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Abstract
The most important task of precision mechanical engineering at the present stage is
development of more efficient technological processes of manufacturing parts, providing not only
achieving high accuracy at the lowest cost, but also the preservation of the initial indicators of
accuracy for the life of the product. The authors consider the method of stabilizing the accumulated
deformation of parts based on the application of ultrasonic energy.
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The performed studies on the applicability of ultrasound to stabilize the accumulated
deformation allow solving the problem of reducing the error of devices, in which round metal plates
are used as a sensitive sensor, by developing an effective technology for stabilizing the geometric
parameters of round metal plates. Since one of the main factors affecting the residual deformation of
the plate is the number of load cycles, this factor should also be used to solve the task. In practice,
many enterprises carry out so-called instrument training for this purpose. Training consists in the fact
that the instruments, before final calibration, work for a long time in the training mode on a special
stand, where the plate is loaded with a working medium-liquid or gas, simulating the operation of the
device during operation. But such training is ineffective, as it takes a very long time and at the same
time consumes a lot of energy. Sometimes, in parallel with the training, a thermal stabilizing treatment
of the parts of the device is carried out.[1]

In our opinion, the effectiveness of training devices that have a circular metal plate as a
sensitive element can be significantly increased if an ultrasonic method of stabilizing the plate is used,
which ensures a high frequency of oscillation of the plate, and, consequently, a reduction in training
time, in which the required number of loading cyclesi = f -7 is provided, where f - processing time, s.

The technological operation of stabilizing the residual stresses of the circular plate is based on
the method of relaxation of residual stresses by the action of oscillatory movements of the ultrasonic
frequency.

This technological operation provides the ability to avoid distortion of the geometric
parameters of parts, under the influence of load, and improve the quality of processing [1], [2], [3]

Stabilization of geometric parameters of circular plates is achieved by the fact that in a method
involving fixing a part on a support and installing a source of ultrasonic vibrations with the possibility
of deformation of a part, the piece in the form of a circular plate is fixed along its edge, the source of
ultrasonic vibrations is fed to the center of the plate and the plate is deformed by an amount equal to:
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where d is the outer diameter of the plate, mm;
d, - diameter of the tip of the ultrasonic instrument, mm:
O - plate thickness, mm;
M - Poisson's ratio of plate material;
0, - yield point of the plate material, MPa.

Since the deformation of the part is limited by the occurrence in the plate of stresses not
exceeding the yield strength, this prevents distortion of the geometric shape of the part during
machining. In this way, a plate of any shape, including round, can be processed, which extends the
technological capabilities of the method. [4]

The scheme of the technological operation for stabilizing the geometrical parameters of the
circular plates is shown in Figure 1.
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Figure 1 — Scheme of technological operation of stabilization of geometrical parameters of round
plates (1 - round plate, 1 - contour rigidly pinching a circular plate, 3 - tip of an ultrasonic tool)

On the circular plate 1, which is an elastic sensitive element (membrane) of thickness ¢ and

diameter d rigidly clamped along the contour in the housing 1, the tool 3 is operated by oscillations of
the ultrasonic frequency. The tool tip 3 having a diameterd, is set perpendicularly to the surface of the
circular plate 1 and is acted upon by a static force P, informing oscillatory movements of the
ultrasonic frequency within 18-11 kHz. Using a static force P, the part is deformed by a value.

With this deformation, the bending stresses in part 1 do not exceed the yield strength of the
material, which eliminates the loss of the initial geometric shape.The technical and economic
efficiency of the proposed method of stabilizing the geometric parameters of parts is determined by:
providing high processing capacity, with high quality of processing, this method guarantees the
absence of residual deformation of the part, damage to its outer surface and maximum utilization of
ultrasonic vibration energy to ensure the stabilization of geometric parameters, as well as lower
production costs parts. [4], [5]

As is known, for the indicated working conditions of a plate its deformation

with0 <7 <0.5d, is equal to:
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where do - diameter of the tip of the ultrasonic instrument, mm;
P=P+P,
P - static load on the plate, N;

o

P, - the load arising from the bending of the plate by the amplitude of the oscillations 4, N.
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The intensity of the radial bending moment per unit length of the cylindrical section of the

plate, N-mm / mm
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The intensity of the circumferential bending moment per unit length of the cylindrical section

of the plate,
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The intensity of the radial shear force per unit length of the cylindrical section of the plate:
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deformation of an elementary Substituting expressions (1.2), (1.3), and (1.4) into equation 1.2, we
obtain the specific energy of elastic annular portion of radiusr:
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Integrating (1.5) with respect to the variabler, we find the total potential energy of the elastic
deformation of the plate U (J) under the action of a concentrated force P acting on the central pad with
a diameter d, . With d <0,Id an error of less than 1%, we get:
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Equation (1.6) represents the potential deformation energy of the internal forces of the plate,
which, after removing the external load, can return the plate to its original state. The potential energy
of internal forces should be equal to the kinetic energy of deformation of external forces. Let us find
this energy. [6]

Since the external load acts on the center of the plate, then on the annular portion of the plate
with radius » < d, /2 the deformation energy in the deformation of the plate in the direction of the

load P, is
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0
where W, is the energy of deformation of the plate when it moves in the direction of the action of the
external load, MPa;

P, - external load, N;

P, - the load arising under the action of deformation of the plate by the value of 4, N;

A - amplitude of oscillations of the tool, mm.
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Similarly, with the reverse motion of the plate, the energy expended will be:
1
W, = A(Po —EPQJ, (1.8)

where W is the strain energy of the plate when it moves in the opposite direction of the external load,

MPa. [6], [7]
Using equality (1.1), we express the strain energy of the plate by the amount of deformation:
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Then the equalities (1.9) take the form:

A, 1
W = A K| —+—.
A 2
After the first deformation of the plate in the direction of the external load, part of the
deformation energy is absorbed by the defects of the material and there remains in it a potential energy
determined by the equation:

w
u,=U]|1-—|. (1.12)
U,
After the plate is deformed in the opposite direction, a part of the deformation energy is also
absorbed in it and the residual internal potential energy of deformation of the plate will be equal to:

Uol:UO{I—WVJ:U{I—W”J(I—WVJ. (1.13)
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After the i -deformation, the residual potential energy of the workpiece material is:

v =u|1=Pe |12 s
UP UP

Using equalities (1.9) and (1.14), we determine the residual stresses in the plate after the i -

cycles of oscillations:
> >
u, =u, -(1— W”j [1— W, J (1.15)
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Since the internal potential strain energy is proportional to the residual stresses, then, as
follows from equality (1.15), as the number of loading cycles increases, the residual stresses in the
plate material decrease [6], [7], [8].
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After the first half-cycle of oscillations, the residual deformation of the plate in accordance
with (1.15) will be:

U
A, = A"
hy= A

(1.16)
p
At the end of the first cycle of oscillations, the residual deformation will be equal to the
residual strain difference in the first and second half-periods:
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Similarly, we find the residual deformation after the 7 -th cycle of oscillations:
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Summing the residual deformation along the oscillation cycles, we get:

i-1 i-1
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p
The sum on the right-hand side of (1.19) is the sum of the geometric progression. There fore:
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It is seen from the expression (1.21) that the accumulated residual deformation is difficult to
depend on the influencing factors. Therefore, in order to analyze the dependence obtained, it is
necessary to develop a computer model of the stabilization process for the plate parameters on the
basis of the dependences obtained [8], [9].

AL =4

(1.21)
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PE3IOME
BaxcHelinneil 3agaueit nMpeliU3MOHHOTO MAIIMHOCTPOEHHS Ha COBPEMEHHOM 3Tare SBIISETCS
paspabotka Oonee A((HEKTHBHBIX  TEXHOJOTHYECKHX IPOLIECCOB  W3TOTOBJICHUS  JIeTaliel,
00ecreynBarOINX HE TOJBKO JOCTH)KEHHE BBICOKOW TOYHOCTH TPH MHUHHUMYyME 3aTpar, HO H
COXpaHeHHe MepBOHAYATbHBIX MOKa3aTeled TOYHOCTH B TEYEHHE BCEro Cpoka CiaykObl m3aenus. B
CTaThe aBTOpPaMH paccMaTpUBAeTCs METOA CTaOWIM3alMM HAKOIUIEHHOW nedopmanuu aetanei,
OCHOBAHHOM Ha MPUMEHEHHUH YJIbTPa3BYKOBOW SHEPTHH.

TYWUIH
Kazipri ke3eHJie Mpeln3uoH/IbIK MallIMHA KacayblH MaHbI3Abl TasiaObl 00BN OemIIeKTepaiH
OHJIIpY TMPOLECCiHIH €H THIMJI 9MIiCTepiH a3ipiey/ie TeK €H TOMEHT| IIbIFbIHIAPMEH JIANIIKKE KOJ
JKETKI3yJll KaMTaMachl3 €Ty FaHa eMec, XOHE Jie OHIMHIH 0apyblK KbI3MET KOpceTy Ke3eHiHJe
anfalikel J9J1 KOPCeTKIilUTi cakTay. ABTOpAbIH MakKajachblHOa YIbTPablObICTBIK JHEprusiaa
KOJIJaHbIAThIH OeNIIEKTepliH JKUHAKTaNFaH AeGopMalMaChiH TYPAKTaHABIPY 9J1ICi KapacThIpbliaabl.

YIK 621.43.038.772

Enemecona A. E., maructpant
Kyxrta B. C., kaHauaaT TeXHUYECKUX HAYK, TOLUEHT
3anagHo-KazaxcraHckuii arpapHO-TeXHUYECKHH YHUBepcuTeT M. KaHrup xaHa, T.Ypanbck, Kazaxcran

NPUMEHEHUE HEHTPOBEXHBIX @UJIBTPOB JIUIS1 OYUMCTKHU MACJIA B IBC

AHHOTADHSA
B nmaHHOW cTaThe paccMaTpHBAarOTCS TEOpETHUECKHe MaHHbIe W MaTeMaTrhdeckas MOJIeNb
HeHTpoOeKHBIX (QUIBTPOB MO ovKcTke Macya. OmnpeneieHa HEOOXOAMMOCTh MOBBIIICHUS TOYHOCTH
JUArHOCTUPOBAHUS TEXHUUECKOTO COCTOSIHUS LICHTPOOEKHBIX (PUIBTPOB.

Knrouessie cnoea: Macnanas yenmpughyea, yenmpobedicuviil puromp, O08ueamenv, MAacio,
oasnenue, YEHMPOOEIHCHVIT MACIOOYUCIUMENL  MAMEeMATNUYECKAs. MOO0elb, MOMEHm UHepyuu,
KpYMsuusi MOMEHm, Quibmp MOHKOU OYUCIKU, MEXAHUYECKAs. NPUMeCh, OYUCKA MAC/d, MOMEHM
CONPOMUBTIEHUSL.

3a mocnenHee BpeMs B aBTOMOOWJIBHBIX ABHUraTeisx Ijsi OYMCTKM Maclia TOJIy4yaroT Bce
Oonpliee  TMPUMEHEHHE OYUCTUTENHM LEeHTpoOekHoro Tuma. LleHTpoOexxHble — OYMCTHUTENH
(ueHTpU(yru), B KOTOPBIX OYMCTKA KHUIKOCTEH OT TBEPIBIX YaCTHL] OCYLIECTBIAETCS MO AeHCTBHEM
ueHTpobexHoro nond. Kak B oTcToWHMKaX, Tak U B LEHTPUPYrax >KUAKOCTb OYMLIAETCS TOJIBKO OT
TEX YacTHIL, IIIOTHOCTh KOTOPBIX OOJIbIIE TUIOTHOCTH caMoi KHUAKOCTH. Ha aBTOMOOMIIAX M TpakTopax
NPUMEHSIOT LEHTpU(yrd, HUMEIoIUe uacToTy Bpamenus or 5000 go 8000 muu"'. CkopocTsb
OCaXkJIeHHs TBEPJIbIX YACTHIL 3arpsA3HEHUS B IICHTPOOEKHOM moJie Takux teHtpudyr ot 1000 no 2000
pa3 Bblllle, YeM B I'PAaBUTALMOHHOM TOJIe OTCTOWHMKOB. B 3aBMCMMOCTH OT XxapakTepa MpHBOAA
LUEHTPOOEXKHbIE OYMCTUTEIM TMOAPA3AeNAloT HAa LEHTpU(]Yrd ¢ TUAPaBIMYECKUM, MEXaHUUYECKHM,
AJIEKTPUUYECKHUM, a TaKXKe ra3oBbIM (OT OTPabOTAaBIIMX Tra30B) M MHEBMATHYECKUM mpuBogaMu [1].
OcobeHHO 06onbllIOe pacnpoCTpaHEHHWE MONYUMIM UEHTPU(DYTrd ¢ TUAPaBIMYECKMM MPUBOJOM.
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