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BM3HAYEHHS NPUMHYCKY HA 3YBOUITIGYBAHHSA

3yGomnidysarss npodiabHUM KPYTOM METOAOM KONIIOBAHHSA LIMPOKO BUKOPUCTIOBYETBCH B
TMPOMUCIOBOCTL PY BHIOTOBNEHHI 3yGyacTik xonic (3K) ans asianiitnoro @ TpancnoprHOre ma-
uuHOOY nyBanad. [Tpurmyck Ha onepauito 3yGouriidyBants MOBAHEH OyTH MiHIMalbHUM, ane 10C-
TAaTHIM [T KOMIICHCAILi BCIX TOXHOOK, IO BHHUKIK HA MONEPEHIX OIEpaliiX TEXHOMOr{4HOro
IpOLEeCy BUIOTOBJIEHHS 3yOuactoro koneca. Ipunyckn Ha onepauito 3yGouuticysauds UMninpy-
guuX 3K 054HCHIOTE Y HOPMATEHOMY HANPAMKY CTOCOBHO SiMHOI MOBEpXHI 3y0a Ha 0fHy abo Ha
ABL HOro cToponu. Y BHpoCHMLITEI, SK NPABAI0, BUKOPUCTOBYIOTH TaOnuuuuil MeTos BU3HAYEHHs
OPHITYCKY, BIANOBLAHO A0 SKOTO BEAMYHHY IIPUITYCKY BH3HAUAIOTh 3a NOBIAKOBUME Tadmuusamu 1],
Ognak Tabma4HKi Meron He Bpaxosye iHausinyatsHi ocobausocti 3K. Sk upaeano, tabanvwi
npHOycKH GyBAOTe 3aBHINCHHMY H MICTATh pe3epBH AN 30LILIICHHA NPOXYKTHBHOCTI 1 MiABH-
wends axocti Burotosnenns 3K. Jlag cepiiiHoro Hanaromxenoro BUpOSHMUTEA TabnudHi npuryc-
xu Ha 3ySountidypanns He nepenuuyroTh 0,4 Mm. Pospaxysxoso-asanitussnii Meroa npod. B.M.
Kopana 3achosannit Ha KUIbKICHOMY aHaTi3l GaKTOpis noONEpeaHbol | BUKOHYBanOI onepauii [2].
Leit MeTOA € PO3PAXYHKOBO-ZHANITHIHUM TLIBKM 34 CIPYKTYPOIO, A€ (PaKTHHHO ONepye 3 Tabmuy-
HMMH [APAMETPAMY, OTPMMAHHMM TIPH CTATHCTHYHIH OGPOOUI €KCHIEPHMEHTATLHHX HaHuX. Pe-
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3YITLTATOM PO3PANYHKOBO-AHATITHYHOTO METOAY BHIHAYCHHA NPHITYCKY Ha 3y0oumnidyBauus € pe-
KOMeHAai 3 BUGOpY BPUIYCKY, SKI HOCATh MPHBATHUE | SKCIIEPHMEHTATLHEHN XapakTep.

Ornepaniio npodinsnoro 3ySouutidypanna Ha eperari 3 U1K Moxkna po3aingTy Ha gBa suan
pobIT: BUMIp TIPHAYCKY Ha €Tali HAMAro/LKEHHS BEpCTaTa i 3yGouLiidyBaHHs Ha erani 0OpodkH.
BumipioBanns BAKOHYIOTH Npodiibnny HuTidyBanbuM Kpyrom abo CreniuibhyM BUMIDIOBASib-
HUM [IYNIOM, HanpHKIaz, xoMnarii Renishaw. ¥V nepuomy saragky (uutidyyBaibHuM Kpyrom) su-
MIPIOBAHHSA BUKOHYIOTh Ha 3arotoskax 3K i3 He3anoBINLHOIO AKICTIO NOBEPXHI (NiCHs 3arapryBaH-
o5 3K): yopHoTa, HEPIBHOCTI TOBEpXHI. BUKOPHCTOBYETBCA CHTHAN AKYCTHYHOT eMicii, 1o BUHUKAE
B MOMEHT TOpKauHs Glunux cropin npodno kpyra i sanaguau 3K. HTEHCHBHICTE LHLOTO cCHrHaNy
NpH NONEPEMIHHOMY TOPKaHH1 Tpasoi it aisol croponn npodimo sanaanun 3K nopunna 6ymn ox-
HAKOBOIO. Y JPYroMy BUNAAKY (CHCUIANGHUM BUMIDIOBATLHUM LUYIOM) BHMIPIOBAHHS BUKOHYIOTS
1O BIAHOCKO YHCTIH MOBEPKHI Nepes 3yGomTigyBanHaM, a TakoK Micas HOro 3akinvyeHHs (KOHT-
posib Iicas 06pobK).

Asne pumiprosanns npunycky #a 3K i3 spaunum duciom 3y6is sabupae 3uauuuil wac, wo
CYMIpHO 3 Yacom 0Opobku. TOMY CKOpOYEHHS vmcia Bumipis 6e3 icroTHOI Brpary indopmaunii €
AKTYATEHOK 33aY€10 Y TEeXHONOr ] aBTOMATH30BaHOro 3ySounudysanns. ExcriepuMenTtanbii oc-
SUDKEHHA ROKA3AIH, IO CKOPOHEHHS THCAA BUMIDIB CYNPOBOKYETLCA BIPATOIO TOYHOCTI BH3HA-
HEHHA MaKCHMABHOTO MPHAYCKY, TOOTO 3'ABAJCTBCH NOMMIKA B OLIHIOBAHHI MAaKCUMANBHOLO
[pUITycKY Ha 00pobky. [lis komaexcauil miei noMusky uulidyBansHuil KPyT BIABOAATS Bl 3ar0T0-
sxr 3K AN ycyHeHHS MOKIMBOCTI Henepeabanenoro episants. TIpuyaomy, 4nm Mesiue 3y6is oxo-
IUTEHO BHMIDIOBAHHAM, THM OLTbIIE MOBMHNA OyTH BEINUMHA 333HAYCHOrO BIABOMY LunidyBaipuo-
ro kpyra. Y CROKO 4epry BiIBIA KPyra NMPU3BOAUTE N0 30UnsieHHs qacy ofpodiu. Tomy 3 poctom
YHCNA BUMIPIB NPOABIAOTLEA 81 Ternenuil. Onua — 30inblweHHs yacy 60podku depes 30U1bLeHHS
4acy BUMIPY; IHIIA — 3MEHIIEHHA Yacy o0po0Ky V 3B'43KY 31 SMCHIIEHHAM BeJIHYHHH BIABOZY ULTi-
(yBsanbHOro kpyra. Bunnkae 3aaada ontuMizalii 94cIa BUMIPIB HPAIYCKY, OPH AKOMY 4ac 0Gpos-
kA Gyae saiivenmnM [3). Tnma 3anava — BCTAROBUTH 3B'A30K 4ACHA BUMIPIB APUTYCKY 3 HEBH3HA-
YEHICTIO HOTO BeNUYUHM, HANPUKAGA, MAKCUMANLHOL BeTUIUAY NPUNYCKY npu Horo curycoians-
HOMY PO3NOALI 1o neprdepii 3yGyacToro koneca.

[TpomronyeTses ABa RAXOAU ISt BU3HAYCHHA MAKCHMAIBHOIO MIPHITYCKY HA 3yGoLUliby BaHHs
3a pesyasTaTamu HOro BHMIPIOBaHHS Ha oKpeMuX 3y0ax 3K: ctarucTHYHMi | nETepMiHOBAHMIL,
CrarueTaaani MAKIA TPHITYCKAE NPEACIABACHHA MAKCHMAIBHOIO HPHILYCKY Zynay Y BHIILAL
IXBOX CKNaN0BHUX: TOCTHIHOI zg 1 3MIHHOIL Az, TOBTO
Zinax =20 +Az. (1)
Y ¢BOIO yepry
Az = Azoyom +AZeapy s Mcyem =‘§“ Bz =€, (2)

e A — amIUlTyJa BIIXWICHHS OKPYKHOTO KPOKY; £ — OQHOOIMHMI q0oBipyHit iHTepBa.
INpuyomy

e=1ly Sz, (3)
1€ 1, — koedinlenT aoBipn (0anoBiuunH Ge3po3MipRHit ToBIpIHit iHTEpBaT),

Sz

W -~ CEPEeAHLOKBAAPATUIHE BIAXHICHH PE3YAbTATY, MM,

—e
1 ¥ . . . : .
s= e [ ¥ (1, —x)2 — BHOIDKOBE cepelHe KBAAPATHYHE BIAXHIEHHs (BUOIpxoBHil cTaH-

YNy
JIapT), MM,
X, ¥ — TIOTOYRE BIAXHICHHA OKPYKHOTO KPOKY BiXl HOMIHANBHOTO i CePEAHE SHAHSHHS bOrO
napaMerpa.
JetepminosarAl MiAXid IPHITYCKAE IOAAHHS MAKCAMAILHOIO NPHIYCKY 4, V BHIVIATI
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Cexnin 4. Hporpeensua rexuina i rexsosoris mammnoby 1ysamns

Zmax = :maximax(‘v)“‘zsy(N)'A 5 4
1€ Zmaximax{N) — MRKCHMAnNbHA BENMYHHA NPHIYCKY 13 ABOX MAKCHMATBHUX BETUMAH zha 1 280

32 QOMEKCHUM YHMCITOM BHMIPIE N MICHA BUPIBHIOBAHHA MIHIMATBHIX 3HAYEHE OPHIVCKY, TOOTO

fpu zll{lin = Zf‘r?lin >
2¢'(N) — BLIHOCHA IOMHIIKA Y BU3HAYCHH] NOJIOMKEHHA MAKCHMABHOIO | MIHIMAILHOIO NPUIYCKIB;
A4 — aMmAiTYAa CHHYCOIAH, OTPHMAHOI METOAOM HaHMEHIUMX KBAAPATIB 111 OJHOIO 3 pO3Io-
Himis mpunycky no nisii z- () a6o no npasiit =X () croponi sananum, 3anexco Bix Toro, Ha AKii
O1unil cTopori 3adiKCOBaHUH NPHIYCK Zgaximax (V).
Pospo6aeni 3a 3a3HaueHHMH 11IX0aMY METOIAKY anpobOoBaHi Ha OCHOBI PE3yJILTATIB BUOIP-
KOBOI'O BHMIDIOBAHHS IPHITYCKY B 3aBOACEKHX YMOBAX (TabnHLLT).

Tabnuus
Pe3yabTar po3paxyHKY MAKCHMANBHOIO HIPHIYCKY /IR CTATHCTHYHOIO Wiaxoay
N 2 3 4 8 10 20 40
A, MM 0,047 0,175 0.128 0,146 0,147 0,147 0,147
25, MM 0,2335 0,2603 0,2523 0,2573 0,2587 0,2614 0,2617

Aroomm | 00235 (00875 0064|0073 00735 |00735 00735

Az MM 0,5876 0,3635 0.1732 0,098 0,0822 0,052 0,0354

Ccape s

Zmax » MM 0,8446 0,7112 0,4895 0,4283 04144 0,3869 0,3706

ITpumitka: 3aroroska 3K JITMB.478 B73.40.005

Buano, 1o 31 30UIbMICHAAM “HCAA BAMIpIB N BETHYMAA DPUNYCKY Zp,e 3MEHIIyeThes. Onu-
caHuii criocié BHIHAUCHHS BOAHYHHE MakCHMAIBHOrO npumycky B 3anaiuuax 3K i3 ypaxysausam
Pe3yNHTATIB BUOIPKOBUX BUMIPIB A03BOASE ICTOTHO 3MEHIIMTH YUCIO HEOOXIAHUX BHMIDIB [UIS BU-
ABICHHS MAKCHMATLHOIO PO3PAxyHKOBOTO NPHIYCKY, 0 MIANArac BUAANCHHIO NpH 3ydommidy-
sapHi. [Tokasano, o 3araneymii yac onepauii 3yGournidyBasns, SKuil CKNaAA€THCS I3 Yacy Hana-
rOKeHHS (BEMIPIOBAHHS NIPUIYCKY) i Hacy oOpobky (3yOouunidryBaHHSA), 3IMEHILYCTBCH.

BucnoBkn

1. PospoGsieno anropuTM mepepaxyBaHHs HEBH3HAYCHOCTI NPUITYCKY B HOTO ZOIATKOBY BEIIH~
qyHY (I106aBKYy 10 OIPHAYCKY ), AKY MOXXHA Peasti3yBaTd ULTAXOM BUIBOIY HUTi(YBaTEHOr0 Kpyra Bia
3aroTOBKM 3y04acToro koneca nepex ydomnigysannsm. He 703BONUTL 33 PAXyHOK HEBEIHKOIO
30LIBIIEHES Yacy 3yGoLniQyBaHHA YCYHYTH MOXUTHBICTS MOSBY ULTIQYBaNbHUX Ae(EKTiB, BUKIM-
Kanux HenepenbaveHum 30ibientsM GaKTUYHOTO NPHIYCKY, y TOMY BHNAZKY, KONM 3a0ainHa 3
MaKCUMATLHUM MPUIYCKOM ByNa npONyLIEHa MPH BHUMIPIOBAHHI IPHIYCKY Ha €TaN HATArOKCHHS
3yGouutiyBaTLHONO BepeTaTa.

2. OTpaMano po3paxyHKOBI GOPMYITH A8 BU3HAYEHHA NPUIYCKy Ha 3yGommidypanns 3aie-
JKHO BUI YMCNA {0ro BUMIpIB Ha erani Hanaromwerus seperara 3 YK, wo (qucno) moxe 3mimosa-
THCA BII JBOX [0 MAKCHMAILHOIO 3HAYECHHSA, PIBHOTO YMCILY 3AMAAMH HA 3arOTOBII 3y0HacToro Ko-
neca.
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GRINDING SYSTEM MODELLING TO SIMPLIFY DECISION MAKING

In accordance with the Systems Engineering (theory of technical systems) one of the important
initial stages of a system development is an adequate representation of the system from the concept
stage to the running one. The system design includes its description, modelling and simulation,
which may be represented in the respective formats: verbal description (text) in ordinary languages,
graphical representations {e.g., block diagram, graphs, timing diagram), special signs systems (e.g.,
programming languages), mathematical model, the combined method, etc. Selecting an appropriate
way of the system representation depends on the purpose both of the study and design. If the pur-
pose 1s to create conditions to ensure the desired course of a process, when the process is the devel-
oping system, then it should be said of the system operation and control algorithms. In this case the
technical system is being developed in the form of a control system model. In this modelling versus
simulation the system is a mathematical abstraction that is taken as a model of a dynamic phenome-
non which represents this phenomenon in terms of mathematical relations [1]. According to H.
Freeman such a system is characterized by the input u, state x and output ¥ (Fig.1, a).
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Fig.1 — Representation of the grinding system based on "input-state-outpat” mode! () (1],
and those for decision making both without (b) and with (¢) 2 model [2]

‘The input « in the form of a set of time functions (e.g., in time domain) is the external forces
(input variables) which are acting upon the grinding process that represents the dynamic phenome-
non mentioned. The state x is a form of the system state-space representation, which with the input
affects the output 3. The output y in similar form is the measures of the grinding process result, i.e.
output quantities belonging to the ground part {part accuracy, surface finish and surface integrity).
The question has always been of the transient function that is equal to y divided by uie., v/ u, and
about of the origin and the nature of this function. Dependence between u and y may be not only
strong or wear but also deterministic or probabilistic. That’s why two scientitic approaches are used
to find the answer to this question: both theoretico-probabilistic and frequency ones.

A basic characteristic of any dynamic phenomenon is its behavior at any time and whether or
not the behavior is traceable not only to the presently applied forces but also to those applied in the
past. A dynamic phenomenon (process) may or may not possess a memory depending on whether or
not the effect of past applied forces is stored. In this connection the state x of the system is a vector
function of time (i.e., in time domain) as well as both the input « and output y. In grinding it may be
corresponding signals like those of grinding forces F (e.g., normal, vertical) in Newtons (Fig.2).
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