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The article deals with the issues of improving the reliability and durability of
machine parts by improving the quality of their surface layer with various processing
methods. The issues of the influence of surface plastic deformation on the quality
indicators of processing are presented and the parameters of the processing tool are
determined, and a mathematical relationship is obtained between the allowance for
processing and the value of residual deformation. Presented the characteristic of
methods of processing parts in the manufacture and restoration. Set out the method of
vibration hardening in the development of the process. The classification and
characteristics of the oscillatory processes used in the processing of the material of the
restored parts are given. The search for optimal modes of surface plastic deformation
both in our country and abroad has been carried out. The proposed processing modes
are usually selected on the basis of experimental data and empirical dependencies
obtained from testing samples or, more rarely, full-scale parts subjected to surface
plastic deformation under different modes. In this case, the best of those used in the
experience modes that provide the highest increment of the endurance limit of the part
should be considered optimal.

Improving the reliability of machine parts is one of the most important tasks,
both in mechanical engineering and in repair production. To solve this problem, there
Is a whole arsenal of modern methods: traditional constructive methods for improving
the shape of parts; the use of high strength materials; methods of chemical heat
treatment. Among these methods, a special place is occupied by surface plastic
deformation (SPD), which is the final operation in the technological cycle of
manufacturing or restoring parts and a very effective means of improving their strength
and performance characteristics.

Hardening (surface cold working) of the material being processed is effective
because it allows to significantly increase the endurance limits of a wide range of
machine parts. Due to the SPD processing, favorable changes occur in the surface
layers, which increase the fatigue resistance of the part material.

In most cases, the usage of SPD allows you to achieve a much greater effect than
a constructive change in the shape of the workpiece.

Among the most important achievements of technical science is the development
of studies on the quality of the surface layer and the creation of a new scientific and
practical direction aimed at improving the performance of machine parts by
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technological methods.

The choice of certain SPD methods for their implementation is determined
mainly by the level of physical and mechanical properties, shape, size and surface
condition of the workpiece, as well as technological considerations [1].

In many areas of mechanical engineering, rolling in with rollers (balls) has
become widespread, which makes it possible to increase fatigue strength and wear
resistance [2]. Along with it, other SPD methods are used in industry: diamond
smoothing, rolling holes, shot processing, hardening by coining.

Recently, much attention has been paid to various combined methods,
combining the traditional SPD with some other types of heat and force effect on the
machining tool. Among them, it should be noted electromechanical processing,
vibration damping and vibrating ironing, vibration-centrifugal hardening processing
[3,4,5].

The effectiveness of a particular processing method, that is the achievement of
the required level of fatigue strength of parts is determined by a whole complex of
physical factors and, first of all, by the size and distribution of residual stresses in the
part after the SPD, the depth of the plastically deformed layer and physical hardening
of the material. Therefore, for the purposeful control of these physical factors, it is
necessary to ensure a rational combination of these parameters of the processing mode.

The search for optimal SPD regimes is conducted both in our country and
abroad. The literature provides some data on the effect of the main parameters of the
SPD on the hardening efficiency.

Theoretical and experimental studies conducted by I. Kudryavtsev, A. Babichev,
A. Dudnikov and other scientists and aimed at finding methods and means of
implementing reserves to increase the fatigue of parts, allowed to develop guidance
materials on the choice of effective SPD modes for a wide range of parts.

It has been established that an increase in fatigue resistance due to SPD is
primarily due to the favorable effect of compressive residual stresses in the surface
layer of hardened parts. The hardening mode will be considered effective if it provides
a sufficient level of these stresses.

Residual compressive stresses slow down the processes of nucleation and
development of micro damages, reduce the sensitivity of the hardened surface layer of
parts to the localization of stresses from external loads near structural and technological
concentrators, as well as neutralize the adverse effect on tensile residual stresses on
fatigue resistance.

It should be noted that when deforming the required system of residual
compressive stresses in parts, it is necessary to take into account the magnitude and
sign of the technological initial stresses that may remain in them from the previous
treatment and which can significantly affect the final residual stress-strain state of the
surface layer of the hardened part. This applies particularly to the details of reduced
stiffness, where the role of the surface layer is very large. In our opinion, with an
increase in the strength characteristics of the material being processed of parts, the
relative thickness of the hardened layer will decrease.
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The solution to the problem of hardening can be found in changing the geometry
of the machining tool (punch), in particular, the need to change the pitch angle of the
punch, the height of its calibrating part, which will change the degree of inclination of
the surface layer of the part and thereby compensate for the relative reduction in
processing effort.

When choosing the main parameters of the processing mode of hollow parts, it
Is recommended to vary their values in intervals that are wide enough for practical
needs. Changes in the specified parameters, as well as processing modes (amplitude of
oscillation of the machining tool, vibration frequency of the exciter, processing time)
should be considered as an important reserve for increasing the efficiency of vibration
formation during the restoration (manufacturing) of parts such as a sleeve.

The amount of processing effort is recommended to be assigned depending on
the allowance for processing and on the yield strength of the material of the workpiece
and the state of its surface before processing.

As a criterion, when choosing the optimal modes of hardening processing of
parts made of soft materials (copper, bronze, brass, etc.) to obtain a roughness close to
the minimum, as well as the greatest hardening and optimal level of residual stresses
in the surface layer, we can recommend using the average pressure p,y in the contact
the area of the machining tool with the workpiece [6]:

Pay == (1)

where: P — is the processing force; F. — is the actual surface contact area.

So when processing parts made of bronze p,, assigned within 400...450 MPa.
Determination of the workload should be made depending on the size of the processing
tool and the mode of vibro-processing.

When selecting modes of hardening treatment, one should also take into account
the parameters characterizing the physicomechanical properties of the material of the
workpiece, its shape and dimensions [7].

Those who have approaches do not solve the generally considered problem of
hardening the material of workpieces, because they reveal the problem of predicting
the possible damage to the surface of parts in case of SPD only at the empirical level.
The proposed criteria and dependencies in the literature determine only the critical
(limiting) processing conditions, under which the surface layer of the parts is destroyed,
and therefore do not allow to fully assess the physical state of this layer after
processing.

According to the mechanical theory of the formation of the surface layer,
developed by V. Smelyansky [8], SPD is considered as a process of plastic flow of
metal, and the properties of the surface layer —as a result of its deformation. This theory
takes into account both the laws of plastic accumulation of deformations, and the
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features of the kinematics of the interaction of the tool with the workpiece. As a
criterion for assessing the physical state of the surface layer of the part, a dimensionless
quantity ¥ was taken, reflecting the degree of damage to the material in the course of
SPD and determined by the intensity of the strain rate and the limiting degree of shear
deformation of the material of the surface layer. To calculate, the real profile of the
deformation zone is used, the shape and dimensions of which depend on the processing
modes.

The effectiveness of the application of strengthening technology is also
influenced by the structure of the material; the degree of strain hardening of materials
depends on it. The smallest increase in the hardness of the surface layer of parts with
the same deformation gives steel with a sorbitol structure. The presence of martensitic
in the structure enhances the effect of strain hardening as a result of the partial
transformation of residual austenite into martensitic. Hardening reserves can be used
more fully on low carbon steels with a martensitic structure than on high strength steels
with the same structure, despite the greater increase in hardness.

This situation is due to the fact that on low carbon steels subjected to SPD, the
center of destruction originates under the surface that is in the zone of lower operating
stresses and therefore fatigue cracks mainly propagate in the hardened layer, as a result
of which the hardening effect is realized.

In recent years, some work has been done in the field of analysis of the heat
generation process in the contact zone of the machining tool with a part for the SPD of
various materials, which is of great interest in connection with the problem of
increasing the durability of the strengthening tool, clarifying the nature of residual
stresses and finally SPD.

Among the tasks arising from the SPD, an important place is occupied by the
search for optimal modes of deforming machine parts in order to maximize their fatigue
resistance and to make the most complete use of hardening reserves of materials.

The parameters of the processing mode are usually chosen on the basis of
experimental data and empirical dependencies obtained from testing samples or, more
rarely, full-scale parts subjected to SPD under different conditions. In this case, the
best of those used in the experience modes that provide the highest increment of the
endurance limit of the part should be considered optimal.

Such a technique cannot be considered completely perfect, since:

a) by varying in experience the workload with a given shape of the working tool
or the geometry of the tool under constant load, change simultaneously both the depth
of work and the intensity of deformation of the surface layer;

b) the number of combinations of values of the workload and geometric
parameters of the punches can be infinitely large and therefore even the most extensive
experiment cannot cover all possible options.

Under these conditions, the best option selected from experience is not the
objectively best of all possible, but only the most rational of those that were
implemented in the tests.

During cold working, an increase in the strain rate above certain values leads to
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an increase in the temperature of the material being processed due to the release of
considerable heat of friction on the slip planes, which do not have time to spread in
space. An increase in temperature leads to a softening and an increase in plastic
properties.

The noted imperfections can be eliminated if the generalized physical parameter
Is used as an objective criterion for evaluating the SPD process, which equally takes
into account various changes in the mode of strengthening treatment.

References

1. Babichev, A., Babichev, I. (2008). Osnovyi vibratsionnoy tehnologii. Rostov
n/D: Izdatelskiy tsentr DGTU, 694.

2. Stotsko, Z., Kusyj, J., Topilnytskyj, V. (2012). Research of vibratory-centrifugal
strain hardening on surface quality of cylindric long-sized machine parts. Journal
of Manufacturing and Industrial Engineering, 11, 15-17.

3. Kelemesh, A. (2012). Osobennosti metodov obrabotki detaley poverhnostnyim
plasticheskim deformirovaniem. Vostochno-Evropeyskiy zhurnal peredovyih
tehnologiy, Harkov, 6/1(60), 18-20.

4, Gorbenko, O. (2012). Perspektivi vikoristannya resursozberigayuchih
tehnologichnih protsesiv pri vidnovlenni detaley mashin. Tehnologicheskiy
audit i rezervyi proizvodstva, Harkov, 2(4), 19-21.

5. Djema, M., Hamouda, K., Babichev, A., Saidi, D., Halimi, D. (2013). The
Impact of Mechanical Vibration on the Hardening of Metallic Surface.
Advanced Materials Research, 626, 90—94.

6. Kelemesh, A. (2012). Vosstanovlenie iznoshennyih bronzovyih detaley tipa
vtulok metodom vibratsionnogo uprochneniya. Vostochno-Evropeyskiy zhurnal
peredovyih tehnologiy, Harkov, 4/7 (58), 6-8.

7. Gichan, V. (2011). Active control of the process and results of treatment. Journal
of Vibroengineering, 13, 371-375.

8. Smelianskyi, V. (2002). Mekhanika uprochneniia detalei poverkhnostnym
plastycheskim deformirovaniem. Moskva: Mashynostroenie, 300.

AHoOTALIA

MNOIIYK ONTUMAJIbHUX PEXXUMIB 3MILHIOIOUOI OBPOBKHU
AETAJIEM MALIUH

Kenemem A.O., k.T.H, goueHT, ['opobenko O.B., K.T.H., TOLEHT

YV cmammi posensoaromvcs  numanHs  NiOBUWEHHS — HAOIUHOCMI  mMa
006208iuHOCMI Oemainell MAWUH 3ad PAXYHOK NIOBUUIEHHS SIKOCMI iIX NOB8EepXHe8020
wapy npu pizHux cnocobax oopooxu. Ilpeocmasneni numants 6niugy NOBEPXHEE020
NIACMUYHO020 0eopMy8anHs HA SAKICHI NOKA3HUKU O0OpPOOKU ma  BU3HAYEHO
napamempu 00poOII0BAHO20 THCMPYMEHMY, A MAKONC OMPUMAHA MAMeMamuiHa
3ANeIHCHICMb MIJC NPUNYCKOM HA 0OPOOKY | GeIUHUHONW 3AMUUKO080I Oedhopmayii.
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Jlaembca  xapakmepucmuka memooie 00poOKu Oemaineli Npu BUSOMOBNEHHI |
8i0HO8NeHHI.  Buxnadeno memoo  6iopayiiino2o  3MiyHeHHs npu  po3pooyi
mexHon02iuH020 npoyecy. Hasedeno kiacugikayis i xapaxmepucmuxa KoJIUBAIbHUX
npoyecie, Wo 3acmocosyromscs npu 0opodyi mamepiany 6i0HOBIIOBAHUX Oemdaell.
IIpogedeno 00CNiONCeHHsT ONMUMANILHUX PEeNCUMIB NOBEPXHEB020 NIACMUYHOZO
oepopmysanusn AK 6 HaAWill Kpaini, max i 3a KOPOOHOM. 3aNponoHO8aHi pedicumu
00pobKu  eubuparomevcsa 3a36udail Ha NiOCMAasi eKCNepUMEHMANbHUX OaHux i
EeMNIPUYHUX 3ANIeHCHOCIEN, 00ePICYBAHUX 3 6Unpobyeans 3paskié abo, pidule,
HamypHux Oemanetl, NiIOOAHUX NOBEPXHEBOM) NIACMUYHOMY O0edOpMYBaAHHIO NpU
piznux pescumax. llpu ypomy onmumanvHumu ciio e8axcamu mi 3 3aCMOCOBAHUX 8
00C8i0i  pedicumis, sAKi 3a0e3neuyiomv HAUOIIbULY NPUPICM Medci 8UMPUBALIOCH
oemavi.

AHHOTAIIUSA

N3bICKAHUE OIITUMAJIbHBIX PE:KUMOB YIOPOUHSAIOIMIEN
OBPABOTKU JETAJIEM MAIINH

Kenemem A.O., x.1.H., goneHT, 'opobenko O.B., K.T.H., T01IEHT

B cmamve paccmampuearomcs 80npocvl  NOBbIUEHUS HAOEHCHOCIU U
0071208eYHOCMU Oemaell MAWUH 3ad CYEM NOBbIULEHUS KA4eCm8d UX NO8ePXHOCHO20
Cllos npu  paziuyHvlx cnocobax obpabomku. I[lpedcmaenenvr 6onpocvl GIUAHUSA
NOBEPXHOCMHO20 NIACMUYECKO20 0eh)OPMUPOBAHUL HA KAYeCmEeHHble NoKazamenu
0bpabomxu u onpeoenenvl napamempsbl 00padbamvlearOwe20 UHCMpPYyMeHma, a maxice
NOJYyYeHa MamemMamuyecKas 3asUCUMOCHb MedXHcO0y NpUunyckom Ha obpabomky u
BeUYUHOU ocmamouHou Oeghopmayuu. [laémea xapakmepucmuxa mMemooos
obpabomku Oemaneti npu U30MOGIEHUU U B0CCMAaHOGIeHuu. H3nodxcen memoo
BUOPAYUOHHO20 YNPOYHEHUsT Npu  paspabomke MeEXHONOSUYECKO20 Npoyeccd.
Ilpugedenvl knaccugukayus u Xapakmepucmuka KoaeOamenbHblX NpoYeccos,
nNpuUMeHseMblX npu  obpabomke Mmamepuana 60CCMAHABIUBAEMbIX — Oemaell.
IIposedeno uzvickanHue ONMUMAILHLIX PENCUMOE NOBEPXHOCMHO20 NAACMUYECKO20
Odepopmuposanus Kax 8 Hauwiell cmpaue, max u 3a pyoescom. Illpednoscennvle
pedrcumbl 06pabomku  8blOUPAIOMCST 0ObIYHO HA OCHOBAHUU IKCNEPUMEHMALbHBIX
OGHHBIX U IMAUPUUECKUX 3ABUCUMOCTEL, NOYYAEMbIX U3 UCHLIMAHUL 00pa3yo8 U,
peodice, HAMYPHLIX Oemaineu, NOOBEPSHYMbIX NOBEPXHOCMHOMY NIACIUYECKOM)
oeghopmuposanuio npu pasHvlx pexcumax. Ilpu smom onmumanvHuiMu ciedyem
cuumams me U3 NPUMEHEHHBIX 6 ONblMe pedCuMos, Komopwvie o0becnedusarom
Hauboavllee npupaweHue npeoeid bIHOCIUBOCMU 0emal.
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