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AHanusupat ce pesynTaTute OT NpoBeAEeHM NabopaTopHU U3cneaBaHus ¢ LieHTPoBexHO - ponkoa MenHuua (LIPM) v ce npaBsiT M3BOAW OT HaTpynaHusi onuT no
BHeApsiBaHe Ha TO3W TWM MenHMLM B MPON3BOACTBOTO. B pesynTar Ha ToBa Ce mocTposiBa eanH ob60CHOBaH MoAen Ha npoueca cmunare ¢ LIPM u ce nssexaar

3aBMCUMOCTU CbC CPEACTBATA HA aHanW3a Ha Pa3MepPHOCTUTE.

MpencTaBeH € U MPUMEP Ha MEMHNLIA C KOHCTPYKLMS C YNpaBnsiBaLLO NPUNITb3BaHE Ha CMUMALLMTE POKW, CbOTBETCTBALLA Ha TPaHUYHUTE NapamMeTpy Ha Mofena.
A3BejeHUTE 3aBUCMMOCTY LLE NOCTYXaT 33 B3EMaHe Ha ONTUManHK peLLeHnst Npu NpoekTupaxe Ha LIPM.

YBO[

LlentpoBexHute ponkosu menHuum LIPM ca menHnyHn ma-
LUMHWA, MPX KOUTO Ce M3MON3BaT LEHTPOOEXHM cunu, Cb3gasa-
HW NP OTHOCUTENHO 6BP30TO ABKEHME HA CMUMaLLMTE Tena.
B cpaBHeHWe C TOMKOBWUTE W NPBLTOBUTE MENMHULM, U3MoN3Ba-
HETO Ha BUCOKO CKOPOCTHW LIEHTPOBEXHO-PONKOBU MENHULMA
C€ XapaKTepuanpa 0CHOBHO CbC CrieAHUTE NpeanMCTBa:

- No Mambk 0beM 1 Terno Ha MenHUUKTE;

- 1O BMCOKa NPOU3BOAMUTENHOCT ;

- 10 MarbK pasxof Ha eHepris;

- MO Marko M3HOCBaHe Ha paboTHUTE YacTy;

- 1O ronsama yHUBepCcarHocT 3a CMUnaHe Ha pasnuyHu no
KayecTBO MaTepuanm.

Mo - cblecTBeHN HegocTaTbLm Ha LIPM ca:
- 6bp30 M HepaBHOMEPHO M3HOCBAHE Ha CMUnaLLuTe
POIKK;
- HamansBaHe Ha HaTWCKa Ha pPonKuTe BbPXy Matepunana ¢
yBENNYaBaHe Ha U3HOCBAHETO Ha CMUNALLMTE Tena.

B YanawukaHos (1979) ce npasu eaHo 3agbnboyeHo uscnes-
BaHe Ha npoueca cmunaHe Ha 6asaTta Ha Teopusi Ha Mopjo-
Bueto u ronsm Opon ekcnepumeHTU ¢ nabopatopHa LIPM.
Kato npaBuno e HamMue TEHOEHUMSt Ha M30CTaBaHe Ha
TEeopusATa OT MPaKTMYecKoTo npunoxeHne Ha LIPM. Omut 3a
BHeJpsIBaHE Ha LEHTPOOEKHO-PONKOBN MENHWLM B MPOU3BOa-
CTBOTO ce mpaBu OT npocpecop [1. OOpellKoB U KOMEKTVB
(O6peLukos [1., 1965, O6pewkos [. u gp., 1973 ). OcHoBHaTa
paboTa e M3BbPLUEHA B MOCOKA HA MOBULIABAHE HA WM3HOCO-
YCTOWYMBOCTTA Ha ponkute. poueckT Ha M3HOCBaHe € onu-
CaH 4pe3 CroXHa CucTeMa OT AUepeHUnarntn ypaBHEHMS,
M3MON3BaHETO Ha KOWTO Ccpelia onpefeneHn 3aTpymHeHus.
lMpepnouunTa ce To3un npouec Aa bbae nscneasaH Ypes ronsm
Bpomn ekcnepumeHTn ¢ nabopatopHu LIPM. B YanawkaHos

(1979) e pmageH npeBeC Ha EMMMPUYHOTO M3CNeaBaHe Ha
npoLeca CMUnaHe.

LEN

[a ce npeanoxu eauH obocHoBaH MOZeN Ha mpoleca Ha
CMUNaHe, Cb3aafeH Ha basaTa Ha MHOXECTBO eKCNepUMEHTH
1 u3Boay ot YanalukaHos (1979) n MeToauTe 3a npunaraHe Ha
pa3smepHOCTeH aHanu3 (Oumutpos, 1998, 1999). [la ce npuno-
XM MeToZ 3a MbJTHO M3NON3BaHe Ha MHGOpMaLmsaTa 3a npoLe-
ca Ha pabota Ha LIPM no goctaTbyHo afekBaTeH HauwH, Taka
Ye [1a Ce OCbLLECTBN eJHO PaLMOHAIHO MOAENMpaHe.

CXEMATWYEH MOJEN HA CMMNAHETO C LIPM

MpouechT ce xapakTepuaupa C [Ba efleMeHTa, HamMupaLLm
Ce B AMHAMUYHO CLCTOSHME:
- ponku;
- cMMnaH matepuarl.

MartepuansT v ponk1Te B3aUMHO CU Bb3AEACTBAT, B pesyn-
TaT Ha KOETO Ce NosBABaT paspylueHns, 6bp3o pasnpobssaHe
Ha MaTtepmana 1 nocTeneHHo U3HOCBaHE Ha POMKUTE.

MatepumansT ce [BUXM B NOCOKA OTrOpe HaZory nof AeicT-
BME Ha CuraTa Ha TEXeCTTa, KaTo CbLUEBPEMEHHO Ce yBRMYa
OT [ABMXEHWETO Ha poTopa CrpsIMO KOXyXa - [BUKEHWNETO
MOXe Aa Ce NpeacTaBy kaTo Cynepnoanuns (Cyma) Ha npouec
Ha cBOOOOHO NajaHe Ha maTepuana M Ha KpbroBoTO My
OBWKEHME, CnepBallo OTHOCUTENHOTO ABMXEHWe Ha poTopa
CnpAMO KoXyxa.



PonkuTe ce [BMXAT KPLroBO B Pe3yNnTaT Ha ABUKEHWETO Ha
poTopa CrpsIMO KOXYyXa W CbLUEBPEMEHHO Npunb3sar. [su-
KEHWETO Ha BCsiKa porika MOXe Aa Ce NpeacTaBy KaTo cyma Ha
cBOBOAHO ThpKansHe 6e3 NpUNITb3BaHe Ha ponkaTta B AafeHn
MOMEHTM, anTepHUPaHO CbC CbCTOSHUS Ha OnokupaHe Ha
pornkata.

lMpn onpeneneHn ycnoBns CbCTOSHUETO Ha MpoLeca Moxe
pa 6bae 6rmsko go egHa ot kombuHauuute (LAILA), (LAI1.B),
(LB,ILA) unn (1.B,11.B) (®ur.1). Mpn obuyaiHata pabota e Ha
nuLe NpoLEec ¢ AMHAMUYHW eNeMeHTY - POIIKA M CMUNaH MaTe-
puan, ABWKEHMETO Ha KOUTO Ce OMMUCBa CbC Cynepro3uuus,
KaTo M3HOCBAHETO € CbCTaBeH npouec Ha |.A u |, a
cmunaHeto - Ha [LA n I1.B.
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Queypa 1. CxemamuydeH moden Ha cmunaHemo ¢ LIPM

[lombnHMTENHO, MU OTYMTaHE Ha M3HOCBAHE Ha POMKUTE
TpsGBa Aa ce MMa B npeq BWA, Ye Npu TAXHaTa LNIMHAPUYHA
(opMa ¥ [BUXEHWe, BCNEACTBUE yOApU-TE CbC CMUNaHMA
MaTepuan ce OCblUECTBABA OTOITbCKBAHE OT KOXyXa M cref
TOBA yaap BbpXy HEro no-cUneH B kpauiuata - TO3W AUHAMM-
YeH MPOLIEC Ce AbITKM Ha U3BECTHO KPBCTOCBAHE Ha OCUTE Ha
ponkute. B pesynTaT Ha ToBa W3HOCBAaHETO B kpauliata Ha
porkata e no-Gbp3o.

MOOEMPAHE HA MPOLIECA HA U3HOCBAHE HA
POJIKUTE

CobrnacHo YanatukaHos (1979) 1 apyrv aBTopu NpoLECHT Ha
M3HOCBaHe Ha pornkute Ha LIPM 3aBucy oT:
- (OM3NKO-XMMUYHM CBOWCTBA Ha MaTepuana 3a CMuna-He;
- BMA Ha paboTHUTE NOBLPXHWHM HA MENHWLATa;
- TEPMWUYHM CBOWCTBA M TemnepaTtypa Ha paboTHUTe YacTy;
- TEOMETPUYHW pa3MepH, CKOPOCT Ha JBUKEHUE 1 BpeME 3a
paboTta, KonTo:

dp.hp - BLHLEH AMaMeTHP 1 BUCOUMHA Ha €A PONKa;
ap - BPON Ha POMKMTE B €TaX;

ker - Opoi Ha eTaxwTe;
Dy, Hk - amameTbp 1 B1COYMHA Ha KOXYXa HA MENHULATa;

W - brMOBa CKOPOCT Ha POTOPA CMPSAMO KOXyXa;
t - npoabMXUTENHOCT Ha paboTata.

3a oTuMTaHe Ha M3HOCBAHETO Ce BbBEXAA BenuuuHa-Ta J -
CKOPOCT Ha M3HOCBaHETO, M3passBalla obema Ha OTHETWS

3
martepuan oT BCUYKM POIKK 3a eAnHNLa Bpeme, mé .

MpaBura, OMpefenswy CKOpocTTa Ha W3HOCBAHETO
(HakpaTko u3HocBaHe) J :
- VM3HOCBaHETO 3aBMCK B MpaBa Mocoka OT cunata Ha
HaTuck P Ha BCsika porka BbpXY KOXYXa;
- TO 3aBuCM Cblo oT obwata pabotHa nmow, W OT
NPOABLITKUTENHOCTTa Ha paboTa [0 amopTM3upaHe Ha ponku-
e Ta;
- 33BMCM OT 4YeCTOTaTa Ha Bb3JENCTBME Ha CMUMaHWS
MaTtepuan OTHeCeHa KbM eaMHuLa nnoLl OT NOBBbPXHOCTTa Ha
pornkuTe;
- U3HOCBAHETO € MO-TONSIMO B Kpaullata Ha POMKu-Te
nopagu CreunduyHUs HauMH Ha ABWXEHME (KPBCTOCBAHE Ha
ocuUTe) Ha ponkuTe.

3a MbNHOTO ONMMCBaHe Ha €AMH NPOLIEC He € JOCTaTbyHO Aa
Ce [aje aHanuTUYHa 3aBMCUMOCT MEXIY HeroBuTe napamet-
pu. Heobxoammo e fa ce U3sCHM M y4acTMeTo B npoLeca Ha
BCEKW OT mapameTpuTe KaTo (hu3UyHa BenuuuHa, U3paseHo
upes usnyHa U npegmeTHa 3asucumoct (Oumutpos, 1998).
Mog cu3myHa 3aBMCMMOCT pasbupame MNpeLCTaBAHETO Ha
(hopMynUTe Ha pa3MEpPHOCT Ha MapameTpuTe 4pes onpege-
NEHN OCHOBHM BENMYMHN. Tasn 3aBMCMMOCT Ce NPOSIBSIBA KaTo
OCHOBHa TEHAEHUMS M MOXe Aa Ce OTAenM OT Cry4anHus
XapakTep W MposiBUTE Ha emnupuyHaTa 3aeucumocT. [lpeg-
MeTHaTa 3aBMCUMOCT € Bpb3kaTa Mexay (hu3ndiHuTe Benniu-
HW, KOATO Ce NosiBABa OT NpeaMeTa Ha 3ajavata - KOHKpeT-
HOTO NPUNOXeHUe B onpeseneHa npunoxHa obnact. Tosu Bua
3aBUCUMOCT [OMbNBa  MHOpMauusTa oT  u3ndHata |
eMnMpuYHa 3aBUCUMOCT.

OT rmegHa Toyka Ha Bb3MOXHOCTUTE 3a MpunaraHe Ha
aHanuaa Ha pasamepHoctute B [umutpos (1998) eauH npouec
€ HapeyeH NpoCT, ako Ce OMWCBA C aHanMTU4YHa 3aBMCUMOCT,
NpeacTaBnsBalla CTeneHeH egHOYNEH W CNIOXeH MpoLec, Ko-
rato ce NpeAcTaBs kaTo Cyma OT CTeneHHU eaHouneHu. 3a
MPUINOXeHNeTo, KOEeTo MpaBuM, JONyckame, Ye mpouecuTe ce
NPeACcTaBAT KaTo Cynmepnosuums Ha kpaeH 6Opoit npocTu
npouecy.

CbrnacHo npueTust OT Hac Mogen Ha CMUnaHeTo qur.1,
NpoLEechT Ha M3HOCBaHe € CYNepnosnuusi Ha TbpKansHe Ha
ponkuTe Be3 BriokupaHe 1 paboTa ¢ 6rokupaHn pomku.

3a onuceaHe Ha npoueca ce wu3non3Ba aHann3bT Ha
pa3mMepHocTUTE. ﬂle MbPBOHAYaNHOTO pasrnexjaHe ce pas-
0endar onpeaendwmTe napameTpu Ha npoueca Ha 3adbinku-
TEITHU N TaknBa, KOUTO eBEeHTyallHO y4acTBar.

CvcTemarta oT (OU3NYHI BEMUYMHI BKITIOYBA:
P - HopmaneH HaTuck Ha Besaka ot ponkute, P = Fy;
Gp
Mp - Maca Ha porka, Mp = ——
g
S- pabotHa nrowy Ha Bb3geiicTBMe B MomeHTa t Ha
pabota, S = MdphpapKer .



an BCEKM OT eNnemMeHTapHuTe npouecu y4actea HAKOA OT
BEJTUHNHUTE!

t - Bpeme Ha pabora, t0 (O-Ta), Kbaeto Ta e Bpeme 3a
amopTU3aLMs Ha POMKUTE NpW onpeaeneHn ycnosns. Porkata
€ aMopTU3npaHa Npu [oCTUraHe Ha aameTsp dg .

V=W Dk - NHenHa CKOPOCT Ha poTopa CnpAMO KOXyXa;

Mpn pabota ¢ GriokMpanu ponku, UHOCBAHETO 3aBUCK B
npaBa Nocoka OT:

Np - BMCOUMHA Ha pomkaTa - onpenens BAMSHWETO Ha
KPBCTOCBAHETO Ha OCUTE Ha PONKUTE BbPXY U3HOCBAHETO.

Manonasa ce 1 cneunduyHis 3a aHanuaa Ha pasmMepHoCc-
TUTE HauuH 3a M3BOP Ha OCHOBHWTE MapameTpu Ha pasmep-
HOCTTa, OTYMTALL| HE3aBICMMOCTTA MEX[y HAKOM OT napamert-
puUTe Ha npoLeca:
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B 3aBucuMoOCT OT TOBA, KOS OT BENWMYMHUTE t Mnm V yyacT-
Ba B cuUCTEMaTa OT (DMU3WYHW BEMUYMHK, Ce MonyyasaT ABa
Buaa 0606LLeHn cxemu Ha pa3mepHocTuTe cx. 1 (dur.2) u cx.2

(ur.3).

Queypa 2. Cxema Ha pasmepHocmume - cx.1

CxemaTn4yHO OCHOBHUTE EKBMBANEHTHOCTM Ca:
A. Tpu TbpkansHe 6e3 NpunTb3BaHe

NG, 0™
Jl= [P2p [s)*e[2]* 1
il = Pl eg (81l (1w

B. Mpu pabota ¢ 6noknpanu ponku
0G, 0™
o] = [Pl =2 [sslef g @

KbAeTo C Z e 03Ha4yeHa efHa OT BenuuuHute tunn v .

Queypa 3. Cxema Ha pasmepHocmume - cX. 2

Monyyasart ce 0bwo 2 x 2 = 4 BapuaHTa 3a npoweca, kaTo
CTPYKTYpHUTE hopmynu 3a npocTute npouecn A. u b. ca ga-
AeHu B Tabnuua 1.

M3bopbT Ha nogxopsiums BapuWaHT Ce OCbLECTBSIBA MO
ekcnepumeHTaneH mbT. OcBeH TOBa Ca B3eTU Nped BuA
cneaHuTe cbobpaxeHus 3a 13bop Ha BapuaHTa A. cx. 1 1 b.
cX. 2: paboTHata nnow, S e nponopuuoHanHa Ha Opos Ha
Bb3JENCTBUATA Ha 4acTULMTE OT CMUMAHWS MaTepuan BbB
BCEKM MOMEHT t .

Tabnuua 1: CTpYKTYpHW hOPMYNM Ha NPOCTM NPOLECH

A.cx.1: b. cx.1:
.~ 9P 1
J1=Cy G, Sht by - ng—PS2Dthp
p
A. cx.2: B. cx.2:
3 P Sh
gP 82 J2= Cog
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CnepoBaTenHo CTPYKTYpHaTa ¢)opmyna Ha U3HOCBAHETO €:
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obem maTepuan, oTaeneH oT paboTHUTe YacTh Ha porkuTe 3a
nepnopa t. Tyk dp e HavanHua auametsp, a Ep = L(t) e
YCPEOHEH BbHLIEH AMAMETbP Ha pOfkTe B MoMeHTa t,
koaero L(Ta) = dj .

ToraBa J= ‘?aA—tV: - %L(t) L'(t)hpapkeT n crea

3amMecCTBaHe B CTPYKTYPHOTO paBeHCTBO Ce nony4vasa

- 2 12 o th
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Dk- dp 2 Dy

(5)

3a onpepensHe Ha koHcTaHTute C1 n Co ca nanonssaxu

[aHHW, OTHAcAWM Ce CMWnaHe Ha JonomuT. [aHHuTe ca
pasfeneHit Ha ekcnepUMEHTamNHN U KOHTPONHM. (Tabn. 2).

Tabnuua 2: [laHHu 3a NpecMmsiTaHe Ha M3HOCBaAHETO
Tl hp | & | % | D[ da
EkcnepuMeHTanHu gaHHm
1260 | 150 70 100 250 50
1400 | 120 70 80 250 50
2120 | 90 90 60 250 50
2480 | 90 90 80 250 50
1920 | 45 90 100 250 50
2220 | 45 90 80 250 50
2010 | 45 90 80 250 50
2480 | 45 70 100 250 50
KOHTpOIHM faHHw
2010 | 90 70 80 250 50
2640 | 90 90 60 250 50
2460 | 45 70 80 250 50
1720 | 90 90 100 250 50

EkcnepuMeHTanHuTe JaHHU ce U3MON3BaT 3a U3YMCIABaHe
Ha C1 n C, no metona Ha Hail-Mankute KsapaTh, a KOHT-
PONHUTE IaHH! 3a onpefensHe Ha rpellkaTa.

Monyyenn ca croiHocTMte Cjy = 340071

Cr=14 M07°. CpegHata OTHOCHTENHa rpelka 3a
KOHTPONHUTE faHHn e 4 % .

OMNPEAENAHE HA MONE3HATA MOLLHOCT HA
MENHWLATA

3a u3BexgaHe Ha ¢opMyna 3a MOLWHOCTTa MOXe Aa ce
n3nonsea cxemata ot ur. 1 M cuctema OT napameTpu,
BKITIOYBALLM ONpeLensiiuTe napaMmeTpu 3a M3HocBaHeTo J u
npoussoguTenHocTTa Ha menHuuata Q. MoHexe nonesHata
paboTa 3a cmunaHe CbOTBETCTBA Ha paboTtara 3a M3HOCBaHe
Ha porkuTe, TO MOLHOCTTA CbLLO MOXe Aa 6bae npeactaBeHa

kato cynepnosuumss N = N4+ No Ha mowHoct N1 npu cBo-
BofHO ThpkansHe Ha ponkute v moluHocT No npu Grnokupanu

ponku. CbOTBETHUTE NPOCTM NPOLIECH UMAT CXeMU 3a pasMep-
HOCTWTE, MOMyYeH OT CBOWCTBATA, [afieHN CbC CLOTBETHUTE
CXeMU 3a W3HOCBaHeTo, ¢ [o0aBsiHe Ha HOBM MapameTpy

(pur.4 v cpur.5).

Quzypa 4. Cxema 3a onpedensHe Ha MOWHOCMMa
cbomeemHa Ha cx. 1

Oueypa 5. Cxema 3a onpedensiHe Ha MOWHOCMMa
CbOMeeMmHa Ha CX. 2

Kbm paHHMTe OT Tabn. 2 npubassiMe Tabn. 3 OT CbOTBETHU
AaHHM 33 MmolwHocT N, nmpowssogutenHocT Q u paboTHa

dpt dg
nnowy S npy cpeaeH AnameTsp dgy = 5 Ha porkata.
CrpykTypHaTa dopmyna e
p:
2
Gp Gp hp

OT  ekcnepuMeHTanHMTE AaHHM Ce  monyyaea
Cq:= 1.801077 w Cy= 2201079 ot koTponHuTe
AaHHW cpeaHaTa oTHocuTenHa rpewka e 10 % .

Tabnuua 3: [laHHW 33 NpecMsiTaHe Ha MOLLHOCTTA

N Q s dep

EKCI'IepMMeHTaJ'IHVI [aHHU
7 0.1 200000 80
4 0.1 100000 80
2 0.1 79168 70
4 0.1 78168 70
4 0.1 59376 70
25 0.1 29688 70
3 0.1 39584 70
2 0.1 25447 80

KOHTpOJ'IHVI [aHHU




4 0.1 59375 70
2 0.1 76341 90
25 0.1 29688 70
8 0.1 300000 90

LEHTPOBEXHA MEJTHULIA C MPUMNTH3BALLIA PONKA

PasnuuHnTe KpamHu CbCTOSHWS, BKITIOYEHN B CXEMaTUYHNS
Mogen (cur. 1), ca NpoCT NPOLIECH, KOUTO B peanH1Te Npuro-
XEHWS He Ce cpeLLaT camocTosTenHo. B Hal-uecTo cpeluaHn-
T€ KOHCTPYKLUMM Ha LEHTPODEXHN MEnHWULW, ABWXEHWNETO Ha
pOnKUTE € Npeau3BuKa-HO OT ABWXEHUETO Ha poTopa CnpsimMo
koxyxa. [pu TaX MpoLechT Ha CmurnaHe uMa MHoro cnabo
NPOSIBEHO MPUNTb3BAHE Ha PONKUTE - cbeTosHME |.B. B Hskom
cnyyan 3a no-edbeKTMBHO CMWNaHe Ha MaTtepuana e
HeoBXxoaMMO CbyeTaBaHe Ha HaTUCK C u3TpuBaHe. Ha dur. 6 e
nokasaHa LIPM, paboTeLya no T031 HaumH.

al
=

PasmoBapBane
6]

Queypa 6. LIPM ¢ ynpaeneHue Ha npunib3gaHemo Ha
ponkume

MpuHUMMBT Ha paboTta Ha MenHuuata e cnegHus: Maxoa-
HWST MaTepuan ce nofjasa npe3 0TBOpa 1 rpaBMTaLMOHHO.
Tol ce pasnpefenst paBHOMEPHO MO KOXyXa Ha MenHuuaTa
MOCPELCTBOM JTONATKNTE 2 U CE CMWNa OT Ponk1Te 3, MpUTUC-
HaTh KbM KOXyXxa 4 nog [JercTBue Ha LeHTpobexHaTa cuna,
KOSITO Ce Cb3aBa OT POSKATe MpK poTauusTa UM No BbTPELL-
HaTa UMNMHOPWYHA NOBBPXHOCT Ha Koxyxa. Ponkute ca nare-
pyBaHW KbM Nib3raynte 5 (Mo KOUTO POSKUTE Ce NpuOBMKBaT
akcuasnHo), kaTo nonyvasaT ABe HesaBucumK ABuxeHus. OT
e[Ha CTpaHa Te Ce BbPTAT OKOMO OCTUTE CW OT eNeKTpoaBura-
Tens NOCpeacTBOM peayktopa 6 ¢ kapaaHHata Bpb3ka 7. OT
Apyra cTpaHa KoXyxbT Ha peaykTopa 6 nonyyasa npuHyauten-
HO pOTALMOHHO ABWXeHue oT peaykTtopa 8. Bcrencteue Ha
HacrnarsaHeTo Ha Te3u ABe [BMXEHWUS ponKkaTa Bb3AeMCTBYBa
BBPXY YacTiyka OT CMUNaHUs MaTepuas OCBEH Ha HATUCK 1 Ha
natpuBaHe. 1o TO31 HaYMH Ce NonyyaBa 3HAYNTEMHO MO-ChUH

NPOAYKT B CpaBHEHME C MENHUUMTE C YNCTO POTALMOHHO OBK-
XEHWE Ha POJIKUTE.

MernHuuaTa e MoXe [ja Ce WU3nonayBa npu nHO, CyXo CMU-
naHe, KaKTo Ha PyOHM Taka 1 Ha HePYAHW NONe3HU U3KoNaemu.
Moxe [a Hamepu MpUNOXKEHWE W TPU EKCTIEPUMEHTAIHOTO
n3cneaBaHe Ha cxeMaTu4HUS Mogen Ha ur.1.
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npeﬂﬂO)KeHI/lﬂT cxematunyeH mogen OaBa Bb3MOXHOCT 3a
npunaraHe Ha pa3mepHOCTEH EKCNEePUMEHT Npn n3BexaaHe Ha
3aBNCUMOCTK MeXOY NapaMeTpuTe.

Oapenust npumep Ha LIPM ¢ ynpaBneHue Ha npunmbs-
BaHETO Ha POKUTE W MOMyYeHUTE pesynTaTy 3a rpelukarta (4%
n 10 %) [okasBaT KOPEKTHOCTTA Ha CXeMaTuyHus Mopen

(coumr.1).

KoHCTpyKkumMsiTa Ha ¢ur. 6 NOTBbPKOABA PaBHOMOCTABEHO-
CcTTa Ha cuetosHuaTa LA, u |.b. Ha npoueca cMmunaHe, KoeTo
He ce nposiBsiBa Npu 0BKUYanHMTE KOHCTPYKLMK Ha LIPM.

O6ecbxaanusaT Tyk ol mMogen Ha npoueca CMunaHe u
NPEANOXEHUAT HAYMH Ha EKCNEPUMEHTANHO WM3CredBaHe Lue
HaMEPAT NPUIOXeHUe NpN TEOPETUYHO U3SICHABAHE HA CbTbT-
CTBALLMTE CMMIAHETO MPOLIECU M MPW MPaKTUYECKOTO KOHCT-
pyupaHe Ha echekTMBHM NpomuLneHn LIPM.
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RESEARCH OF THE PROCESS OF REFINEMENT AT CENTRIFUGAL ROLLER MILL
WITH MEANS OF DIMENSIONAL ANALYSIS
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SUMMARY
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The results of laboratory examinations with centrifugal roller mills (CRM) are analyzed and on the basis of the accumulated experience conclusion are made for
introduction of this kind of mills in production. In this paper the based model of process of grinding (refinement) with CRM is constructed and conclusions with means

of dimensional analysis are made.

An example is presented of construction of a mill with ruling skidding of the grinding rollers, which corresponds to the boundary parameters of the model.
The deduced dependencies would be used to take optimal decisions at designing.
Key words: dimensional analysis, centrifugal roller grinding mills, optimum projection, optimum experiment, similitude, physical modeling

INTRODUCTION

Centrifugal roller mills (CRM) are machines for grinding.
They use centrifugal forces created by relatively fast motion of
grinding rollers. In comparison with rod and ball mills the use of
fast CRM is characterized with:

- Smaller capacity and weight of mills;

- Better productivity;

- Smaller power consumption;

- Smaller wearing out of working parts;

- Higher universal for grinding of materials with different
qualities.

More considerable problems in the process of maintenance
of CRM:
- Fastand non regular outwearing on the grinding rollers;
- Decreasing the pressure of rollers on the materials with
increasing of wearing on grinding rollers.

In the paper by Chalashkanov (1979) a profound analysis of
the process of grinding is made on the base of theory of
similarity and big number of experiments with laboratory CRM.
There is a tendency of being slow of the advance of theory in
comparison with the applicatin of CRM. D. Obreshcov and
collective (Obreshcov D., 1965, Obreshcov D. et all., 1973)
have made an attempt to accept centrifugal roller mills in
manufacture. Base work was made on the tendency of
increasing wearing resistance of the rollers. The process of
wearing is described with a complicated system of differential
equations, use of which meets some difficulties. This process
of research is realized with big number of experiments with
laboratory CRM. In the paper by Chalashkanov (1979)
preferences to empirical research of the process of grinding
are given.

THE PURPOSE

To apply a well-founded model of the process of a refinement
is offered in this paper, created on the base of great number of
experiments and conclusions by Chalashkanov (1979) and
methods of dimensional analysis by Dimitrov (1998, 1999).

To apply a method for full use of the information about the
working process of CRM, thus to realize rational simulation.

SCHEMATIC MODEL OF GRINDING WITH CRM

The process is characterized with two elements which are in
dynamic condition:
- Rollers;
- Material of grinding.

The material and the rollers influence each other and as a
result occurs destruction, fast fragmentation of a material and
gradually wearing of the rollers.

The motion of the material from upward to down is under the
action of the weight and at the same time it scrolled by the
rotor.

The rotary motion of the rollers exists as a result of motion of
the rotor in relation to the drum and at the same time they are
skidding. The movement of each roller can be presented as a
sum of free rotation without skidding at the given moments,
alternatively replaced from a status of the block of a roller.

In definite conditions the status of process can be near to
one of combinations (I.A, I.A), (LA, 11.B), (1.B, IL.A) and (I.B,
[1.B) (Fig.1). During the usual work of CRM the dynamic
process with dynamic elements (rollers and grinding material)
is functioned. Their movement can be described as a
superposition. The wearing can be represented as a process
that is compounded of I.A and I.B, and process of a refinement
-lIA and IIB.
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Figure 1. Schematic model of grinding with CRM

In addition, giving the wear process of rollers, it is necessary
to think that at their cylindrical form and free movement, owing
to free motion on the grinding material is realizing pushing
away from a drum and after that strong impact on him at
borders. This dynamic process is named an intersection of
rollers. In result of that the wear process in borders of roller is
fast.

SIMULATION OF WEARING PROCESS OF THE ROLLERS

By Chalashkanov (1979) and other authors the wearing
process of the rollers of CRM depend on:
- Physicochemical properties of the grinding material;
- Type of working surfaces of the grinding mill;
- Thermal properties and temperature of the working parts;
- Geometrical measures, speed of motion and time for
work.

dp.hp, - Diameter and height of one roller,m:
ap - Number of rollers on a level;

ker - Number of levels;
Dy, Hy - Diameter and height of the barrel of the grinding
mill, m;
W - Angular velocity of the rotor, s 7;
t - Duration of work.

For counting the wearing is introduced value J - speed of
wear, that expresses the capacity of separated material from

r 3
each roller for a unit time mé.

- Rules defining speed of the wear process of the rollers (in
short wear) J:

- The wear depends on right direction from pressing force
P of each roller on the barrel;

- It depends on general working surface and continuity Tg
of work before amortization of rollers;

- On frequency of effects by grinding material on a unit area
from surface of the rollers;

- The wear is bigger in borders of the rollers because of
specific way of motion (crossing of axis) of the rollers.

For full description of a process it is not enough to be
expressed analytical dependence between its parameters. It is
necessary to clarify and involvement of each of the parameters
as physical quantity, expressed from physical dependence and
dependence that is deriving from the subject of the task (we'll
call it subject dependence) (Dimitrov, 1998). Under physical
dependence we understand the presentation of the formulas of
the parameter's dimension by some grounded physical
quantities. This dependence is manifested as the grounded
tendency and it is possible to separate it from randomness
and manifestation of an empirical dependence. The subject
dependence is link between the physical quantities, which
appears from the subject of the task - concrete application in
certain practical area. This type of dependence adds to the
information from physical and empirical dependence.

From point of view of possibilities to apply the dimensional
analysis by Dimitrov (1998) a process is named simple if it is
described by analytical dependence, represented with
exponent monomial and complex process when it is described
with sum of exponent monomials. For the application, which
we make, we admit that the processes are represented as a
superposition of simple processes.

According to the perceived from us model of a refinement
(fig.1), the process of wear is superposition of the free rotation
of the rollers without skidding and work with the block of rollers.

For description of the process we use dimensional analysis.
In original consideration, we divide decisive parameters of the
processes on compulsory and which possibly participate.

The system of physical quantities include:
- P=F, -Normal pressuring force of each of rollers;

Gp
- ? - Average mass of rollers;

- S=m dphpapkeT - working area under influence in
moment t of work;

In each simple process takes part some of physical
quantities:

t - Time for work tO (O.Ta), where T, mean time for
amortization of the rollers under certain conditions. The roller is
amortized at reaching average size dg = 50mm .

v = 0 Dy - Linear speed of rotor in relation to barrel.

When working with the block of the rollers, the wear depend
in right direction by:

hp - Height of the roller — describes influence of crossing of
axis of the rollers on wearing.

We use also specific for a dimensional analysis a method for
choice of basic parameters of dimension, which give
dependence between some of parameters of the process:

Pl e (98,

[v]:L?Zand [t]:T.
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At rotation without skidding [J ] 1|1j2 ,while at work with

block of rollers [J,] = 1_|r‘2 or [Jp) = 1_? 3 depending

onif Np takes part.

In dependence of which of the quantities t or v takes part
in system of physical quantities, are received two types
generalized schemes sch.1 (fig.2) and sch.2 (fig.3)

sch 1

Figure 2. Scheme of the dimensions — sch. 1

sch @2

Figure 3. Scheme of the dimensions — sch. 2

Schematic the generalized equivalencies are:
A. At the rotation without skidding

DG 02
Jql = SXS X4 1 d
HHB?EH[Z] (1)an
B. Work with the block of rollers

0G, 0"
o) I 2 s, @

where with z is denoted one of the quantities torv .

Therefore are received 2 x 2 = 4 variants for the process.
The structural formulas for the simple processes A. and B. are
given in table 1.

Table 1: Structural formulas of the simple processes

A. sch.1: B. sch.1:
_~ 9P 1
Jy=C1=— G, Sht Jg—ng—PSZDth
P
A.cx.2: b. cx.2:
3 Sh
S aP
2 Jp= Cp=—[—F
Ji = C1£DS_ Gp Vv
GID v

The choice of the appropriate variant is realized by
experimental way. Also there are the following considerations
for choice of variants A. sch.1 and B. sch.2 - the working
surface S is proportional to the number of effects of the
particles of a grinding material on unity of this area -
proportional on the speed of wearing.

Therefore the structural formula of the wearing is:

Sh
3=, Psmc, P 3)
1G v
p p
G D,- d 2
From P=F, = —Pp—% P v ,v=D,0w and
W9 2 p?
K

0 (O, Ta) is receive

o |

hpapKer is average volume

of a material, detached from the work parts of the rollers for the
period t. Here dp is the initial diameter, and ap = L(t) is

the average diameter of rollers in  moment
tL(T;)= d; = 50 mm.
Y n \
Then J= ——== -EL(t)L(t)hpapkeT and after
replacement in the structural equation is received
- 242 w th
L R AL 5
D- dp 2 Dy

For defining of constants C1 and Cy is used data which

refers to the grinding of dolomite. The data is divided into
experimental and test parts (table. 2).

Table 2: Data for calculate of wearing

Tl hp | [ % ] D[ da
Experimental data

1260 | 150 70 100 250 50
1400 | 120 70 80 250 50
2120 | 90 90 60 250 50
2480 | 90 90 80 250 50
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1920 | 45 90 100 250 50
2220 | 45 90 80 250 50
2010 | 45 90 80 250 50
2480 | 45 70 100 250 50
Test data
2010 | 90 70 80 250 50
2640 | 90 90 60 250 50
2460 | 45 70 80 250 50
1720 | 90 90 100 250 50

The experimental data is used for calculation of C4 and Co

by method of the least squares, and test data — for defining of
errors.

The values C4= 3.4010°"" and C,=1.4M07°
received. The mean relative error for test data is 4%.

DEFINITION OF THE USEFUL POWER OF MILL

For deducing the formula for the power, the scheme on fig.1
can baused and a system of parameters, including grounded
quantities for wearing J and efficiency of the mill Q.
Because the useful work for grinding is related to the work
wearing of the rollers, power also can be represented as a
superposition N = Nq+ Ny of power Ny at free rolling of the
rollers and power No at working with the block of rollers. The
corresponding simple processes have schemes of dimensions,
which are obtained from the properties given with the

respective schemes of wearing with addition of new
parameters (fig.4 and fig.5).

Figure 4. Scheme for determination of power corresponding to
sch. 1

We add the data from table 3 to that from table 2, including:
the power N , efficiency Q and working surface S at mean

d,t+ d
diameter dg,, = —~— ofaroller.

Table 3: Data for calculating of power

N Q S dep
Experimental data
7 0.1 200000 60
4 0.1 100000 60
2 0.1 79168 70
4 0.1 78168 70
4 0.1 59376 70
25 0.1 29688 70
3 0.1 39584 70
2 0.1 25447 60
Test data
4 0.1 59375 70
2 0.1 76341 90
25 0.1 29688 70
8 0.1 300000 90

The structural formula is

y
gPQS’2  _ gPQS 5
1 + Co (6)
Gp Gp hp

N=C

From the experimental data are received C4 = 1.8 mo™’

and C, = 2.2 1072 and the mean relative error for the test
datais 10 % .

CENTRIFUGAL ROLLER MILL WITH SKIDDING ROLLERS

The different boundary states included in schematic model
(fig.1) are simple processes, which in actual applications do
not meet separately. In the most often met construction of a
centrifugal grinding mill the motion of the rollers is provoked
from the motion of the rotor in relation to the barrel. At which
the process of grinding has weakly manifested skidding -
status 1.B. In some cases for more efficient grinding of material
is necessary to combine pressure with rubbing. Fig.6
represents CRM working in this way.

The principle of work of the grinding mill is given as follows:
Material is fed throush the hole 1 by gravitation. It is distributed
uniformly on the barrel of the mill by blades 2 and is grinded
with rollers 3, pressed on the barrel 4,gunder the action of a
centrifugal force, which is provoked frgm rollers rolling on the
internal cylindrical surfa the Parrel. The rollers have

bearings £ _slippers 5 (05 have axial motion ), so
they gain two_inde A
their axis by the~electyi ot

as—fthe—rpllers roll around

ducer 6 wi}h the
universal co
cer 6 receiv

barrel of edu-
result of Shipefp
pressing u
By this method 1%
comparisgrith the

A 1/'} l-jA

=
4
co
x>
w
[

Figure 5. Scheme for determination of power corresponding to ] [
T T I T \i
sch. 2 ] C 7
(- T LN )
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Figure 6. CRM with control on the
skidding of the rollers

The mill is intended for high quality and dry refinement of ore
and nonmetal minerals. It is possible to be used for
experimental research of the schematic model on fig. 1.

CONCLUSION

The offered schematic model gives a possibility for applying
of dimensional experiment by deducing of dependencies
between the parameters.

The given example of CRM with control on the skidding of
the rollers and received results for the error (4% and 10%)
prove the correctness of the schematic model (fig.1).

Recommended for publication by Department
of Mathematics, Faculty of Mining Electromechanics

The construction on fig.6 confirms the equality of the states
I.A and |.B of the process of grinding, that is not manifested at
the customary constructions of CRM.

The considered here common model of the grinding process
and offered method of experimental research will found
application at theoretical explanation of processes, which
accompany with a grinding and in a practical construction of
effective CRM
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