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PE3IOME

B moknaga ca pasrneaaHn pasnuyHUTE Bb3MOXHOCTY 38 PEanuaupaHe Ha onepaTiBHa TOMNMHHA 3alMTa Ha LEHTPOBEXHUTE caumMenu cbeanHuTenu. MoapobHo ca
OMUCaHN UHAMPEKTHUTE CXEMU C aHANOTOBM TOMMMHHN W ENEKTPUYECKN MOLENM. VI3BefieHn ca 3aBUCUMOCTY 32 OpPa3MepsIBaHETO Ha CbOTBETHUTE MOJENM, C Ornes
W3MON3BaHETO UM KaTo OnepaTvBHa 3aLyuTa Ha LEHTPOBEKHUTE CAYMEHUN CEANHUTENN.

MpeanassaHeTo Ha  LEHTPOOEXHUTE  CAYMEHM
cbepuHntenu /LICC/ oT HexenaTenHo nperpsisaHe, nomny4eHo
B CIeACTBWE HEMPABUIHOTO ONEpPUPaHe UMW NpeToBapBaHe Ha
paboTHaTa MallMHa, Harnara M3nomnaBaHeTo Ha 3aluTa, KosTo
[a OcCurypsBa M3KMIOYBAHETO Ha [JBuratens  npeau
[OCTUraHeTo Ha OnacHoO BUCOKM TEMNepaTypu.

BMOOBE ONEPATUBHW TOMNMUHHA 3ALLUTA

3a peanuanpaHeTo Ha onepaTyBHa 3aliuTa € Heobxoaumo
BbB BCEKW MOMEHT [a Ce 3Hae TemnepaTypaTta B CbeauHW-
Tens. B 3aBMCUMOCT OT HaunHa, MO KOWTO C& OCbLUECTBSBA
TOBa, 3alWUTUTe MoraT Aa ObaaT C AMPEKTHO OTYMTaHe Ha
TemnepaTtyparta U C MHOMPEKTHO. [1pn MbpBUTE KOHTpOnMpa-
HETO Ha TemnepaTypaTta C€ OCbLieCTBSIBA C MOMOLLTA Ha
TEpPMOLATYMK, MOHTMPaH CTabuNHO Ha MaHTWsTa, B ToYkaTa B
KOSITO Ce O4vaKBa HaW-BMCOKO HarpsiBaHe. V3BexpgaHeTo Ha
MONYYEHUs! CUTHas Ce OCHLLECTBSIBA C MOMOLLTA HA KOHTAKTHU
I'Ip'bCTeHI/I, YEeTKU U quKo,qbp»(aTenm, MOHTI/IpaHI/I Ha BXOOHUA
Barn. |-|OJ'Iy‘-IeHVI$|T CurHan ce ycmnBa n no I'IO,ELXOJ:IS!LI.[I Hau4uH,
npuw LOCTUraHe Ha onpefenieHa CTOMHOCT Ha TemnepaTtypaTa,
M3KMoYBa 3axpaHBaHETO Ha Asuratens. 1o cBos NPUHUMN Ha
LENCTBME Ta3mn 3aluuTa OCUrypsiBa MHOMO CUrypeH u edekTn-
BEH KOHTPOM BbpXy Temnepatypata Ha CbefuHUTENs, KaTo
pOnycHaTaTa rpellka Ce CBexga CaMo [0 rpelkata Ha
OTuYMTaHe Ha TemnepaTypaTa OT MOHTUpaHus gatumk. OcHo-
BEH HEWH HEedoCTaTbK € TEXKOTO KOHCTPYKTMBHO PELLEHMe,
Hanaraw0 MOHTMPAHETO Ha MPBLCTEHU U YETKOLbPKATENM.
ToBa B W3BECTHA CTeMeH 3aTpygHsBa nNOAApbXKATa M
CI/IprHOCTTa Ha 3aLI.I|VITaTa. o Teau I'IpVNI/IHI/I [0 MOMEHTa To3K
T™n 3au.u/|Ta He e Hamepmna I'IpaKTI/I"IeCKO I'IpI/IJ'IO)KeHI/Ie.

Cwe CbLlUNA NpuUHUKUN Ha fencTene e 3alutara, KoAto
OCblleCTBABa CNEAEeHEeTO Ha Temnepatypata B MaHTUATa OT

W3BECTHO pa3cTosHMe. T ce OCbliecTBABa OT creuuaneH
TEpPMOATYMK /MMPOMETBP/, KOIITO No3BoNsBa onpeaensHeTo
Ha TemnepaTypaTa 4Ypes M3/Tb4YBaHETO, KOETO Ce MoJyyaBa
MpW HarpsiBaHETO Ha cbeauHuTens. MpeauMCTBOTO Ha ToBa
PELIEHME €, Ye KOHCTPYKUMSTa Ha CbeauHuTens He ce
MPOMEHS! M U3BEXAAHETO Ha CUrHasa ce OCbLUEeCTBSIBa MO Nek
W CUrypeH HaumH. Kato HegocTaThk TpsibBa Aa ce Mmocoun
CPABHUTENHO MO-TONAMaTa HETOYHOCT Ha M3MEpPBaHeTO U
CUMHOTO BMUSHWE HA 3aMbPCABAHETO HA [aTuMka BbPXY
HEroBUTE MOKa3aHus, KOeTo MoXe Aa JoBefe A0 HEMpaBUiHO
1 HeHaBPEMEHHO cpalboTBaHe Ha 3aluTaTa.

OnepaTUBHMTE TOMMHHK 3aLUMTM C UHAMPEKTHO AENCTBUE
Ce OCHOBaBaT Ha NMpeaBapuUTeNIHO W3BECTHATa 3aBUCMMOCT 3a
M3MEHEHWETO Ha TemnepaTtypaTta OT BpemeTo. Hail-enemen-
TapHaTa 3alTa oT TO3M TUM Ce OCLLUEeCTBSBA C BPEMEpENE,
KOeTO Ce HaCTpo/iBa 3a BpeMe Ha W3KMouBaHe, Marnko mno-
ronsiMo OT HeobXo4uMOTO 3a OCbLieCTBABAHE Ha HOpPMareH
nyck. OT cneyuaneH AaTyuKk ce KOHTponMpa NpUBEXAAHETO Ha
paboTHaTa MallMHa B [BuxeHWe. B cnyyai, ye ToBa He CTaHe
3a npeaBMOEHOTO Bpeme, peneTo cpaboTsa, kato nofasa
CWrHan 3a u3kniouBaHe Ha apuratens. NogobHa 3awmTa nMa
caMmo npefnasHo AeiCTBIUE NpU eQHOKPATEH HeycrneLleH nyck,
HO TS HE MOXe Aa pearvpa Ha nperpsiBaHe MOMyyeHO B
CNeACTBME Ha HemonycTUMO ronsm Opoi BKMOYBaHMA 3a
AaeH nepuog.

Hpyra opma Ha peanusauusi Ha TOMAMHHA 3alWmTa C
WHOMPEKTHO JeiiCTBUE Ce sBSBa MOAENMPAHETO Ha npoueca
Ha 3arpsiBaHe 1 OxnaxpaaHe. ToBa MOXe [a Ce OCbLLECTBU C
TOMNMUHEH UMM enekTpuyeckn mogen. MpuHuMNuTe Ha aBaTta
Ha4MHa € eauH 1 Cbll| 1 Ce CbCTOM B CNIEAHOTO:

|-|pl/l BKNno4YBaHe Ha ABuratensa KbM Modenute ce noaaBa
3axpaHBaHe NponopLUnoHaNHO Ha OTAENEeHUA B CbeauHUTens



TONNWHEH noToK. C pa3BbpTaHeTo Ha ABUraTens U MallnHaTa
OT CreyuanHmu AaT4mum ce nofyyasa MHGopMaLms 3a TaxXHaTa
CKOpOCT. B 3aBMCMMOCT OT pasnMKuTE B CKOPOCTUTE Ce
MPOMEHS N MHTEH3MBHOCTTA Ha 3arpsIBAHETO, MO ChLUMS HAYWH
KaKTo ce NMPOMEHS! TOMMMHHMS NOTOK B CbeAMHUTENS NPE3 TO3M
nepvog. lMpu JocturaHe ckopocTTa Ha paboTHata MaluuHa
T Ha [JBWraTens, HampeXeHWeTo Ha Jarumunte ce
WN3paBHsIBa W 3axpaHBaHETO Ha MOLENUTE Ce NpeycTaHOoBSBaA.
OT TO3® MOMEHT B TsIX Ce OCbLUECTBSIBA MOfenupaHe Ha
oxnaxgawums npouec. Mpu fobpo opasmepsiBaHe, CTONHOCTY-
Te Ha TemnepaTtypaTta, PECneKkTUBHO HanpexeHWeTo B CbOT-
BETHWUTE MOZENW MOXe MHOMO TOYHO a criefjBa M3MEeHEHNETO
Ha TemnepaTypaTta B CAUMeHMst CbeauHUTEN.

WHOWMPEKTHA ONEPATVBHA 3ALWTA C TOMNUHEH
MOOEN

OpasmepsiBaHETO Ha TOMMHHUS MOZEN Ce OCbLUECTBSBA MO
CriegHust HaumH. HeroeaTa maca TpsibBa Aa ce OTHacs KbM
MacaTa Ha CbeaMHUTENs W pasBUBAHUSA OT HETO MOMEHT Mo
CNIeAHNS HauMH:
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KbaeTo:

m; e MacaTa Ha cboTBeTHUs enemeHT ot LICC, kg;

Ci - cneuudmyHaTa TonnoeMKOCT Ha CbOTBETHMS €NEMEHT OT
LICC, Jikg.K*;

Mg - MOMeHTBT, passuBaH ot LICC, Nm;

W1 - bIMOBaTa CKOPOCT Ha Apuratens, rad/s;

W2 - bITI0BaTa CKOPOCT Ha MalunHaTa, rad/s;

My - MacaTa Ha CbOTBETHUS eNEMEHT OT MoAena, Kg;

Cn - CNeumdmyHaTa TONNOEMKOCT Ha CbOTBETHUS ENEMEHT
oT mogena, Jkg.K’;

Py - MoWHOCTTa OTAENeHa B Harpeeatens, W.

Kbaeto HarpsiBaliaTta Mogena MOLHOCT Py ce onpedens B
3aBMCHUMOCT OT TonnmHata, otaenexa B LICC:

Py = Mc.(01 - wa) —r & 2)

lMpu onpefeneHo CbOTHOLLEHWE HA MacuTe U TOMMMHHATA
MOLLHOCT, MOLLHOCTTa OTAerneHa B Harpeeatens TpsbBa fa
“Ma CbOTBETHATA CTOMHOCT. 3@ OCBHLLECTBABAHETO Ha e4HU U
CbLLUW yCroBMS Ha OXnaxdaHe € Heobxogumo fda ce cnassa
CneaHoTO paBeHCTBO (Ynunnnase, 1970):
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KbeTo:

We e uanoTo konuyecTso TonnuHa, otaeneHa s LICC, J;
W - UANOTO KONMYEeCTBO TONMWHA, OTAaZeHa B Mogena, J;

Kc 1 Ky - koeduumeHT Ha oxnaxaaHe, cboteeTHo Ha LICC

u mogena, 1/s;
tox - BpemeTo 3a oxnaxaaHe, s.

KakTo ce ycTaHOBM Mo-rope OTHOLUEHWETO HA MacuTe KbM
OTHOLLEHWETO Ha MOLWHOCTUTE € MOCTOSHHA BenuuuHa. B
TaKbB CMyyaii 3a Aa Ce Cnasw FopHOTO PABEHCTBO MPU EHO U
CbLLO BpeMe 3a oxnaxzaaHe e Heobxogumo: Ke = K.

Ko = “iC-SC - rE‘M-SM = Ky
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KbOETo:
0c € KoedhuLmeHTa Ha TonnooTAasaHe Ha LICC, W/m2K®;
Sc - NoBbPXHOCTTA Ha LICC, m?;

Om - KoedhuUMEHTa Ha TONNOOTAABaHe Ha Mogena, W/m?K®;
S\ - NOBBPXHOCTTA Ha Moena, m-.

OxnaxpallaTa NOBbPXHOCT HAa MOJENa, 3a OCbLLECTBSBaHe
CbLUNTE YCIIOBMSI Ha OXNaXdaHe, KaKTO U B CbeAMHUTENS,
TpsibBa ga Obae:

Sy - m;_m (5)

an Cna3BaHe Ha Te3u yCcnosha MOXe [da Ce CYuTa, 4e
HarpABaHETO U OXNaXxaaHeTo Ha CbeAUHUTENA U Moaena Lie
Ce OCbluecTBABa NO €OuH N CbLUN Ha4nH K cpe,uHoo6eMHaTa
MM TemMnepartypa BbB BCEKM MOMEHT LLEe Obae enHakea.

TemnepaTtypata B MaHTMSTa Ce pasfuyaBa oOT
cpepHoobemHata ¢ 5+25 °C. 3a ocurypsiBaHe Ha CUrypHO
cpaboTBaHe, AaTyMKa MOHTUPaH BbPXY MOAENa Ce HacTpoiiBa
[ U3KIoYBa Npu JocTuraHe Ha Temnepatypa ot 110 °C.
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Queypa 1.

ToyHaTa 1 npewyM3Ha HaCTpoiika Ce U3BBPLLUBA HA MACTOTO
Ha paboTa Ha CayMeHU CbeAUHWUTEN MPU 3aNOXEHO onpege-
NIEHO KOMMYECTBO MbITHEX W Macno B Hero. Cb3aasaiikv pas-
FINYHU PEXWMU Ha paboTa Ha CbeanHUTENs, EGHOBPEMEHHO Ce
3amepBarT TeMMepaTypuTe B HEro U B MOAENa, kaTo 3axpaHBa-
LLOTO HampexXeHue ce noabupa Taka, Ye NonyyeHnTe Temnepa-
TYpW MUHUMAIHO fa ce pasnuyasart. [puHumMnHaTa cxema, no
KOSITO Ce OCbLUECTBABRA 3aluMTaTa € nokasaHa Ha cwur.1.

ONEPATMBHA TOMNMUHHA 3ALLUTA C ENEKTPUYECKMN
MOAEN

CbCTaBsaHeTO Ha 3alnTa Ha Ba3aTa Ha enekTpuyeckn mMogen
Ce 0CHOBaBa Ha ENEeKTPOTONMMHHATA aHaNorns — MPUHLMIHO
€[HaKBOTO NMPOTUYaHE M ONKUCBAHE Ha TOMMUHHWTE W eNeKTpy-
yeckute npouec. OCHOBHWTE 3aKOHOMEPHOCTU U CLOTBETCT-
BME B MaTeMaTW4eckoTO OnucaHWe Ha sBheHuATa ca
nogoyeHu B cneynanHata nutepatypa (Kyamux, 1974).
-u
-|pI/IH1\I/II'IHa CXema Ha TakbB Mofen € nokasaHa Ha . 2.
O6k3neyaBaHeTo Ha TPk NpPONOPLMOHADAgt, Ha  TOMMMHHNS
noTokK B'm‘%ommm Topa [T1,
kaTo C| momoLWTa Ha TaxoreHepaTopuTe, CBbp3aHu KbM
ABWratefis M MaluHata CTOMHOCTTA Ha TOKa Ce|npoMEHs
aHanormiHo Ha TonnnHHMs notok B LICC.
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Queypa 2.

MogenvpaHeTo Ha HarpsiBaHETO Ha CbeAUHUTENS € CBEAEH
[0 Hakonko RC -rpynu, uMalm cnegHoTo npeaHasHaueHme:
- KkoHaeH3aTopbT C1 CbOTBETCTBA HA TOMMMHHUS Kanauu-
TET Ha MaHTUATA;
- CbNpoTMBNEHNeTo R1 CbOTBETCTBA Ha pa3ceiiBaHaTa OT
CbeAVHUTENS TOMMMHA B OKONTHOTO MPOCTPAHCTBO;
- koHgeHnsatopute C2, C3 n C4 cboTBeTCTBYBAT Ha TOM-
NMHHATE KanauuTeTM Ha CauMeHUst MbAHEX W ocTaHanuTe

€NeMeHTU Ha CbeANHNTENA;

- cobnpotuenennsta R2 u R3 ca nponopumoHanHu Ha
CbOTBETHUTE NPOBOAUMOCTM.

Opa3mepsiBaHETO Ha OTAENHUTE eNeMEHTU Ce M3BBPLLBA B
crefHarta nocrnegoBaTenHocT:
- ToKkbT | npe3 TpaHaucTopa aa 6bae nMponopuvoHaneH Ha
TOMMMHHWAA MOTOK MPe3 MaHTUATa W CauMEHUst MbIHeX
(KyamuH, 1974).

-k Qc . Mc.(01-05)

= Kise™ T s A (6)
- Hanpexenneto U Bbpxy KoHgeHsaTopa C1 Tpsbea pga
CbOTBETCTBA Ha TemnepaTtypata T B MaHTUsTa:

Uz KyT; Ky=¥ (7)

- CTOVMHOCTUTE Ha koHpeHsaTopute, C; OTroBapsiluM Ha
TOMNMWHHUTE KanauWTeTU Ha CbOTBETHUTE [ETaiinu Ce M3YMC-
nsBaT B CbLOTBETCTBME C W3OpaHMTE Malabn Ha Toka U
HanpexeHUeTo:

K
Ci= ot~ 1
l KU Z m;.C; !F (8)
1

- CbnpoTuBneHneTo R1, CbOTBETCTBALLO Ha pasceliBaHaTa
TOMAMHA Ce Onpeaensi:

- U
Ri=Kusga.o ©)

KbLeTo:
Si € CbOTBETHATa MOBBPXHOCT, M,
0 - CbOTBETHATa TONNONPOBOAUMOCT, W/m?°K.
- CbMPOTMBIEHMUSTA, OTFOBApALM Ha CHOTBETHWTE TOMSO-
NPOBOAMMOCTY CE OMPEAENsT:

- ]
Ri = KU'Si.ai Q (10)

KbaeTo:
Si e cboTBETHATA NOBLPXHOCT, M
0 - CbOTBETHaTa TonnonposoauMoct, W/m?°K.

MNogpobHa pa3paboTka Ha onepaTyBHA 3aL4uTa OT TakbB TUN
e HanpaeeHa (Taces, 1974) 3a caumeH cwegunuten LIMNCC 9,
KaTo CbllaTa e peanuaupaHa 1 u3npobaaHa Ha npakTuka.

3awuTuTe cbanaaeHn Ha 6asaTa Ha enekTPOMOAENMPaHeTo
Ha TOMNIMHHMTE MPOLIECH UMAT MHOTO ToNisiMa MbBKaBOCT, KaTo
MpaKTUYecky eHa M Chblua 3aluTa MoXe Aa Ce npunara 3a
BCUYKY BIZOBE CbeAMHUTENN.

3AKITIOYEHNE

MHﬂMpeKTHVITe CXEMW BUHArM Cbabpxart B cebe cu n3secteH



enemMeHT Ha HecurypHocT. ToBa MoXe fAa Ce AbMKM Ha
HeToYHaTa HACTPOiika, HEMpaBUIHW MoKasaHUs Ha Taxoree-
paTopa U Hail-Beye Ha €BEHTyarHO M3MEHEHWe Ha XapakTe-
PUCTUKITE HA CbEOMHWTENS, Mopaau MpoMsHa Ha MbiHexa
Wi Ha HPUKLUMOHHUTE MapameTpy. Mopaan ToBa, TAXHOTO
u3non3esaHe BbB B3PUBO WIM MOXapooracHa cpeaa BUMHAMM
TpsibBa [1a € CbYETaHO CbC 3aoKeHa B CbeAMHUTENS aBapHii-
Ha TOMNMHHA 3alyuTa, KOSTO fAa CpaboTW Mpu eBEeHTyamnHo
HeHaBpeMeHHO 3aJeiiCTBaHe Ha OnepaTUBHATa alLuTa.
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ABSTARCT

The report discusses different opportunities for performing an operative thermal protection for centrifugal ball clutches. Indirect schemes with analogous thermal and
electric models are described in details. Dependencies for dimensioning of respective models are derived with the aim of applying them tas operative protection for

centrifugal ball clutches.

Protection of cenrifugal ball clutches /CBC/ from unwanted
overheating, resulting from irregular operation of or overloading
of machine involves the application of protection, which will
provide switching off the machine before reaching dangerously
high temperatures.

TYPES OF OPERATING THERMA PROTECTIONS

Knowing the temperature in the clutch in each moment is
needed for the operative protection. Depending on how this is
realized protections may be of two types — of direct tempera-
ture registration and indirect temperature registration. In the
first ones temperature control is realized by a thermal sensor,
assembled steadily to the mantle, in a point where the highest
heating is expected. Taking away of the obtained signal is
realized by contact rings, brushes and brush-holders, assem-
bled to the inlet shaft. Obtained signal is amplified approp-
riately, an reaching a certain temperature value it excludes
engine supply. Applying this principle of action the protection
provides a very reliable and effective control on clutch
temperature, and possible error is reduced only to the error of
temperature registration of the assembled sensor. The basic
disadvantage is heavy constructive decision, involving the
assembly of rings and brush-holders. To a certain extent, this
makes maintenance and safety of protection more difficult. For
that reason this type of protection has not been practically
applied yet.

The same principle employs a protection, which observes
temperature in the mantle from a ceratin distance. It is realized
by a special thermal sensor (pyrometer), which allows determi-
nation of temperature by the radiation obtained while the clutch
is heated. Advantage of this solution is that construction of the
clutch does not change and taking away of the signal is
realized by an easy and safe approach. Comparatively higher
inaccuracy of measurement and effect of sensor contamination
on its registrations may be mentioned as a disadvantage. This
may bring to irregular and not in-time work of the protection.

Operative thermal protections with an indirect action are
based on a dependence of temperature change with time,
which is known in advance. The most simple protection of that
type is realized by a time-relay, which is adjusted for a time of

switching off, a little bit higher than the time needed for the
realization of a normal start. A special sensor controls putting
of the machine into motion. If this does not happen for the time
provided, the relay starts and gives signal for switching the
engine off. Protection of that kind is effective only for a single
unsuccessful start, but it may not react to overheating caused
as a result of too many switches for a certain period of time.

Another form for realization of a thermal protection of indirect
action is modelling of the process of heating and cooling. This
may be .realized by a thermal or electric model. Principle of
both approaches is the same and consists in the following:

When the engine is switched on, models are supplied
proportionally to the thermal flow released in the clutch.
Special sensors provide information about speed of rotation,
when engine and machine are rotated. Depending on differen-
ces in speed, intensity of heating changes in the same way as
thermal flow in the clutch changes for the same period of time.
When speed of working machine reaches speed of the engine,
voltage in sensors equalizes and supply to models interrupts.
From this moment on modeling of cooling process is perfor-
med. In case of good dimensioning, values of temperature,
respectively voltage in respective models may precisely follow
the temperature changes in the ball clutch.

INDIRECT OPERATIVE PROTECTION WITH A THERMAL
MODEL

Dimensioning of the thermal model is performed as follows.
Its mass is to refer to mass of clutch and moment of rotation in
it as follows:

i n

m;.G; mp.Cp,
FTE ) (1)
Mc-[‘ﬂ 1”7 wz) Py
where:

m; is the mass of respective eleemnt of CBC, kg;

ci — specific heat consumption of respective element of CBC,
Jikg K’;

Mc — moment, developed by CBC, Nm;

w1 — angular speed of engine, rad/s;
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w2 — angular speed of machine, rad/s;
mn — mass of respective element of the model, kg;

cn — specific heat consumption of respective element of the
model, J/kg.K’;
Px — power released in the heater, W.

Power, Py, heating the model is determined depending on the
heat, released in CBC:

W (2)

In case of certain ratio of masses and heat power, the power
released in the heater is to be of a respective value. Observing
the following equation is needed for realizing one and the
same conditions of cooling (Chichinidze, 1970):

Wc e Ke-tox - WM e K -tox
i n
Y MiCi Yy MpCy (3)
1 1

where:

W is the whole quantity of heat, released in CBC, J;
W - whole quantity of heat, released in the model, J;
Kc and Ky - coefficient of cooling, for CBC and model,
respectively, 1/s;
tox — time of cooling, s.

As above mentioned ratio of masses towards ratio of powers
is a constant value. In this case, the observatiopn of the above

equation for one and the same period of cooling needs: K¢ =
Km.

KC = aicﬁ: —:M'SM = Ku
y mic ) mycq IS 4)
1 1
where:
o is the coefficient of heat release of the CBC, W/m?K®;
Sc — surface of CBC, m?
o — coefficient of heat release of the model, W/m?K®:
Sy - surface of the model, m?.

The coolong surface of the model for realizing the same
conditions of coolong, as in the clutch, is to be:

c-Sc %milci
SM= 7 ,m? (5)
21 mp.Cp,

If the above conditions are observed, it may be considered
that heating and cooling of clutch and model are performed in
one and the same way and the average volumetric
temperature in each moment will be equal.

Temperature in the mantle differs from the average

volumetric temperature with 5+25 °C. Sensor assembled on
the model is adjusted to switch off when temperature of 110°C
is reached with the aim of providing its safe work.
-U
ccurate and precise adjustement is performed at the place

of work |of the ball clutgh@F1fer a give qu E’tyq.of filing and
lub icatim—&a—i&.—@rea%@ffw—meées@l opesatipn for(the
clutch, temperatures in T and in the model are measyred

simultaneously, and supplying voltage is selected |n such a
way thal obtained temperatures differ with a minimum. The
principal scheme employed by the protection is shown in fig|1.
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Figure 1.

OPERATIVE THERMAL PROTECTION WITH AN ELECTRIC
MODEL

Constructing a protection based on electric model is
reasoned by the electrothermal analogy — equal occurring and
description of thermal and electric processes. Basic
dependencies and correspondence in  mathematical
description of phenomena are cited in specialized references
(Kuzmin, 1974).

The principal scheme is shown in fig. 2. Supply of current,
proportional to thermal flow in the clutch is realized by the
transistor T1, and by means of tachiogenerators, connected to
engine and machine, the value of current changes analogically
to thermal flow in the CBC.
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Taces B. OTEPATVBHA TOMIIMHHA SALUNTA HA LLEHTPOBEXXHMU ...

Figure 2.

Modeling of the heating of clutch is reduced to several RC -
groups, having the following designation:
- the condenser C1 corresponds to the thermal capacity of
the mantle;

- resistance R1 corresponds to disseminated heat by the
clutch in the surrounding room;

- condensers C2, C3 and C4 correspond to thermal
capacities of ball filling and the other elements of the clutch;

- resistences R2 and R3 are proportional to respective
conductivities.

Dimensioning of separate elements is carried out in the
following consecution:

- current | through transistor to be proportional to thermal
flow through the mantle and ball filling (Kuzmin, 1974).

= Kl'S_C:—S A (6)

- voltage U on condenser C1 is to correspond to the
temperature T in the mantle:

UsKyT; Ky=2 (7)

- values of condensers, C; corresponding to thermal
capacities of respective details are calculated according to
selected scales of current and voltage:

K
Ci= ot 1
LK e F ®)
1
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- resistance R1, corresponding to disseminated heat is
determined:

- u
Ri=Kusar.a )
where:

Siis the respective surface, m?

a; - respective heat conductivity, W/m2°K.
- resitances,  coreesponding to
conductivities are determiend:

respective  heat

U
Ri = KU'Si.Gi ,Q (10)

where:
Siis the respective surface, m?
o; - respective heat conductivity, W/mK.

Detailed development of an operative protection of that type
was performed (Tasev, 1974) for a ball clutch L{[1CC 9, and
the same is implemented and tested in practice

Protections, based on electrical modeling and thermal
processes are very fleible, and practically one and the same
protection may be applied to all types of clutches.

CONCLUSION

Indirect schemes always represent a certain element of
insecurity. This may be caused by inaccurate adjustment,
incorrect indications of the tachiogenerator and most often to
possible change of clutch characteristics, due to change of
filing and/or frictional parameters. For that reason their use in
explosive atmosphere has to be combined with an accidental
heat protection, which has to work n case of possible lack of in-
time action of the operative protection.
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