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HasIBHICTh TJIMOOKHUX BHYTPIIIHIX MPUYUH TAKO1 BIIMIHHOCTI.

6. Cama MOXJIMBICTP MOMITHTH HaWApiOHIIII JeTani K MNPEe3UJACHTChKHUX, TaK 1
napjiaMeHTChbKUX BHOOpax B 000X KpaiHax Ha PIBHI YKMCEJ CBIAYUTH, HA HAIIy AYMKY, IIPO Te€, IO
dbopMynu, 3ampornoHOBaHI aBTOpPaMM JUIsl aHaji3y BHOOpPIB, € €()EeKTUBHUM I1HCTPYMEHTOM
KUIbKICHOTO JOCIHIIKEHHSI JAAHOTO MOJIITUYHOIrO Ipolecy. Mu BIEBHEHI, 10 NOMIOHUN MiAXiJ
MOYHA 3aCTOCYBATH JIJIsI KUTbKICHOTO aHaJI3y 1 IHIITMX aCIEKTIB MOJITUYHOTO KUTTS PI3HUX KpaiH.

INTERMITTENT GRINDING TEMPERATURE MODELING

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

The temperature in the grinding zone is one of the factors limiting the performance of
grinding operation. To optimize grinding parameters, it is necessary to have true information about
the grinding temperature which can be obtained by theoretical methods, theoretical methods with
experimental verification, theoretical methods with temperature field simulation, simulation with
experimental testing, the only simulation both at the production stage and its preparation. One of the
most effective methods of reducing the grinding temperature and, consequently, increasing the
productivity of the grinding operation is the use of grinding wheels with a discontinuous working
surface. Alternating cutting segments and no cutting grooves (cavities, flutes, pores) on the working
surface of such wheels help to improve cutting conditions and effectively remove chips from the
cutting zone. In addition, these grooves on the wheel cutting surface contribute to the effective
penetration of the grinding fluid into the cutting zone with all the resulting positive consequences
that the grinding fluid provides, to wit: cooling, reducing friction, removing chips, etc.

For more than a century of mechanical engineering technology development a hugerange of
metal cutting and abrasive tools has been created. The working surface of any multipoint cutting
tool is a combination of cutting (cutting edges) and non-cutting (chip grooves) elements. In this
sense, any cutting process with these tools Is intermittent and cyclical, i.e. repetitive with a certain
frequency of the tool cutting elements impact on the surface to be machined. It means the heat flux
of intermittent process will be impulsive. The review of the technical literature allows us to perform
the following classification of grinding wheels based on the frequency of the thermal pulses impact
on the treated surface being ground when grinding with interrupted wheels.

The thermal scheme of intermittent grinding can be represented by a sequence of heat flux pulses
q(t), which is characterized by a period T, a period duty factor s=Ti/T, and the maximum qmax and
average gave values of the heat flux (Fig.1).
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Fig. 1 — Pulsating heat flux q(t): 0T1 and T1T are time intervals of heating and cooling (no
heating) forming macro- ormicro-cycles of intermittent grinding with a cycle period T

A new mathematical formula for determining the intermittent grinding temperature is
proposed instead of and based on formulas of Carslaw, H.S. and Jaeger, J.C., to wit:

Oy = qf;:/E \/g(z\/a+ f(s)\/'F), 1)
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where q,._=q

T - : : : B
e = G ?1 is the average heat flux during the micro-cycle period, W/m?; f(s)= AJ§+—S

35
is the function that depends on the duty factor s; A and B are the dimensionless coefficients that
depend on the grinding scheme, for example, for the scheme of flat surface grinding by the
periphery of the wheel we have: A=-1.24; B=1.62; « is the thermal diffusivity, m?/s; a is the
material thermal conductivity, W/(m-°C).

A continuous sequence of macro- or micro-cycles is located on heating stage time interval
the duration of which for both continuous and intermittent wheels is determined by the heat source
action time <, , which can be determined by the formula

bt @
v

where 2h is the contact zone length, m; V is the workpiece velocity in the feed direction, m/s; D is
the grinding wheel diameter, m; t is depth of cut in grinding, m

For an intermittent wheel, the total number of pulses (the number of macro- or micro-cycles
of intermittent grinding) in the heating time interval can be determined by the formula

n= VCUT \] DtGR , (3)
vV, +1,)

where V., is the cutting speed in the grinding, m/s; D is the grinding wheel diameter, m; t., is the
depth of cut in the grinding, m; I, and I, are the cutting segment length and cut out length, m.

Based on measured the wheel specified geometric parameters Iy and > for wheels of
monocorundumWG946Hs12Vs, sol-gel corundum  3SG46Hs12Vs, and electrocorundum
A9946Hs12Vsthe geometrical parameters N and s are experimentally found and given in Table 1.

TH

Table 1 — Experimentally found parameters (number of cutting segments) & and s for highly
porous grinding wheels

Wheel N s
WG946Hs12Vs 313 0,75
Monocorundum
3SG46Hs12Vs 292 0,64
Sol-gel corundum
A9946Hs12Vs 288 0,68
Electrocorundum
Note: N =2n R/ (I1 + I2); R is the grinding wheel radius, R= 200 mm; s=11/(l1+ 12).

The results of practical application of the developed mathematical software are presented in
Table 2, which gives the high porous wheels geometric parameters that provide a minimum
grinding temperature in the interval of 577-588 °C.

Table 2 — The high porous wheels optimum geometric parameters calculated.

Minimum Duty factor (s)

temperature 0.2 0.5 0.8
577°C N >311 N =40 N>7
582 °C N >228 N =25 N =5
588 °C N >152 N>18 N >3

Conclusions

1. A unified classification of intermittent grinding wheels has been developed based on the

frequency of impact of the cutting sections of the wheel on the surface being ground (determined by
number of cutting sections on the wheel), as well as taking into account the duty factor of the period
of heat flux pulses.
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2. A set of the wheel geometric parameters is proposed for designing optimal constructions
of discontinuous grinding wheels including segmented, slotted, and high porous wheels, to wit:
number of cutting sections on the working periphery of the grinding wheel and the duty factor of
the period of heat flux pulses. A technique has been developed for determining the geometric
parameters of high porous grinding wheels by the criterion for the ratio of sizes of the cutting
sections and pores.

3. The temperature field during dry intermittent grinding is the result of the cyclic effect of
the pulsed heat flux on the surface being ground and is determined by the superposition of the
temperature fields formed at the stages of heating and cooling when the cooling means no heating.

MOJIEJIOBAHHSA CUCTEM OTPUMAHHSA BOJAHU Y BUTIAJIKY
ATMOC®EPHOI'O OBITPSI HA BA31 ABCOPBIHIMHUX BOJOAMIAYHUX
XOJIOANJIBHUX MALINH 3 COHAYHUMU KOJIEKTOPAMMU

Ocaguyk €.0., cT. BUKJ., BiTIok A.B. 1011eHT
Onecbka HALiOHAJIbHA aKa/ieMisl XapyoBHUX TeXHOJI0TIi, M. Oeca

Jliia ananizy 6ynu oOpaHi THIIOB1 PEriOHU IIJIaHETH 3 MPOOJIEMHHUMHU BOASIHUMH pecypcami 1
3 0JIHOYACHOIO BHUCOKOIO COHsSIUHOMO 1Hcomsuieto. e micta [Tisniunoi Agpuxu 1 binsskoro Cxony:
Amxup (Amxup); damack (Cupis); Kaip (€runer); Tenb-Abis (I3pains).

CraTuCTHuYHI JaHl NpO MOrOJHI YMOBUM B LUX MICHEBOCTSIX Oyiau B3STI 3 BIIKPUTHX
iHTepHeT-pecypciB [1]. [nst kokHOT mopu poky (J1iTO, OCIHb, 3Ma, BECHA) BU3HAYAIMCS CEpeIHS,
MaKCUMajbHa 1 MIHIMaJIbHA TEMIIEpATypH 1 BIAMOBITHA BITHOCHA BOJIOTICTH ().

[IpoBoauBCS pO3paxyHOK BMICTY BOJIOTH aTMOC(HEPHOIo MOBITPs Yepe3 MapiiiajbHUl THCK
HacH4YeHO1 BOISTHOT Tapu [2]

d=616—" (1)
10° - p

ne P — mapiuiaabHUI THCK BOJISIHOT apu B aTMocdepHomy noBiTpi, [1a;

JUis BU3HAUYEHHS MapiliajJbHOTO THUCKY BOJASHOI mapu Oyjga BUKOHAHA ampoOKCUMAIlis
TaOJIMYHUX JAHUX [2] 1 OTpUMaHO HACTYITHE CITIBBIAHOLICHHS

p=a+bt+ct® +dt® +et’ + ft°, [a 2)

ne a=611,366; b=44,427; c=1,423; d=0,027; e=0,0003; £=2,765-10%; t — TeMIIepaTypa, °C.
Busznauanacst nutoma eHrainbiis arMmocepHoro mositps [2]:

1=1,006-t+(2502,7 +1,844 1) - , KJDx/Kr (3)

1000

[IpoBoauBCS pO3paxyHOK TEIJIOBOJIOTOBOTO MPOLECY TMOJITPOIHOIO  OXOJIOJKEHHS
aTMoc(epHOTO TOBITPS IS TPhOX BHMNAJAKax KiHIEeBHX Temreparyp HacudenHs 10 °C, 15 °C,
20 °C.

Jlyis BU3HAUEHHS €HepreTMYHOi e()EeKTHUBHOCTI TEIJIOBOJIOTOBUX IMPOLIECIB OXOJIO/UKEHHS 1
OCYILIEHHSI BUKOPHUCTOBYBABCSI KOMIUIEKC, SIKUH SBJI€ COO0I0 KyTOBUH KOE(IIIEHT (MPOMIHb
MIPOIIECY, TEIIOBOJOTOBOTO BiTHOIIICHHS).

Jlist Hato1 3a/1a4i OTPUMAaHHS BOJIM 3 aTMOC(EPHOTO MOBITPS e KOMIUIEKC XapaKTepHU3ye
EeHEepPreTUYHy e(PeKTUBHICTH MPOIECy, TOOTO KUTHKICTh TEIIa, IKE HEOOXITHO BIIBECTH BiJl TOTOKY
aTMOC(epHOro MOBITPs, U0 6 OTpUMaTH 1 Kr KOHAEHCATYy-BOIH.

3po3yMiIo, 110 YMM YHCEIBbHO MEHIIE Il KOMIUIEKC, THM EHEPreTHYHO e(eKTHBHILIE
TEIJIOBOJIOTOBUX MPOIIEC OTPUMAHHS BOAU 3 aTMOC(EPHOTO MOBITPSL.

3a pe3ynapTaTaMu poO3paxyHKIB MOOYAOBaHI 3aJ€KHOCTI TEIJIOBOJIOTOBUX IMapaMeTpiB s
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