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Introduction
The main task of designers and

manufacturers is to satisfy prod-
uct quality requirements as much
as possible, which is determined
by the needs of the global market.
Growing competition places ever-
increasing demands on product qua-
lity, which can only be achieved by
combining scientific analysis and
research results with the charac-
teristics of product quality forma-
tion in the process of modern pro-
duction technologies. The quality
parameters of parts are largely de-
termined by the properties of their
surface working layer, the charac-
teristics of which are formed in the
technological production process. 

Among the existing technolog-
ical measures that improve the qu-
ality of parts in the final technolog-
ical operations, various methods of
mechanical processing of working
surfaces are widely used. Reality
has shown that with correctly se-
lected technological operations,
processing modes, and controlled
factors, the reliability and durabili-
ty of products can be significantly
increased. At the same time, incor-
rectly determined technological
modes can lead to the destruction
of surface layers already at the sta-
ge of part production or to its un-
timely failure during operation. 

This fully applies to the require-
ments for parts of high-performance
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printing equipment, in particular,
antifriction parts of screen printing
machines and apparatuses, such as
Sakurai MS-102All, 2VURJBCZ,
Saturn 2538, roll-to-roll screen print-
ing cylinder machines Maestro (with
direct servo drive), etc. [1].

The antifriction parts of these
screen printing machines operate
at speeds of up to 2.0 m/s and
loads of up to 3.0 MPa in air [1].
For this purpose, antifriction bush-
ings, inserts, etc. made of cast brass
L63, LS59-1, which are analogues
of foreign brass CuZn37 (EN 1652
CW508L), CuZn39Pbl (EN CW611N)
or ASTM C27200 and ASTM C37000,
which operate under liquid lubri-
cation conditions [1]. Brass alloys
are one of the important types of
copper-based alloys. They are wid-
ely used for many mechanical and
industrial applications, such as me-
chanical, electrical, and hydraulic
systems [2–4]. Brass alloys offer an
advantageous combination of low
cost, improved machinability, cor-
rosion resistance, and good for-
mability [2–4].

The drawback of cast brass parts
is their early wear, which leads to an
increase in the friction coefficient
and wear intensity, especially with
increasing loads and speeds of print-
ing machines, when liquid oil beco-
mes less or completely ineffective.
Therefore, it is obvious that the stab-
le operation of antifriction brass
cast parts directly depends on the
stability of the supply of lubricat-
ing oil to the contact area and on
its quality. 

Antifriction composites do not
have these disadvantages and
offer many advantages and a wide
range of possibilities over cast ma-
terials, especially when working in
severe conditions, where it beco-

mes possible to combine compo-
nents that cannot be combined using
traditional casting technology [5].

In this case, powder metallurgy
technology has no alternative. Pow-
der metallurgy technological meth-
ods make it possible to manufac-
ture antifriction composites of var-
ious compositions with specially
introduced substances, unlike tra-
ditional metallurgical remelting [1, 5].

Such substances include, for
example, those that act as solid
lubricants—graphite, sulphides, se-
lenides, fluorides, and other sub-
stances. They actively participate
in the friction films formation that
form on the contacting parts’ sur-
faces during operation. Such films
have a decisive influence on the fun-
ctional properties of the antifriction
part (bearing bush) and its reliabil-
ity and durability in general [1, 5].

However, despite the significant
advantages of powder technology
over traditional metallurgical melt-
ing, its widespread use is often very
limited. This is due to the high cost
of the starting powders and the
equipment for their production. 

At the same time, large volumes
of potentially cheap and accessi-
ble raw materials are generated at
many industrial enterprises. These
are grinding wastes of ferrous and
non-ferrous alloys, which are gen-
erated in large quantities during
the grinding of various parts in the
manufacturing process [5, 6]. Such
grinding wastes contain a number
of valuable alloying elements. 

However, due to contamination
with abrasive particles from grind-
ing tools and residues of lubricants
and coolants, these metal grind-
ing wastes are not used in the pro-
duction cycle, but are transported
to landfills and dumps.
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As shown by the authors’ rese-
arch [1, 5, 6], the application of cer-
tain technological measures allows
obtaining fundamentally new effec-
tive composite materials based on
recycled grinding waste and parts
made from them, which can be an
alternative to traditional cast parts.

Copper-based alloy grinding
waste, in particular brass grinding
waste, occupies a special place
among industrial grinding waste.
Such brass waste contains valu-
able chemical elements such as
Cu, Zn, Pb, Sb, Fe, Bi, P, etc., but
is not used as a valuable raw ma-
terial in the production cycle for
the manufacture of new parts [1, 5].

Grinding waste from brass, as
well as other alloys [1, 5], is trans-
ported to landfills due to its con-
tamination, as mentioned above. 

The described circumstances
illustrate the ever-increasing land-
fills and dumpsites volume and the
ever-intensifying pollution of the
biosphere.

At the same time, research by
authors [1, 5, 7] on the develop-
ment of technological measures
aimed at regenerating grinding
waste with its subsequent use for
the manufacture of new types of
antifriction composites for various
operating conditions has shown po-
sitive results.

The authors [1, 5–7] have devel-
oped a series of technological pro-
cesses (depending on the type of
base metal) for the complete metal
grinding waste recovery from cer-
tain grades of steel and non-ferrous
alloys. This made it possible to real-
ize obtaining of new antifriction com-
posites from regenerated waste for
various operating conditions.

This fully applies to the devel-
opments in the design of techno-

logical modes for the manufacture
of new antifriction composites ba-
sed on regenerated L63 brass
waste [1, 7].

However, a number of issues
remain unresolved. These primari-
ly concern the formation of quality
parameters for the working sur-
faces of new composite self-lubri-
cating parts based on recycled L63
brass waste with CaF2 solid lubri-
cant additives [1, 8]. 

This particular issue remains
one of the central ones, determin-
ing the functional behavior of the
friction part and unit, primarily in
screen printing machines. 

The running-in time of the con-
tact pair and the speed of the for-
mation of an anti-seize self-lubri-
cating film directly depend on the ini-
tial quality parameters of the anti-
friction part’s working surface espe-
cially when operating without liquid
lubrication. 

It should be emphasized that
the quality parameters of compo-
site self-lubricating friction parts
are formed during the final mecha-
nical processing, which, in turn, sig-
nificantly affects the nature of the
antifriction films formed, the so-
called secondary structures. 

Such antifriction films are capable
to ensure the self-lubricating mode,
stable and reliable operation of the
antifriction unit and the entire screen
printing machine as a whole. 

Therefore, the problem of ensur-
ing the working surfaces’ quality
of new composite antifriction self-
lubricating parts based on brass
grinding waste is topical and timely.

As it is known [5, 9–16], such
parameters of the part surfaces’
quality as geometric accuracy, Ra
roughness parameter value, sur-
face work hardening value and its
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penetration depth into the part
volume, residual stress values and
signs in the surface layer signifi-
cantly affect the wear resistance,
durability, and maintainability not
only of individual parts, but also of
mechanisms as a whole [5].

Surface quality is of great im-
portance and is particularly impor-
tant in high-precision and high-pro-
ductivity machining processes. In
addition, the use of high-speed cut-
ting provides increased productivi-
ty, workpiece dimensional accura-
cy, and improved surface finish qu-
ality [11, 12].

Artificial neural networks (ANN)
and response surface methodolo-
gy (RSM) were used to determine
the influence of cutting conditions
(cutting speed, feed rate, and cut-
ting depth) on cutting force, surface
roughness, and tool wear during
the machining of alloys. In micro-
milling, the main quality problems
are tool wear and breakage, as well
as intense burr formation and poor
surface quality. The corresponding
study investigated the influence of
the cutting trajectory on the cutting
force and surface quality in the mic-
ro-milling process under different
cooling conditions (e.g., dry, air blow-
ing, and flow cooling agent) at fixed
cutting parameters [12].

The paper [12] discusses six
methods of contact finishing of alloy
surfaces, including diamond finish-
ing, precision grinding, superfinish-
ing, vibratory polishing, electrical dis-
charge machining, and electropol-
ishing, as well as their current in-
dustrial applications and limitations.

In research works, chip mor-
phology and energy consumption
were used as the main quality cha-
racteristics (criteria) for ranking ma-
chining performance [12, 17]. The

works made the first attempt to op-
timize two quality characteristics,
cutting force and surface roughness,
during the turning of the studied
brass alloys. The methodology used
for optimization was supported by
signal-to-noise ratio data, as deter-
mined by Taguchi’s experimental
design and analysis of variance
(ANOVA). This method is an effec-
tive and economical way to pro-
cess and optimize industrial pro-
cesses [18–20].

The works [12, 21, 22] are an
original contribution concerning
the optimization of the machinabi-
lity of environmentally friendly
lead-free brass alloys (CuZn42,
CuZn38As, and CuZn36) compar-
ed to conventional lead brass alloy
(CuZn39Pb3). These works are
novel because there were no other
published works in this particular
field that provided recommenda-
tions for optimizing cutting force
and surface roughness during the
machining of lead-free brass alloys.
These findings also reflect the
original experimental and statisti-
cal work performed by the authors
[12, 21, 22]. 

In summary, it can be said that
the above-mentioned scientific
works and the developments pre-
sented in them are of considerable
practical interest for the mechani-
cal processing of brass, but they
all consider only cast brass alloys.

However, unfortunately, now there
are no research works devoted to
technological measures for improv-
ing the quality parameters of the
composite antifriction parts’ work-
ing surfaces, in particular, based
on brass grinding waste.

Therefore, the development of
new technologies for the finishing
of parts from new wear-resistant
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self-lubricating composites based
on brass grinding waste is an im-
portant scientific and practical task.
The development of new modes
for surfaces fine grinding with mo-
dern abrasive tools, in particular,
cubonites, will largely determine
the quality parameters of these
parts for friction units of screen
printing machines.

This illustrates the relevance of
the chosen scientific topic, which
requires a complex of comprehen-
sive research.

The objective of the work is to
determine the effect of fine grind-
ing modes using cubic boron nit-
ride tools on the Ra roughness pa-
rameters of the working surfaces
of new antifriction composite parts
based on L63 brass grinding was-
te with CaF2 solid lubricant addi-
tives, intended for screen printing
machine components.

Methods
The object of research is an

antifriction self-lubricating com-
posite based on L63 brass grind-
ing waste with admixtures of CaF2
solid lubricant of the following com-
position, wt.%: brass grinding was-
te L63 +(6.0–9.0) CaF2 [1, 7].

Surface finish refers to the over-
all texture and topography of a sur-
face. It is an essential manufactur-
ing measure which controls the qu-
ality of a part and is best describ-
ed using three main factors which
are the surface roughness, wavi-
ness, and lay (fig. 1) [12].

The surface roughness refers
to the surface irregularities which
are generated on the surface as a
result of the machining process
[5, 9–14]. 

As a rule, ccommon parameters
which are used to describe the sur-

face roughness include the Ra and
Rms. The Ra is the arithmetic mean
of peak height (Rp) and valley depth
(Rv), whilst the Rms refers to the
root mean square of the microsco-
pic Rp and Rv values. The waviness
of a surface refers to geometrical
imperfections and is also termed
as the macro-roughness of the sur-
face. Waviness is usually the result
of vibrations between the workpiece
and the cutting tool, causing diffe-
rences in the depth of cut [12].

Whilst advanced techniques have
been developed to characterise
the surface roughness, detection
of surface waviness relies predomi-
nantly on visual observations [12].
The surface lay refers to the direc-
tion of the dominant surface pat-
tern and is the result of the effect
which the cutting tool has on the
surface. It can usually be visually ob-
served and can have straight, cir-
cular or radial forms [12, 15, 16].

The required surface quality pa-
rameters are most often achieved
by fine abrasive grinding, with fine
internal cylindrical grinding used
for machining the internal surfa-
ces of holes, fine external cylindri-
cal grinding for external surfaces,
and precision flat grinding for ma-
chining flat surfaces [5, 15–17].

For fine grinding of surfaces of
anti-friction composites based on
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Fig. 1. Schematic representation
showing the roughness, waviness

and lay on a surface [12]



brass waste, abrasive wheels [5,
15, 16] made of cubic boron nitride
(cubonite, CNB) with a grain size
of 100, 50, 28, 20, 14, 10, and 7 mm
on metal (M), ceramic (K), glyph-
tal (Gl), bakelite (B), and bakelite-
rubber (Br) bonds with a 100 % con-
centration of the main grain frac-
tion to compare their effect on the
quality of the machined surface.

The results of friction process
analysis show that the running-in
time and wear intensity of surfa-
ces directly depend on the initial
parameters of contact surface qu-
ality, in particular, on the Ra rough-
ness parameter.

To obtain reliable results when
measuring the surface roughness
of working surfaces of a brass
waste-based antifriction compos-
ite after fine cubonite grinding, the
following standards were used:
ISO 4287–96, ISO 4288–97, ISO
21920–1:2021, EN ISO 21920–1:
2022: Geometrical product speci-
fications (GPS) — Surface texture:
Profile — Part 1: Indication of sur-
face texture (ISO 21920–1:2021).
For this purpose, a MarSurf SD 26
contact profilometer (Mahr, Werl,
Germany) was used. Measurements
on the profilometer were perform-
ed on five measuring lines, each 4 mm
long, defined at separate loca-
tions for each sample, and on 20
measuring tracks 240 mm long for
each of the five images obtained
as 3D images [5].

For comparative tribological
tests, 30 samples with dimensions
of Æ10´20 mm were manufac-
tured, both from a new composite
based on L63 brass waste with
CaF2 solid lubricant and from cast
L63 brass. The tribological tests were
performed on a VMT-1 friction ma-
chine using a face friction test with-

out liquid lubrication under the fol-
lowing conditions: sliding speed of
1.0–3.0 m/s and a load of 3.0 MPa
in air, paired with a counterface made
of 20X steel (DSTU 7806:2015),
which corresponds to the foreign
steel grades 5117, 5120 (G51170,
G51200 ASTM A322 U.S. standards)
or 20Cr4, 1.7027 steel (EN 10277,
EN ISO 683-17 standards) with a
hardness of HRC 54–55. The friction
distance during testing was 5 km.
Five samples were tested at each
sliding speed of 1.0, 2.0, and 3.0 m/s
for both the studied composite
and cast brass. The sliding speeds
and loads for the tribological tests
were selected based on the actual
speeds in the screen printing ma-
chines’ friction units. 

Results and discussion
The Ra roughness parameters

of the samples were measured af-
ter processing under various con-
ditions of cross feed, workpiece
speed (longitudinal feed), and
grinding depth during the devel-
opment and testing of fine cubic
grinding modes. The results were
presented in table 1. 

As shown in table 1, there is a
direct relationship between the
factors Ra, Sс, Vр, and t [5]. The
cutting depth t and the cross-feed
Sс have the greatest influence on
the Ra roughness parameter,
while the workpiece speed Vр has
the least.

That is, knowing the specific
values of Sс, t, Vр for the selected
tool, it is possible to approximate-
ly determine what the Ra parame-
ter will be and assess the correct-
ness of the selected technological
modes for cubonite grinding in
terms of the requirements for the Ra
parameter of the antifriction part.
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A study of the effect of cutting
tools’ grain size and the bonding
material on the Ra roughness pa-
rameter demonstrated the advan-
tages of fine-grained cubonite grind-
ing wheels with a bakelite-rubber
bond, as illustrated by the example
of samples flat grinding (table 2).

The improvement in the Ra rough-
ness parameter can be explained by
the fact that cubonite grains have a
sufficiently sharp shape, specifically
a larger angle of sharpness at the grain
tip and the smallest rounding radius
of an individual grain compared to
green silicon carbide grains (table
2, 63SM14Gl and 63SM7Gl wheels).

At the same time, table 2 shows
that the best Ra roughness values
for the machined surfaces of parts
made from new composites based

on L63 brass waste are provided
by cubonite wheels on a Br1 bake-
lite-rubber bond. This can be expla-
ined by the greater elasticity of the
bakelite-rubber bond. Thus, dur-
ing grinding under the action of cut-
ting forces, each grain is damped
in the direction of the elastic-plas-
tic bond [5]. This results in an actu-
al reduction in the cutting depth t.

The Ra roughness parameter is
minimized by changing the conditi-
ons under which surface roughness
is formed. This parameter is one of
the most important factors [5, 15,
16] characterizing surface quality
after fine cubonite grinding and
contributes to reducing running-in
time and significantly increasing the
wear resistance and reliability of the
friction unit in a screen printing machine.
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Table 1
Ra roughness parameters for fine cubonite grinding of a composite

made from brass waste L63+(6.0–9.0)% CaF2

Cross feed, Sс,
mm/double-

stroke

Part’s speed
(longitudinal

speed),
Vp, m/min

Grinding depth, t, mm 

0.002 0.01 0.05

Ra, mm

0.1

2 0.223 0.364 0.702

5 0.341 0.409 0.734

10 0.358 0.436 0.887

0.2

2 0.380 0.441 0.966

5 0.416 0.455 1.128

10 0.422 0.530 1.309

0.5

2 0.551 0.796 1.577

5 0.623 0.881 1.800

10 0.660 0.945 1.170

1.0

2 0.831 0.962 2.220

5 0.917 1.135 2.505

10 1.143 1.233 2.684

Note: Machine — FF-350 ‘Abawerek’ (Germany), abrasive — CNBM14Br on bakelite-
rubber bond, wheel speed — 22 m/sec, processing — without cooling.



Similar to flat grinding, the best
Ra roughness parameters for fine
circular external and internal cubo-
nite grinding of cylindrical surfaces
on composite parts are achieved by
using СNB cubonite-based wheels
on a bakelite-rubber bond (Br1),
with a grain size of 14–28 mm (M14–
M28) and the use of fine grinding
parameters (Vр ® min; Sс ® min;
t ® min).

The effectiveness of the deter-
mined fine cubic boron nitride grind-
ing modes was confirmed by pro-
filometric analyses of sample sur-
faces before grinding (immediately
after manufacture) and after cubo-
nite grinding (fig. 2).

As shown in fig. 2, the surfaces
micro-relief of the samples made
from new composites based on pu-
rified L63 brass grinding waste
changed significantly after fine cu-

bonite grinding. At the same time,
the measured Ra roughness val-
ues were minimized. 

The obtained microtopography
of the surfaces contributed to the
formation of self-lubricating antifric-
tion films on the friction surfaces, which
influenced the tribological charac-
teristics of the new composite ba-
sed on L63 brass waste and CaF2
solid lubricant. The comparative an-
tifriction properties of the studied
composite and cast brass samples
have been presented in table 3.

As shown by the results of the
comparative tests presented in
table 3, the studied composite ba-
sed on L63 brass grinding waste
with CaF2 solid lubricant exhibits
antifriction properties that exceed
those of cast L63 brass under loads
up to 3.0 MPa and sliding speeds
up to 3.0 m/s without liquid lubrication.
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Table 2
Effect of grain size and tool bond material on the surface roughness

parameter Ra during fine flat cubic grinding of composite samples
from brass waste L63+ (6.0–9.0)%CaF2

Abrasive wheel Wheel bond material
Surface roughness
parameter, Ra, mm

CNB10Br1 Bakelite-rubber Br1 0.910

CNB5Br1 Bakelite-rubber Br1 0.864

CNB28Br1 Bakelite-rubber Br1 0.280

CNB14Br1 Bakelite-rubber Br1 0.223

CNB10Br1 Bakelite-rubber Br1 0.245

CNB7Br1 Bakelite-rubber Br1 0.197

CNB5M1 Metal M1 1.182

CNB28K1 Ceramic K1 0.477

63SM14Gl Glyphtal 0.668

63SM7Gl Glyphtal 0.377

Note: Machine — FF-350 ‘Abawerek’ (Germany), grinding modes: wheel speed —
22 m/sec, longitudinal feed (workpiece speed) — 2 m/min; cross feed — 0.1 mm/double-
stroke; cutting depth — 0.002 mm; processing — without cooling.



The minimization of the friction
coefficient and wear rate of the new
composite is directly associated
with the formation of an antifric-
tion film containing the solid lubri-
cant CaF2, a process that was sim-

plified and accelerated by the pre-
liminary fine surface finishing. As a
result, the new composite opera-
tes stably under permanent lubri-
cating under exactly determined
friction conditions.
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b
Fig. 2. Profilograms of samples’ surfaces from composite L63 +(6.0?9.0)%

CaF2: a — before grinding, Ra = 0.766 mm; b — after grinding, Ra = 0.223 mm.
Grinding with a CNBM14Br1 wheel; wheel speed — 22 m/sec; longitudinal
feed (workpiece speed) — 2 m/min; cross feed — 0.1 mm/double-stroke; 

cutting depth — 0.002 mm; processing — without cooling

a

Table 3
Antifriction properties of the studied materials [1]

Composition,
wt.%

Sliding Speed, m/sec, Load 3.0 MPa

Note
1.0 2.0 3.0

Frict.
Coef.

Wear
Rate,
mm/km

Frict.
Coef.

Wear
Rate,
mm/km

Frict.
Coef.

Wear
Rate,
mm/km

Composite
Brass Waste

L63+(6.0–9.0)
CaF2

0.15–
0.17

47.0–
52.0

0.18–
0.19

68.0–
74.0

0.25–
0.26

252.0–
258.0

Self-lubricating
mode; friction
films are form-
ed on the sur-

face

L63 Cast
Brass [2–4]

0.35–
0.36

352.0–
366.0

0.38–
0.39

928.0–
944.0

—

Surfaces are
unprotected,

increased wear,
surface seizure



Conclusions
Summarizing the results obta-

ined during the fine cubic grinding
of composite antifriction parts ba-
sed on brass L63 grinding waste
with CaF2 solid lubricant additives,
intended for screen printing ma-
chine components, the following
important scientific and practical
conclusions can be drawn.

1. It has been shown the grain
size, the bond material of the cubic
nitride wheel, and the fine cubo-
nite grinding modes significantly
affect the surface roughness pa-
rameter Ra.

2. The best Ra roughness val-
ues are achieved with cubonite grind-
ing wheels (CNB) with a grain size
of 14–28 mm on a bakelite-rubber
bond and fine cutting modes, na-
mely, wheel speed — 22 m/s, lon-
gitudinal feed — 2 m/min, cross
feed — 0.1 mm/double stroke, cut-
ting depth — 2 mm. 

3. The obtained microtopogra-
phy of composite sample surfaces

after grinding helps reduce the run-
ning-in time of contact parts and
accelerates the formation of self-
lubricating films on friction surfac-
es. This minimises the friction co-
efficient and wear intensity under
exactly determined operating con-
ditions of new composite parts when
working without liquid lubrication. 

4. Comparative tests of the stu-
died composite based on L63 brass
grinding waste with CaF2 solid lub-
ricant and L63 cast brass showed
the advantages of the new materi-
al’s antifriction properties under fri-
ction conditions at loads up to
3.0 MPa and speeds of 1.0–3.0 m/s
without liquid lubrication. 

5. The results of the carried out
studies allow us to recommend the
use of new self-lubricating antifric-
tion composites based on recycled
L63 brass waste with solid lubri-
cant additives in the friction units
of screen printing machines as an
effective alternative to cast brass
parts.
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Âïëèâ ðåæèì³â òîíêîãî êóáîí³òîâîãî øë³ôóâàííÿ 
íà øîðñòê³ñòü ïîâåðõîíü êîìïîçèòíèõ äåòàëåé 
íà îñíîâ³ â³äõîä³â ëàòóí³ äëÿ ìàøèí òðàôàðåòíîãî 
äðóêó

Ñòàòòÿ ïðèñâÿ÷åíà äîñë³äæåííÿì ç âèçíà÷åííÿ âïëèâó ðå-
æèì³â òîíêîãî øë³ôóâàííÿ ³íñòðóìåíòàìè ç êóá³÷íîãî í³òðèäó
áîðà (ÊнÁ, êóáîí³ò) íà ïàðàìåòð øîðñòêîñò³ Rà ðîáî÷èõ ïî-
âåðõîíü íîâèõ àíòèôðèêö³éíèõ êîìïîçèòíèõ äåòàëåé íà îñ-
íîâ³ øë³ôóâàëüíèõ â³äõîä³â ëàòóí³ л63 ç äîì³øêàìè òâåðäîãî
ìàñòèëà CaF2, ïðèçíà÷åíèõ äëÿ âóçë³â ìàøèí òðàôàðåòíîãî
äðóêó. оá’ºêòîì äîñë³äæåíü áóëè çðàçêè ç íîâîãî ñàìîçìà-
ùóâàëüíîãî àíòèôðèêö³éíîãî êîìïîçèòó íàñòóïíîãî ñêëàäó:
øë³ôóâàëüí³ â³äõîäè ëàòóí³ л63+(6,0–9,0)%CaF2. Äëÿ òîíêîãî
øë³ôóâàííÿ ïîâåðõîíü àíòèôðèêö³éíèõ êîìïîçèò³â íà îñíîâ³
â³äõîä³â ëàòóí³ л63 çàñòîñîâóâàëèñü àáðàçèâí³ êðóãè ç êóáî-
í³òó çåðíèñò³ñòþ 100, 50, 28, 20, 14, 10 òà 7 ìêì íà ìåòàëåâ³é
(м), êåðàì³÷í³é (Ê), ãë³ôòàëåâ³é (гë), áàêåë³òí³é (Á) òà áàêå-
ë³òíî-ãóìîâ³é (Áð) çâ’ÿçêàõ ç³ 100%-þ êîíöåíòðàö³ºþ îñíîâíî¿
çåðåííî¿ ôðàêö³¿ äëÿ ïîð³âíÿííÿ ¿õ âïëèâó íà ÿê³ñòü ïîâåðõí³
îáðîáëåííÿ. Âèì³ðþâàííÿ øîðñòêîñò³ ðîáî÷èõ ïîâåðõîíü àí-
òèôðèêö³éíîãî êîìïîçèòó íà îñíîâ³ â³äõîä³â ëàòóí³ ï³ñëÿ òîí-
êîãî êóáîí³òîâîãî øë³ôóâàííÿ âèêîíóâàëè çã³äíî ñòàíäàðò³â
ISO 4287–96, ISO 4288–97, ISO 21920–1:2021, EN ISO 21920–
1:2022: Geometrical product specifications (GPS) — Surface tex-
ture: Profile — Part 1: Indication of surface texture (ISO 21920–1:
2021). Äëÿ öüîãî âèêîðèñòîâóâàëè êîíòàêòíèé ïðîô³ëîìåòð
MarSurf SD 26 (Mahr, Werl, н³ìå÷÷èíà). Пîð³âíÿëüí³ òðèáîâè-
ïðîáóâàííÿ çðàçê³â ç íîâèõ êîìïîçèò³â òà ç ëèòîþ ëàòóííþ

P R I N T I N G  M A T E R I A L S

91

IS
S

N
 2

0
7

7
7

2
6

4
. 

Te
kh

n
o

lo
h

iia
 i 

te
kh

n
ik

a 
d

ru
ka

rs
tv

a.
 2

0
2

6
. 

#
 1

(9
1

)



л63 çä³éñíþâàëè íà ìàøèí³ òåðòÿ Âмт-1 çà ñõåìîþ òîðöåâîãî
òåðòÿ áåç çìàùåííÿ ð³äêèì ìàñòèëîì çà íàñòóïíèõ ðåæèì³â:
øâèäê³ñòü êîâçàííÿ 1,0–3,0 ì/ñ ³ íàâàíòàæåííÿ 3,0 мПà íà
ïîâ³òð³, â ïàð³ ç êîíòðò³ëîì ç³ ñòàë³ 20Õ (ÄÑтÓ 7806:2015), ÿêà
â³äïîâ³äàº çàêîðäîííèì ìàðêàì ñòàëåé 5117, 5120 (G51170,
G51200 ASTM а322 ñòàíäàðòè ÑØа) àáî ñòàë³ 20Cr4, 1.7027
(ñòàíäàðò EN 10277, EN ISO 683-17) ç òâåðä³ñòþ HRC 54–55.
Пîêàçàíî, ùî íà ïàðàìåòð øîðñòêîñò³ ïîâåðõí³ Ra ñóòòºâî
âïëèâàþòü çåðíèñò³ñòü, ìàòåð³àë êóáîí³òîâîãî êðóãó òà ðåæè-
ìè òîíêîãî êóáîí³òîâîãî øë³ôóâàííÿ. нàéêðàù³ çíà÷åííÿ ïà-
ðàìåòðó øîðñòêîñò³ Ra çàáåçïå÷óþòü øë³ôóâàëüí³ êðóãè ç êó-
áîí³òó (ÊнÁ) çåðíèñò³ñòþ 14–28 ìêì íà áàêåë³òíî-ãóìîâ³é çâ’ÿç-
ö³ òà òîíê³ ðåæèìè ð³çàííÿ, à ñàìå, øâèäê³ñòü êðóãó — 22 ì/ñ,
ïîçäîâæíÿ ïîäà÷à — 2 ì/õâ, ïîïåðå÷íà ïîäà÷à — 0,1 ìì/ïîäâ.
õ³ä, ãëèáèíà ð³çàííÿ — 2 ìêì. м³êðîòîïîãðàô³ÿ ïîâåðõîíü
êîìïîçèòíèõ çðàçê³â ï³ñëÿ øë³ôóâàííÿ ñïðèÿº çìåíøåííþ
÷àñó ïðèïðàöüîâóâàííÿ êîíòàêòíèõ äåòàëåé, ïðèñêîðþº óò-
âîðåííÿ ñàìîçìàùóâàëüíèõ ïë³âîê íà ïîâåðõíÿõ òåðòÿ. Öå ì³-
í³ì³çóº êîåô³ö³ºíò òåðòÿ ³ ³íòåíñèâí³ñòü çíîøóâàííÿ ó âèçíà-
÷åíèõ óìîâàõ åêñïëóàòàö³¿ íîâèõ êîìïîçèòíèõ äåòàëåé ïðè
ðîáîò³ áåç çìàùóâàííÿ ð³äêèì ìàñòèëîì. Пîð³âíÿëüí³ âèïðî-
áóâàííÿ äîñë³äæóâàíîãî êîìïîçèòó íà îñíîâ³ øë³ôóâàëüíèõ
â³äõîä³â ëàòóí³ л63 ç òâåðäèì ìàñòèëîì CaF2 ³ ëèòî¿ ëàòóí³
л63 ïîêàçàëè ïåðåâàãè ó àíòèôðèêö³éíèõ âëàñòèâîñòÿõ
íîâîãî ìàòåð³àëó â óìîâàõ òåðòÿ çà íàâàíòàæåíü äî 3,0 мПà
³ øâèäêîñòåé 1,0–3,0 ì/ñ áåç çìàùóâàííÿ ð³äêèì ìàñòèëîì.
оòðèìàí³ ðåçóëüòàòè äîçâîëÿþòü ðåêîìåíäóâàòè çàñòîñó-
âàííÿ íîâèõ ñàìîçìàùóâàëüíèõ àíòèôðèêö³éíèõ êîìïîçèò³â
íà îñíîâ³ â³äíîâëåíèõ â³äõîä³â ëàòóí³ л63 ç äîì³øêàìè
òâåðäîãî ìàñòèëà ó âóçëàõ òåðòÿ ìàøèí òðàôàðåòíîãî äðóêó
ÿê åôåêòèâíó àëüòåðíàòèâó äåòàëÿì ç ëèòî¿ ëàòóí³.

Êëþ÷îâ³ ñëîâà: øë³ôóâàëüí³ â³äõîäè; ëàòóíü л63; êîìïî-
çèòíà äåòàëü; êóáîí³òîâå øë³ôóâàííÿ; øîðñòê³ñòü; àíòèôðèê-
ö³éí³ âëàñòèâîñò³; âóçëè òåðòÿ; ìàøèíà òðàôàðåòíîãî äðóêó.
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