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OTpuMaHHii CyXHi 3aJMIIOK 3BXYBAJIU 1 MOBTOPHO PO3YHHSUTH B 00 €Mi BOAHM PIBHOMY
BUXITHOMY (B3ATOMY Jisi ekcrpakuii). Ilpu 1poMy B'SI3KICTHP pO3YMHIB TOJiCaxapuiaiB
B1THOBITIOETBHCSI, 1[0 BAXKJIMBO MPH MPAKTUIHOMY BUKOPHUCTAaHHI CYXHX IOJTicaxapisiB.

OTtpumMaHi pe3yabTaTH MpeAcTaBieHi B Tabmuisax 1-2.

Taoauus 1 — 3nauenns B’sa3kicti (I1a.cek.) ekcTpakTy mosicaxapinis JboHY B
3aJIe5KHOCTI BiJl Yacy Ta MOTYKHOCTI yJIbTPa3BYKOBOI 00poOKHU

[ToTyxHicTb Yac 006poOKkH (XBUIMHN)
BUIIPOMIHIOBAaHHS 5 10 15 20
Br/Mm?
20 3,9 4,7 5,1 5,2
30 4,2 5,3 5,8 5,9
70 4,5 6,2 7,1 7,2

Tabumuns 2 — 3HaYeHHsA Mac CyX0ro 3aJIMIIKY (B rpaMax) B 3aJIe;KHOCTI Bij yacy
Ta MOTY’KHOCTI yJIbTPa3BYKOBOI 00po0KH

Yac 00OpoOKH, [otyxHuicts (B1/M?)
(XBUIIHM) 20 30 70
5 0,0007 0,0009 0,0015
10 0,0021 0,0029 0,0033
15 0,0041 0,0055 0,0062
20 0,0052 0,0061 0,0075

[IpoBeneHi AOCHI/DKEHHST TIOKa3aiw, MO0 MPH 3acToCyBaHHS Y3 00poOKM B Tmporeci
eKCTparyBaHHs IOJIiCaXapHliB JIbOHY ICTOTHO 3HMIXKYETHCS Yac €KCTpaki(ii. MakcuMallbHUI BUXIi
noicaxapuiB Mae Micue npu Y3 o6poOku ekeTpakiii motyxksictio 70 B/M? mpotsrom 20 XBHIIH.
OTpuMmaHi TaKUM CIIOCOOOM TMOJicaxapuId JIbOHY MOYKHA YCITIIHO 3aCTOCOBYBATH B SIKOCTI
AHTUOKCUJIAHTHHUX , OaKTePULUIHNX, (QYHTIIIUIHUX 1 aHTUBIPYCHHX TpErnaparis.

GRINDING TEMPERATURE MODELING

Natalia Lishchenko, Doctor of Science, associate professor
Odessa National Academy of Food Technologies

Grinding temperature mathematic models need for the designing, monitoring and diagnosing
the grinding operation to boost the operation throughput. This is fully relevant, for example, for
CNC gear grinding machines. Once this problem is solved, it becomes possible to develop
appropriate computer subsystems to optimize and control the grinding operation on CNC machines
at the stages of production and its preparation. The urgency of solving this problem is confirmed by
the large number of relevant publications. The temperature in the grinding zone is one of the main
factors limiting the performance of grinding.

The state of the problem in the field of the grinding thermophysical theory can be considered
taking into account the following philosophical technical concepts that predetermine the
corresponding particular approaches to the solution of the corresponding problems. Firstly, it is the
concept of dry and wet grinding, which predetermines the absence or accounting of convective heat
transfer under the action of grinding fluid. Secondly, it is the concept of macro- and micro-grinding,
which allows considering integral (due to averaging) or local heat fluxes with and without taking
into account the effect on temperature of instantaneous cutting elements — sections of abrasive
grains separated by pores of the grinding wheel (highly porous grinding wheels) as well as their
accidental impact on the surface being ground. Thirdly, the concept of super-micro-grinding, which
involves taking into account the effect of individual cutting grains of the grinding wheel, with and
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without taking into account convective heat transfer. The first concept most closely corresponds to
the theory of the Jaeger’s moving heat source, on the basis of which simplified formulas for
determining the maximum grinding temperature are given in a number of sources without
corresponding justifications.

The grinding temperature determination on the basis of moving strip source mathematical
model with the restriction of the source along the Y axis (Fig. 1a) is a complex task of
mathematical thermophysics. The task solution is obtained by H.S. Carslaw and J.C. Jaeger for an
abstract infinite solid with moving heat strip source on it when the initial temperature of the solid is
equal to zero and at a constant of the heat flux density 4 in the contact zone surface. This solution in
our notation has the form

Z+H
TZD(Z,XH)=% | exp(u)Ko(xiX2+ﬂ2 )dﬂ, 1)

" 2y
where zand 5 are the thermal diffusivity in m?/s and thermal conductivity in W/(m-K) of the
workpiece material; 17 is the heat source velocity, m/s; X,z are dimensionless (relative)

coordinates which correspond to dimensional coordinates x,z in m; H is the dimensionless heat
source half-width which correspond to the dimensional half-widthsin m; K,(s) stands for the

zeroth-order modified Bessel function of the second kind.
&; Z:E; H:Kb. It is noted in

2a 2a 2a
that for large values of H the maximum temperature occurs near Z=H and is approximately

gh / \=E which is the value found for the one-dimensional solution at the end of time 2h/V for
heat supply at the rate of 4 over a plane in the infinite solid.

Another problem is the study of the close agreement of three- and two-dimensional solutions
of differential equations of heat conduction obtained under the same second-kind boundary
conditions that most closely correspond to the dry grinding process.

In equation (1) the following designations are used: X =

2HY [ 77 e S 77 v
—— - —7/——:_— =—F—F1
S L VA v e
:’;O‘, ’l’ ’/’ 2L
A0 (a) R (b)

Fig. 1 — Strip (a) and rectangular (b) moving heat sources in a semi-infinitive solid with a
sufficiently large size X,

The determination of temperature on the basis of the moving strip source mathematical
model with the restriction of this source along theyaxis (Fig. 1b) is a complex task of
mathematical thermophysics. The solution of this problem for the temperature determination at a
uniform heat flux g and for the same initial and boundary conditions has the following form

2qa % X7 Y+L Y-L
T XKZ;L)H = f| —— |-etf| —— X
o ) a1 2n ie"*{ 2 j(er ( J2u j < («/2% D

() e

where Y is dimensionless (relative) coordinate which correspond to dimensional coordinate y; L. is
the dimensionless heat source half-length, which correspond to the same dimensional parameter /
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) N 1 (z-2
in m. Here it is assumed thatZE:M,L:TZ/—/,-b<z<b, < y</. In formula (2)
a a
erf(s) Z%jexp(—fZ)df is the well-known Gauss error special function.
7T 0
Conclusions

1. A classification of the three-, two- and one-dimensional solutions of differential equations
of heat conduction with the same initial and boundary conditions, which best meet the grinding
conditions, was performed.

2. These solutions were converted to a typical dimensionless form, allowing investigating
the temperature field at the stages of heating the surface to be ground and its cooling (there is no
heating) depending on the dimensionless parameter s, which is equal to the Z/ H for three- and
two-dimensional solutions, and to the B/ H for one-dimensional one. In the first case, the variable
fis the ratio of the spatial dimensionless parameters while in the second — of the time
dimensionless parameters. Thus, the variable 7 is a twice dimensionless parameter.

3. The analysis of the maximum temperatures obtained from the two- and one-dimensional
solutions depending on the Peclet number H magnitude, which characterizes the dimensionless
velocity of the moving heat source, was performed. It is shown that if the Peclet number is greater
than or equal to 4 (H>4), the determination of the temperature both on the surface of the
workpiece and at a depth of two-fold temperature drop can be made on the basis of the one-
dimensional solution with a difference in determining the maximum temperature, compared to the
two-dimensional solution, of no more than 5 %.

4. In general, for the three-, two- and one-dimensional solutions there are two results close
agreement conditions. Firstly, for the rectangular shape of the contact spot with the overall
dimensions of 2H x 21, it is necessary to check the condition H/I.<1.For H/I.=1andH/I.>1
the close agreement is violated. Secondly, as it was mentioned above the Peclet number H should
be greater than or equal to 4 (H >4), which corresponds to a fast moving heat source and multi-
strokes speed grinding modes on modern CNC machines, e.g. in the profile gear grinding.

CEKNIISA «BHIIIA TA ITIPHKAATHA MATEMATHKA»

PO JOCJ/IIXXEHHSA PIBHAHD IHOIHITE3UMAJIBHUX
KOH®OPMHUX JE®OPMAIINA MOBEPXOHb

®enuenko 10.C., k.¢p.-M.H., Jo1eHT
Onecbka HalliOHAJIbHA aKa/JeMisi Xap4oBHX TexXHOoJoriil, M. Oneca

PO3rIsHEMO TOBEpXHIO S y eBKIiZOBOMY mpoctopi E° 3 BEKTOPHO-TIapaMeTpHuHHM
PiBHSHHAM r:r(xl,xz) Ta i gepopmamito  S.: T, =r(xl,x2)+gU(x1,x2), ne

&

. —i 0 _ . 0
U(x', x?) = Ur +UN — BekTop 3MilleHHs, £ — Manmii mapametp, a U, (x',x?), u(x',x?) —
BIJIMTOBIHO TaHTEHITIAbHI Ta HOpMaJbHA KOMIIOHEHTH BeKTopa 3mimienHs (Puc. 1).
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