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Abstract. Through theoretical and experimental research, it has been shown that,
taking into account the rigidity of the machine tool-tool-part system and the
stabilization of the running-in forces, it was possible to achieve optimal running-in
modes and, as a result, expand the range of running-in and rolling-out parts.

Keywords: strengthening, stiffness, surface plastic deformation, running-in,
rollers.

Improving the quality and reliability of machines and their components is one of
the most important and primary tasks of the modern stage of machine-building
development. This problem can be solved by developing effective methods of
strengthening machine parts and increasing their durability.

The use of thermal or chemical-thermal hardening methods in the manufacture
of large parts is limited by their overall dimensions and weight. The most affordable,
and often the only possible method of hardening such parts, is the treatment of surfaces
by plastic deformation with the help of rolling with rollers.

Spherical or toroidal rollers are most widely used for strengthening rolling of metal
parts of rotation of large diameters, when a high degree of plastic deformation requires
a significant depth of its penetration.

To eliminate the waviness, it is proposed to stabilize the rolling force on the
roller, which changes with each revolution of the roller due to the variable-sign
frictional force arising from the radial impact of the roller. The frictional force in the
roller assembly can be reduced by an order of magnitude by replacing the sliding
bearings with rolling bearings or using a spring housing in the rolling device to reduce
the rigidity of the machine-tool-part technological system.

The implementation of the optimal run-in mode is related to the capabilities of
the machines used. One of the conditions for this is the possibility of creating and
stabilizing the working effort of the required amount. In the sense of maintaining the
optimal running-in mode, the danger is not so much a decrease in rigidity as its
instability.

For example, when turning the ends of the shaft on lathes, in addition to the
stiffness of the caliper, the stiffness of the system is significantly affected by the
stiffness of the front and rear headstocks. It is considered that as the caliper moves from
the front headstock to the rear, the stiffness decreases by 40-60%.
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Fig. 1 — Dependence of the press-out of the lathe support on the radial force at
the height of the centers: 1 - 286 mm; 2 - 500 mm; 3 - 1250 mm

In Fig. 1 shows experimental dependences of deformation on radial force for
three lathes of different sizes, where it is shown that stiffness does not increase
monotonically in all cases when the number of forces increases. Exceeding a certain
amount of effort leads to general stretching of the sleeve and a corresponding decrease
in stiffness as a result of the interaction of adjacent efforts.

Necessary for the stabilization of the working force of rolling, the reduction of
the rigidity of the technological system is achieved by using tools with spring elements.
In Fig. 2 shows a single-roller device with a sprlng housing for rolling the shaft.

Fig. 2 — Universal one-roller device with a spring body

Taking into account the work of the system on the unloading branch of the stress-
compression curve (see Fig. 1), an even greater effect than 5 times can be expected. A
slight beating of the part, errors in its shape and other violations of the initial conditions
of deformation are compensated by the corresponding displacements of the roller due
to insignificant fluctuations of the working effort of rolling within the limits of the
elastic deformation of the body of the device. A fundamentally similar design of the
heads, but with spring loading, is used to roll out the axial channels in the crankshafts
of diesel engines. The angles of the cones of the support rings in these heads differ by
2°. This gives the balls additional rotation in the plane of the axial section of the rolling
hole during operation and increases the service life of the heads. Planetary multi-roller
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devices with conical rollers resting on a conical core have been most widely used in
practice. Although the constancy of the angle of rollers with a rectilinear forming gives
them advantages over ball hard heads, the need to prepare rolled-in parts within narrow
tolerances to maintain optimal tension is a serious obstacle to their widespread use for
processing large-diameter parts.

Indeed, if tension fluctuations within the limits of 0.1 mm are allowed, then holes
with a diameter of up to 260 mm should be processed for rolling according to 8 quality,
and for larger diameters (from 260 to 500 mm) according to 7 quality accuracy,
regardless of the accuracy required by the conditions of operation of the parts. The
creation of a practical design of heads of reduced radial stiffness with rollers of a
rectilinear profile remains an urgent problem, the solution of which depends on the
expansion of the nomenclature of rolling parts.

The developed technology and devices for rolling non-rigid parts with rollers are
introduced into production at OJSC «Nikolaevsky Aluminum Planty.
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AHoTauis. 3a JOMOMOT0I0 TEOPETUIHHUX 1 EKCIIEPUMEHTATHHUX JIOCHIKEHb IMOKa3aHo, 1110 3
ypaxyBaHHSM )OPCTKOCTI CUCTEMH BEpPCTaT-IHCTPYMEHT-eTalb, CTabiIi3alii 3ycuib 0OKaTyBaHHs,
BIAJIOCS JOCSTTH ONTHUMAIBHUX PEXHMIB OOKAaTyBaHHS Ta SIK HACTIIOK IIbOTO PO3MIMPHTH
HOMEHKJIATYpy 0OKaTyBaHMX 1 pO3KaTyBaHHX JeTayel.

KuarouoBi ciaoBa: 3MillHEHHS, >KOPCTKICTb, IIOBEpPXHEBE IUIACTUYHE JedOopMyBaHHS,
oOKaTyBaHHS, POJIMKH.
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