Te3u momnosiaeit 56-oi kondpepenii momoaux nocaiguukiB Y OIl-6akanaBpiB “CyuacHi
iH(opMaIiifHi TeXHOJIOTIT Ta TelekoMyHikaiiiHi mepexi” // Oneca: IYOII, 2021. Bun. 56

Modeling and diagnosing of grinding system
MoaenoBaHHS TA JiarHOCTHKA TE€XHOJIOTTYHOI cUcTeMH HLTigyBaHHS
MOIleJII/IPOBaHI/Ie U THArHOCTHKA TEXHOJOIHUeCKOI CHCTEMBI HIJ'II/I(])OBaHI/Iﬂ
Supervisor — Doctor of Science, professor of the mechanical engineering technology department

Vasily Larshin, Bacuns IetpoBuu Jlapmrua

Student Zhang Yunxuan, Yxan FOHbcroaHb

Texnonociuna cucmema wnighyéants npeocmasgiena y eueisioi 00'ckma ynpagninHs, wo mac
napamempu 6x00y, cmawy i uxody. Y ceow uepey, 00 ckiady ybo2o 06'ekma ynpagiinHa 6x005ms
8ION0GIOHI  nidcucmemu 00OPOONIOBAHOI  3a20MOBKU, WLNIPYBATLHO2O Kpyea [ NpABIA4020
IHCmpymeHmy (aimaszHi ponuku). 3anpononosanull cucmemHull nioxio € HeoOXIOHO YMO0B8010 O
MOOEN08aHH s | OIACHOCMUKU MEXHON02IYHOL cucmemu wilihy8anHs 3 YPAxXy8aHHM 63AEMOGNIUBY
3a3Hauenux niocucmem. bibniocpaghin, sxa nasedena 6 Kinyi cmammi, 8I00Opadicae oKpemi
acnekmu NPUUHAMO20 8 cmammi nioxooy.

Knrwowuosi cnosa: o6'ckm ynpasninns, npoekmyeanus cucmemu, MoOeno8ants, MamemMamuyra
MOOeNb, aneopumm YRpasiiHHs, MOOelb CUCTEeMU YAPAGIIHHSA, MeMnepamypa wiig)yeanHsi.

Texnonoeuueckas cucmema wiaugo6anuss npeocmasieHa 6 6uoe o00beKma YnpaeieHus,
umerowe2o napamempyvl 6x00d, COCMOAHUA U 8bIX00A. B c6010 ouepednb, 6 cocmag 3moz2o 06vekma
VAPAGieHUss  6X005im  COOMBEMCmaylowue  NooCucmemvl  06pabamuvleaemol  3a20mosKu,
WAUpoBaAILHO2O Kpyea U npaeaueco UHcmpymeHma (aimasnole poauxu).  IlpednooicenHulil
CUCMeMHbIU NOOX00 ABNACMCA HEe0OX0OUMBIM YCI08UeM OJisl MOOeIUPOBAHU U OUACHOCMUKU
MEXHOI02UYECKOU CUCeMbl WAUGOBAHUA C YYEMOM B3AUMOBIUAHUSA YKA3ZAHHBIX HNOOCUCTHEM.
Ilpusedennas 6 Konye cmamvu OubIUOZSPADUS OMpadxcaem OmoOeibHble ACHEKMbl NPUHSIMO20 8
cmamove nooxooa.

Knwouesvie cnosa: obvexm ynpasienus, HNpPOeKMUpoO8aHue CUCMEMb, MOOeIUposatie,
Mamemamuyeckas Mooeib, aleopumm YAPAeieHus, MOOelb CUCeMbl YAPAasleHUs, memMnepamypa
winugosanus.

A grinding system is represented as a control object with input, state, and output parameters.
In turn, this control object includes the corresponding subsystems of the workpiece to be ground,
the grinding wheel and the dressing tool (diamond rollers). The proposed system approach is a
necessary condition for modeling and diagnosing of the grinding system, taking into account the
mutual influence of these subsystems. The bibliography given at the end of the paper reflects some

aspects of the approach adopted in the paper.
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1. Introduction

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 (block diagram, graphs), special signs systems (e.g.,
programming languages), mathematical model, a timing diagram, the combined method, etc.
Selecting an appropriate way of the system representation depends on the purpose of the study. If
the purpose is to create conditions to ensure the desired course of a process, when the process is the
developing system, then it should be said of the system operation and control algorithm. In this case
the technical system is being developed in the form of a control system model.

2. Literature Review

In this modelling (versus simulation) the system is a mathematical abstraction that is taken as
a model of a dynamic phenomenon which represents the dynamic phenomenon in terms of

mathematical relations. Such a system is characterized by the input u, state x and output y
(Fig.1, a) [1].
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Fig.1 — Representation of the grinding system based on "input-state-output™ model (a) [1] and those

for decision making without (b) and with (c) a model [2].

The input u 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
phenomenon mentioned. The state x is a form of the system state-space representation, which with

the input affects the output y. The output y in similar form is the measures of the grinding process
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result, i.e. output quantities belonging to the ground part (part accuracy, surface finish and surface
integrity).

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 (input variables) 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 (e.g., in time domain) as well as both the input u and
output y. In grinding it may be corresponding signals like those of grinding forces F in Newtons,
temperature 7 in Celsius or acoustic emission AE in RMS quantities.

Similarly, the system approach have been taken by H.K. Tonshoff et al [2] to explain a
strategy of decision making while interpreting a process monitoring in grinding without (Fig. 1, b)
and with (Fig. 1, c) a process model. There are two approaches for the decision making. 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 database
(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 which utilize known relationships (Fig.1, c). As a result, the
calculated value is compared with a threshold in order to evaluate the process. This approach 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 significance, the model based identification
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.

3. Research Methodology

Methods for process modelling discussed further. Besides, the model definition mentioned
above another term to explain the “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 description
of the correlation of different quantities of a real system to correspond to a modeled system is the
dominant task of process models. In grinding, the dependences of settings on process quantities
such as grinding forces F, temperature 7, and acoustic emission AE 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 model of technological grinding system can be represented as follows
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(Fig. 2). The model consists of the following state parameters: Q'y, V'w, F, T, AE, where Q', is the

specific material removal rate in mm?®/(s-mm), V', is the specific material removal in mm*/mm.
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Fig. 2. Grinding system model (in fractional notations the input variables are listed in overseas [3]

and domestic designations).

4. Results

1. In the paper a methodology for studying the grinding system as a control object having an input
(grinding parameters, part to be ground parameters, grinding wheel parameters), a state (grinding
forces and temperature, acoustic emission. etc.) and an output (part accuracy parameters, surface
finish and surface integrity after grinding) is represented. The methodology includes the new
approaches (theoretical-and-probabilistic, frequency, etc.), as well as the modeling, optimization,
and control methods and working techniques [4-7].

2. Further studying of three-, two- and one-dimensional solutions of the differential equation of
thermal conductivity has been developed and the following conditions for the use of an analytical
one-dimensional solution for determining the grinding temperature are found: the dimensionless
rate of the thermal source (Peclet number) must be not less than four; the thermal flux must be
averaged over at least three areas of the contact zone in the profile grinding [8-12].

3. Based on the Ni-DAQnx data acquisition system and Ni-LabVIEW software, an automated
system of scientific research is developed to increase the efficiency of collecting and processing

experimental data both in on-line and off-line modes [13-15].
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4. The bibliography given at the end of the paper reflects some aspects of the approach adopted in
the paper.

5. Conclusions

1. The grinding temperature is one of the factors limiting the performance of the profile
grinding operation; therefore the temperature information is used to optimize the grinding
parameters during both the production and production preparation stages.

2. The grinding temperature is conventionally determined either theoretically or
experimentally, on the basis of the mathematical models of the temperature field and by means of
using the sensors for direct and indirect measurements, respectively. The physical essence of
temperature modeling and simulation has been revealed; it consists in using a vector model of the
temperature field and naturally takes into account the geometric shape of the surface being ground.
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