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THE EFFECT OF TEMPERATURE ON THE GRINDING SURFACE QUALITY RING ROLLER
A series of experimental researches was carried out in the work, which confirmed the results
of modeling of temperature processes in the zone of centerless intermittent grinding of billet rings. The
constructed response surfaces of the dependence of the roughness parameter Ra on the grinding
modes and the number of grooves of the grinding wheel form the basis of the developed technique for
designing grinding operations and tool adjustments of grinding machines. The contact area of the
abrasive circle with the workpiece is a narrow strip of rectangular shape that moves along the
workpiece surface. In this case, the temperature field can be calculated according to the scheme of a
moving infinitely long surface-band source. The plan, the program and the hardware of experimental
researches of the connection of design and technological factors and indicators of grinding operations
with parameters of quality of grinding surfaces, temperature of grinding, power parameters of the
process of grinding by discontinuous grinding circles and constructive circles have been developed.
Keywords: grinding , temperature, quality.

Temperature defects that arise in grinding operations of processing surfaces of revolution
outer ring roller not only adversely affect the performance properties of the bearing, such as durability,
precision-based, durability, reliability, but also cause a significant impact on future operations
grinding track bearing rings due to the principle of technology hereditary defects between operations.

For example, during the grinding track rolling ring bearing 7000 series billets to bezentrovo
grinding operations based on the machine SASL5AD with pre-treated outer cylindrical surface, so
inaccuracies basing transferred to malfunctioning internal processing paths bearing outer ring.

In addition to manufacturing defects analysis centreless-grinding operations showed that 30% of
all defects after polishing rings refers to the temperature. Therefore, the establishment of efficient
temperature parameters and their relationships with those centreless grinding process workpieces rings
perenalahodzhuvalnoho in terms of production is relevant scientific and technical challenge and
requires careful analysis of the causes and types of thermal origin defects and search methods and
means to address them.

During the grinding temperature field in the coordinate system coupled to the source begins to
go to a state of thermal saturation process is established and becomes quasi field. The interval until the
next cycle should be such that the surface had time to cool to its original temperature. This process can
be realized if the surface is not abrasive wheel to make continuous and intermittent, ie, break it into a
series of performances that alternate. To determine the size and performance of the cutting grooves
need to know a thermal saturation and the cooling to the original temperature.

To solve this heat problem related to the calculation of the temperature in the cutting zone at
work was adopted following calculation scheme [1, 2, 3, 4, 5].

A mathematical model of determining the temperature of the grinding based on the account of
the balance of heat that goes into chips and workpiece. In the design scheme [1, 2, 3] allowance for
processing, by analogy with the work of Professor. A. Yakimova presented a package of infinitely thin
adiabatic rods are in the process of grinding pererizuyutsya a speed V,,. To simulate thermal processes
in the cutting zone to agree to terms that by the time of the heat source t happened adiabatic cutting

rod length |, ie the heat source moved along the rod by an amount |1 =Vpl.3 * T and during this time as

a result of cutting isolated heat Q. This heat is transferred to heat the chips formed, ie areas rod length
I3, and the quantity of heat equal to Q1. On the other hand, the heating section rod length |, workpiece
material by conduction spent heat Q2. Heat balance equation consists of terms Q = Q, +Q, .

The amount of heat Q1 is defined as follows. The rod length |, conditionally divided into an infinite

length set of elementary areas Al .
Assume that each of the elementary areas heated to different temperatures: the first - to a
temperature ¢ Second - to a temperature @, etc. Then the amount of heat that is spent on heating the

first section of the rod length 11, will be equal to:
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Q|1=C‘m1"91v 1)

where ¢ - the specific heat of workpiece material, J/ (kg - K);m, = p-V, = p-S - Al - the mass of

the first section of the rod length Al Kg; p - density of workpiece material, kg / m3; V1 - volume of

the first section of the rod length Al M3; S - cross-sectional area of the rod, m2.
After transformation relation (1) will look like:

Q, =C-p-S-Al-6,. @)
Similarly, determine the amount of heat Qy,and Q1n, spent on heating 2nd and n-th rod sections:

Q, =c:p-S-Al-6, 3)

anzc-p-S-Al-é’n. 4)

A similar sequence determines the amount of heat Q,That is spent on heating rod length adiabatic

szc.m.92.0,5_ (5)
After transformation dependence (6) will look like:
Q2=0,5-C-,0-S-|2-6’2. (6)

Heat balance equation is made subject Q = Q, + Q, and represented as a differential equation
of temperature change over time @ = 6’(2’):

do
d—T'0+A'9:B, (7)
5 N N2
where A=—2—: B= — 5, N - power heat source, W; A - thermal conductivity of the
A-S cC-p-A-S

material, W/ m - K.
After the solution differential equation in relative terms we get:

L =9 g
1_c-p-V, 15 I1=—In(1—z)—z, [ o j, ()

piz

C-p

where z - a dimensionless quantity, which we call the relative magnitude of temperature; o = q/V is

conventional cutting stress, N / m2; q - heat flux, W/mz2 .
From relation (2) that the relative magnitude of the temperature z with increasing length of the

rod |1 =Vpl.3 T (or contact time zgrinding wheel with shaft) increases approximately exponential

law asymptotically approaching one (Fig. 1). This indicates the existence of sustainable over time
thermal process in grinding, implemented with relatively large vzallueslfl (or 7), such as deep grinding.
Using these solutions, the basic parameters of a thermal process in grinding length rod |, equal
to the thickness of the surface layer of the workpiece, which concentrates heat; instantaneous
speedV heat diffusion depth consideration adiabatic rod; share of heatQ /Q and

Q2 /Q Transmitted, respectively, in chips, which is formed in the workpiece.

ﬂ' T dl Vriz
IZ;IZZZ;VGZVpi3+_2:_r (9)

:C'P'Vriz dr 2

|2
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Fig. 1. Relative values of temperature z dimensionless|, I,

2
Q_, 2 Q_72
Q 2-1,"Q 2,
From these dependences it follows that the length of the rod l,changing the law changes in
relative values of temperature z [1, 2, 3, 5, 6]. instantaneous speedV , Conversely, with increasing z

continuously decreases asymptotically approaching the value Vriz [4].
Relative values Q,/Q and Q,/Q determined by only one parameter - the relative magnitude

of temperature z, Fig. 1. Thus, reducing the value of z implies reductionQ, /Q magnification Q, /Q

(10)

by reducing product options 1, -V,,, according to the relationship. This shows that the distribution of

heat between the chips, produced and workpiece surface layer caused by temperature grinding.

For adiabatic boundary surface napivneskinchenoho solid, thermal properties which do not
depend on the temperature, with zero initial temperature in the positive direction along the Z axis at a
constant speed V4 fast moving endlessly extended band width sehmentopodibne heat source 2h, with
evenly distributed over the contact area,
time constant density heat source, and the influence on the heat source temperature distribution outside
neglected and entered the assumption that the insulated surface, ie X = 0.

In order to calculate the positive argument values beginning coordinates associated with
source material on the back surface of the source. Under these conditions,
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Fig. 2. The dependence of Q1/Q (1) and Q./ Q (2) the

sformulyuyetsya mathematical problem as follows: we have a basic differential equation of heat,
considering heat source movement is:

ae_a(aze 0’0 o0

%0
— = + + +\V — 11
or oX? " oY? azzj Vg )
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where - the temperature; 8- thermal diffusivity; Vd - speed parts (blanks); 7T - a contact circle of the
workpiece.

The second stage of theoretical calculations of temperature in the cutting zone during
intermittent abrasive cutting tool is the determination of the temperature decrease depending on the
termination of the grinding process [3, 4, 5, 6].

Consider the problem of free surface temperature change by heat. The change in average
temperature feel constant for a fixed time. To assess the cooling of the free surface will take the
following heating scheme: since the cooling rate of the surface by heat exchange with AB after the
termination of the large heat source, the heat dissipation can be neglected in the Z axis due to heat. By
entering this assumption settlement process cooling surface will be slightly slower than real.

Time to reach a certain temperature depends on the speed source that allows you to change the
time in a wide range. After the polishing process is stopped, following a small time period during
which the surface cools flow AB. The time interval between two successive work performances must
be such that the surface would cool down to a certain size. Since the surface in between duty cycle
free, heat can significantly change its temperature.

Conclusions.Theoretical investigation temperatures for various grinding circuits, we conclude
that the limit state temperature field (thermal saturation) occurs immediately after the grinding
process. From the beginning of the process to establish the ultimate state there is a small but
significant physical length of time during which the grinding takes place in non-stationary mode. The
presence of this interim period can be confirmed experimentally, by determining the temperature.
Unsteady operation during grinding principle opens the possibility of reducing the contact temperature
by periodic interruption.
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O BJIMAHUSA TEMIIEPATYPBI IUVIN®OBAHUS HA IIOKA3ATEJIM KAYECTBA
INOBEPXHOCTEMU KOJIELl POJIMKOIIOALIMUIITHUKOB

B pabome nposedena cepusi sKcnepumMenmanbHulX UCCIe008aHUll, NOOMBEPOULA Pe3VlbmAambl
MOOEUPOBAnUs. MEeMNEPAMYPHBIX NPOYECCO8 8 30He OECUYEHMPOBO20 NPEPbIBUCMO20 WAUDOBAHU
3azo0moeok xoney. Ilocmpoenvl nogepxHocmu OMKIUKA 3A8UCUMOCIIU NAPAMEMPA UePOX08amoCmu
Ra om pedxcumos winughosanus u yucia Kanasox WAU@POBAIbHO20 Kpyead NONOINCEHbl 8 OCHOBY
Paspabomannol MemoOuKu NPOeKMUpOBaHUs. WAUDOBANbHLIX onepayuil U UHCMPYMEHMATbHbIX
HACMPOeK WAUPOBANLHBIX CHIAHKOS. 30HA KOHMAKMA abpasueHo20 Kpyad ¢ 0emansio npeocmasisem
V3KYI0 NONOCKY NPAMOY20IbHOU POPMbL, OBUNCYWYIOC 8001b nosepxHocmu demanu. TemnepamypHoe
none 6 MaKkoM Caydde MOJICHO PACCYUmbléams NO CXeme HNOOGUNCHO20 OECKOHeUHO 002020
NOBEPXHOCMHO-NONOCO8020 UcmouHuka. Paspaboman naam, npoepammy u annapamuoe obecnederue
9KCNEPUMEHMANLHBIX — UCCIe008AHUL  C8A3ell  KOHCMPYKMOPCKO-MEXHON02UYeCKUX —(akmopos u
noxasameneu WAUGOBAIbHbIX ONepayull ¢ Napamempamu Kavwecmea wiu@doeaHHvix noeepxHocmell,
memnepamypou WaU@Go8anus, CUILOBbIMU NAPAMEMPAMY NPOYecca WIUPOBAHUS NPEPLIGUCTILIMU
WAUDOBATLHLIMU  KPY2AMU U  KOHCMPYKMUBHLIMU NAPAMEMPaMu  NPepbleUCbIX  UAUPOBATbHBIX
Kpy208.

Knrwouesvie cnosa: wnugoska, memnepamypa, Kauecmso.
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ITPO BIUINB TEMITIEPATYPHU HIJII®YBAHHSA HA IIOKA3HUKU AKOCTI IIOBEPXOHb
KUIELIb POJIMKOIIIIIIWITHUKIB

B pobomi nposedena cepis excnepumenmanbHux 00CAiONCEHb, WO NIOMEEPOUna pe3yibmamu
MOOENI0BAHHA MEeMNepamypHux npoyecie 8 30Hi 0e3yeHMpPoBo20 NepPepusuacmozo WiQyeanHs
3aeomoeok Kineyw. I[loOyoosani nogepxui 6idzyky sanedcHocmi napamempa wopcmkocmi Ra 6i0
DpedcuMie winighy8anHa ma Yucia Kamaeox Wnighysanbno2o Kpyea NOKIA0eHi 6 OCHO8Y pOo3poONeHOi
MEemMOOUKU  NPOeKmy8anHs  WNi)y8anvHux — onepayiti i  IHCIMPYMEHMANbHUX — HANA200HCEHb
wigpysanvHux eepcmamie. 30na KOHMAxmy abpazueHoco Kpyea 3 0emaunnio npeocmagisic 6y3bKy
CMYIHCKY NPAMOKYMHOI (pOpMU, WO pyXacmuvcs 630080 nogepxui oemani. Temnepamyphe none
MAaKoMy GUNAOKY MOJICHA PO3PAXOGYEAMU 3A CXEMOIO PYXIUBO20 HECKIHUEHHO 0062020 NOGEPXHEBO-
cMy206020 Oxcepena. Po3pobneno niawm, npoepamy ma anapamue 3a0e3neueHHs: eKCnepuUMeHmanbHux
00cnidocenb 38 'A3Ki6 KOHCMPYKMOPCLKO-MEXHONO0IYHUX YUHHUKIG MA NOKA3HUKIE Wighy8anbHUX
onepayiu 3 napamempamu aKOCmi wiigho6aHux NOGEPXoHsb, MeMNePamypor0 WIiQ)yeanHs, CuIO8UMU
napamempamu  npoyecy — WiniQpy8amHs — nepepusuacmumMu  WIIQYBATbHUMY  Kpyeamu — ma
KOHCMPYKMUBHUMU NAPAMEMPamu nepepusiacmux wiig)y8anoHux Kpyeie.

Kniouoei cnosa: wnigpysanns, memnepamypa, aKkicme.
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