S

ISSN 2077-7264. TexHonoris i TexHika gpykapctea. 2025. N2 2(88)

TEXHOJNIOTINIYHI

NMPOUECMHU

uDC 621.1.621.793

DOI: 10.20535/2077-7264.2(88).2025.342460

© P. Kyrychok, Doctor of Science, Professor, V. Gladchenko,
engineer, Ilgor Sikorsky KPI, Kyiv, Ukraine

TECHNOLOGICAL PROCESS OF FORMING MICRORELIEF
BY MECHANICAL PROCESSING ON THE SURFACES
OF PRINTING EQUIPMENT PARTS

The article presents a proposed comprehensive technological
process (CTP) for mechanical processing of flat guide parts
of printing equipment (PE). The results of processing flat guides
by grinding and surface plastic deformation (SPD) with the for-
mation of regular microrelief (RM) on their surfaces are given.
The modes of mechanical grinding and surface plastic deforma-
tion are determined. An analytical dependence between the re-
lative bearing area of the microrelief and the processing modes
has been established. Characteristics of the microrelief as well
as the results of improving surface quality parameters and per-
formance properties are presented.

Keywords: surface plastic deformation; grinding; microrelief;
processing modes; quality parameters; wear resistance;
performance properties.

Introduction

The reliability and durability of
machine parts and mechanisms of
printing equipment depend on the
quality of the surface and surface
layer. The causes of damage and
destruction of structural elements
during operation are processes oc-
curring on the surface and in the
subsurface layer: microcrack for-
mation, scuffing, scoring, local wear,
redistribution of residual stresses,
weakening, etc.

To address these issues, machi-
ne designs are improved, higher-
quality materials are used, and new
technological processes are deve-
loped especially those with streng-
thening effects.

The selection, development,
and implementation of strengthen-
ing technological processes allow
for significant improvement of sur-
face quality parameters and, con-
sequently, performance characte-
ristics of products (wear resistan-
ce, joint strength, corrosion resist-
ance).

To improve surface quality and,
therefore, the performance of me-
tal products, methods of SPD, ther-
mal, cryogenic, physical, physico-
chemical, and chemical-thermal
strengthening are applied.

In this regard, we have propos-
ed one of the most effective tech-
nological processes for improving
surface and subsurface layer qua-
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lity and, consequently, the opera-
tional properties of parts and me-
chanisms of printing equipment:
vibration burnishing of flat surfa-
ces. This process replaces imper-
fect, labor-intensive manual oper-
ations such as scraping and lap-
ping, which traditionally enhance
frictional performance oil retention,
smooth motion, prevention of jam-
ming and seizing, noiseless oper-
ation, corrosion resistance, and re-
duced labor intensity.

An analysis of literature and pa-
tent sources, as well as manufac-
turer data, showed that the issue
of vibration burnishing of flat sur-
faces has not been fully explored.

Studies [1-3] proposed form-
ing partially regular (PRMR) and ful-
ly regular (FRMR) microreliefs of
sinusoidal and ring types, as well
as rectangular and hexagonal pat-
terns, on cylindrical surfaces after
mechanical processing.

Research [4-7] investigated the
formation of regular microreliefs
on cylindrical surfaces followed by
chromium plating to increase wear
and corrosion resistance and im-
prove printing equipment perfor-
mance.

Studies [8-10] focused on for-
ming regular microreliefs on print-
ing equipment parts used in man-
ufacturing integral book covers,
followed by surface modification
through ion nitriding in a helicon
discharge plasma — while main-
taining the microgeometry unchan-
ged after the final operation.

Methods

The aim of the work is to develop
a comprehensive finishing-streng-
thening technological process to
increase wear resistance of flat gui-
de parts of printing equipment ope-

rating under friction, based on the
analysis of existing technologies for
forming regular microreliefs. The
study also seeks to determine the
influence of processing modes on
surface quality and wear resistance.

The SPD process was perfor-
med on a vertical milling machine
using a specially designed vibra-
tion device (Fig. 1). The device is
mounted with a bracket 3 on the
quill 2 of the milling machine 7. A
spring 4 generates a defined pres-
sing force through deforming tools
6 onto the surface of the part 7.
The preload is adjusted with a nut
5. The part is fixed in a special fix-
ture on the machine table 8. Re-
ciprocating (oscillating) motion is
transmitted from the machine spin-
dle 71 through an eccentric 9 and
connecting rod 10.

The treated area size is deter-
mined by the eccentricity (2e).
The pressing force is adjusted by
the calibrated spring. The deform-
ing tools used were balls made of
bearing steel LUX15 (HRC 61-64).
During processing, the part is mo-
unted in a fixture that is secured
on the machine table.

Results

A comprehensive technological
process for processing steel 20X
(HRC 43-46) was developed, con-
sisting of three stages:

At the first stage of the com-
prehensive technological process
(CTP), the flat surface of the part
is ground. The arithmetic mean de-
viation of the surface profile after
grinding is Ra=0.14-0.12 um.

At the second stage of the CTP,
a partially regular sinusoidal mic-
rorelief (PRMR) is formed on the
ground surface. The vibration bur-
nishing parameters are as follows:

-
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pressing force on the surface of
the part P; = 280 N, radius of the
deforming tool sphere R = 3 mm,
number of deforming tools K = 4,
eccentricity of the deforming tool
e = 14 mm, longitudinal feed rate
of the milling machine table with
the workpiece V =250 mm/min, spin-
dle rotation speed N = 63 rpm.

The geometric parameters of the
microrelief after the second proces-
sing stage are: depth h=0.0056 mm,
width b = 0.38 mm, ridge height
hn = 0.003 mm, and cross-sec-
tional area of the microrelief F =
=0.0012 mm2,

At the third stage of the CTP,
the pressing force and the longitu-
dinal feed rate of the deforming
tools are reduced, while the spin-
dle rotation speed and, consequ-
ently, the number of oscillations of
the deforming tools increases.

After processing, sinusoidal gro-
oves remain on the surface to re-
tain lubricant, with areas between
them exhibiting enhanced geome-
trical and physicomechanical cha-
racteristics.

The vibration burnishing para-
meters at the third stage of the
CTPare: P, =220N,R=3mm, K=
=2,e=14 mm, v =25 mm/min,
N =300 rpm.

Geometric parameters of the
microrelief after the third stage of
the CTP: h=0.0025 mm, b=0.2 mm,
hn =0.0012 um, F = 0.0005 mm2.

The most informative parame-
ter that determines the opera-
tional properties of machine parts
and mechanisms with microrelief
is the relative bearing area of the
microrelief.

We propose to calculate this pa-
rameter as follows:

T

]

Fig. 1. Vibration device for forming microrelief on flat guide parts
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Statistical analysis of literature
and online sources shows that the
value of F, for parts operating un-
der friction conditions ranges bet-
ween 25 % and 35 %. The establi-
shed analytical relationship between
Frm and the processing parameters
makes it possible to determine the
required vibration burnishing modes.

Discussion

The proposed technological
process improves the physico-
mechanical characteristics of the
subsurface layer of the processed
metal. The surface microhardness
increased to Hy, = 5560 MPa com-
pared to the initial microhardness
of Hy, = 4400 MPa.

In addition, this technology ca-
uses a change in the ratio of mar-
tensite to retained austenite. The sur-
face of the samples strengthened
after grinding contained 5-9 % of
retained austenite.

To enable prediction of the wear
resistance of parts processed by
the proposed technology, experi-
ments were conducted according
to a D-optimal design matrix (plan
B3).

The wear resistance of vibra-
tion-burnished samples was com-
pared with that of ground samples
using a wear testing device. Sam-
ples with microrelief and ground
surfaces were fixed on the table of
avertical milling machine. The weight
of the test samples was less than
0.2 kg. The moving sample, made
of castiron, was mounted in the up-
per part of the wear testing device.
The load on the friction pair was

applied by compressing a calibra-
ted spring. Lubricant was supplied
to the friction zone through a drop-
per system.

The amount of wear was deter-
mined by comparing the weight loss
of the samples, with the measure-
ment error not exceeding =0.15 mg.

As a result of the experimental
plan implementation, a second-or-
der mathematical model was ob-
tained. This model for the compre-
hensive technological process grin-
ding and vibration burnishing for
obtaining partially regular (PRMR)
and fully regular (FRMR) microre-
liefs has the following form:

¥Y3H=5,5-0,23P - 0,4R -
- 0,005PxR + 0,088xR2 +
+ 0,006 P2.

5,4-0,22P - 0,37R -
- 0,006PxR + 0,09xR2 +
+0,007xP2. (2)

This equation (2) allows pre-
dicting the wear of flat guide parts
depending on processing modes.
A graphical representation is shown
in Fig. 2.

Conclusions

The developed comprehensive
technological process (CTP) sig-
nificantly improves the surface
quality and performance proper-
ties of printing equipment parts.

The proposed analytical rela-
tionship enables determination of
optimal CTP parameters. On sinu-
soidal microrelief areas, surface
microhardness increases by 24—
26 % compared to the original sta-
te. Between sinusoidal grooves,
geometrical and mechanical para-
meters are improved.

N
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Fig. 2. Graphical dependence of part wear on pressing force and tool radius

The conducted researchdemon-  ases by a factor of 3.3 compared
strates that wear resistance incre-  to ground surfaces.
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Y cTaTTi NnpeacTaBneHO KOMMJIeKCHUIA TEXHOJIONiYHUIA npouec
(KTM) mexaHi4HOT 00POOKM NJIOCKUX HAaNPAMHUX AeTaneun
ApyKapcbkoro oonagHaHHsa (00). HaBepeHo pe3ynbratn

06pO6KM NJIOCKMX HAaNPAMHUX LWliPpyBaHHAM Ta NOBEpPXHEBO-

nnactuyHolo gedopmauieto (MMA) 3 popmyBaHHAM perynsap-
Horo mikpopenbedy (PM) Ha X noBepxHsax. BuaHayeHo pe-
Xnmun mexadiyHoro wnidpyeaHHa ta MMNA. NpeacraeneHo
XapakTepUucTUKM Mmikpopesbedy, a TakoX pe3ysbTaTyv no-
KpalweHHs napamMeTpiB SIKOCTi NOBEPXHi Ta eKcnsiyaTauin-
HUX BJIAaCTUBOCTEMN.

KniouoBi cnoBa: noBepxHeBa rnjactudHa gedopmadis;
wnipyBaHHSA; Mikpopenbed; pexumm o6po6kn; napamMmeTpu
SIKOCTi; 3HOCOCTINKiICTb; eKcrslyaTauiiHi B1JaCTUBOCTI.
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