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Abstract: For the strengthening rolling of metal parts of rotation of larger
diameters, when a high degree of plastic deformation requires a significant depth of its
penetration, spherical or toroidal rollers are most widely used, and at larger angles of
roller depression in the direction of its feed, waviness appears on the rolled surface of
the part with a pitch different from the feed rate. Rolling is a method of finishing metals
by pressure, in which a tool (rollers or balls) is pressed against the surface of a rotating
part. This is not cutting, but plastic deformation of the surface layer.

Key words : rollers, running-in, stiffness.

Rolling has its own characteristics for different shapes: for shafts (cylindrical
surfaces) this is the simplest option. Rolling is carried out on lathes using roller or ball
rolling mills fixed in the tool holder. For spherical parts (balls, fingers), the process
requires special devices where the tool can copy the radius of the sphere. Often, two-
roller devices are used that cover the sphere from two sides to balance the force.

This method is used for parts that work under high load or in friction pairs:
crankshafts, hydraulic cylinder rods, ball bearings and bearing journals. In order to
eliminate waviness proposed to stabilize the force on the roller rolling, which varies at
each turn roller by alternating the sign of the efforts of the friction that arises from the
radial runout roller. When you set a goal of using the combination of finishing and
reinforcement rolling by eliminating the run-in undulation on the surface to develop
technologies and devices for rolling rollers, taking into account stiffness machine-tool-
item, in addition to propose and develop a device with a flexible needle rollers
operating at small angles of indentation, which prevents the occurrence of the same
run-in undulation on the surface.

We have proposed a method for eliminating waviness on the run-in surface by
stabilizing the run-in force, which cyclically changes with each rotation of the roller
due to the variable friction forces in the supports of the lever attachment with the run-
in roller in the device housing. The run-in force is stabilized by replacing the sliding
supports on which the lever is mounted with rolling bearings. The friction force in the
lever supports is reduced by more than an order of magnitude, which leads to
stabilization of the force on the run-in roller.

On the picture shows along these lines, the deformation of the metal of the
surface layer of the part is greater than in the gaps between them, which causes the
appearance of waviness. Expression is valid for the case that excludes the roller
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slipping along the part during their mutual rotation, in the presence of slipping the
actual wave pitch may differ significantly from the calculated one. By turning the roller
axis around the perpendicular to the contact surface in one direction or another, you
can change the degree of roller slipping and thereby affect the value of Sw (Fig. 1).

1

Fig. 1 — Profilograms surface of the shaft:
t rolling rollers:1 - to rolling (Rz = 100 microns);2 - after installing roller
rolling site on ball bearings (Ra = 0,08-0,16 m), 3 - after installing roller rolling
site on the plain bearings (Rz =16 mm)

Stabilizing by installing roller unit for rolling bearings rolling force P, we can
eliminate the appearance of waviness at high angles of indentation, which are
characteristic of the hardening even rolling. At the same time manage to get the surface
roughness of R, = 0,08-0,32 m in the original R, = 80-160 m, in addition, to combine
finishing and hardening rolling.

Presented in Fig. 1 profilograms surface of the shaft of the most mild-steel 20,
HB 140 and after rolling with normal effort Pun =5 kN, S = 0,2 mm / rev details, D; =
117 mm, D, = 60 mm, show the effectiveness of the installation site on the roller ball
bearings. The curve 3 shows the incipient ripple on the surface of the run-in with a step
of S\, = 3,9 mm, which corresponds to S,,, calculated by the formula (1).

Rolling efficiency can be enhanced also by the use of rolls of small diameter
(barrel-shaped and cylindrical), which completely eliminates the appearance of
waviness and sliding the roller unit in the device due to the smallness of the angle @a.

One of the main components of the stiffness - the stiffness of the machine. In
terms of preserving the optimal regime is a danger rolling less stiffness reduction as its
volatility.

The elastic deformation of their constituent parts are a fraction of the
deformation nodes. Our experiments shows the experimental dependence of the
deformation of the radial force for three lathes of different sizes. At the beginning of
unloading force drops sharply under very small displacements associated with elastic
deformation of the parts without the involvement of the joints. At this point, the
stiftness of the system is very high, it is measured in hundreds of kilonewtons per
millimeter.
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Let us suppose that the ratio of stiffness to the stiffness of the tool of other
elements.

One of the ways to stabilize the radical rolling rollers is an exception to the
overall stiffness of the technological system of the transverse stiffness of the machine.
In the production of widely used Multi-Idler rollers rolling covering different types of
devices. A rolling holes of great length would have been impossible without the use of
Multi-Idler heads with a balanced radial pressure. When rolling sheeting or thin-walled
parts of the stiffness must be taken into account.

Consider the strength of a system tool - detail by the example of rolling
sleeves. We represent the bush in the process of rolling out a thin cylindrical shell
simply supported at the ends and loaded in the middle section of the radial
components of the effort, evenly spaced around the circumference and attached at the
points of contact of the rollers. This case was considered in PP Beylarda.

Needed to stabilize the work force reduction rolling rigidity of the system is
achieved by using technological tools with spring elements.

In experimens we shows a device with a springy one rollers housing for rolling
shaft. An important advantage of this type of instruments lies in their simplicity. The
required reduction in stiffness is achieved by changing only the configuration of the
body without adding additional details. Resilient body is a cantilever, a circular beam
of rectangular cross section. His deflection at the axis of the roller can be calculated
based on the efforts rolling P and the geometric

Fig. 2 — Universal one rollers device with springy body
dimensions b, &, d, [ (Fig. 2):

2 A 5 ]

where E - modulus of elasticity of the material.
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The values of the coefficients c, and c, depending on, % and % given in Table
1 there are shown and values k= F(%) needed to calculate the coefficients c,.

Dependence % = F(f) for the cases with a thickness of springy h =10 mm in graphical
form can be obtained from Fig. 8 are calculated for the yield stress o = 1000 MPa.

Ray drawn from the origin to the point of intersection of the coordinates % and f, to

determine the necessary size of the body. This problem can be solved in the design flow
forming tools. For schedules of available devices make it possible to construct a
geometrical dimensions of buildings characterizing their relationship (5), (6) and (7).
In Fig. 3 plotted points that characterize the communication efforts with the
deformation of the body size of h =10, d = 16, / = 80, b = 50 mm. This case has been
made of improved steel 34HN1M and tested on the press. The body loaded with a
variety of efforts, with its deformation was measured. The estimated direct
dependencies for this case - OA. Experimental curve drawn through the points of
measurement of OM coincides with settlement in the area of elastic deformation, and
it deviates from the right of point A, corresponding to the maximum allowable
deflection - 3 mm. The body of this size are used to working with the device one rollers
7 kN force used on lathes with center height 200 - 300 mm, the rigidity of its 0,25 kN
/ mm.

If, in accordance with the data of Table. Adopt a rigid medium lathes with rolling
of 10 kN / mm, then according to expression (4) for m = 0,25 stiffness variations of the
technological system will decrease by at least 5 times. Taking into account the
operation of the system for unloading branch of the curve force - enough (see Fig. 3),
we can expect even greater effect. A small run-out details, the error of its forms, and
other violations of the baseline offset by the corresponding deformation displacements
clip from minor fluctuations of the working force rolling within the elastic deformation
of the product. In principle a similar construction heads, but with spring loading is used
for rolling the axial channels in the crankshafts of diesel engines. The angles of the
cones of support rings in these heads differ by 2°. This tells the balls in the process of
additional rotation in the plane of the axial cross-section roll out the hole and increases
the head life. The most widely used in practice have Multi-Idler Planetary device with
conical rollers resting on a conical core. Tightness in the processing of parts Multi-Idler
planetary instruments, ie difference between the diameters of the parts and the head of
the rollers determines the effort rolling. High radial rigidity of the tool - the part and,
as a consequence, the direct dependence of the surface quality of the tightness of small
changes - a serious and difficult to combat lack of Multi-Idler Planetary devices.
Although the constancy of the angle of rollers with a rectilinear generator creates them
advantages over hard ball heads, the need for a trial run of parts in tight tolerances to
maintain optimal tightness is a serious obstacle to their
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Fig. 3 — The dependence of the deflection force obkatyvaniya springy shells
devices with a thickness of 10 mm springy

widespread use for machining of large diameter.

A technology and device for rolling non-rigid shafts with a spring element of the
housing have been developed, a device with stabilization of the rolling force by
replacing sliding supports with rolling supports, which made it possible to ensure
uniform deformation of the metal of the surface layer and combine finishing and
strengthening treatment of the surfaces of parts operating under conditions of wear and
contact crushing. A device for rolling non-rigid bushings with flexible rollers has been
developed. A patent of Ukraine has been obtained for the developed device.
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AHoTauis: 11 3MIIHIOBaJBHOTO OOKaTyBaHHS METaleBUX JeTalell o0epTaHHsA OibIINX
JTiaMeTpiB, KOJM BHUCOKHMW CTYMiHb IUIACTUYHOI naedopmallii BUMarae 3HA4yHOI TIMOWMHU i
MPOHUKHEHHS, HAWOUIBII IIMPOKO BUKOPUCTOBYIOThCA CEpUUHi a00 TOPOINaIbHI POIUKH, TPUIOMY
npu OUTBIINX KyTax BIABIIOBAHHS POJIMKA B HAIPSMKY HOTO TO/Iadi Ha MOBEPXHIi, 10 00KATYEThCS,
3’SBISIETHCS. XBHJISICTICTh 3 KPOKOM, BIIMIHHUM BiJ IBHAKOCTI momavi. OOKaTyBaHHS — L€ METOJ
00pOOKH METaiB TUCKOM, IIPH SIKOMY 1HCTPYMEHT (POJIMKU ab0 KyJjIi) MPUTHCKAETHCS 10 TTOBEPXHI
neraiti, mo odepraeThes. Lle He pizaHHs, a TuTacTUYHA JedopMallis TOBEPXHEBOTO IIapy.

KarwouoBi ciioBa: ponuku, 0OKaryBaHHs, JKOPCTKICTb.
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OLIHKA EKOHOMIYHOI EOEKTUBHOCTI BUPOIIYBAHHSA
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Anoranisi: Jocnimxenus npooaunu y 2023-2025 pp. y rocnonapcersi TOB
«HBA «llepmuna Ilogumwis», 13 3acCTOCYBaHHSM METOMIB E€KOHOMIYHOTO Ta
KOpeJsiiiHO-perpeciiinoro ananizy. O0’ekrom Oynu ridpuau Kykypyasu [lionep 8834
ta OJITEHIO, ny1st IKMX BUBYAJIM BILTUB CUCTEM MiHEepalibHOTO )uBJeHHs: [Tomidocka
8:24:24 (pon), KAC 150 1 300 xr/ra Ta crumynaropis pocty: Sterk BIO, AMINO.

HaiiGinpmr exoHOMIYHO e(EeKTUBHHMM € BapiaHT 13 BHeceHHaM [lomidocka
8:24:24 + KAC (300 kr/ra) y moeaHaHH1 3 IBOPA30BUM 3aCTOCYBAHHSIM CTUMYJISITOPA
pocty AMINO (¢da3u 3—4 ta 7-8 nuctkiB). Y CTPYKTYpl BHUTpPAT IMEPEBAKAIOTH
MIHEpajbH1 100pHBa, MATMBHO-EHEPTETUYHI PECYPCH Ta 3aCO0M 3aXHUCTY POCIUH, TOAI
SK BUTPATH Ha CTUMYJIATOPU POCTY € HE3HAYHUMH, aJIe¢ EKOHOMIUHO BUIPABIAHUMH.

3anpoBaKEHHs palloOHAIBHO MiAIOpaHUX CUCTEM MIHEPATLHOTO KUBJICHHS Ta
3aCTOCYBaHHS CTHUMYJISITOPIB pocTy, 30kpema mpenapaty AMINO, € ekoHOMiIYHO
OOTPYHTOBAHMM CHOCOOOM MIABUIICHHS €()EKTUBHOCTI BHUPOOHMIITBA 3€pHA
KYKYpYA34 B Cy4aCHHX YMOBAaxX TOCIOJapIOBaHHSI.

Kiarwo4doBi cjioBa: ekoHOMiIUYHA €(QEKTUBHICTh, TOpUIN KYKPYJ3U Ha 3€pHO,
MiHEpaJbHE )KUBJICHHSI, PETYJISITOPU POCTY, KOPEISAILIMHO-pErpeciiHnii aHai3.

IMocranoBka mpo6/jeMu. Y CydaCHUX yMOBaxX PO3BUTKY arpapHOTO CEKTOPY
VYkpainu KyKypy/3a 3aJIMIIAETHCS OJHIEI0 3 MPOBIIHUX KYJIbTYp, IO MAa€ BAXKIUBE
€KOHOMIYHE 3HAYEHHSA. 3POCTAaHHS BapTOCTI PECypciB 1 KOHKYPEHINI Ha PUHKY
3YMOBJIIO€ HEOOX1HICTh TABUIIEHHS e(DEeKTUBHOCTI 11 BUpoOHuUITBa [1].

OHUM 13 KIIFOYOBHUX 3aBJaHb € 3a0€3I1€UYeHHs ONTUMAJILHOIO CIH1BBIIHOIIEHHS
MIDXK YPO>KalHICTIO Ta BUTPATaMM, OCKUIbKY 3HAYHA iX YaCTKa MPUIIAJIa€ Ha MiHEpaJIbHI
no0puBa, 3ac00M 3aXUCTY POCIHUH 1 €Hepropecypcu. Y 3B’S3Ky 3 IIUM aKTyaJIbHUM €
BJIOCKOHAJICHHSI CHUCTEM YIOOpEHHS Ta 3aCTOCYBaHHS CTUMYJSTOPIB POCTY, WIO
JTO3BOJISI€ TT1ABUIIUTH TPOYKTUBHICTH 0€3 1CTOTHOTO 3pOCTaHHs coOiBapTOCTI [2].
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