0,00 0,00 0
1 0,08 0,63 0,776 0,904 0,968 1
2 0,29 1,38 1,696 1,869 1,955 4
3 0,58 217 2,63 2,83 2,945 9
4 0,93 3,00 3,57 3,80 3,937 16
5 1,34 3,84 4,52 4,78 4,934 25
Kakto n TpsbBa ga ce ovakBa YyBCTBMTENHOCTTA Ha
YpeauTe CbC CTaTU4HO YPABHOBECABAHE € MHOTO NO-Marnka ot g(X)= 1+2KCX + \/ 1 + X
Ta3n Ha ypegute C MpsSKO NpefaBaHe Mpv edHa M Chblua 2KC? 4K?C* KC?®

CTOMHOCT Ha KkoedmumeHTa Ha npeobpasyeaHe K. Buxpa ce
owle OT MOMnyyeHUTe [daHHW, Ye YpeauTe CbC CTaTUYHO
YpaBHOBECSBaHE nopgobpsisar NMHEAHOCTTa Ha
XapakTepucTukaTa Ha ypeaa, Nak npu eOHN W ChLUM YCIOoBUS.
ToBa cTaBa owe No-ACHO OT ¢ur. 4, KbAETO Ca AajeHu
XapakTepucTukute Ha aBsa ypega npu K=1 (C=1), cboTBETHO
Ha ypen 6e3 obpatHa Bpb3ka — kpuBa f(x) M ypem cbC
CTaTM4HO ypaBHOBECSBAHE — KpuBa g(X).

40.00 —
\a
30.00 —
Y=X)
20.00 —
10.00 —
] Y=g
000 \ I I I ]
0.00 1.00 2.00 3.00 4.00 5.00 X 6.0C
ur. 4.

f(X)=K.X? K =1
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lonsmaTa pasnuka B YyBCTBMTENHOCTTAa Ha [BaTa ypena
Mpeun fa ce BUAAT SICHO MpeauMcTBata Ha ypeoute CbC
CTaTW4YHO YPaBHOBECSBAHE, N0 OTHOLLEHWE NIMHEapN3npaHe Ha
Xapaktepuctukata Ha ypeda. Teau npegumcTea  ce
nogyepraear  oT  ur.5,  Kbaeto  ca  NOKasaHu
XapakTepucTukaTa Ha ypen CbC CTaTUYHO YpPaBHOBECABAHE —
kpuBa 1 W XapakTepucTukata Ha ypea C NpaBo MoAaBaHe Ha
curHana — kpuea 2. 1 aBete kpuem ca 3acHeTn npu K=1000. 3a
Aa “Ma CbNOCTaBMMOCT MEXZY ABETE KpuBW, MalabbT, no Y,
Ha kpuBa 2 e HamaneH 5K nmbTu.

_\
N
w

®ur. 5.



C uen fa ce oHarneam U3MEHEHNETO Ha HeMMHENHOCTTa Ha
XapakTepucTukata Ha ypeauTe CbC  CTaTU4HO
YpaBHOBECSIBaHe, B 3aBMCUMOCT OT CTOMHOCTTa Ha K, Ha ¢ur.6
Ca AafeHu TpW KPUBM 3aCHETM NPW PasninyHu CTOMHOCTM Ha K.
Kpuea 1 e 3acHeta npu K=1000, kpusa 2 — npu K=1 n kpuea 3
- npu K=0,1.

3
2

/

3

YA
/
2

4_4/

1 2

®ur.6

OT ¢our. 6 ce Bxaa, Ye ¢ HapacTBaHeTo Ha K nuHelHocTTa
Ha To3u TUN ypeaw ce nogobpsea. ToBa ce [oka3Ba NecHo U
aHanuTuyHo. Ako e uambnHeHo yenosmeto 1 << K.C.X u
Cnef CbKpaLLeHns ce nomnyyasa

2

YZ—Z?X —%=0 um
2 2

Y:%i [%j —(%) Te.Y =—

OT ypaBHeHue (a) ce BWxAa, Y& CTOMHOCTTA Ha W3XOOHMWS
curHan Y cunHo 3aBucy ot C, ToBa nokassa HeobxogumocTTa
OT u3crnefBaHe BnusHWETO Ha C BbpXy NMHeRHOCTTa Ha
ypeza.

[a pasrnepame crnyyas korato i- npeobpasysaten uma
(yHKUMA Ha npeobpasyBaHeTo oT Buga Xi=f(a.x+b.x2), Torasa
CUrHambT cneq i-a npeobpasysaten, 3a ypean 6e3 obpaTtHa

BPb3Ka, Le 6bae
2

i1 i1
X, :a.HKj.X +b HKj.X , kato  ce
j=1 j=1
i1
npueve, ye H K, = Ky, v sawectum B nocneavs

j=1
13pa3 LLe Nonyyum
2 y2
X, =K,y X +bK,,".X

PecnektusHO 3a Y we nmame
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n n
Y= Xi.H K, npuemame, ue H Kp=Kgy nm
p=i+l p=i+l

cnep 3amecTtBaHe
Y =KX, =Ky, (Ko, X +0K S XP) =aK Ky, X +bK, Ky, X

OT nonmydyeHus u3pa3 Ce BUXOa, Y€ XapakTepucTukata
OCTaBa HemnWHeiiHa W TaBa Hamnara BKIIOYBAHETO Ha
[OMbIIHUTENEH NHeapu3aupaly npeobpasyBaTer.

Pa3srnegaH € u cnyyasl KoraTo i-9T npeobpasyBaTen uma

yHKUMs Ha npeobpasyBaHeTo oT Buga Xi=f(a.x+b.x?). 3a Y ce
nosnyyasa

1+ BC +2DCX +

2DC?
(1+BC+2DCXJ2_BX-+DX2
2DC? DC’

OTHOBO MOXE Aa Ce Kaxe, Ye xapakTepucTukara, B 06LLms
Cnydvai ocTaBa HennHenHa.

B uvacThus cnydait npu npuemaHe Ha YCnoBueTo, 4e
1<<BC + 2DCX, ce nonydasa

_BC+2DCX
2DC?
(BC+2Dcxj BX + DX? _
2DC? DC?
B
+ _
2DC C DC

CnepoBartenHo 3a Y uma [Be pelleHna

Y1:£+L
C bK,C
X

Y2 :E

Ha NPaKTMKa TOBa O3Ha4aBa, 4e LWe Cce nonyy4at Aee
XapaKTepPUCTUKN, KOUTO Ca MNpaBu JINHUKW, C €0HaKbB HaKIOH,

OTMECTEHM MO 0CTa Y, Ha pa3cTosHue . OyeBugHo,
31
XapaKTepucTukaTa, KOATO He MWHaBa Mpe3 Havanoto Ha

KoopauHaTHaTa CUCTEMA HE € peLleHne.

WHTepec npeactaBnsBa W CryyasT, Korato eguH oT
npeobpasyBatenure — i-AT, UMa (byHKUMS Ha npeobpasyBaHe

3
oT Bumga X; = f(X . ToraBa 3a W3XOOHMA CUTHamM, Mpu
ypepute 6e3 obpaTHa Bpb3Ka, Ce nonyyasa



Y =K;.K (K..K_ X) =K.X®

AHanoryHo 3a ypeauTe CbC CTaTUYECKO ypaBHOBECABaHe
ce nony4aea

Y =K,.K, (K. K_AX)®, 1e. Y =K(AX)?, kbgeTo €
nonoxeHo K =K,..K, (K,..K, ,)*.

Tenkato AX =X —-CY, 10
Y =K(X -CY)®.
¥
ToBa paBeHCTBO onpedens HesBHO (PYHKUMOHaNHaTa

3aBUCUMOCT Mexay npomeHnueute Y u X. PewweHo oTHOCHO X
ce nonyyasa

/Y
X =3 E +CY , KOeTo npeAcTaBnsBa 3aBUCMMOCTTa Ha X OT

Y B siBeH BuA.

Cera wle Gbfe nonyyeHa B SIBEH BiA 1 3aBUCKMOCTTA Ha
Yot X.

Cnep nonaraHe X —CY =Z v npepaboTtka paBeHCTBO /*/
Jobusa Buaa

Z°+ & Z _g(_K =0, koeTo We Obae pasrnexagaHo KaTo

ypaBHeHMe Ccrpsamo Z.

oo L ogo X
CK' CK

craBa Z°+ pZ+q=0, 33 peluaBaHETO Ha KOETO MOXe Ja
ce npunoxu opmynata Ha KapaaHo:

Ako ce nonoxu YPaBHEHNETO

2 4 27
X—CY=3\/—q+ q—+p +3\/—ﬂ— q—+p—,0T
4 27 2 4 27
KbaeTo
zé_ig\/_L 9, P _13\/_3_ @ P
c cl 2Va 27 cl 2 V4 27
X 1 2 3 2 3
:_+_3\/ﬂ_ Q_+p_+13\/9+ @ p°
C C\2 4 27 C\2 4 7

KaTo ce 3aMecTsIT p U G C TeXHUTE PaBHU, OKOHYATENHO Ce
rnonyyaea

103

X 1 \/ X 1 [x* 1
Y=—+—-3- — + +
C C 2CK CKV 4 27CK
1 \/ X 1 X2 1
+—=3/—- + +
C 2CK CKY\ 4 27CK
Monexe C>0, K>0, 10 A= X +L >0
4 27CK

CcnefoBaTesiHo  ypaBHEHMETO MMa e€eduH peaned W ABa
MMarMHepHn KopeHa, T.e. ako Ce O3Ha4aTt C AunB peanHute

. X 1 |X? 1
CTOWMHOCTH, CbOTBETHO HA 3[— —— ——— +——
2CK CKYVY 4 27CK
\/ X 1 (X? 1
S ——+ —— +———, TO pearnHusT KOpeH Ha
2CK CKYV 4 27CK
ypaBHeHneTo e Obae Y :%(X +A+B), «Koeto

npencraensasa TbpceHaTa (*)yHKLlVIOHaJ'IHa 3aBUCUMOCT.

30.00 —

20.00 —

10.00 —

-10.00 T T T T T ]

0.00 1.00 2.00 3.00

®ur. 7.

f(X)=K.X? K=1

X 1] x 1 [x* 1
g(X):—+—3\/———— +
c c| 2ck ck\ 4 27CK
33\/_ X .1 X L ciik-1
cl 2cKk ckV 4 27CK

Buxga ce oT qur. 7, Ye xapakTepucTukaTa Ha ypeaute CbC
CTaTMYHO YpaBHOBECSIBAHE WMa $CHO W3pa3eH Y4acTbK,
kbaeto Y HamansiBa npu Hapactsawo X. Tosa e npu K=1. C
yBenuyasaHe Ha K, T03W yyacTbk U34e3Ba. ToBa e nokasaHo
Ha . 8.



120.00 —

80.00 —

40.00 — /

Y=9(X)

0.00

-40.00
\ \ \ \ ‘ \

0.00 0.20 0.40 0.60 080 X 1.00

Pur. 8.

f(X)=K.X*, K=100

X 1 X 1 X2 1
00 FEASEE REA N S AP S
C C 2CK CKYVY 4 27CK
L X 1 X 1 c_1k-100
cV 2ck ck\ 4 27cK

YBennyaBaHeTo Ha NMHENHOCTTa Ha XapakTepuctukata C
HapacTBaHETO Ha K ce nokasea ¥ aHanMTMYHO. 3a YacTHUAT

cnyyan npu 1 << K, ce nonyyasa crieanua uapas

Y =K;..K, (K. K AX ) =
= K.X® = KX?CY + KXC?Y? —KC®Y?

MpexBbpnsiiki YneHoBeTe cbabpxawy Y OT nsSBO Ha
paBeHCTBOTO U npuemaiikn, 4e 1—<< K, nonyyasame

(X —=CY)® =0, or kegeto cnenga, ye Y :%, Te.

XapaKTepucTvkaTa Ha ypeaa ocTaBa NiuHeiHa.

N3Boau

B 3aknioyeHne Moxe Ja ce Kaxe, Ye CaMo B ypeguTe
paboTel no MeTofa Ha CTaTUYECKO YPaBHOBECSIBAHE, Mpu
OMpefeneHu YCroBMs Ce MOflyyaBa KOMMEHCMpaHe Ha
HEeNMMHEMHOCTTa Ha npeobpasyBaTenuTe BKMKYEHW BbHB

lMpenoptyaHa 3a nybnukysaHe ot
KaTegpa “ABTOMaTtM3aLmMs Ha MMHHOTO NpouasoacTeo®, MEM®
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BepuraTta 3a npaBo NpefaBaHe Ha curHana. Tosa ce Bukaa OT
nonyyenute rpadwmkn. 3a  gpyrMte  gBe  CTPYKTYpM
HEMMHEeNHOCTTa MOXE Ja Ce KOMMeHcupa no Apyru MeTogw.
Hanocnegbk  ce  u3nonsea  Hait-Beye  MporpamHo
NuHeapu3ampaxe.

MonyyeHUTe aHaNUTUYHM M3pa3n MoKasgaT, Ye B CryyauTe,
KoraTo BbB Bepurata 3a npaBo NpefaBaHe Ha curHana, npu
ypeauTte CbC CTaTW4eCKO YpaBHOBECSBAHE, € BKIOYEH
HennHeeH npeobpasysaTten, To koeduumenta C (BX. u3pa3
(a)) Mma camoCcTOSTENHO 3HaYeHUe 3a NIMHENHOCTTA Ha ypesda.
LlenecbobpasHo e ToBa Aa ce uscneapa.

Heobxoanmo e CbLUo Taka Ja ce uacneasa nponagaHeTo Ha
npeobpa3oBaTenHaTa xapaKkTepucTuka Ha ypega B Ha4anoto
Ha  KOOpAMHATHaTa  CMCTemMa, KoraTo €  BKIKYEH
npeobpasysaTer, Npu KOWUTO WM3XOOHWST CUrHanm 3aBUCU B
TpeTa cTeneH OT BxomaHws. Pasbupa ce To3n cnyyai uma
noBeye TEOPETMYHO  3HAYeHMe, Tbil KaTo  TakuBa
npeobpasyBaTenu ce cpeLat psiako B npakTukaTa.
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W3CNELBAHE BNUAHUETO HA HENUHEMHOCTTA HA NPEOBPA3YBATEJIUTE NP
U3MEPUTENHUTE YPEOQU CbC CTATUYECKO YPABHOBECABAHE

I. Padynoe

MurHo-eeonoxku yHusepcumem “Cs. Mear Puncku”, 1700 Cocpusi

PE3IOME: B cucTemuTe 3a aBTOMaTUYHO perynpaHe Ce U3NCKBa NMHeNHa 3aBCUMOCT MEXAY N3MepBaHaTa BENMYMHA U U3XOAHUS CUTHaI Ha M3MEPUTENHUS Ypeq.
[pelwkaTa OT HENMMHEITHOCT OKa3Ba BMWSHWE BbPXY TOMHOCTTA Ha LAnata cuctema. ToBa Hanara CTPOrV W3MCKBAaHWS KbM JIMHEMHOCTTa Ha XapakTepucTukuTe Ha
“3mepBaTenHuTe ypean OT CUCTEMWUTE 3a aBTOMAaTWYHO ynpaenewve. B npeactaBeHata pabota ce w3cnedga BMUSHWETO Ha HenWHeltHUTE npeobpasysatenu
W3MON3BaHN B ypeauTe CbC CTAaTUYECKO YpaBHOBECABAHE. AHANUTMYHO Ce [0Ka3Ba, Ye Mpu TO3W TWN Ypean HEMWHeHOCTTa Ha OTAenHUTe npeobpasysateny,
BKITOYEHM BbB Bepurata 3a npaso MpefaBaHe, Oka3sa TOMKOBa Mo-crabo BMMSHWE BbPXY NMHEHOCTTA Ha XapakTepucTukarta Ha ypefa, Konkoto no-fobpe e
umbnHeHo yerosneto 1 << K.C, kbaeto K e npousseseHneto oT npeobpasoBaTenHute koeduUMeHTH Ha npeobpasyBaTenuTe BbB Bepurata 3a npaso
npefasaHe Ha curtana, C e koedmumeHTbLT Ha npeobpasyBaHe Ha Bepurata 3a 06paTHo npeasaHe. Mpu 4OCTATBYHO roNeMm CTOMHOCTM Ha npousseneHneTo K.C,
HenuHeHoCTTa Ha Npeobpa3yBaTenuTe BbB BepuraTa 3a npaso NpefaBaHe NpakTUYeCKN He Oka3Ba BRNSHIE.

INVESTIGATION OF THE INFLUENCE OF THE NON-LINEARITY OF TRANSDUCERS IN THE MEASURINGS INSTRUMENTS
WITH THE STATIC BALANCE

Georgy Radulov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, Bulgaria

ABSTRACT: In the systems for automatic control it is required linear dependence (relationship) between measuring quantity and output signal of the measuring
instrument. The error from non-linearity influences over the whole system of control. This imposes strict requirements towards linearity of measuring instruments
characteristics including from the systems for automatic control. The present paper investigates the influence of non-linear transducers used in measuring instruments
with static balance. It is proved analytically, that in this type of instruments the non-linearity of different transducers, included in the chain (circuit) for direct transfer of
signal, bring as influence over the linearity of characteristic of instrument as better the condition 1 << K.C , is realized, where K is the product from transformation
coefficient of transducers included in the chain (circuit) for direct transfer of signal (forward channel), C is the coefficient of transformation of transducers, included in
the feedback channel. At high values of the product K.C, the non-linearity of transducers in the forward channel practically does not influence.

BuBegeHue B npoGnema To3n Tvn ypeau ca Gunu obekT Ha pasrnexgaHe OT MHOro
astopu ( Typuum u gp. 1975, Heikos, CtaBpakues, 1991,
YpeauTe CbC CTAaTMYeCKO ypaBHOBECSBAHE Hamupaxa W CraBpakues, 1995, OpHatcki, 1980. B Hsikou oT LuTipaHuTe
HaMupaT MHOTO LUMPOKO nNpunoxeHue. C HaBMM3aHETO Ha M3TOYHMLM BBNPOCHT 38 BNUAHUETO Ha npeobpasysatenute ¢
MUKPOMPOLIeCOpUTE B M3MEPUTENHATA TeXHWKa, Te M33emBaT HeMHellHa (YHKUMS Ha npeobpadyBaHeTo, BKMIYEHN BbB
HAKOM TEXHU NpeauMcTBa. Bbnpeku ToBa, KaTo CepPUO3HM Bepurata 3a npaBO MpeAaBaHe Ha curHana, He € 3acerHar
TeXHI NPeANMCTBA CYt 0CTaBAT HAMANEHOTO (TEOPETUYHO, NpH Bbo6LWe. B Apyrv (Heitkos, Craspakves, 1991) ce kassa, “ue
onpeneneHxu yCIIoBUSI, HyneBo) BAVSIHME Ha rpelkaTa OT HENMWUHEMHOCT MMa YCIIOBEH XapakTep M peanHo
MYNTUNNUKATUBHUTE CMyLLEeHNS BbpXy  TOYHOCTTA Ha CbLUeCcTBYyBa Npu HanuynetTo Ha NnHenHa ckana”. KasaHoTo e
“3MEpPBaHE W Bb3MOXHOCTTA Aa YCWUNBAT, C BUCOKA TOYHOCT, BAPHO, KOrato ce pasrnexnar nokassaliy M3MEPUTENHM
ManoMOLLHM HaNPEXEeHOBM 1 TOKOBW curHanu. A Tpsibea ga ce ypeau. Ho B cuctemute 3a aBTOMATU4HO perynupaxe, KbAeto
nogyeprae, Ye Mpu aBTOMAaTWU3aUMA Ha MPOM3BOACTBEHUTE Cckana He e HeO6XOﬂMMa, a Ce M3NCKBA NMUHENHA 3aBUCUMOCT
npoLecn, YeCTo Ce Hanara M3MepBaHe Ha TakuBa CurHamm, Mexay wu3MepBaHata BenuYMHa U U3XOAHMA  CurHan Ha
nomnyyaBaHu o1 TEPMOABOMKH, TEH30pe3ncTopu, U3MepuTenHus  ypeq, rpelukata OT  HENMHEMHOCT  uma
IOHM3aUMOHHM NpeobpasyBaTtenu, nuesonpeobpasysateny, CbLECTBEHO 3HaueHne. ToBa e MOTMBBLT 33 Aa 613£le
€NeKTPOXUMUYHK npeobpasyeatenn (pH-npeobpasysatenu) u pasrnefaHo BnusHWETO Ha npeobpasyBaTenuTe ¢ HenuHeiHa
ap. Bb3amoxHocTuTe um ga ycuneat cnabu curHann pobpe (byHKUMS Ha npeoGpasyBaHETO BbPXY XapakTepucTvkata Ha
XapMOHMpa C W3MoN3BaHMsa B CUCTEMUTE 3a aBTOMaTW3aLus M3MEPUTENTHUTE Ypean CbC CTAaTUHECKO ypaBHOBECABAHE.

yHudmumpan TokoB curHan (0-20 m 4-20 mA), komTto ce

nonyyaBa WMEHHO C MW3MepuTenHW ypeou pabotewm Ha MocTaHoBKa Ha 3agavaTa

NpUHLMNA Ha CTaTM4eCKoTO ypaBHOBeCsBaHe. lNogyepTaHuTe,

3aefHO C Apyrute UM NpeauMMCTBa M1 NpaBy UHTEPECHW U B Ha cur.1 e fageHa cTpykTypHaTa cxema Ha ypeaum paboteLuu
Obpele. Mo NPUHLMNA Ha CTATUYECKOTO YPaBHOBECHBAHE.
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X1
K1

K2

X2
Kn

Xos=C.Y

Pur.1

B 06wy Bug sasucumoctta Y = f(X), kbaeto X e BxogHara,

a Y - usxogHata BeNnMuYMHa, e fAadeHa B UuTUpaHaTta
nutepatypa Typuumd u gp., 1975, CraBpakues, TypeHKOB,
1984, Pagynos, 1995. Ts ce u3Bexaa NECHO KaTo ce U3Xoam
0T npeobpasyBaTenHata yHKLMS Ha OTBOpPeHaTa Bepura

Y= K1.Ko...Kn. A X= K1.Kz...Kn.(X - Xoe)

KbOeTo Xos € CWrHambT Ha obpaTHa Bpb3ka paBeH Ha
Xos = C.Y, a C e npefaBaTenHusT koeduuneHT Ha Bepurata 3a

obpatHa Bpb3ka. C K, ...K ca osHaueH koeduumeHtute
Ha npeobpasyBaHe Ha npeobpasyBaTenuTe BbB Bepurata 3a

npaBo npefaBaHe Ha curHana. 3amecTBaiku curHana Ha
obpatHa Bpb3Ka B FOPHWS M3pas ce nony4asa
Y=(X-C.Y).K1.Kz...Kn
u cneg npeobpasyBaHe
_ K,K,...K,
1+CK_K,..K,

Taka TMOMyyeHUAT uM3pa3 He [aBa MH(opMmauus 3a
BMWSIHUETO Ha HENWHENMHOCTTa Ha npeobpasyBaTenuTe BbB
Bepurata 3a MpaBO MpedaBaHe Ha CurHana Bbpxy
XapaKTepucTukaTa Ha U3MepUTENHUS ypes.

B vactHuaT cryyai, korato € W3MbMHEHO YCMoBWETO <<
C.K1.K2...Kn ce nonyyasa

X

C

Y

~
~

OT Tyk MOXe [ia Ce U3BaAK 3aKmioyeHe, Ye HenMHeHoCTTa
Ha UWTWpaHuTe npeoGpasyBaTenu, MpU U3MbIHEHO YCroBUe

1<< CK1Ka..Kn, He Bnuse BbPXy IMHEMHOCTTa Ha
W3MEepWUTENHUS yped, HO OCTaBa CbMHEHMe, Tbil KaTo
MOCNEeAHUAT M3pa3 € TOMyyeH nNpu  YCrioBue, ue

npeobpasyBaTenuTe ca ¢ NUHEHN XapaKTePUCTHKN.

AHanuTUYHO U3cneaBaHe BNMSHUETO Ha
HeNWHeNHOCTTa Ha NpeobpasyBaTenuTe BbPXY
XapaKTepucTMKaTa Ha ypeaa

[la pasrneaame cnyyait Korato eguH oT npeobpasysaTenure
UMa HenuHelHa npeobpasoBaTenta xapakTepucTuka OT Bi1aa
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f=f(x2). Heka ToBa fa e i-at npeobpasysaten. Toraea 3a Xi oT
BepuraTa 3a npaBo NpeaaBaHe MOXe Ja ce 3anuile

X; =K; (K.K,..K, ;.AX)? =
=K, [K,.K,..K, (X =CY)J?

fa osvawm K, .K,.K,..K;, K

WN3XOOHWAT curHan Le Obae paBeH Ha

C ToraBea

a’

Y =K;...K, (K2.X? -2K_.C.XY +C?Y?),

Heka osHawm K...K ¢ K, cera 3a usxogHus curHan
MOXe Ja ce 3anuiue

Y =K, 2K, AX =K, > K, (X2 =2C.XY +C?Y?)

2
Mpu nonaraxe Ha K, “.K, =K 1 cneq paskpusate Ha
ckobute 1 06paboTka Ha pesynTaTa ce nony4asa

2
v _(1+2K.(23.X)Y X2,
K.C C
un Y e Gbae pasHo Ha
y _LT2KexX | (1+ 2KCX jz X2
2kc? T\ 2Kke? ok

OT TaKa nomy4eHns u3pas no-ckopo MOXE [a e 3aKIouM, Ye
XapakTepucTUKaTa Ha ypeaa e HenmHeilHa.

2
Axo e umbniHeHo ycnosneto 1<< 2K, " .K,,.C.X u
Cred CbKpalleHus ce nony4asa




Buxga ce, ye npu ToBa ycrioBMe XxapakTepucTukata Ha
W3MEpUTENHUS ypen OCTaBa MWHENHa W Korato eauH oT
npeobpasyBaTtenuTe, BbB Bepurata 3a NpaBo npefasaHe, uma
HenuHenHa xapaktepuctuka ot Buga f=f(x2).

[a pasrnegame crnyyas korato i-AT npeobpasysaten uma
(yHKUMS Ha npeobpasyBaHeTo oT Buga Xi=f(a.x+b.x2), Torasa
CUrHambT crieq i- npeobpasysarten Lwe 6bae

i)

Kato ce nono>|<14| |KJ- =K,,, we ce nonyw
j-1

X; =aK4AX +bKZ .AX?

Xi:a.ﬁKj.AX +b[li_1[Kj.AX

j=1 j=1

aY we 6bae paBHo Ha

Y :Xi.ILIKp nonarame ﬁKp—

p=i+l p=i+l
ToraBa

Y =K,,.X, =K, (aKyAX +bK,* AX?) u
samectsaitku AX ¢ X —CY ce nonyyasa

Y = (@K K, (X -CY)+

+bK,, 2 Ky, (X —=CY)? =aK,, K, X -
—akK .K,CY +bK,,* K, X2 -

—2bK,,* K,,.XCY +bK,* K, C?Y?

Nonarave a.K,.Ky, =B, a bKy,*.K,, =D Karo

3aMECTUM U NPEXBbPNUM BCUYKM YNeHOBE OT €Ha CTpaHa Ha
paBeHCTBOTO NojlyYaBame

2
y? _(1+ BC +§DCX]Y . BX + tzx 0
DC DC
oT KbAeTo onpeaensve Y
_1+BC+2DCX+
2DC? B
. (1+ BC+2DCX)2_ BX + DX’
- 2DC? DC?

OTHOBO MOXe [a Ce Kaxe, Ye XapakTepuctukata, B 00Lms
Ccnyyail ocTaBa HeNHelHa.

B yactHua cnyyail npu npuemMaHe Ha YCMOBUETO, Ye
1<<BC +2DCX, ce nony4asa
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_BC+2DCX
2DC*
(BC+2DCX) BX + DX? B
2DC? DC?
B B
:—+—_—
2DC C 2DC

CneposatenHo 3a Y 1Ma [iBe pelleHns

X, a

' C bKyC
X

YZZE

Ha NPakThKka TOBa O3Ha4YaBa, 4Ye Ce nony4aTt [Be
XapakTepPUCTUKKN, KOUTO Ca nNpaBu NIMHUK, C eHaKbB HaKIIOH,

OTMECTEHM M0 0cTa Y, Ha pascTosHue . OueBuaHo,
$1°

XapaKTepucTukata, KOSITO He MWHaBa Mpe3 Hayanoto Ha
KoopaMHaTHaTa cucTeMa HamMa Uanyeckin CMUCHA. 3alloTo B
MPOTMBEH Cryyail TOBA 03HA4YaBa, Y& MPW HYNEB BXOAEH
CUrHan Ha U3xofa Ha ypeqa Lue ce NonyyaBa CUrHar paBeH Ha

_B__a
DC bK,,C

nonyuu.

, KOETO (hu3nyeckn He Moxe [fa ce

LlenecboBpasHo e fa ce NpoBepu Kakeo Le Ce Momy4u ako
HeNMUHeNHOCTTa Ha eauH OT npeoGpasysatenute e OT Mo-
BUCOKa CTeneH. Heka equH oT npeoGpasysatenute — i-AT, aa

3
UMa yHKUMs Ha npeobpasyBaHe OT Buga X; = f(X ,
TOraBa 3a U3XO[HWUA CUrHan ce nomyyasa

Y =K,..K, (K,..K,_AX).

Monaraitkn K, = K;..K, n K, =K..K, ; X, 3a

Y e ce nonyuu
Y = Kb.K:AXs.
3amectgaitkn AX ¢ HEroBoTo paBHo ce nony4asa
Y =K,.K3(X-CY)* =K, .K3X® -
—3K,.KIX2CY + K, K3X C?Y? K, KiC3®

MpexBbpnsikM 4neHoBeTe Cbabpkawm Y OT N8B0 Ha
paBeHcTB0TO v nipuemaiiku, ue 1 << K, .K? , nonyuasame

K,-KIX® —3K,.KIX*CY +K,.K X C?Y? -
-K,.K3C*=0



unn
3 X
(X —=CY)® =0, or kbaeto cregsa, 4e Y =—, Te.
C
XapaKTepucTuKkaTa Ha ypeaa ocTaBa nHeitHa.

AHanormyeH pesynTat ce nofmyyaBa M B Cryyas, korato
HenWHemHuaT  npeobpasyBaten  uMa  (PYHKUMS  Ha

npeoGpasysareto ot Buga X; = f (aX 2 +bX 3). Torasa

X;=aX/, +bX}, =
=K/ . KZaX? +K2. K bX},

Monaraiu K;...K?Z,aK, ,..K, =B u
KS..K}bK, ,..K =D,

cnepn npeoGpasysaHe ce nony4asa

Y=B.X2-2BC.XY +BC2Y?+D.X? -
—-3D.C.X%Y +3D.XC2Y?-DC3Y?

Ako ce npueme, ye 1 << B, ce nony4asa onpocrenus
n3pa3s

(X =CY) +(X =CY)’ =0, or kemero ocbio

cnepega, ye

Mo aHamorvyeH HauMH MOXe fa Ce [OKaxe, Ye TO3u
pesynTaT e Ce NOMy4d U NpWU HEenMHERHU yHKUMN Ha
npeobpa3syBaTenuTe oT No-BUCOKA OT TPeTa CTeneH.

Ako obpaTHuaT npeobpasyBaTen e He IMHEeH, TO U
XapaKktepucTukata Ha Lenus yped e HenuHeiHa. Heka
obpatHuat  npeobpasysaten fga MMa  QyHKUMS  Ha

npeobpasyBaHe or Buga X, =CY? 10 Y we 6bae
PaBHO Ha

Y =K,..K, AX =K,..K (X —=CY?)=

—K(X —CY?)=K.X —KCY?

Or kbOeTo

A ———

lMpenopbyaHa 3a nybnukysaHe ot
Kateppa “ABTOMaTU3aLms Ha MUHHOTO Npou3soacTeo®, MEM®

OT Kb[ETO Ce BWKAA, Y€ XapakTepucTukata Ha Lenus ypeg e
HenvHeHa. HenuHelHocTTa ce 3amasBa W B Cnydvas koraTo

1<< C.K . Torasa ypaBHeHueToO,

Yz—i——=OCTaBa Y2—£=0, 0T KbAEeTo

K.C

v /X
C

ToBa MOXe fAa Ce M3non3Ba 3a /MHEapu3upaHeTo Ha
XapaKkTepUCTUKUTE Ha YPeau, KOMTO BKNKYBAT HENUHEHM
npeobpa3sysaTtenu HeobxBaHaTX OT Bepurata 3a obpaTHaTa
Bpb3Ka.

N3Boaun

Ot HanpaBeHuTe u3cnedBaHus Ce BUXAa, Y€ Npu ypeauTe
CbC CTATW4ECKO YPaBHOBECABAHE, aKko € W3MbIHEHO
YCNOBWETO, MPOWN3BEAEHNETO OT KoeduLMeHTa Ha 0bpaTHus
npeobpasysaten n koeduumeHTUTe NpeobpasyBaTenure BbB
Bepurata 3a npaso npeobpasyBaHe Ha curHana fa e MHoro
no-ronsiMo oT 1, TO NMHENHOCTTa Ha XxapakTepucTukaTa um ce
3anasBa He3aBMCUMO OT  HanMYMeTo Ha  HEeNWHEWNHM
npeobpasysareni BbLB BepuraTa 3a npaso npefasaHe.
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AIR FLOW ASSESSMENT IN TYPICAL VENTILATION NETWORKS IN ROMANIAN
COLLIERIES USING AUTOMATED VELOCITY TRANSDUCERS

Roland Moraru, Gabriel Babut

University of Petrosani, 332006 Petrosani, Romania

ABSTRACT. As it is known, a precise estimation of a mine ventilation system's efficiency highly depends on the accuracy of airflow measurements. The airflow and
speed of air are also basic aerodynamic parameters to be considered when establishing the power required to carry out the ventilation process. The passing, from
mean velocity measurements in a cross-sectional area of working, using hand - held anemometers, to point like measurements - with automatic devices - imposes to
establish the demands providing a correspondence between the two types of measurements, at the same accuracy degree. Consequently, the aim of the present
paper is to solve two objectives: establishing the distribution of velocity lines for different profiles and support types; determining a rational positioning point for
velocity - monitoring transducers and values for the correction factors used in obtaining a mean velocity. Within this scope, detailed measurements were carried out
in collieries from Valea Jiului coal basin. Some major conclusions were emphasized, as a result of analyzing work made on the achieved data. The paper was a
compulsory stage, and the results obtained were integrated in the action of automatically surveying of ventilation, in the collieries from Valea Jiului (Romania) coal
basin.

W3MEPBAHE HA Bb3OYLIHMA NOTOK B TUNWYHU BEHTUNALMOHHU MPEXW B PYMBbHCKUTE KAMEHOBBITIEHU
MWHW YPE3 U3NON3BAHE HA ABTOMATUYHU CKOPOCTHU NPEOBPA3YBATENN

Ponand Mopapy, labpuen babym

[Mempowancku YHusepcumem, 332006, MempowaHu, PymbHusi

PE3IOME. KakTo e 13BeCTHO, TO4HaTa OLeHka Ha e(hUKacHOCTTa Ha BEHTUNALMOHHATE CUCTEMI B MUHWTE 3aBMCU OT TOYHOTO M3MEPBaHe Ha Bb3AYLUHWUS NOTOK.
Bb3gyluHMs NOTOK M CKOpOCTTa Ha Bb3[yXa Ca OCHOBHU aepOAMHaMWUYHM MapaMeTpu, KouTo TpsibBa Aa ce UMaT NpedBua Npu OnpedensHeTo Ha MOLLHOCTTa Ha
BEHTUNALUMOHHaTa cucTema. [peMUHaBaHETO OT W3MEepBaHe Ha CKOpPOCTTa B HanpeyHW paioHu 4pes3 pbyHM aHEMOMETPU KbM M3MEpBaHUSi C aBTOMAaTUYHU
npucnocobnexus Hanara ycTaHoBSIBAHETO HA CbBMECTUMOCT Mex [y ABaTa MeTofa W efjHa U Cblla TOYHOCT. Lienta Ha HacTosILOTO 13cneaBaHe e peLlaBaHeTo Ha
[Ba npobrema: yCTaHoBSIBaHe Ha Pa3npefeNieHNeTo Ha CKOPOCTHUTE NIMHUM NPX pasnnyHUTe NPOUNW U NOALbPXKALLYM TUNOBE; ONPEAENsiHe Ha paLMoHanHa Touka
33 CKOPOCT — MOHUTOPWHIOBM TpaHCOPMaTOpy U OLEHsIBaHe Ha TOYHOCTTa Ha (hakTopuTE, U3NOM3BaHU NpK onpefensHe Ha nonyyeHata ckopocT. HanpaBeHu ca
OCHOBHW W3MEpBaHUS B BbIMULHMS GaceliH Ha kameHOBbIMeHa MuHa Banea [Dkynuy. Kato pesyntar oT HanpaBeHust aHanu3 ca 0O0CHOBAHM HSKOW OCHOBHM
3akmniodeHnsl. M3cnegBaHeTo MMa 3afbiKUTENeH XapakTep M YCTaHOBEHUTE pesynTaTu ca OBCTOMHO NpernefaHu BbB BEHTUMNAUMOHHATa CcHUCTEMA Ha
KameHoBbITeHaTa MuHa Banea [hxynuy (PymbHMS).

Introduction Consequently, the research was directed to solve the following
main issues:

— -assessment of velocity distribution patterns for different
mine working profiles and support types;

— -determination of a rational positioning point for velocity
monitoring fransducers and correction factor values employed in
order to obtain the mean velocity values.

As the airflows cannot be directly measured it is needed to
measure their physical effects induced by air displacement or -
when tracer gas techniques are applied - resorting to chemical
analyses.

The most common device for underground measurements is
the anemometer. As air velocity is considerably altered in the . o )
cross-sectional area of any mine Working’ hand-held Assessment Of air VeIOC|ty dIStrIbutlon pattems n
anemometer based measurements has to be performed in such different mine workings
a manner which covers the whole area, allowing the

determination of mean air velocity. Measurements were carried out, using four different methods -
based on hand-held anemometers - in 43 mine workings from
The passing from mean velocity measurements in a cross- Délja, Petrila, Anincasa and Livezeni collieries, in view of
sectional area of mine working, using hand - held anemometers, establishing the air velocity distribution patterns in:
to pointlike measurements - with automatic transducers - impose — intakes and returns;
to establish the correspondence between these two measuring — mine workings fraversed by a wide range of air flow
techniques, at same accuracy degree. quantities;
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mine workings with high and low levels of technological
operations.

The results obtained revealed the following findings:

the mean velocity values determined through all the
employed methods were considerably close, airflows being
steady enough during a two hours period and affected only by
minimal errors;

the ratio between the mean velocity Vm and the maximum
velocity Vw has ranged from 0,65 to 0,93, values which proves
the unsymmetrical character of velocity profiles; this finding
indicates that profiles can be unequally developed and the
maximum velocities area is not necessarily placed in the mine
working's center;

at air velocities higher than 0,5 m/s, the average value of
measured velocities in the upper third of the mine working is
closely equal to the mean velocity in the entire section.

On measurement basis, velocity profile types were graphically
represented for TH metal-arch supported and masonry and
concrete lined workings (see figures 1 and 2). The majority of the
obtained profiles are parabolic ones, regular or irregular.
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Fig. 1. Air velocity profiles in TH — arch supported mine workings, Petrila
Colliery
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Fig. 2. Air velocity profiles in concrete supported mine workings,
Livezeni and Petrila Collieries
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Specific to intake workings are the profiles developed at the
working's bottom and flattened at the top, as a consequence of
temperature differences.

Assessment of velocity transducer rational
positioning and correction factors to obtain the
mean air velocity

For the flow in circular ducts, where Reynolds number
Re=105, the velocity profile is entirely turbulently developed,
the ratio between mean and central (maximum) velocities
being:

Vmean —

0,83 (1)

max

High rates of mean velocity increases or decreases do not
change this ratio significantly (more than 5 percent). Therefore, it
is assumed that knowing this ratio would allow direct mean
velocity assessment, but only if measurement can practically be
done in the central axis.

If measurement is carried out in any other point, it is required to
assess another correlation factor, respectively a position factor
FP, which multiplied by measured velocity value should give the
mean velocity value:

\Y,

mean

=FP-V, 2

Hence, considering an "a" radius duct, having the maximum
velocity Vi in the central axis, the symmetrical velocity profile can
be obtained, based on the following function: Vx= f(x, V), where
0<x<a.

Mean air velocity is given by:

5 a

Vmean zg'_l.x' f(XaVM)'dX 3)

and

FP = Vmean (4)
\Y

X

Determining the ratio between mean velocity and velocities of
various points placed on symmetrical profile curves, for 3 specific
functios (circular, parabolic and irregular), the dependence
position factor FP versus x/a ratio was obtained (see figure 3).

It can be seen from the diagram that for all the four profiles, a
ratio x.0,6 exists for which FP=1. It follows that measurement
should not be necessarily done in the maximum velocity point,
but in another one, and multiplying the measured value with a
position factor the mean velocity will be obtained.
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Fig. 3. Air velocity profiles (1 - circular profile; 2 - parabolic profile; 3 -
irregular profile)

For "a" radius circular ducts, measuring in a point x/a=0,6 gives
directly the mean velocity, while FP equals the unit.

Similarly was approached the case of mine workings, but giving
consideration to the unsymmetrical pattern of velocity profiles
and to the need of placing the transducers in a way which could
not affect them by the technological operations.

Consequently, as a function of the real unsymmetrical velocity
profiles obtained, the correlation between the correction factor
(denominated by position factor FP) and pointlike velocities
measured in the upper third of the cross-sectional area of mine
workings was assessed.

These correlations were established for TH - arch supported
(figure 4) and concrete supported mine workings (figure 5),
considering that the Vimean/Vx ratio approximates the unit in points
placed in the upper third of the mine workings. This area allows
an easier placement and safer operation from the technological
point of view.
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Fig. 4. The correlation between the position factor FP and pointlike

velocities established for TH - arch supported mine workings
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Fig. 5. The correlation between the position factor FP and pointlike
velocities established for concrete supported mine workings

Measurements were carried out in two workings at Aninoasa
Colliery, in the range of 0,6-1,8 m/s velocities (Priboi Station) and
4-6 m/s (Piscu Station) using the ATM-689 automatic velocity
transducers connected to the central telemetry mine system.

A linear relationship was obtained between the position factor
FP and the air velocity for both measuring stations (see figures 6
and 7), and FP=1 was found stable, with maximal variations from
-3 % to +7 %,when the transducer was centrally located at h/6
distance from the working's top.

b.The computation of air quantities in workings not provided
with transducers, based on Khirchhoff's first law (3Q=0).

If we consider a mine ventilation network with "m" branches

and "n" junctions, the total number of necessary transducers is
given by the number of independent meshes:

y=m-n+l| (5)
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Fig. 6. The correlation between the position factor FP and the air velocity
for both measuring stations (1 - placement at h/6 from the entry top and
wall; 2 - central placement at h/6 from the entry top)



[ ]
FP
1.2
FP=0,033 ¥, +0,8515
1,0 . p
08
1 2 3 4 5 £
W, [us]

Fig. 7 The correlation between the position factor FP and the air velocity for
both measuring stations (1 — central placement at h/6 from the entry top)

As an example, Livezeni colliery having a ventilation network
with 73 branches and 43 junctions would necessitate at least 33
transducers (73-41+1). This number can be diminished by
eliminating the branches with less than 100 m#/min. air quantities.

In workings ventilated by means of auxiliary systems,
transducers will be placed at h/6 from the working's top, or at the
auxiliary ventilation duct's end.

Conclusions

The results of experimental research regarding the feature of
converting pointlike air velocities into mean velocities, allowed to
emphasise the following conclusions:
in any subsurface mine working, the mean velocity being
greater than 0,013 m/s and Reynolds number greater than 2500,
the flow occurs in turbulent conditions, excepting areas just
nearby the walls, where it is laminar;
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air flow in circular ducts for Reynolds number Re=105 is
turbulent and velocity profile is symmetrical and entirely
developed,

the ratio between mean and maximum the velocity being

0,83;
— results of the measurements carried out at Délja,
Livezeni, Petrila and Aninoasa collieries and in an experimental
aerodynamic tunnel revealed that air velocity profiles are
parabolic, regular or irregular; in TH - arch supported and
concrete or masonry supported mine workings, the
unsymmetrical velocity profiles are developed either in the upper
or the lower half of the workings, the ratio between mean and
maximum velocities varying in a wide range (0,65 - 0,93);
for velocities higher than 0,5 m/s the average value of
measured velocities in the upper third is approximately equal to
the mean velocity;
the established correlation between the position factor FP
and the pointlike measured velocities in the upper third (h/6 from
the working's top) allows the determination of mean air velocity;
actually verifications of the rational transducer placement
point,carried out in Aninoasa colliery with ATM - 689 transducer
spotlighted a close to unit value of FP, with a deviation range
from-3 % to +7 %.
the minimum number of branches equipped with air
velocity automated monitoring devices, is given by the number of
independent meshes contained within the network (y=m-n+1). As
an example, for Lupeni colliery it was determined that complete
control of air flows could be achieved by using only 33
transducers.
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