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PESIOME:

Cratusta pasrnexga pesynratute 0T nogMsiHaTa Ha ApobunKkoBIUTE ChbeAUHUTENM, U3MON3BAHMN B 33JBWKBAHETO HA MEMHNYHUTE BEHTUATOPM Ha KOTENHUS LiEX Ha
TEL, "Bo6oB gon", ¢ LeHTpobexHM caumeHn cbepauHutenn ¢ mowHoct 800 kW. MocoyeHu ca HemoCTaTbLMTe Ha W3NON3BaHUTE APOOMIKOBK CbeauHWUTENW OT
TEXHUYECKM 1 eKCToaTaLMoHeH XapakTep. 3acHeTu ca ocuurorpamu, KOUTo MokassaT He [0BpUTe U3XOAHW XapaKTEpUCTUKM Ha ApOOWUNKOBUTE CbEOMHUTENM.
CpaBHeHw ca C oCLuMrorpamnTe Ha MyckoBUS NPOLIEC, OCHLUECTBEH C LEHTPOBEXHUTE CaUMEHN CbEANHUTENN, OT KOUTO Ce BIKAAT KAaTErOpUYHUTE UM NpeauMcTBa.

LleHTpoBexXHUTE CauMeH! CbeanHUTENN ca (PUKLIMOHHM
MeXaHU3MM, 4MeTO YrpaBreHWe Ce OCblLeCTBABa aBTo-
MaTWUYHO OT LIEHTPOBEXHUTE CUnK. KnHemaTudHaTa Bpbaka u
(PUKLMOHHMAT MOMEHT TMpu  TAX Ce OCblUEcBsBa OT
CTOMaHeHM caumi, CBOGOAHO MOCTaBEHW B LWECT paboTHM
Kamep.

Mo cBOA MpWHUMN Ha JENCTBME Te MPaKTUYeCKU He ce
pasnuyaBaT OT Pa3fMYHUTE LEHTPOOEXHN CheauHUTENM, Npu
KOWTO MOMEHTa Ce npefaBa Ype3 TEeYHOCTW, MOHOMUTHM
TEXECTM C NOCTOSHHA hopMa Unu rpacpuT3UpaH npax.

Mo ceOMTE U3XOOHM XPAKTEPUCTUKMA Te ce Jobnikasat [0
TE3W Ha XMAPOCBbEANHUTENNTE, KaTo 0baye ca B CbCTOSHNE [a
npegagar no-ronsm U3X0eH MOMEHT NpK efHakeu rabaputi u
Terno u ocurypssat bessarybHa pabota B ycTaHOBEHWUTE
PeXUMU.  XUOPOCLEAMHUTENWUTE, B Hail-gobpus  crnyuyai,
paboTaT ¢ k.n.g. 98-99, koeTo npu npepasaHa MolyHocT ot 800
kW o3HauaBa HenpekbcHaTa 3aryba ot 8-16 KW. B cpaBHeHue
CbC CbEeAMHUTENUTE C MOHOMNUTHW TEXECTU WMW C MPaxoB
MbIIHEX TE Ce OT/INYABAT C:

- OCTOSIHCTBO Ha U3X0AHUTE NapameTpy;

- ronsma NnaBHOCT Ha MyCKOBUS MPOLIEC;

- ronsiMa YCTOWYMBOCT Ha TOMMHHW MpeHaToBap-
BaHws.

Mo eKcnnoaTtaunoHHNTE CU MnokKasatenu LI,eHTp066)KHI/ITe
Ca4yMEeHN CbeanHUTENN Ca HanbIHO CPaBHUMW C TE3N Ha
XWAPOCbEANHUTENUTE, KaTO NPaKTU4eCKn MmaT pPaBHOCTOEH

pecypc.

B TOBa OTHOLIEHME Te 3HAYUTENHO MPEBL3XOXAAT ApYyruTe
TUNOBE LiEHTPOBEXHN CaUMEHU CEAWHUTENM - C MOHOMUTHM
TEXECTU 1 NPaxoBO-rpadUTHO 3ambiHEHe.

[obpute cu excnnoaTtaumoHHu nokasatenu, Hag 10000
nycka, Te nocTuraT 6narojapeHue Ha W3NOMN3BaHETO B
nocnepHute 10 roAMHM HA BMCOKOKAYECTBEHW CTOMaHM, 3a
aKTUBHUTE CW enemeHTH, paboTel B NOAXOAsLlA MacneHa

cpeqa. KoHCTpyKUMsTa UM He e MO-CNoXHA OT Tasn Ha ApyruTe
TUNOBE LIEHTPOOEXHN CLEAMHUTENM W € 3HAYUTENHO Mo-
OMPOCTEHA OT Ta3n Ha XUAPOCLEAUHUTENUTE.,

MpuumHN 32 BHEAPSBAHETO Ha LIEHTPODEXHM CauMeHw
CbeAVHUTENN B 33ABWKBAHETO HA MENTHUYHUTE BEHTUNATOPM
Ha TELl "BoboB gon" 6sixa npobrnemute, KOWTO Cb3aaBaxa
nanonsysaHute o 1994 rogwHa npaxoBu  MycKOBU
cveguuutenn  tun "Tyneuc’. Te 6sixa  Hal-HecurypHus
eneMeHT B 3aiBWXBAHETO Ha BeHTMnatopa. Ha npaktuka
PEMOHTHUAT LieX Ce 3aHUMaBalle NPeanMHO C TEXHUS PEMOHT
11 Bb3CTAHOBSBAHE.

Crep kaTo ce ycTaHoBu npobrema, Ha MbpBO BpeMe Ce
W3BbPLM aHanUTWYHa MpOBEpKa HA BL3MOXHOCTUTE Ha
WM3MON3yBaHUs aCWHXPOHEH [BUraTen 3a 3adBWXBaHE Ha
MallmHaTa 6e3 nyckoB CbeauHNUTEN. MENHUYHUAT BEHTUNATOP
€ arperar, KOWTO OCUrypsiBa NnofgaBaHe Ha ropvBHa CMeC OT
BbIMNLWEH Npax W Bb3AYX KbM MewTa Ha koTena. Tou
€[HOBPEMEHHO OCUTypsiBa HarHersiBaHeTo Ha HeobXxo4uMoTo
KONMYECTBO Bb3AYX W BbIMLWA, KaTO CMUNIa MOCMeHUTe A0
Heobxogumata egpuHa. PaboTHMAT opraH Ha MenHuuaTa e
UMNMHABP ¢ AnameTbp 3,2 m v Terno okono 10 t. Monsama yact
OT HEro € CbCPefoTOYEHO NO MepudepusTa Ha UWNUHABPA,
KOETO Onpedens MHEePLMOHEH MOMEHT oT okono 14200 kgm?.
CTaTW4HWAT CBbMPOTUBUTENEH MOMEHT 3a MYCKOBWSI Nepuvog
0e3 nogaeaHe Ha Bbrma e 5 kNm.

HanpaBeHnaT pa3dyeT ycTaHoBW, 4e 0OWOTO Bpeme 3a
pasBbpTaHe Ha MenHuyHus BeHTUnatop e 47,58. To e
HeJonoCTUMO  TONAMO,Tbil KaTo MpakTU4Yeck npes Lenus
MyckOB Mepuog npe3 Hero e Teye TOK 6-7l, koATO €
Bb3MOXHO fa ro u3saau ot cTposi. OcBeH TOBa 3a BpEMETO Ha
MycKOBWSI ~ MpoUeC Ce TOBapu  3HAYMTENHO  Usnata
enekTpocHabauTenHa cuCTeMa, Npu KOETo, ako He ca B3eTw
MEpKM Lie Ce BMOLUM enekTpocHabasBaHeTO Ha OCTaHanuTe
KOHCymaTopy.
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Cren pokaseaHe Ha HeobxogumocTTa OT  MyCKOB
CbeauHUTEN Ce noTbpcuxa npobremuTe B W3NON3yBaHWUs A0
MOMEHTa NycKoB CbeanHuTen T1n "Mynsuc".

3a ycraHoBsBaHe Ha npobremuTe npu ekcnnoatauusaTa Ha
NpaxoBUTE  CbEAMHWUTENM Ce  W3BLPWK  aHanM3  Ha
CblUECTBYBaLLWTE, KOWTO ce Basnpa Ha:
OcuurorpadmpaHe Ha MycKOBUS MpoLEC CbC
CblUECTBYBALIOTO 33JBUXKBaHE, KaTo Ce 3acHexa
BXO/JHaTa U M3X0AHa CKOpOCT U TOKa Ha ABUraTens.
2. AHanu3 Ha Hai-vyecTuTe MoBpPeau B M3MON3BaHUTE
CbeaUHUTENMN.
3. TpoyyBaHe Ha ekcnnoaTauMOHHUTE NoKasaTenu Ha
LEHTPOOEXHNTE  CbeanHuTeNM ¢ rpaduTusnpaH
MPaxoB MbJTHEX.

npaKTVIKaTa B eKcnnoaTameTa Ha cbeguHutenn ¢
rpachUTU3NPaH NpaxoB MbIHEX NOKa3BaT:

- HernocTOSIHCTBO HA MW3XOOHUTE WM  XapaKTEepUCTUKM,
KOWTO Ce M3passiBar B:

- W3MEHEHME Ha WM3XOOHMS BLPTALL MOMEHT B MYyCKOBUS
npoLec;

- IMNCa Ha MOBTApsSIEMOCT Ha XapakTepuCTUKUTE mNpu
pasnUYHUTE MYCKOBW MPOLIECH.

- ronsMa YyBCTBUTENTHOCT KbM TOMMWHHI NPETOBapBaHHS,

- Obp30 W3HOCBAHE HA aKTUBHUTE MOBBPXHOCTU W
TPUELLMTE Ce Bb3NK;

- rpaHynMpaHe, yrIJ'I'bTHSIBaHe n yenpﬂBaHe Ha MbJIHEXA,
BOAEWO [0 nonyyaBaHe Ha eapyu (hopMUPOBaHMS W
nebanaHc.

- CreneaHe Ha MbiHEXa KbM aKTUBHWUTE MOBLPXHOCTU W
OrokvpaHe Ha CbeanHUTENS.

YacT oT NpuynHUTE, BOAELLM [0 FOpHUTE SBMEHUS Ce ABABaT
(HPUKUMOHHO-TOMMMHHMTE SBMEHMS B 30HaTa Ha TpueHe. Mpu
CbeOVHUTENM OT PasrnexhaHns TUN U B KOHKPETHUS Cryvail,
TONAMHHUA NOTOK NPe3 aKTUBHUTE eneMeHTH JocTira OT 2 [0
2,5 MN/m? . Kato ce uma npeasua MnowunTe TOMMonpoBOaHN
KayecTBa Ha CMOMEHATUs MbfIHEX W OTHOCUTENHO ronsmara
NPOLBMKUTENHOCT Ha MYCKOBWS NMpOLEC, TO € MOTUYHO Aa ce
04aKBa, Ye B NOBBPXHOCTHWUSA CMOW (MACTOTO Ha PPUKLIMOHHNS
KOHTaKT) TemnepaTypaTa BOCTUra 40 3HaYUTEMHU CTOMHOCTH,
KOUTO BOOATO KakTO [0 CTONsBaHE W YeApsBaHe Ha
yacTuuuTe, Taka U 4O TPYLHO NPEABUAUMU XUMUYHW peakLmuu.
BbB BCuukM cryyan HeusbexHO e [a Ce OYakBa MHTEH3VBHO
W3HOCBaHE, MPOMSHA Ha 3bPHOMETPUYHWS CbCTaB, XMMUYHM
MPOMEHM, HEeNpeaBUAMMW M3MEHEHUs! Ha KoedWLMeHTa Ha
TPWEHe, a OT TaM U Ha U3XOAHWS BbPTALL MOMEHT.

EdmkacHo pelueHne 3a HamansBaHe Ha TOMSMHHOTO
HaToOBapBaHe W CbOTBETHO HAa HEXENaTerHuTe SBMEHWS,
OMMCaHMW NO-TOPe € HamarnsBaHe BPEMETPAEHETO Ha MyCcKOBUS
npotec. E,El,I/IHCTBeHI/IﬂT Ha4YuH 3a CbKpbllaBaHe
BPEMETPaeHeTo Ha NyCKOBWUA npouec € yBenuvyaBaHETO Ha
BbPTALMS MOMMEHT, pa3BuBaH OT cbeauHutens M. Tasu
Bb3MOXHOCT CbLUO € OrpaHuyeHa OT Bb3MOXHOCTUTE Ha
aBuratens.

Queypa 1

OT ocuyunorpamara, nokasaHa Ha ¢ur.1 ce BXaa, 4e TOKbT
Ha aBuraTens B nyckosus npouec e 2-2,51,, koeto npegnonara
M3MNON3BAHETO Ha MAaKCUMArIHO Bb3MOXHMS, "KPUTUYHMSA" 3a
aCWHXPOHHWS OBWUraTen BbpTAL, MOMEHT. To3M HauuH,
OCUTypsiBa OTHOCUTENHO CTabunHa pabota Ha CbeauHuTens,
HO MMa W HsIKOM cnabocTy KaTo:

- 3Ha4MTEnNEeH TOK Ha JBUraTens no BPeMe Ha MycKaHeTo;
- OMacHoCT OT "kaTypBaHe" Ha BuraTens npu eBeHTyanHa
NpoMsiHa B MapaMeTpuTe Ha 3aBIKBAHETO.

ToyHo TakbB cnyyan Ha “"kaTypeaHe" Ha [Jpuratens e
nokasaHa Ha ocuunorpamata Ha ur.2.

Quzypa 2

OT Hes ce BUXaa, Ye Mo NPUYMHIA CBBP3AHIU C ONMCAHIUTE Mo-
rope Npouecd BbB (DPUKLMOHHWS KOHTAKT, MOMEHTHT Ha
CbeNHUTENS HapacTBa, NPeMUHaBa KpUTUYHUS 3a JBUraTens
MOMEHT, Mpu KOeTo ce Habntopasa:

- PpsI3KO HaMarsiBaHe CKOPOCTTa Ha JBuraTens;
- 3HAYUTENHO HapacTBaHe Ha TOKa Ha JBuraTens.

Tosn cnyyan MOXe fa Ce CYMTa 3a aBapueH, Tbil KaTo e
CBbp3aH CbC 3HAYNTENHO HATOBapBaHe Ha UsnaTa
KMHEMATUKa Ha 3adBMXKBAHETO U MallMHATa, Taka WU CbC
3HauMTENEH MeXaHW4eH W TOKOB yaap BbpXy [Buratens u
eneKkTpo3axpaHBallarta cucTema.

/3BbpLIEHOTO M3CneaBaHe W HEraTMBHMSAT OMUT B
eKcnnoaTauusTa Ha M3non3yBaHHHHHUTE 4O MOMEHT MyCKOBW
cweauuuten Tun "Myneuc" npefonpeaeny BHeLPSBAHETO Ha
LeHTpobexeH caumeH cwveauumten (LUCC). 3a uenta ce
M3BBPLLK NpoekTupaHe Ha nogxoasw LICC. Usxoxpalue ce oT
CcregHuTe CbobpaxeHus:

1. MenHW4HWST arperaT WMa OTHOCUTENHO MasbK
HayaneH CTaTM4eH MOMEHT UM HsMa  CTpOru
OrpaHNYeHNs 3a BPEMETO Ha pa3BbpTaHe.

2. [lBuratenute ca ronemu W CKbMW arperatu, KOUTO
JonyckaT efjHO BKMIOYBAHE Ha AEHOHOLLME.

3. MakcumanHo lWajeHe Ha  OBuraTens,  upes
OCUTypsiBaHe Ha MMHMMaNHO BpeMe 3a ycKopsiBaHe
Ha [BWraTenst M YCKOpsIBaHE Ha cucTemata C
Bb3MOXHO MO-MarTbK TOK.
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IMyckoBUAT NpoLiec Ha 3aaBkBaHe ocbllecTBeHo oT LICC u
Al ¢ KP npoTuya no cnegHws HauuH. Mpu BKNOYBaHE Ha
ABWraTens Toi 3anoyea fa ce yckopsisa C AMHAMUYEH MOMEHT
pameH Ha nyckoBus Ha gsurtatens M, C psuratens ce
3aBbpTa U potopa Ha LICC 3aefHO CbC CauMeHWsi MbIHEX.
MomenTsT Ha LICC (M) HapacTBa ¢ kBagpaTa Ha BxogHaTa
BrNOBa CKOpocT (ws). Mpn onpegeneHa wq, M, ce u3paBHsBa
CbC CTATU4HWSI CbMPOTUBMUTENEH MOMEHT HA MaluMHaTa U T8
3anoyBa fa ce NMpUBMBEXOA B ABWXEHWe. ToBa Bpeme ce
Hapuya HayanHo BpeMe Ha pasBbpTaHe Ha MalmHaTa t,. OT
TO3 MOMEHT [BMraTeNsT Ce YCKOpsiBa E€OHOBPEMEHHO C
MENHUYHUS  BEHTWNATOp, C  Pa3niyHM  CTOMHOCTM  Ha
YCKOpEHMSATA, ONMpefeNieHn OT OMHAMUYHUTE WM MOMEHTU.
ToBa npogbikaBa [OKATO CLEOMHUTENAT W3ne3e Ha
ecTecTBEHaTa XapaKTepucTuka Ha pasuratens. [suratenst
npecTaBa [fa Ce yckopsiea M MomeHTa passusar oT LICC
ocTaBa noctosiHeH. [Mpu To3n momeHT Ha LICC npogbmxaea
YCKOPSIBAHETO Ha MENHWYHWS BEHTUNATOP, KaTto pa3mepa Ha
TOBA YCKOpEHUe ce onpeaens oT AMHaMu4HUs MOMeHT M, = M,
- My(w+). ToBa npogbmxasa 0o U3pasHsBaHe Ha 0bopoTuTe Ha
BXOQHMS W U3XOOHWS Ban Ha cbeaunutens. Crepg
M3paBHsIBAaHETO MM YyckopsiBaHeTo Ha PM ce n3BbpLluBa npy
"TBbpA" CbeauWHuTen no ectectBeHata kpuBa Ha Al go
13paBHsIBaHe MOMEHTA Ha MalLMHaTa C TO3W Ha ABuraTens.

Cren NpOEKTMPaHETO W KOHCTpyWpaHe CblmsAT 6e
13paboTeH M 3amnoXeH Ha MenHN4eH BeHTunatop Ne 5.

CbeanHUTENsT nokasa MNMaBHO, CUypHO U BesLlymMHO
YCKOPEHWe Ha  LAnocTHaTa  cucTema.  M3BbPLUEHOTO
ocuunorpacdupaHe Ha nyckoBust npouec (cdwr.3) nokasa
CNefHoTo:

MpenopbyaHa 3a nybnukysaHe om
kamedpa ‘“MexaHusayusi Ha muHume”, MEM®

Queypa 3

1. [puraTtenst ce passbpTa [0 HOMWHAnMHaTa cu
CKOpOCT 3a 3-4 cekyHau.

2.  MenHudHusT BEHTWUNATOP 3anoyBa YCKOPEHWETO CH,
crnep kaTto gBuratensT e AOCTUTHanm HOMMHANHUTE Ci
060poTN. YCKOPEHMETO € MMaBHO, NOYTW TUHENHO,
KaToO M3BECTHO HapacTBaHe ce 3abens3Ba B kpas Ha
npoueca. Toea ce 0bsicHsBa C YyBenu4yaBaHe Ha
BbPTAWMS  MOMeHT, passueaH ot LICC, npw
HamarnsBaHe Ha  OTHOCMTENHaTa  CKOpPCT  Ha
NpUNTb3BaHe.

w

Mpyn pa3BbPTAHETO CM TOKBLT Ha ABMraTens goctura
ctoiHocT ot 800 A, K0eTo e 3a BpeMe Mo Masnko ot 1
cekynga. Cneg  kato  [BuraTenst  JOCTUTHE
HOMWHarHaTa Ccu CKOPOCT TOKbT cnaga Ao 75 — 80
A.Tasn CTOMHOCT ce onpegenst OT U3XOAHWS MOMEHT
passueaH ot LICC. Toi ce nogbupa Taka ue,
JBUraTensT Aa ce Wagn MakcUMarHo Kato TOKbT B
uenus nyckos npouec He Hagxsbpna 1,1-1,21,.Toau
MOMEHT —OCWrypsiBa W TOMsIMA  MNABHOCT  Ha
pa3sBbpTAHETO W CUTYPHOCT HA 3aJBWKBAHETO, KATo o
npeanassa OT rofieMn HaToBapBaHu.

o

O6woTo Bpeme Ha nyckoBust npouec e okono 140
cekyHan. To € HambfiHO MPMEMMBO 3a TO3M TuN
MaLLMHW 1 He 3aTPyAHSIBa TEXHOMOMMYHMS NMPOLIEC.

MonyyeHnTe pesynTaTv HeBYCMWUNEHHO NokaseaT fobpute
nyckoBu Bb3MOXHocTM Ha LICC. 3a ekcnnoaraynoHHuTe
kauecTBa Ha cbeauHuTenute ot Tuna LICC, moxe ga ce cbau
OT MOYTM [AeBeT rofauwHata OesaBapuitHa pabota Ha
3anoxenute npe3 1995 rognHa cbepmHuTenu. [Jo MOMeHTa B
TEL, “Bo6oe [on’ ca MOHTWpaHu Olle ABafeceT U YeTupu
CbeuHuTend no MeNHUYHUTE BEHTUNaToOpW. Te CbLlo
YOBONETBOPABAT YCNoBUATA Ha 3aABWXBAaHETO U 4O MOMEHTa
paboTaT 6e3ynpeyHo.
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APPLICATION OF CENTRIFUGAL BALL CLUTCH TO THE DRIVE OF A MILL FAN AT
THE “BOBOV DOL” POWER PLANT

Venelin Tasev

University of Mining and Geology “St. Ivan Rilski”
Sofia 1700, Bulgaria
E-mail: Ivtasev@mail.bg

ABSTRACT

The report discusses the results of replacement of ball-bearing clutches, used in the drives of mill fans of the combustion compartment of “Bobov dol” Thermal Power
Plant with centrifugal ball clutches of 800 kW power. The disadvantages of the used ball-bearing clutched from a point of technical maintenance are indicated.
Oscillograms are prepared, which indicate the low quality initial characteristics of the ball-bearing clutches. They are compared to the oscillograms of the transitional
process, done with centrifugal ball clutches. The advantages of centrifugal ball clutches are apparent.

The centrifugal ball clutches are frictional mechanisms,
which operation is fulfilled automatically by the centrifugal
forces. Their kinematical connection and the frictional
momentum is carried out by steel balls, freely placed in six
operating chambers.

In their principle of operating, they do not practically differ
from the various centrifugal clutches, in which the moment is
transmitted by fluids, solid weights with permanent shape or
graphitized powder.

In respect of initial characteristics they are similar to those of
hydraulic clutches, as though they are capable to translate
larger initial momentum at identical dimensions and weight,
and ensure loss-free work for the established modes of
operation. The hydraulic clutches, in the best case, operate
with efficiency of 98-99, which in the case of transmitted power
of 800 kW, means continuous loss of 8-16 kW. In comparison
to the clutches with monolithic weights or powder filling, they
differentiate by:

- constant initial parameters;

- high smoothness of the starting process;

- high stability upon heat supercharges.

In respect of maintenance characteristics, the centrifugal ball
clutches are totally comparable to hydraulic clutches, as they
practically have an equivalent resource.

In this aspect, they significantly better than other types of
centrifugal ball clutches — with monolithic weights and with
powder filling.

They achieve the good maintenance indexes, more than
10000 starts, owing to the use of high-quality steels during the
last 10 years and active elements, operating in a proper oil
medium. Their construction is not much more complicated than
construction of the other types of centrifugal clutches and it is
considerably more simplified than construction of hydraulic
clutches.

The reasons for applying hydraulic ball clutches to the mill
drives at “Bobov dol” Thermalo Power Plant were the
problems, which were brought about by clutches of “Pulvis”
type, used before 1994. They were the less safe element of
the fan drive. Actually, mostly repairing and reconstruction of
clutches occupied the maintenance department.

After fixing the problem, firstly an analytical check of the
possibilities of the utilized asynchronous motor for running the
machine without a starting clutch was done. The mill fan is an
aggregate, which provides feeding of fuel mixture of coal dust
and air into the furnace of the boiler. It provides simultaneously
the filling-up of the necessary amount of air and coal, and in
the same time grinds the coal to required size of the grain
fragmentation. The operating body of the mill is a cylinder with

diameter of 3,2 m and a weight about 10 t. Significant part of it
is concentrated to the periphery of the cylinder, which defines
an inertia momentum of about 14200 kgm?® The static
resistivity momentum for the starting period without a coal
feeding is 5 kNm.

The accomplished calculation showed that the common time
for initiating the spinning of the mill fan is 47,58. This is
inadmissible high, since practically through the whole starting
period current flow of 6-71, will flow, which may bring it out of
order. Moreover, for the time of starting process, there is a
significant overloading of the entire electricity supply system,
and this may bring to worsening the electricity supply of all
other consumers.

After proving the necessity of a starting clutch the issues
related to the “Pulvis” type clutch that had been used before
were investigated.

With the aim of specifying the problems during the
exploitation of the powder clutches, an analysis of the existing
clutches was made. It is based on the following:

1. Oscillography of the starting process with the existing
drive, the inlet and outlets speeds are measured as well as
current of the motor.

2. Analysis of the most frequent damages of the used
clutches.

3. Investigation of the exploitation indexes of the centrifugal
clutches with graphitized powder filling.

The practice of exploitation of clutches with graphitized
powder filling showed:

- instability of initial characteristics, which are expressed
by:

- change of the initial torque in the starting process;

- absence of repetition of characteristics for different starting

processes.

- high sensitivity towards thermal overloading;
- fast wearing out of the active surfaces and friction junctions;

- granulation, densification and enlargement of the filling,

bringing to obtaining of large forms and disbalance.

- adhesion of the filling to the active surfaces and blocking of

the clutch.

Some of the reasons, bringing to the above phenomena,
figure out to be the thermal-frictional phenomena in the area of
friction. For clutches of discussed type and the particular case,
the thermal flow through the active elements reaches from 2 to
2,5 MN/m?. Considering the bad thermal conduction properties
of the mentioned filing and the relatively large duration of
starting process, the expectation of a superficial layer (the
place of frictional contact), where temperature reaches
considerable values, which leads to melting and enlarging of



fragments, as well as to unpredictable chemical reactions is
logical. In any case, it is inevitable to expect an intense
wearing out, change of the grain composition, chemical
changes, unexpected alterations of the friction coefficient and
therefore of initial starting torque.

An effective solution for decreasing the thermal loading and
respectively the undesired above described phenomena, is the
reduction of time for starting process. The only way of
reducing the time of starting process is increasing the torque,
developed by the clutch M.. This opportunity is restricted also
by the capacity of the motor.
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Figure 1

The oscillogram shown in fig.1 shows that the electrical
current of the motor at the starting process is 2-2,5l,, which
suggests utilizing the maximum feasible, “the critical” for the
asynchronous motor torque. This method ensures a relatively
stable operation of the clutch, but has some disadvantages, as
follows:

- considerable electrical current of the motor at the time of
starting;

- danger of “overturning” of the motor while an eventual
change of drive parameters takes place.

Exactly the same case of “overturning” of the motor is shown
in the oscillogram in fig.2.
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Figure 2

Through the figure is obvious, that because of the reasons
connected to the above described processes in the friction
contact, the momentum of the clutch increases, passes over
the critical for the motor moment, as follows:

- abrupt decrease of the velocity of the motor;
- considerable increasing of motor current.
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This occasion may be considered us a accidental one,

because of its relation to the significant overloading of the
overall kinematics of the drive of machine, as well as to a
significant mechanical and current rush upon the motor and the
current supply system.
The accomplished research and the negative experience in the
maintenance of up-to-now used clutches of the “Pulvis” type,
predetermine the application of centrifugal ball clutch (CBC).
For this purpose a project for a proper CBC is accomplished. It
was initiated by the following considerations:

1. Mill aggregate has relatively small static starting torque
and there are no strict restrictions for the time of starting.

2. Motors are large and expensive aggregates, which permit
only one switching per day.

3. Maximum care for the motor, by ensuring the minimum
time for acceleration of the motor and accelerating of the
system by the least possible current.

Starting process of drive accomplished by CBC and
asynchronous motor is fulfilled as follows. When switched on,
the motor begins to accelerate by a dynamic moment equal to
the starting torque of the motor M. Together with rotations of
the motor, the rotor of the CBC also rotates together with the
balls filling. The momentum of CBC increases by the square of
initial angle velocity (w+). At definite wi, M. equalizes to the
static resisting moment of the machine and it begins to driven
into motion. This time is called initial time for rotation of the
machine - t,.. From this moment on, the motor accelerates
simultaneously with the mill fan, by different values of
acceleration defined by their dynamic moments. This continues
until the clutch comes to the natural characteristic of the motor.
The motor ceases its acceleration and the momentum
developed by CBC remains a permanent one. At this
momentum of CBC the acceleration of the mill fan proceeds,
so the size of this acceleration is determined by the dynamic
moment M, = M, - My(w). This continues until equalizing of the
revolutions of incoming and outgoing shafts of the clutch. After
their equalization the acceleration of motor is completed by
“solid” clutch according to the natural curve of asynchronous
motor until equaling of the momentum of the machine with the
momentum of the motor.

After the design and constructing, the clutch was produced
and mounted to mill fan Ne 5.

The clutch showed smooth, safe and noiseless acceleration
of the whole system. The oscillography of the starting process
(fig.3) shows the following:

Figure 3

1. The motor runs to its nominal velocity in 3-4 sec.

2. The mill fan begins its acceleration after the motor has
reached its nominal revolutions. The acceleration is smooth,
almost linear, a certain increase is noticed at the end of the
process. That is explained with the increase of the momentum



developed by the CBC, during the decreasing of the relative
velocity of slipping.

3. In the process of rotating the current of motor reaches a
value of 800 A, for a period of time less then one second. After
reaching the nominal velocity of the motor, the current drops to
75 - 80A. That value is determined by the outgoing momentum
developed by CBC. It is selected in such a manner, as the
motor is preserved to the maximum extent and the current
supply throughout the starting process is not more than 1,1-
1,2l,. This momentum ensures high smoothness of rotation
and safety of drive and, at the same time keeps away from
heavy overloading.
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4. The total time of starting process is about 140 seconds. It
is thoroughly acceptable for this kind of machines and does not
make trouble for the technological process.

The achieved results unambiguously present the good
starting capabilities of the CBC. The exploitation properties of
clutches of CBC type may be judged by the almost nine years
of failure-free operation of clutches installed in 1995. Up to now
another twenty four clutches are installed to the mill fans at the
‘Bobov dol’” Thermal Power Plant. They complying with
requirements of drive and up to now operate in a failure-free
mode.
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ABSTRACT

The report discusses the results of replacement of ball-bearing clutches, used in the drives of mill fans of the combustion compartment of “Bobov dol” Thermal Power
Plant with centrifugal ball clutches of 800 kW power. The disadvantages of the used ball-bearing clutched from a point of technical maintenance are indicated.
Oscillograms are prepared, which indicate the low quality initial characteristics of the ball-bearing clutches. They are compared to the oscillograms of the transitional
process, done with centrifugal ball clutches. The advantages of centrifugal ball clutches are apparent.

The centrifugal ball clutches are frictional mechanisms, which operation is fulfilled automatically by the centrifugal forces. Their
kinematical connection and the frictional momentum is carried out by steel balls, freely placed in six operating chambers.

In their principle of operating, they do not practically differ from the various centrifugal clutches, in which the moment is transmitted
by fluids, solid weights with permanent shape or graphitized powder.

In respect of initial characteristics they are similar to those of hydraulic clutches, as though they are capable to translate larger
initial momentum at identical dimensions and weight, and ensure loss-free work for the established modes of operation. The
hydraulic clutches, in the best case, operate with efficiency of 98-99, which in the case of transmitted power of 800 kW, means
continuous loss of 8-16 kW. In comparison to the clutches with monolithic weights or powder filling, they differentiate by:

- constant initial parameters;
- high smoothness of the starting process;
- high stability upon heat supercharges.

In respect of maintenance characteristics, the centrifugal ball clutches are totally comparable to hydraulic clutches, as they
practically have an equivalent resource.

In this aspect, they significantly better than other types of centrifugal ball clutches — with monolithic weights and with powder filling.

They achieve the good maintenance indexes, more than 10000 starts, owing to the use of high-quality steels during the last 10
years and active elements, operating in a proper oil medium. Their construction is not much more complicated than construction of
the other types of centrifugal clutches and it is considerably more simplified than construction of hydraulic clutches.

The reasons for applying hydraulic ball clutches to the mill drives at “Bobov dol” Thermalo Power Plant were the problems, which
were brought about by clutches of “Pulvis” type, used before 1994. They were the less safe element of the fan drive. Actually, mostly
repairing and reconstruction of clutches occupied the maintenance department.

After fixing the problem, firstly an analytical check of the possibilities of the utilized asynchronous motor for running the machine
without a starting clutch was done. The mill fan is an aggregate, which provides feeding of fuel mixture of coal dust and air into the
furnace of the boiler. It provides simultaneously the filling-up of the necessary amount of air and coal, and in the same time grinds
the coal to required size of the grain fragmentation. The operating body of the mill is a cylinder with diameter of 3,2 m and a weight
about 10 t. Significant part of it is concentrated to the periphery of the cylinder, which defines an inertia momentum of about 14200
kgm?. The static resistivity momentum for the starting period without a coal feeding is 5 kNm.

The accomplished calculation showed that the common time for initiating the spinning of the mill fan is 47,58. This is inadmissible
high, since practically through the whole starting period current flow of 6-71, will flow, which may bring it out of order. Moreover, for
the time of starting process, there is a significant overloading of the entire electricity supply system, and this may bring to worsening
the electricity supply of all other consumers.

After proving the necessity of a starting clutch the issues related to the “Pulvis” type clutch that had been used before were
investigated.



With the aim of specifying the problems during the exploitation of the powder clutches, an analysis of the existing clutches was
made. It is based on the following:
1. Oscillography of the starting process with the existing drive, the inlet and outlets speeds are measured as well as
current of the motor.
2. Analysis of the most frequent damages of the used clutches.
3. Investigation of the exploitation indexes of the centrifugal clutches with graphitized powder filling.
The practice of exploitation of clutches with graphitized powder
filling showed:
- instability of initial characteristics, which are
expressed by:
- change of the initial torque in the starting process;
- absence of repetition of characteristics for different
starting processes.
- high sensitivity towards thermal overloading;
- fast wearing out of the active surfaces and friction
junctions;

- granulation, densification and enlargement of the
filling, bringing to obtaining of large forms and disbalance.

- adhesion of the filling to the active surfaces and
blocking of the clutch.

Some of the reasons, bringing to the above phenomena, figure
out to be the thermal-frictional phenomena in the area of friction.
For clutches of discussed type and the particular case, the thermal flow through the active elements reaches from 2 to 2,5 MN/m?2
Considering the bad thermal conduction properties of the mentioned filling and the relatively large duration of starting process, the
expectation of a superficial layer (the place of frictional contact), where temperature reaches considerable values, which leads to
melting and enlarging of fragments, as well as to unpredictable chemical reactions is logical. In any case, it is inevitable to expect an
intense wearing out, change of the grain composition, chemical changes, unexpected alterations of the friction coefficient and
therefore of initial starting torque.

An effective solution for decreasing the thermal loading and respectively the undesired above described phenomena, is the
reduction of time for starting process. The only way of reducing the time of starting process is increasing the torque, developed by
the clutch M.. This opportunity is restricted also by the capacity of the motor.

Figure 1

The oscillogram shown in fig.1 shows that the electrical current of the motor at the starting process is 2-2,5l,, which suggests
utilizing the maximum feasible, “the critical” for the asynchronous motor torque. This method ensures a relatively stable operation of
the clutch, but has some disadvantages, as follows:

- considerable electrical current of the motor at the time of starting;
- danger of “overturning” of the motor while an eventual change of drive parameters takes place.

Exactly the same case of “overturning” of the motor is shown in the oscillogram in fig.2.

Figure 2

Through the figure is obvious, that because of the reasons connected to the above described processes in the friction contact, the
momentum of the clutch increases, passes over the critical for the motor moment, as follows:
- abrupt decrease of the velocity of the motor;
- considerable increasing of motor current.

This occasion may be considered us a accidental one, because of its relation to the significant overloading of the overall
kinematics of the drive of machine, as well as to a significant mechanical and current rush upon the motor and the current supply
system.

The accomplished research and the negative experience in the maintenance of up-to-now used clutches of the “Pulvis” type,
predetermine the application of centrifugal ball clutch (CBC). For this purpose a project for a proper CBC is accomplished. It was
initiated by the following considerations:

1. Mill aggregate has relatively small static starting torque and there are no strict restrictions for the time of starting.

2. Motors are large and expensive aggregates, which permit only one switching per day.

3. Maximum care for the motor, by ensuring the minimum time for acceleration of the motor and accelerating of the system
by the least possible current.

Starting process of drive accomplished by CBC and asynchronous motor is fulfilled as follows. When switched on, the motor
begins to accelerate by a dynamic moment equal to the starting torque of the motor M, . Together with rotations of the motor, the
rotor of the CBC also rotates together with the balls filling. The momentum of CBC increases by the square of initial angle velocity
(w4). At definite ws, M; equalizes to the static resisting moment of the machine and it begins to driven into motion. This time is called
initial time for rotation of the machine - t,. From this moment on, the motor accelerates simultaneously with the mill fan, by different
values of acceleration defined by their dynamic moments. This continues until the clutch comes to the natural characteristic of the



motor. The motor ceases its acceleration and the momentum developed by CBC remains a permanent one. At this momentum of
CBC the acceleration of the mill fan proceeds, so the size of this acceleration is determined by the dynamic moment M, = M; -
My(w1). This continues until equalizing of the revolutions of incoming and outgoing shafts of the clutch. After their equalization the
acceleration of motor is completed by “solid” clutch according to the natural curve of asynchronous motor until equaling of the
momentum of the machine with the momentum of the motor.

After the design and constructing, the clutch was produced and mounted to mill fan Ne 5.

The clutch showed smooth, safe and noiseless acceleration of the whole system. The oscillography of the starting process (fig.3)
shows the following:

Figure 3

1. The motor runs to its nominal velocity in 3-4 sec.

2. The mill fan begins its acceleration after the motor has reached its nominal revolutions. The acceleration is smooth,
almost linear, a certain increase is noticed at the end of the process. That is explained with the increase of the momentum
developed by the CBC, during the decreasing of the relative velocity of slipping.

3. In the process of rotating the current of motor reaches a value of 800 A, for a period of time less then one second. After
reaching the nominal velocity of the motor, the current drops to 75 — 80A. That value is determined by the outgoing momentum
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developed by CBC. It is selected in such a manner, as the motor is preserved to the maximum extent and the current supply
throughout the starting process is not more than 1,1-1,2l,.. This momentum ensures high smoothness of rotation and safety of drive
and, at the same time keeps away from heavy overloading.

4. The total time of starting process is about 140 seconds. It is thoroughly acceptable for this kind of machines and does
not make trouble for the technological process.

The achieved results unambiguously present the good starting capabilities of the CBC. The exploitation properties of
clutches of CBC type may be judged by the almost nine years of failure-free operation of clutches installed in 1995. Up to now
another twenty four clutches are installed to the mill fans at the “Bobov dol” Thermal Power Plant. They complying with requirements
of drive and up to now operate in a failure-free mode.
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