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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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Fig.2 —~ Grinding system mode! (in fractional notations the input variables
are listed in overseas [3] and domestic designations)
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Besides it may be temperature T in Celsius and acoustic emission A£ in RMS quantities. In general,
knowledge of the state x at any time ¢, with knowledge of the forces subsequently applied are suffi-
cient to determine the output » and state x of the system at any time ¢>1y, i.¢. beginning from the
moment fo. The u, x and y are vector time functions with some distinctive or certain dimensions
which have to be fined during a grinding system identification. The dependence of these functions
from the time suggests a possibility to use the frequency approach mentioned and study the system.

Similarly, the system approach have been taken by H.K. Tonshoff et al [2} to explain a strate-
gy of decision making while interpreting a process monitoring in grinding without (Fig.1, &) and
with (Fig.1, ¢} a process model. There are two approaches for the decision making in this case.
Firstly, the distinctive values of the processed signals are to be compared with a predetermined
threshold in order to identify the status of the grinding process by means of preparing a process da-
tabase (memory stored). This approach is the preferred choice for sensor signals used to interpret
output quantities. Secondly, a model based identification approach may be when various kinds of
physical or empirical models are employed, and which utilize known relationships (Fig.1, ¢). As a
result, the calculated value is compared with a threshold in order to evaluate the process. This ap-
proach is the preferred choice for the sensor signals used to monitor the process quantities which are
equal to the system state ones. Because of its complexity and signiticance, the mode! based identifi-
cation approach involves understanding the process model (don’t confuse with the grinding system
model). In this connection the methods for process modelling are of great impotence as they are in
decision making.

Methods for process modelling discussed further. Besides the model definition mentioned
above another term to explain ‘model” may be as follows: a model is the abstract representation of a
manufacturing process which serves to link causes and effects [2]. That is why the correlation de-
scription for different quantities of a real system to correspond to a modeled system is the dominant
task of the process models. In grinding, the dependences of settings on process quantities such as
grinding forces £, temperature T, and acoustic emission 4E as well as on output quantities such as
surface roughness and surface integrity (surface layer quality like grinding burns and residual
stresses) may be mapped too on the basis of F. Klocke’ representation [3]. Taking into account this
representation, a technological grinding system model can be represented as follows (Fig. 2). The
model consists of the following state parameters: Q'w, V'w, F, T, AE, where Q'w is the specific ma-
terial removal rate in mm® /(s -mm), /" is the specific material removal in mm*/mm.

Modeling and simulation are two scientific methods to describe a real system in static and dy~
namic, respectively, but the two ones are based on a system concept. Both modelling and simula-
tions are applications which represent a real world or imaginary system. A model can be considered
as a static and a simulation can be considered as dynamic as the variables of a simulation get always
changed [4].

Because of its great influence on the ground part surface integrity, a thermal grinding aspect is
considered in detail subsequently, and a comparative analysis of analytical temperature tield models
is given in detail on the bases of the system approach, mentioned. The research was carried out on
the basis of the phenomenological approach proposed by prof. A. V. Yakimov [5].
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