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PE3IOME

B cratnara ce pasrnexga BbNPOCHT 3a BAMAHWETO Ha M3HOCBAHETO B ThpKansAwyTe narepu, U3pas3eHo Ypes yBennyaBaHe Ha pagnanHaTta UM xnabuHa, Bbpxy
AMHAMUYHUTE XapaKTEPUCTUKN Ha AMaMaHTEHUTe A1CKOBE OT AMCKOBMTE M 0Bps3BaLLy MalLMHK 3a 06paboTka Ha ckanHo-06MMLOBBYHI MaTepuanu. NMpeanoxeH e
MeTOA 3a UAEeHTUMNLMPaHE Ha ronemMnHaTa Ha paguanHarta xnabuHa, Ype3 GesaemMoHTaxeH KOHTPON Ha BubpavumTe.

OcHoBeH npobnem npu TEXHUYECKOTO obCnyxBaHe Ha
MawwwnHuTe 3a pobuB 1 0BpaboTka Ha CKanmHOOBMMLOBBYHM
MaTtepuann € KOHTPONMbT Ha CbCTOAHWETO Ha OTAEeNHuUTE
BB3NW W JeTalnn Ha KOHCTPYKUMSTA Npe3 eKCnnoaTaLMoHHMs
nepuod. TO3W KOHTPOM € CBbp3aH MPsAKO C KAYeCTBOTO Ha
npogykuMsitTa ¥ ce peanuavpa, upe3  TPYOOEeMKM W
BPEMENOMbLLALLM MOHTaXHO-I1EMOHTaXHM OnepaLum.

MeToguTe 3a TexHW4ecka AMarHocTka M no-crneuuanHo
Be30eMOHTaXHWUAT KOHTPON Ha BuOpauuuTe, ca CPeacTBo 3a
MpeunsMpaHe W OCbBPEMEHSBAHE HAa  TEXHUYECKOTO
obcrykBaHe Ha MaluHWTe B oTpacbfia. MawumHute camu
pearupaTt Ha AedekT U M3HOCBaHE B AeTalnuTe W Bb3NUTe,
nowW  MOHTaX W Ap., NPOMEHSIMKM  BUOPALMOHHOTO Y
noBeaeHue. BHeppsiBaHeTO Ha 6e30eMOHTaXHUSAT
BUMOPOKOHTPON M3UCKBA MpeBapuTENHO HOpMUpaHe Ha
BUMOpaLUMOHHMTE MoKasaTenu (Mo 4Yectota W amnnuTypa) B
CbOTBETCTBME  C  KOHCTPYKTEBHUTE  OCOBEHOCTM  Ha
KOHKpeTHaTa MaLLmHa.

B cnyvas, e pasrmegaH BbMPOCLT 3a BMMSHUETO Ha
W3HOCBAHETO B TbpKandAwwWte narepy (yBenuyaBaHe Ha
paguanHara xyabuHa) Bbpxy BUOPALMOHHUTE XapaKTEPUCTUKA
Ha OMaMaHTeHUs ANCK OT ANCKOBWTE 1 0OPA3BALLMTE MALLMHW.
KakTo e u3BecTtHo, paguanHata xnabuHa B narepute ce WaeH-
TMULMpa C AMHAMUYEH EKCLEHTPULMTET, KOETO € eKBMBa-
neHTHo Ha pebanaHc (boxwunos I., 1985). Ako npuemem, ye
[UCKBLT € HaMbHO YPaBHOBECEH, TO paauanHaTta xniabuHa B
narepa Cb3gaBa NpeanocTaBka 3a OTMECTBaHE Ha reomer-
PUYHUS MY LEHTBP OT TEOPETUYHATa OC Ha poTaums (cur. 1).

3a u3cneaBaHeTo Ha npobrema ce NpaBsT criegHuTe
[ONyCKaHWs: BambT € Heaedopmupyem, C MpeHeBpexmmo
Marka maca CrpsiMo [ucKka, farepHuTe WMUTOBE ca UaeanHo
TBbPAM B pagManHo HanpaBreHMe W urpasT pons Ha
BMOpOaKyCTM4HM MOCTOBe, npeHebperHato e [gemndepu-

paHeTo B cucTemara. BambT M gucka ca CbOCHU W poTUMpaT C
efHakBa brnoea ckopocT. OTMECTBAHETO Ha reoMeTpUYHUS
LUeHTbp Ha AuCka OT TeopeTWyHatTa OC Ha poTauus, B
crefcTBMe Ha paguanHata xnabuHa B narepa, Cb3aasa
LeHTpobexHa cuna, KoATO MOXe [a Ce MNpeActaBu upes
BepTuKanHa komnoHeHTa F n moment M (Lise C.,1966) (cpur.1).
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Queypa 1.
F=mo? 0
1
2
M= 1,0 “6
KbLeTo:
m - Maca Ha aucka;
W - bITOBa CKOPOCT;
R2 - WHEpUMOHEH pafuyc Ha [ucka CrpsaMo
lg=m e HEroBus guameTbp;

5106 - napameTpy onpepensiy OTMECTBAHETO Ha
FEeOMETPUYHNS LIEHTbP Ha AuMCKa, CrpsAMO
0CTa Ha poTaumsi.

3nonayBaiikn METOLbT Ha KOEULIMEHTUTE HA BIUSIHUE U
Teopemarta 3a B3auMHoCTTa Ha Makcsen, 3a 6 n 0 cnepga:



0=FJo Ft M(SM
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kboeto: O0fF.0p.0F.0y ca koepuumeHTH Ha BRMsHME,

oT4yuTaLn NNHENHOTO W BIIOBOTO OTMECTBaHE Ha
OCTa Ha Bana OT TeopeTh4yHata OC Ha poTauuA,
KaKTo cneaBa:

(2)

0= HﬁH(w b)

H3EIH

OTKMOHEHME Ha OCTa Ha Bana Mpeau3BukaHO OT eaMHULA
MpUNoXeHa cuna.

ITE Eé_;g(w 2b)

OTKNOHEHME Ha OCTa Ha Bana, Npean3BMKaHO OT eauHuLa
NPUII0XXEH MOMEHT.
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0F = Hé_;H(3+ 2b)

brb/1 Ha HaKNoHa Ha Bana OT eAuHULUAa npunoXxeHa cuna
(Gy=0F)

By @%@(m b)

bIbJ1 Ha HaKMNOHA Ha Bana oT eAnHuLUa NpunoXxeH MOMEHT.

Crep 3amecTBaHe Ha KOE(WUMEHTUTE Ha BMUSHME W
npeobpa3syBaHe Ha ypaBHEHWS (2), 33 YECTOTHOTO YpaBHEHME
Ha cucTemarta ce nomnyyasa:
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Ot ypaeHenuss (3) moraT pfa 6bgaT onpegeneHu
yecToTata W amnnuTygata Ha BubpauuuTe OT paguanHata
xnabuHa B cucTemarta, kakTO 1M HelHaTa ronemuHa. 3a
ronemuHaTa Ha paguanHata xnabuHa h, cnep enemeHTapHu
reoMeTpuyHN NpeobpasyBaHus ce nonyyasa:

h=26 - tg8)) @)

®opwmyna (4) e npubNMU3NTENHO peLLEHWE 3a roNeMUHaTa
Ha paguanHara xnabuHa nopaauw HanpaBeHuTe AonyckaHns 3a
OnpocTsiBaHe Ha aHanu3a. TS MOXe [a Ce W3nonsyBa CbC
3a[0BONUTENHA 3a MpakTikaTa TOYHOCT CaMO MpW AWCKOBE,
KOHCTPYKTMBHO M3MbIIHEHM CBITIACHO cxemaTta Ha dur. 1 u
paboTeLun B rpaHNLMTe Ha ONTUMANHUTE CKOPOCTM Ha ps3aHe.

BbanpueTusT Noaxof 3a aHanM3upaHeTo Ha YecToTHUTe
XapakTepuUCTUKM Ha cucTemata kato (PyHKUMS Ha paguanHata
xnabuHa, pobpe untoctpupa HeobXoaUMOCTTa OT HOpMUpaHe
Ha BUBPaLMOHHUTE NoKasaTenn cbobPa3HO KOHCTPYKUMSATA Ha
oTAenHata MalwHa W HeiHuTe cneundmyHn 0cobeHoCTM
KaTo:ka4yeCTBO Ha GarnaHCWpoBKa, AMHAMWYHM HAMPEXEHMs,
AehOpPMaLMOHHI 1 CbMNPOTUBUTENHU XapaKTEPUCTUKM, YCTOM-
UMBOCT, BMA Ha OKAYBaHETO, MOLATAMBOCT Ha (hyHAAMEHTUTE

W op.

TexHuyeckata  peanusauust  Ha  OE3AEMOHTaXHMS
BMOPOKOHTPON,  MPEAOCTAaBA  Bb3MOXHOCT 3@  paHHa
AMarHoCTMKa Ha 3apaxgalyuTe ce MOBpeau B MalvHWTE U
CBOEBPEMeHHa PEMOHTHa Hameca.
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RESUME

The article deals with the matter of rolling bearings wearing effect, expressed by increase of their radial clearance, on the dynamic characteristics of diamond discs of
disc and cutting machines for processing of lining materials of rock origin. A method is proposed for establishing the size of the radial clearance by means of

non-dismantling control of vibrations.

The main problem in the maintenance of machines for
extraction and processing of lining materials of rock origin is
how to control the condition of the separate units and
architectonic components during the period of operation. This
control is directly relating to the quality of the products and is
implemented by means of labor and time consuming mounting
and dismounting operations.

The methods of technical diagnostics, in particular the
non-dismantling control of vibrations, are a means of making
the maintenance of machines in this industry more precise and
up-to-date. The machines themselves react to defects and
wearing of their components and units, bad assembly, etc. by
changing the conduct of their vibrations. The implementation of
the non-dismantling control of vibrations requires normalizing
of the vibration indicators (by frequency and amplitude)
beforehand appropriate to the design characteristics of the
particular machine.

In the particular case is treated the matter of the rolling
bearings wearing effect (increase of the radial clearance) on
the vibration characteristics of the diamond disc of disc and
cutting machines. As it is known, the radial clearance in
bearings is established by dynamic eccentricity, which is
equivalent to unbalance [1,2]. If we assume that the disc is
perfectly balanced, then the radial clearance in the bearing
preconditions the shift of its geometric center from the
theoretical rotation axis (Fig.1).

The following assumption were made in research of this
problem: the shaft is non-deforming, its mass is insignificantly
small as compared with the disc, the bearing shields are
perfectly hard in radial direction and play the function of
vibro-acoustic bridges, the damping in the system is ignored.
The shaft and the disc are coaxial and rotate at one and the
same angular speed. The shift of the geometrical center of the
disc from the theoretical rotation axis in result of the radial
clearance in the bearing creates a centrifugal force, which
could be presented by means a vertical component F and
moment M [4] (Fig.1).
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Figure 1.
F=mw% "
_ 2
M = Igw 6
where:
m - mass of the disc;
w -angular speed;
2
lg = mRT - radius of the disc inertia towards its diameter
dand ©® - parameters, which determine the shift of the

geometrical center of the disc towards the
rotation axis.

Using the method of the influence factors and the
Maxwell's theorem of reciprocity, 6 and © are as follows:

(5:F.5F+M(5M )
9:F'9F+M8M ()

where: 0f.,0 0.0y are influence factors reflecting the

linear and the angular shift of the shaft axis from the
theoretical rotation axis as follows:

= E;—;E(H b)

Shift of the shaft axis caused by a force unit applied.

0F
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Shift of the shaft axis caused by a momentum unit applied.

H H3+2b

]

Angle of shaft inclination caused by a force unit applied
Gy=0F)

By = HWH(& b)

Angle of shaft inclination caused by a momentum unit applied.

After  substitution of the influence factors and
transformation of equations (2), for the frequency equation of
the system is obtained:
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From equations (3) can be established the frequency and
the amplitude of the vibrations due to radial clearance in the
system and its size. After simple geometrical transformations is
obtained the size of the radial clearance h:

h= 26 - tg8) (4)

Recommended for publication by Department
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Formula (4) is an approximate solution of the radial
clearance size because of the assumptions made to simplify
the analysis. It can be used with sufficient practical precision
only with respect to discs, which are designed in accordance
with the diagram on Fig.1 and operate within the optimum
range of cutting speeds.

The adopted approach to analyzing the frequency
characteristics of the system as a function of the radial
clearance well illustrates the necessity for setting standards of
the vibration indicators appropriate to the structure of the
particular machine and its specific features such as: balance
quality, dynamic stresses, deformation and strength
characteristics, stability, suspension type, pliability of the
foundations, etc.

The technical implementation of the non-dismantling
vibrations control provides an opportunity for early diagnostics
of pending damages in the machines and timely repair works.
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