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Annoranusi. [lpencraBiensl ¢usnueckoe moze-
JIMPOBaHKE IPOLECCOB TPEHHsI M W3HALIMBaHUs TPUOO-
cuctem skctpynepa EB-350 u EB-350M.

Mopenu npu (U3NUECKOM MOAEIUPOBAHUM IPO-
mecca TPeHUsI W W3HAIIUBAHHUS UMEIOT OCOOCHHOCTh —
OJIMHAKOBYIO NPUPOJY C HATYpHBIM OOBEKTOM (HaTy-
poif), TO eCTh UMEIOT OJWHAKOBBIC (YMEHBIICHHBIC B
MacmTade) TpHOOCHCTEMBI, MaTEepPHalbl, W3 KOTOPHIX
OHH H3TOTOBJICHBI, a TaK e pabouyio cpexy. Moxemb
OTIIYaeTCs OT HATYpPHI, HE TOJHKO CBOMMH MacIITad-
HBIMH pa3MepaMH, HO M HCKYCCTBEHHO CO3JaHHBIMH
YCIIOBUSIMH JKCIUTyaTanuu. [Ipu 1abopaTOpHBIX HCITBI-
TaHISX CO3AaBAIMCh OoJiee CIIOKHBIC YCIIOBMSA, TaKue
Kak aOpa3uBHOCTb, YPOBEHb aKTHBHOM KHCIIOTHOCTH H
Harpy3Kkd, KOTOpbIE HEOOXOIMMBI Uil YMEHBIICHHS
BPEMEHU UCTIBITAHUM.

ITomy4yeHbI 3aBUCUMOCTH CHIIBI TPEHUS M CKOPOCTH
M3HAIIMBAaHUS JUISI HAaTYpHOM TpHOOCHCTEMBI IO pe-
3yJlbTaTaM HUCCIECIOBaHWN Ha MOIEIBHBIX TPHUOOCHCTE-
Max B JIa0OpaTOpHBIX ycinoBHsIX. OCHOBHBIMH TIPEHMY-
IIeCTBAMH HCIOJB30BAaHUS METONa (PH3MIECKOr0 MOJe-
JUPOBAHMUS SBIISCTCS YMEHBIICHUE PacXolla U BPEMCHH,
KOTOPBIC CBSI3aHHBI C HCCIIEJOBAaHUEM TPHOOJIOTHYE-
CKHX XapaKTepUCTHUK TEX WJIM HHBIX TPUOOCHCTEM.

ITomy4yens! ypaBHEHHS U KPUTEPHUH, KOTOPBIE yUH-
TBIBAIOT MaclTaOHble KO3(D(UIMEHTHI U C MOMOIIBIO
KOTOPBIX OBUI ClIeNIaH Mepexo]] OT MOJIEIBHBIX HCIBITA-
HUIl B 1a00paTOPHBIX YCIOBUSX K HATYPHBIM, C IIOCIIE-
JTYIOIIM PacYeTOM 3aBUCHMOCTEH CHIIBI TPEHHUS U CKO-
poctu wusHamuBaHHA. C IMOMOLIbIO KPHUTEPUANBHBIX
ypaBHEHHMH OBUI CIIPOTHO3MPOBAH pPECYpC HATYPHBIX
TpUOOCHCTEM I10 pe3ybTaTaM JIabOPATOPHBIX HCCIIENO0-
BaHUI WX MOJIENICH U MCCICOBAHUI BIUSHUS aOpa3uB-
HOM, KHCJIOTHOM, ILEIOYHOH cpenpl (arpecCHBHOM) Ha
TprOOCTEMBI U T10100paHBl COBMECTHMBIE MAaTEPHAJIbI.

KuoueBble cijioBa: Tpubocuctema, (U3NIECKOE
MOJIeIMPOBaHNe, HATypa, MOJENIb, COBMECTHMBIE MaTe-
pHaBl, U3HOC, IPOIIECC TPEHHS, CHUIIa TPEHHUS, CKOPOCTb
M3HAIIMBAaHUS MacITabHble KO3(QQHUINEHTHI, TEOPHS
mo106wsi, a0pa3MBHOCTh, KHUCIIOTHOCTb.

INOCTAHOBKA TTPOBJIEMbI

ITpn paspaboTke HOBBIX KOHCTPYKLHMH Tpubocu-
CTEM JKCTPYJCPOB, UCCIEIOBAHUN BIIMSHUS YPOBHS aK-
TUBHOM KHCIIOTHOCTH, aOpa3sMBHOCTH PAaCTHTEIHLHOTO
CBIPbS, U3 KOTOPOTO IPOU3BOJIATCS TOIUIMBHBIE OpuKe-
THl M Harpy3ku, BO3HHKAaeT HEOOXOAMMOCTbH Ompejelie-
HUS TPUOOTEXHUXHHUYHUX XapaKTEPUCTHK HATYpPHBIX
TPHOOCHCTEM C IIEIBIO MPOTHO3UPOBAHHS pecypca.

AHAJIU3 TIOCJIEJJTHUX UCCJIEJJOBAHUIN 1
IYBJIMKALIUIA

Metonuka ¢usuyeckoro momenupoBanus [1-4],
MoAPOGHO PacCMOTPEHa U OCBelleHa B paborax [5-8].

N3y4eHnI0 MEXaHI3MOB M3HAIIMBAHUS [THCKOBBIX
AKCTPYSPOB MOCBSIICHB! padoTsl [9-12], a dprutsep [13-
16]. OCHOBHBIM JOCTHIKEHHEM YYCHBIX CTAJIO OIpene-
JeHne (HaKTOPOB, BIUSIOIIMX Ha MPOLECC W3HAIIMBA-
HHS, CO3JaHWE KJIAaCCH(HKAILMM OCHOBHBIX BHIOB H
NPUYHH M3HAIIMBAHMUS, ONPEACICHNS HETaTUBHOTO BIIH-
SIHUS M3HAIIMBAHUSA HA U3MEHCHHE OCHOBHBIX XapakTe-
PHCTHK pabOTHI 000pYyIOBaHUSI.

bnarogaps Meroauke (pU3MYECKOT0 MOAENUPOBA-
HUS U KPUTEPUAM 1o100us, aBTOpsI paboTsl [17] ompe-
JETMIN pecypc arperara B IIJIOM, a aBTOpaMH pabOThI
[18] 6bu10 MONyUeHO KpuTepHit TOm00MS 3DPEKTHBHO-
CTH 3apsja.

Astopamu pa6otsl [19], 6buTH MpOaHATN3UPOBAHBI
OCHOBHBIC BU/IbI H3HALTMBAHUSL.

INOCTAHOBKA 3AJJAYN

C moMoIIBI0 (pU3HYECKOTO MOJIETUPOBAHUS, TIPO-
IECCOB TPEHU U U3HAIIMBAHUSA — UCCJIEA0BATH BJIMUAHNEC
aOpasMBHOCTH M KHCJIOTHOCTH HA CKOPOCTH M3HAIIHBa-
HUS, CUIIy TPEHHs, pecypc HaTYPHBIX TPUOOCHCTEM KC-
tpyaepa EB-350 ta EB-350M, a takxke OmpeneiuTh ux
pecypc.

N3JIOXXEHUE OCHOBHOI'O MATEPUAJIA

Jlst Toro, 4ToOBI paccYUTaTh CKOPOCTh HM3HAIIW-
BaHUS W CHIy TPEHHS HATYypHBIX TPUOOCHUCTEM TIO pe-
3yJlbTaTaM J1a0OpaTOPHBIX HCCICOBAHUN WX YMCHbB-
IICHHBIX MOJENeH, ObUT NPUMEHEH KPHUTCPHUATBHBIN
MOJTXOJT ¥ MCIIONIb30BaHKI BEIpaxeHus (4.3) u (4.4), Ko-
TOpBIE OBUTH OIPeIeNICHBI aBTOPOM paboTsl [1].

Jlis TOro, 4TOOBl YMEHBIIUTH KOJHYECTBO (PAKTO-
pOB ObUIH OOBEIUHEHBI B OAHMH Hapamerp A, kr/m®
BEITMYHHBI, XapaKTepU3YIOIe aKTUBHYIO KHUCIOTHOCTh
Q u abpasuBHOCTE Ay .

Auee = Q : Aaﬁp' (1)

DU3NUECKNUH CMBICT BEIUYHHBI A, ABISETCS KO-
JIUYECTBO HETaTHBHBIX ()AaKTOPOB B EAMHHIE OOBbeMa
CBIPBSI WJIHM TIPOIYKTA.

[lepeuenp mapaMeTpoB U UX Pa3MEPHOCTH, KOTO-
pbIe OBLTU MCIOJB30BAHBI IIPH MOJICIIUPOBAHUU TPEHUS
B YCJIOBUSX TPAaHMYHON CMa3KH MPHUBEICHBI B Ta0I. 1.
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Ta6auna 1. Onpenensronue napaMmeTpsl TPSHUS B
YCIIOBUSX TPAaHUYHOM CMa3Ku U UX pa3MEPHOCTH

Table 1. Defining parameters of friction under the
conditions of boundary lubrication and their dimensions

ITapameTtp PasmepHocTs B cucre-
Me
cHu MLT
Harpyska, P H MILTT?
CKOpPOCTb CKOJBKEHUS, 0 Mm/c MOLTT?

MactrtaGHbIiH GakTop
napsl Tperus, K 4
CoiicTBa (CTpyKTYpa)
COEIUHEHHBIX J6/m MLT
MAaTepHaJIOB, Oy,
AOpPa3UBHOCTB CHIPbS HIIH
TPONYKTA, d 45,
KUCIOTHOCTE CHIPbS HIIH

1/m MoLtTO

Kr/m° ML TO

kr/m° ML TO

npoaykra, Q
CKopoCTh H3HAIMBaHUs, | M/c MOLETY
Cuna tpenus, F H MELTT?

B cootBeTcTBHU CO BTOPOI TeopeMoii moxodus (-
TeopeMoil) J1r000e ypaBHEeHHE (H3MYECKOro mpolecca,
3allUCAHHOE B OINpPENIENIEHHON CHUCTeME EIMHHUII, MOXKET
OBbITh NPUBEIEHO B BHJC (YHKIMOHAIBHBIX 3aBUCHMO-
cTeit Mexy Kputepusmu nogobwus [1]:

F(z)=0, 2
TZe: 7; — KpUTEpUH Nogo0us, Xxapakrepusyromue Gpu3n-
YeCKHi1 mpoliecc.

ITpuyem, ymcno KpuTepueB momodus (i) MeHblIe
YpciIa IMapaMeTpoB, XapaKTepH3YIOIIMX IIpoLecC Ha
YHCIO HE3aBUCHUMBIX II€peMEHHBIX. UMCIOo He3aBUCH-
MBIX TEPEMEHHBIX OIpeeNsieTcs Ha OCHOBE aHalIH3a
pa3MepHOCTEN BEJIMUHH.

B cooTBeTcTBUM € IpaBWIIaMH MOJTYYEHHS KpHTe-
pHeB TMOA00MsST METOJIOM aHaJIM3a Pa3MEPHOCTEH B KO-
JIMYECTBE €AMHUI] M3MEPEHHs BhIOpaHBL: JnuHa — L, M;
macca — M, kr Bpemst — 7, c. ba3sucHble nepeMeHHbIE B
BBIOpAaHHOW CHCTEME EAMHHIl W3MEPEHHS MOXKHO HC-
MI0JIb30BaTh CJIEAYIOIIUE COYETAHUsS IapaMeTpoB IPO-
necca: W — xapakrepusyeT Harpy3ku TPHOOCHCTEMEI C
Y4E€TOM TE€OMETPUUECKUX pa3MEpOB, HMEET pa3Mep-
HOCTh KI*M/C’, @4y — XapaKTepHU3yeT COBMECTHMOCTD
MaTepualioB B TpHOOCHCTEME, IMEET pa3MepHOCTh 1/M,
Aye.. kr?/M°. B UHCIIO MApaMETPOB He BKIIOUAOTCS HC-
XOJ/IHBIE TTApaMETPBI TPUOOCUCTEM, 110 KOTOPBIM BBIINOJI-
HSETCS MOJICIINPOBAHHE.

O He3zaBucHMOCTH 0a3MCHBIX MapaMETPOB CBHE-
TENBbCTBYET HEPABEHCTBO HYIIO OAa3MCHOTO OIPEeNIH-
TeJsl, COCTABJICHHOIO U3 CTENEHEH pa3MEepHOCTEH yKa-
3aHHBIX BEJTMYNH:

L M T
Wilsg 1 -3

Dy=A,|-6 2 0|=—6. €))
a,|-1 0 0

em
C ©6azosbiMu napamerpamu W, oy, A,.. CBs3bIBa-
I0T JIpyTHe TapaMeTpbl, KOTOpbIe BXOAAT B ONHCaHHE
npoueccos |, F,,. momydus xputepuu nojpoous. Jns
onpeneneHrss (OPMBI  3alUCH  KPHUTEPHUEB TOHOOHS
HEo0XO0MMO 3HATh 3HAYCHHUS ONPEACITUTEIICH:

— JJId KpUTCPUSA CKOPOCTU U3HAILIMBAHUS I

L M T
11 o -1
A.|-6 2 0|=—2;
a,|-1 0 0
L M T
Wis 1 -3
1|1 0 -1=1;
a,,l-1 0 0
L M T
Wiz 1 -3
A,.|l-6 2 0=—6. 4)
1|1 0o -1
— JUI KpUTepUs Cuiibl Tpenus F,,,
L M T

Fapl1 1 -2
A.|l-6 2 0|=—4;
a,|-1 0 0

L M T
Wis 1 -3
Ae.|-6 2 0]=0;
Fopl-1 1 -2
L M T
Wiz 1 -3
Fpll 1 -2=-1. ®)
A|-1 0 0

[To npaBuinam 3amucu Gopmys Kputepus moao0ust
[1] momyamm:
— KpUTEpHHA CKOPOCTH U3HAIIMBAHUS:

1/6 1/6 [,1/3
I 'Aaﬁp. Q 'kd;
T = Us 13 1 (6)
P00 a,,
— KPUTEPUH CHUIIBI TPCHHUS:
213 0
- Fo Ky, g, ™
Fop. Al 2 1 2/3 "
p. Aalgip /3'Ql6'19/3

ITepBast Teopema nomgoOMsI TEOPUH MOJOOUS U MO-
JIENINPOBaHMs ONpEAEIsieT PAaBEHCTBO KPUTEPUEB MOAO-
Ous B monoOHBIX siBIEeHUsX. B ToM cirydae, eciam npuse-
JICHHBIH BBIIIE BBIBOJI KPUTEPHEB 1000Ms (PU3UUECKO-
IO MOJAEIMPOBAaHUS TPEHHUs B YCIOBHSIX TI'PaHUYHOU
CMa3Ku OBUIM TPUBEIEHBI KOPPEKTHO, CIEAYET OXKH-
JIaTh, BBITIOJIHEHUE PABEHCTB LIS MTOTyYCHHS KPUTEPHEB
CKOPOCTH M3HAIIMBAHNSA M KPUTEPUEB CHIIBI TPCHUS:

(zi), = (), ®)
TIIe: «H» M «M» UHIEKCH HATYpPBI U MOJIEIH.

IIpoBenéM mNpoBEPKY [HAHHOTO IPENIOJIOKEHHUS.
Jns aToro 3ammiieM B 00e YacTH JOMYIICHHBIX pa-
BEHCTB (8) B pa3BepHYTOM BHJE, IPUYEM B IpaBOM ya-
CTH Ka)KJJOTO YpaBHEHMs MapaMeTpbl MOJENIU BbIpa3sUM
4yepes3 mapaMeTpsl HaTypbl:

— IUI KPUTEPHUSI CKOPOCTH M3HALIMBAHUS:

IM ’ Ag;/@??w 'lele ktji)lft _ IH ’ Ag/ﬁ?m 'QHUG k;jg’ (9)

PMl/3 g U3 1 P,,1/3-3 13 1

M 6em.m H em.n

— ISl KPUTEPUSI CHIIBI TPCHUS:
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E .k23.40

mp.m - Npm em.m

1/6 213 176 o 2/3
A P Q-8

\abpm " T M

F kg0 o

mp.n

1/6 213 A U6 g 2/3°
A p#t.Q M.,

abpn ' H

YuuThIBas MEPBYIO TEOPEMY MOJOOHS MOJICIUPO-
BaHUs, Korga OyIyT PaBHBI OMPEACISIONINEC KPUTCPHH
OO0 B MOZIETH M HATYPHI, MOXHO TOJIYYHThH Hapa-
METpHI HATYPHOH TPHOOCHUCTEMEI C MTOMOIIBIO ITapaMeT-
POB MOJENBHOM:

— JUI CKOPOCTH M3HAIIMBAHUS HATYPHI:

. [ P” j1/3 (9” JIIS [klﬁ_“ ]1/3 .
! " P.w ‘911 kr}).,w ( 1 1)
1 1/6 1/6
x Lom.n . 4 aopn . &
Ao Aaﬁp.u Qn '

— JUIs CUJIbL TPEHUS HaTypPbl:

2/3 2/3 213
e (2] 2] )"
P, 9, Ko (12)
X[%MJO .[Aa,s,,_(“ ]1/6 .[QH jue.
Xgmn Auopon Q,,
VY4uTteIBas, 4TO CTPYKTYpPbl MaTEPUAIOB HATYPHBIX
U MOJICNBHBIX TPUOOCUCTEM SIBISIOTCS OIMHAKOBBIMH,

aBm

M

TO yacTu BeIpaxkenuit (11), (12) [ J PaBHBI €H-
6m.n

Hure. Torzma BeIpakeHHS U HAXOXKACHHUS CHUIIBI Tpe-

HUSI ¥ CKOPOCTH M3HAIINBAHMS TJIABHBIX TPHOOCHCTEM

skerpyaepa EB-350 u EB-350M MOXHO MONy4uTH C

TIOMOIIBIO BBIPAXKECHHUMH:

III = I,w : KIj ; (13)
(14)

rae: I, ta F,,, ,, — CKOPOCTh M3HAIIMBAHUSA U CHJIA TPe-
HUSI, TIOJTyYSHHbBIE SKCIIEPUMEHTAIILHO Ha MoJien; K —
KO3 PHUIUEHT TOJO0US, YIUTHIBAIOIIAN H3MEHEHHUS ,
P, k; B Mozenu 1 HaType.

KoaddrmueHT mogodus st CKOpOCTH H3HALITHBA-

HUA:
1/3 1/3 1/3
(B () ]
P,Irt '9,w ktj)..u (15)
1 1/6 1/6
x [ Lomm J . A‘l@"" . [Q.’Il j .
Xgm.n Aaﬁp.ﬂ QH
Koadhdunment mogodust As1st CUITBI TPEHUS:
2/3 213 2/3
K. [1] (1} (Ko},
" PM '9.11 kd).ﬂ (16)
0 1/6 1/6
x (aemm j . A”“’P«"’ . [ QH j .
X gm.n Auép..w Q.’H
3Hauenuss kodpduimeHToB K| IS OnpeeneHus

CKOPOCTH HW3HAIIMBAaHUS MOJEIBHBIX TpHUOOCHCTEM
npencraBieHsl B Ta0n. 2 u kodpdunuentos Kg  mns
mp,

Frn = Fo - K

mp.n mp.m !

OTpe/IeTIeHusI CUITbI TpeHus — TabJ1. 3.

Tadanua 2. Kosdduruentsr nogodus s pacue-
Ta CKOPOCTH U3HAIIMBAHUA HATYPHBIX TpI/I6OCI/ICTeM
skerpyaepa EB-350 u EB-350M

Table 2. Similarity coefficient for calculating wear
rate of full-scale tribosystem of extrusion machines EB-
350 and EB-350M

TpubocucreMs [Tpubocucrema
IKCTpyaepa IKCTpyaepa

EB-350 EB-350M

«HAKOHEYHHK| «XBOCTOBHK | IIHEK Ma- | «IIHEK KOHH-
dbuibepa ¢bunsepa JIBTH — YeCKHH —
Ne5» Nedy bunbepbl ¢bumbepsl
Nel, 2, 3» Nel, 2, 3»

2,6 3,52 4,29 3,16

Ta6muna 3. Koadduiment cxonctea 1is pacuera
CHJIBI TPEHUS HaTYPHBIX TpubocucTeM 3kcrpyaepa EB-
350 u EB-350M

Table 3. Similarity coefficient for calculating fric-
tion force of full-scale tribosystem of extrusion ma-
chines EB-350 and EB-350M

Tpubocucremsl Tpubocucrema
IKCTpyaepa IKCTpyaepa
EB-350 EB-350M
(HAKOHEYHHK«XBOCTOBHK| «HAKOHEYHHK| «XBOCTOBHK -
¢meepa | Qmabepa ¢unbepa ¢unbepa
NeS» Ned» Ne5y Nedy
6,75 12,37 11,52 10,00

[pencraBnennsie ko3 duuueHTH B Tabm. 2 u 3,
nojcTaBuB B BeIpaxkeHus (13) u (14) momydnm 3Hade-
HHE CHJIbI TPEHHUSI U CKOPOCTH M3HAIIMBAHUS HATYPHBIX
TpubocucteM. [losmydeHHbIe pe3yibTaThl pacuyera CKO-
POCTH M3HAIMBAHUS U CHUJIBI TPEHHS HATYPHBIX TPUOO-
CHCTEM TPH IKCIUTyaTallMd Ha Pa3JIMYHBIX BUAAX pado-
4el cpelibl pejcTaBieHbl Ha puc. 1-3.
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Puc. 1. PacueTHble 3Ha4YEHUS] CKOPOCTH W3HAIIHU-
BaHUS HAaTypHOH TpubocucTembl 3kctpyaepa EB-350,
«HAKOHEUHHK — Quibepbl Ne5»: a — crans 40X u 9yryH
UX22H2; 6 — cranmp 40X u uyryn UX32; ¢ — cramp
95X18 m uyryn UX32; d — cranp 40X10C2 u uyryH
yx32

Fig. 1. Calculated values of wear rate of full-scale
tribosystem of extrusion machine EB-350, “tip — die
No. 5”: a — steel 41Cr4 and 22% High-Chromium cast
iron; ¢ — steel 41Cr4 and 32% High-Chromium cast
iron; ¢ — steel X102CrMo17 and 32% High-Chromium
cast iron; d — steel X40CrSiMol0 and 32% High-
Chromium cast iron

AHanu3 NOJYyYEHHBIX 3aBHUCHUMOCTEN I103BOJISET
OTIPEeNIeNIUTh M CIPOTHO3UPOBATh PECypc KaXKAoH TpH-
6ocucremsl, u 3kcrpyaepa EB-350 u EB-350M B me-
JIOM.

3aBHCUMOCTH, MIPEICTaBICHHBIC HA PHC. 1, OMUCHI-
Barot ypasuenus (17)-(20).

WHpuekc ypaBHCHHUS TAKKe SBJISCTCS HOMEPOM I10-
BEPXHOCTH, KOTOPYIO OHA OTIHCHIBAET:

I, =532129pH; ~119457 4}, —0,53343pH, - 17
+ Aysp — 175,479 pH, + 2812637 4,51 +3204,565

I, =31,42648 pH ] —1,0373842;,, 187677 pH, - (18)

+ Ay — 469,987 pH , +46,78397 4,5, +1978,423
I3 =28,70051pH? ~11838234%;,; —0,76223pH ; - (19)
+ Ay5pa — 416,753 pH s +9,4104834,, 5,5 +1712,457
I, =25,69787 pH —0,5342134%;,, ~192703pH , - (20)
A yspa — 372,965 pH , +48,743934,,5,, +1509,914

W3 nonyuennsix ypasuenuii (17)-(20) BunHO, uTO
pacdeTHasi CKOpOCTh M3HAIINBaHMA HaTypHOH Tprbocu-
crembl dkctpyaepa EB-350, «HakoHeuHHK - (rbepa
No5» sBnserca HenuHedHoW. Ilpu yBeanueHUU ypoBHSA
pH ot 5 10 7,4 NpOUCXOAUT YMEHBIIEHUE CKOPOCTH HU3-
HaIlMBaHUS U IpU JayibHeimem yBenunueHun pH ot 7,4
no 11 nmpoucxoaur oOpaTHBIH mpoliecc, CKOPOCTh HU3-
HAaIlUBaHHUS CTPEMUTENIBHO pacTeT. OTO CBHUIETENb-
CTBYET O TOM, YTO JIKCILTyaTalus PUBEACHHOI Tpubo-
CHCTEMBI ITPU UCIIOJIB30BAaHHUHU CHIPBS C CIA0O0KHUCION U
CHJIbHOILENIOYHOW CPEeNoi 3HAUYNTEIBHO YMEHBIIACT €
pecypc.

3HavyeHNe CKOPOCTH M3HAIINBAHMS HATYPHOW TpH-
6ocucremsl 3xcTpyaepa EB-350, «HakoHeUHHK - (QriTh-
epel NoSy» B crmabokucioii, 6a30Boi cpele B 3aBUCHMO-
CTH OT THNA CHIPbSI M TPHOOCHCTEMBI NPHBEICHBHI B
Tabm. 4.

Tadauua 4. 3HaueHHE CKOPOCTH H3HAIINMBAHUSI
HATYpHOW TpubocucTeMbl dKcTpyaepa EB-350, «Hako-
HEYHHK - (puibepa NeS» B crmabokucioid, 6a30Boit cpene
B 3aBUCHUMOCTH OT THIIA CBIPbS U TPHOOCHUCTEMBI

Table 4. Values of wear rate of full-scale tribosys-
tem of extrusion machine EB-350, “die No. 5” in weak
acid, base environment depending on the type of raw
material and tribosystem

Tun CKOpOCTh N3HANIMBAHMS, MKM/4
ceipbsd  [Ctanb 40X Crans 40X| Cranb Cranb
nuayryn | muyrys |95X18u [40X10C2
UX22H2 | 4X32 YyryH | U 4YI'yH
yx32 UXx32

567,91 | 530,21 | 223,35 | 692,80

Conoma
SSYMCEHS
Jpesec-
HBIC 563,13 440,30 331,40 351,56
OCTaTKH
Jlysra 636,43 522,05 273,99 500,62

Mpenas | 98957 | 762,06 | 459,66 | 684,27
Jry3ra

U3 Tabn. 4 BUAHO, YTO HAWMEHBIICE 3HAYCHUC
CKOPOCTH H3HAIMBAHHUS HMEET TPUOOCUCTEMA CTajb
95X18 u uyryn UX32.

CKOpOCTh M3HAIIMBAHUS HATYPHOU TPUOOCHUCTEMBI
skctpynepa EB-350, «xBocroBuk - ¢unbepa Nod», ko-
Topass M300paykeHa B BHUJIE 3aBUCHMOCTEH Ha pHC. 2,
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Puc. 2. PacueTHble 3HaY€HUs] CKOPOCTH H3HAILLIU-
BaHUS HATYpHOH TpubocucteMbl skcTpynepa EB-350,
«xBOCTOBHK — (pubepa Ned»: 1 — cranb 40X u 4yyryH
UX22H2; 2 — cramp 40X u uyryn UX32; 3 — cramb
95X18 u uyryn UX32; 4 — cranp 40X10C2 u uyryn
Ux32

Fig. 2. Calculated values of wear rate of full-scale
tribosystem of extrusion machine EB-350, “shank — die
No. 4”: 1 —steel 41Cr4 and 22% High-Chromium cast
iron; 2 —steel 41Cr4 and 32% High-Chromium cast iron;
3 — steel X102CrMo17 and 32% High-Chromium cast
iron; 4 — steel X40CrSiMo010 and 32% High-Chromium
cast iron

3HauyeHHe CKOPOCTH M3HAIIMBAHHS HATYPHOW TpH-
6ocucremsl skcrpynepa EB-350, «xBocToBHK - uibepa
Nedy B cmabokucioi, 6a30Boii cpeqie B 3aBUCUMOCTH OT
THIIA CBIPBSI U TPHOOCHCTEMBI IPUBEICHBI B Ta0. 5.

Tabauna S. 3HaueHUs CKOPOCTH H3HAIIMBAHUA
HATYpHOU TpubocucTeMbl dKCcTpynepa EB-350, «Hako-
HEYHUK - Qribepsl No5» B cmabokucIion, 6a3oBoii cpere
B 3aBUCHMOCTH OT THIIA CBIPBS U TPUOOCUCTEMBI

Table 5. Values of wear rate of full-scale
tribosystem of extrusion machine EB-350, “tip - die No.
5” in weak acid, base environment depending on the
type of raw material and tribosystem

Tun CKOpPOCTh M3HAIINBAHUS, MKM/4
ceipbst  |Cranb 40X Crams Cranb 40X| Cranb
MUYTYH | g0, | HHYTYH 40X10C2
UX22H2 UX22H2 | uuyryH
o
Conoma 768,86 | 717,82 | 302,38 | 937,94
STIMEHSI
Hpesecupie| 762,39 596,10 | 448,66 475,96
OCTaTK{
Jlysra 861,63 | 706,78 | 370,94 | 677,76
[penas 1339,73 | 1031,7 | 622,31 | 926,40
JTy3ra

B wuHTepBase aKTUBHOW KHCIOTHOCTH OT 5 IO
7,4 pH CKOpPOCTh W3HAIIMBAaHUS YMCHBIIACTCS, a MpPH
nanpHeimeM yBenumdenue no pH 11 - pacrer. 3HaueHue
CKOPOCTH M3HAIINBAHUS HATYPHOU TPHUOOCHCTEMBI JKC-
Tpyaepa EB-350, «rHek xoHndeckuit - gpuasepa Nel, 2
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1 3» B cmaboKuCIIon, 6a30BOl cpefie B 3aBHCHMOCTH
OT THTIA CHIPBS M TPUOOCUCTEMBI TIPUBECHBI B TA0II. 6.
Tabauna 6. 3HaueHWS CKOPOCTH W3HALNIMBAHUS
HaTypHOU TpubocucTeMsl skctpynepa EB-350, «Hek
KOHMYeCKHi - prmsepa Nel, 2 u 3» B cmabokucioi, 6a-
30BOM cpejie B 3aBUCUMOCTH OT THUIIa ChIPbsi U TPUOOCH-
CTEMBI
Table 6. Values of wear rate of full-scale
tribosystem of extrusion machine EB-350, “screw - die
No. 1, 2 and 3” in weak acid, base environment
depending on the type of raw material and tribosystem

Tum cei- CKOpPOCTh W3HAIIMBAHUS, MKM/4
pps Crans Cramp | Crans Cranb
40X u 40X u | 40Xwu | 40X10C2
YyT'yH 4yryH | YYT'YH | W 4yryH
UX22H2 | yx32 | 4UX22 Ux32
H2
Comoma 768,86 717,82 | 302,38 | 937,94
STIMEHS
Hpese- 762,39 596,10 | 448,66 | 475,96
CHBIE
OCTaTKU
Jlysra 861,63 706,78 | 370,94 | 677,76
[Ipenas 1339,73 | 1031,7 | 622,31 | 926,40
Jy3ra
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Puc. 3. Po3paxyHKOBi 3HaYCHHS CHJIM TEPTS HATY-
pHOI TpibocucTemu ekcrpyaepa EB-350, «HakoHEeUHHK -
¢ummsepa NeS»: 1 — cramp 40X u ayryn UX22H2; 2 —
cranmp 40X m gyryn UX32; 3 — cramp 95X18 u uyryn
UX32; 4 — crans 40X10C2 n uyryn UX32

Fig. 3. Calculated values of friction force of full-
scale tribosystem of extrusion machine EB-350, “tip -
die No. 57: 1 — steel 41Cr4 and 22% High-Chromium
cast iron; 2 — steel 41Cr4 and 32% High-Chromium cast
iron; 3 — steel X102CrMo17 and 32% High-Chromium
cast iron; 4 — steel X40CrSiMol0 and 32% High-
Chromium cast iron

3HavyeHNe CKOPOCTH M3HALIMBAaHWUSA HATYpHOU TpH-
6ocuctemsl skcrpynepa EB-350M, «urHek KOHUYECKHH
- pubepst Nel, 2 u 3» B ciabokwucinoit, 6a30Boii cpezne B
3aBUCHMOCTH OT THIIA CHIPbS U TPUOOCHCTEMBI IpHBE-
JIeHBI B Ta01. 7.

Ha BenmmuuHy CKOpPOCTH HM3HAIIMBaHUS B TPUOOCH-
cTeMax B IIEPBYIO O4epe/ib HauOoblIee BIUSHUE HMEET
cpena, B KOTOPOH OHa JKCILUTyaTHPYEeTCs U MaTepHalbl,
W3 KOTOPBIX OHHM U3TOTOBJIEHBI. 13 pe3ysbTaToB pacueTa
CKOPOCTH M3HAIIMBAHUS BUJIHO, 4TO cliabolienouHas
paboyas cpeia, 3HAYUTETHHO JTydIlle, YeM CJIa0OKHUCIIast
Y CHJIbHOIIEIOYHAS.
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Tadamma 7. 3HaueHHEe CKOPOCTH HW3HAIIMBAHUS
HATYpHOW TpuOocucTeMbl JKCTpynepa EB-350M,
«UIHEK KOHWYecKui - Gpunbepsl Nel, 2 u 3» B cnabokuc-
Joit, 6a30BOH cpenle B 3aBHCHMOCTH OT THIIA CBHIPbI U
TPHOOCHUCTEMBI

Table 7. Values of wear rate of full-scale
tribosystem of extrusion machine EB-350M, “screw -
die No. 1, 2 and 3” in weak acid, base environment
depending on the type of raw material and tribosystem

Tun cel- CKkOpoCTh N3HALIMBAHHS, MKM/4
pbs Cranb Cras Cranb Cranb
40X u 40X u 40X10
40X u
YyT'yH - YyI'yH C2u
YX22H qyxgz YX22H2 | uyryn
2 Ux32

Conoma 690,23 | 644,41 271,46 | 842,02

SYMCHS

Hpese- 684,42 | 535,13 | 402,78 | 427,28
CHBIC
OCTATKH

Jlysra 773,51 | 634,49 | 333,00 | 608,45

IMpemnas 1202,71 | 926,20 | 558,66 | 831,65
Jy3ra

Cuiibl TpEHHS TP UCTIOIB30BAHHUHU Pa3IMYHBIX pa-
0ouMX cpell M MaTepHaNoB IS HATYpHOH TpuOocHcTe-
MBI dKcTpyaepa EB-350, «nakoneunuk - guimbepa NeSy»
MpeACTaBJICHBI HAa PHC. 3 U OIIMCBIBAKOTCA 3aBHCHUMO-
CTsSMU:

F 64,09219pH; +3,64533742;,, +3,412125pH, (21)
Ay5,1 — 855,485 pHy — 60,1577 4,,;,, +4219,418
Fp2 =63,72028pH? +4,3033514%,, +4,0743pH, (22)
Augp2 —970,069pH , +19,679844,,5,, + 4447,097

Fops =82.27874pH? —3157274%;,5 +0,05446 pH (23)

mpl =

abp3
Ayips —3210,014 pH 5 +93,99336 45,5 +3210,014
Fpa =3887023pH —0,9443442; , +0,351934 pH , (24)
Augps —592,323pH , +31,39334,5,, +3367,067

Ha BenmuuHy cuibl TpeHHS B TpuUOOCHCTEMax B
MIEPBYIO OYepeb HauOoblIee BIUSHUE UMEeT pabodast
cpena, Ha KOTOPOM OHH 3KCIUTyaTHpyoTcs. M3 pe3yis-
TaTOB, MPEJICTABICHHBIX HA PUC. 3 BUJIHO, YTO HCIIOJIb-
30BaHME CIa00MIETOYHON CpeIpl 3HAUUTENBHO JTYUIINM,
4YeM CIIa0OKHCION M CHIIBHOIIENIOYHONH. DTO MOKa3bIBa-
€T, TO YTO Ha MPEOJOJICHHE CHIIbI TPEHUS MPH UCHOIb-
30BaHUM CIIA0OIIEIOYHON Cpebl 110 CPABHEHHUIO C Clla-
OOKHCJION M CHJIBHOLIEJIOYHYI0O HEOOXOAMMO MEHBIIE
SHEPIUU, a COOTBETCTBEHHO, M MEHBILE 3JJIEKTPOIHEP-
THH.

Taxoxke BecOMBIMU (haKTOpaMH, OT KOTOPHIX 3aBHU-
CHUT BEJIMYMHA CHJIBI TPEHUS, SBJSIETCS COBMECTHMOCTD
MaTepHaJIOB, M3 KOTOPHIX M3TOTOBJIEHB! TPHOOCHCTEMEI,
U UX KOHCTPYKTHBHBIE 0coOeHHOCTH. K KOHCTpYKTHB-
HBIM OCOOCHHOCTSM MOJKHO OTHECTH COOTHOIIECHHE
IUIOIIAafe TPEHUS, TEOMETPHUYECKUX pa3MepoB TpHOO-
cucreM. HanMeHbpliee 3HaYeHHE CHIIBI TPEHHS HAOIIO-
naercst B Tpubocucreme skcrpyzaepa EB-350M, «uHek
KoHnueckuit - guibepa Nel, 2 u 3» u B Tpubocucreme
skcTpynepa EB-350, «IHEK KOHUYECKUH - (UIbEPHI
Nel, 2 u 3».

JIng mpOrHO3UpOBaHUSA U PACUETOB pecypca IKC-
tpyaepa EB-350 u EB-350M Obuia ompeneneHa rpa-
HUYHAsl BEJIMYMHA U3HOCA TpUOOCUCTEM A, KOoTopasi s
OTIPECTICHHBIX TPHOOCHCTEM, IIOCIE JKCIUTyaTaliu |
UX JE€MOHTa)ka, OblIa BBIOpaHa HAa OCHOBAaHWHM JAHHBIX
CTaTHCTHYECKOTO aHaNIW3a IMPEINPHATHHA, KOTOpPBIE WX
M3rOTaBJIMBAIOT U SKCILTYyaTHPYIOT:

— HaTypHBIe TpubocucTeMsl 3kcTpyaepa EB-350:

— «HAKOHEYHHK - Gpritbepsl Ne5» - 6000 Mxm;

— «XBOCTOBUK - puibepsl Nedy - 10000 Mxm;

— «IIHEK KOHW4YecKHd - ¢uibepa Nel, 2 u 3» —
50000 MkM™;

— HaTypHas Tpubocuctema ’kcTpyaepa EB-350M,
«UIHEK KOHUUYecKui - pumbepa Nel, 2 u 3» - 25000 mMxm.

Pecypc tpubocuctem skcrpyzepa EB-350 u EB-
350M paccuuThIBaeTCs ¢ IOMOIIbIO BBIPAXKEHMUSL:

R=— 2 (25)
Iu(pH;Aaﬁp.)
rrne: R — pecypc, gachl; A — rpaHnYHas BEJIMYNHA H3HA-
MIMBaHUS TPUOOCUCTEMBI, MKM; |, — CKOpOCTh M3HAIIN-
BaHWsl HATYpHOW TPUOOCUCTEMBI, KOTOpas SBISETCS
¢byHKIMEH 0T aOpa3uBHOCTH M KUCIOTHOCTH, MKM/4.

Pecypc HatypHoi#i Tpubocuctems! 3kcTpyaepa EB-
350, «HakoHe4YHUK - (uibepbl NoS» MpH UCIIOIBH30Ba-
HUM DPa3IM4YHBIX paboyMX cpel ¥ MaTepHaloB Ipel-
cTaBIeH puc. 4
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Puc. 4. PacderHple 3HaueHHWs pecypca HATYpHOU
TpubocucTeMbl 3kcTpynepa EB-350, «HakoHEUHHK -
¢mrsepa NoS»: 1 — cramp 40X w uyryn UX22H2; 2 —
cranp 40X u uyryn UX32; 3 — crans 95X18 u uyryn
UX32; 4 — crane 40X10C2 u guyryn UX32

Fig. 4. Calculated values of lifetime for full-scale
tribosystem of extrusion machine EB-350, “tip - die No.
57: 1 — steel 41Cr4 and 22% High-Chromium cast iron;
2 — steel 41Cr4 and 32% High-Chromium cast iron; 3 —
steel X102CrMo17 and 32% High-Chromium cast iron;
4 — steel X40CrSiMo10 and 32% High-Chromium cast
Iron

AHanorn4Hple 3aBUCUMOCTH OBUTH ITOJTYYEHBI IS
Tpubocuctems! skcrpyaepa EB-350, «xBocToBuk - ¢u-
mbepa Nedy», muis TpubocucTeMsl 3kctpynepa EB-350,
«UTHEK KOHWYecKuil - pmmsepa Nel, 2 u 3, ansa Tpubo-
cuctemsbl dkcTpyaepa EB-350M, «mHek KOHUYECKHH -
¢mteepa Nel, 2 u 3».

[ToncTaBuB 3HA4YEHHS CKOPOCTH HW3HAIIMBAHHS B
BEIpakeHHe (25), KOTOpBIE OMMCHIBAIOT N3MEHEHHE CKO-
pPOCTH W3HALIMBAHHWS HATypHBIX TPUOOCHUCTEM OT
Harpysky, MOJIy4uM 3Ha4€HHE pecypca Kakaoi Tpubo-
cucteMsl dkctpynepa EB-350 u EB-350M npu npume-
HEHUH PA3IIMYHBIX pabo4mX cpel.

Pecypc skctpynepa EB-350 B menom OyneT ompe-
JIeNSITh  TPUOOCHUCTEMBl C MHUHHMMAJIbHBIM PacyeTHBIM
pecypcoM. MakcuManbHBIM pecypc SBJISETCS XapakTep-
HBIM st TpubocucTeMbl dKkcTpyaepa EB-350 «urHek
KOHWYecKui - prutbepa Nel, 2 1 3», KOTOPBIA COCTABIIS-
er 160 gacoB. Ha BTOpoM MecTe - TpmbocumcTeMma
«HaKOHEYHUK - Guibepa NeSy - 45 gacoB, a MUHUMAITb-
HBIA pecypc XapaKTepeH IJisi HATypHOW TPHUOOCHCTEMBI
«XBOCTOBUK - (punbepa Nedy - 37 wacos. M3Hoc npuse-

JICHHOH TPHOOCHCTEMBI CYLIECTBEHHO BIIMSET Ha IPO-
H3BOAUTEIILHOCTE 3KcTpyaepa EB-350.

[lo naHHBIM HOPMATUBHO-TEXHUYECKON NOKYMEH-
taruu  3aBojga-m3roToButenss OO0 «YepkacceidneBa-
TopMamny TapaHTHiiHOE HapaOOTKH XBOCTOBHKAa U
HakoHewHHKa skctpyaepa EB-350 — 8 wacos, mpyrux
yactedd - 150 gacoB [20]. Cpennsist HapaOOTKa ITHEKa
KoHn4eckoro skcTpyaepa EB-350M — 24 vaca, npyrux
vacreif - 150 gacos [21]. Bbuio mpoBeaeHO IKCIePTHbII
OIIPOC WHXKEHEPOB MPEANPUATHI POU3BOJUTENECH TOII-
JIMBHBIX OpPUKETOB, KOTOPBIN MOKa3all, 4TO pecypc JeTa-
Jeld, KpoMe XBOCTOBMKAa M HAKOHEYHHMKA SKCTpYZAepa
EB-350 ne mpesprmaer 100 gacoB, KpoMe KOHHYECKOTO
mHeka dkcrpyaepa EB-350M - 120 gacoB. D10 00y-
CJIOBIICHO YCIIOBHSIMH, PEXKHMaMHU SKCIUTyaTallud M pa-
Oodeii cpenoit.

BBIBOJbI

Ha ckopocTe n3HammMBaHUA, CHWIIy TPEHUS M pe-
cypc HarypHoil TpubocucteMsl dkcTpyaepa EB-350 u
EB-350M naubosnee BiuseT pabodasi cpeia B KOTOPOM
OHM IKCIUTYaTHPYIOTCSI B COBMECTHMOCTh MaTepHallOB
13 KOTOPBIX OHU U3rOTOBJICHBI. Hallounpmiim pecypcom
skctpyaep EB-350 u EB-350M Oynet umeTh TpuOOCH-
crema ctanb 95X18 u uyryn UX32 npu skcruryaTauu B
CI1a0OoMIeTI0YHOH cpere, ONM3KON K HeUTpaTbHOMOH.

Hcnonp3oBanue cinabomerouHol pabodei cpes
pH 7,4 npuBOIMT K YBEIMYEHHUIO pecypca IKCTpyHepa
EB-350 npu npeccoBanuu cosiomsl B 1,41 pa3sa, apeBec-
HBIX OCTAaTKOB - 2,33 pa3a, JIy3r'H CEeMsH MOJICOJIHEUHHUKA
B 13,16 pa3a, npemnoii my3ru B 10,23 pa3a. IIpu usmene-
HUW MaTepuanoB Ha ctainb 95X18 u uyryn UX32 mpo-
HCXOJUT yBennueHue pecypca skctpynepa EB-350 nmpu
IIPECCOBAHUH COJIOMEI B 2,76 pa3a, JPEeBECHBIX OCTATKOB
- 4,56 pasa, Ty3ru CeMsIH MOJICOJTHEYHUKA B 25,76 pa3sa,
npenoit mysru B 20,02 pa3za.
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PHYSICAL SIMULATION OF FRICTION AND
WEAR PROCESSES OF TRIBOSYSTEMS OF
EXTRUSION MACHINES EB-350 AND EB-350M

Summary. Physical simulation of friction and
wear processes of tribosystems of extrusion machines
EB-350 and EB-350M is demonstrated.

Physical simulation means simulation of similar
processes on devices (simulators) which retain the phys-
ical nature of phenomena and processes, but reflect
them on a different scale, such as geometric or physical.

Upon physical simulation of friction and wear pro-
cesses simulators have one peculiarity — they have iden-
tical nature with the full-scale object (model), meaning
that the same (reduced in scale) tribosystems, materials
they were made of and work environment were used.
Simulator differs from model not only by its large-scale
but also by artificially created conditions for use. More
difficult conditions such as abrasive ability, active acidi-
ty level and capacity which are necessary for reduction
of testing time were created during laboratory testing.

Dependence of the friction force and wear rate for
full-scale tribosystem were obtained based on the results
of research on the simulative tribosystems in the labora-
tory conditions. The main benefits of using method of
physical simulation are reduction of money and time
wasting which are associated with research of tribologi-
cal characteristics of any given tribosystem.

Dependence of the equations with criteria, which
take into account the scale coefficients and with the help
of which the transition from simulative tests in the la-
boratory to the full-scale tests was made, followed by
the subsequent calculation of dependences of the fric-
tion force and wear rate were established. Lifetime of
simulative tribosystems was predicted with help of cri-
teria equations based on the results of laboratory re-
search of its stimulators, research of the influence of
abrasive, acid, alkaline environment (aggressive) on tri-
bosystems and also compatible materials were selected.

Key words: tribosystem, physical simulation,
model, simulator, compatible materials, wear, friction
process, friction force, wear rate, scale coefficients,
theory of similarity, abrasive ability, acidity.



