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The shaping of sliding surfaces of steel parts and friction pairs is a great po-
tential for solving problems in the field of sliding pairs, such as: reduction of
friction resistance, increase in lift, control of slotted flows, heat dissipation,
and increasing the durability of friction pairs. The article presents tribologi-
cal tests of a mapped sliding node based on selected vane pump components.
The tests are carried out on the T-11 tribological tester (pin on disc) and are
comparative in relation to standard elements. Surface changes in the tested
friction nodes include the use of two additional machining processes, i.e.,
slide burnishing and texturing. The material for the samples is carbonitrided
and heat-treated C22E steel, while the material for the counter-samples is
E295 steel with a hardness of 160 HB (non-heat-treated). The use of addi-
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tional processes in the form of burnishing and texturing on the sliding sur-
faces significantly reduces the friction coefficient by about 15% and reduces
the resistance to movement for the tested combination. Tribological tests are
carried out in two variants, i.e., with a constant sliding speed and variable
load as well as with constant load and variable sliding speed about 50% . The
authors conduct a number of studies, the results of which can be found in this
work, in particular, for applications for the co-operation of parts of injection
pumps.

Key words: steel, surface structuring, slide burnishing, texturing, lubrica-
tion pockets, tribological properties.

BuBuennsa nporeciB (opMyBaHHA IIOBEPXOHb KOB3aHHS KPUIEBUX AETANTIB i
map TepTs YMOMKJIUBIIIOE BUPINIIEHHA IiJIOr0 PsAAy IpobjemM, OB’ A3aHUX i3 ma-
paMu KOB3aHHSA, TAKUX AK: 3MEHIIIEHHS OOPY TePTHA, 30iIbIIeHHA ITifiToMHOL
CUJIU, KepYBaHHA IMIIMHHUMHU IIOTOKAMMU, PO3CIiAHHS TeIla Ta IIiABUIIeHHSA
JIOBTOBiUHOCTM IIap TepTA. ¥ CTATTi IPeACTaBIEHO PE3YJIbTATH TPUOOJIOTIUHUX
BUNPOOYBaHb, AKi MOJEII0I0Th By30J KOB3aHHSA Ha OCHOBi 00paHUX KOMIIOHEH-
TiB JomaTeBOTro Hacoca. BumpobGyBaumusa mpoBoauiancsa Ha Tpuborectrepi T-11
(cxema TepTsa miTudTa IO AUCKY) Ta IIOPiBHIOBAJIKCA 3i cXxeMaMu i3 cTaHAApT-
HUX eJIeMeHTiB. 3MiHM ITOBEPXHi B TECTOBAHUX BY3JIaX TePTHA BKJIIOUAIU BUKO-
PHCTaHHS NBOX JOZATKOBUX HIPOIECIiB MeXaHiuHOTO 00pOoO6JIeHHs, a came, BU-
TJIaAKyBaHHS KOB3aHHAM i TeKcTypyBaHHA. MaTepidaniom aasa 3paskiB 6yio
a30TOBaHO Ta TepMiuHO 00pobseHo Kputio C22E, a maTepidioM A KOHTP3pa-
3KiB OyJio o6pano kpuiro E295 i3 TBepzictio y 160 HB (6e3 TepmM0o0oOpPObIeH-
Hs). 3aCTOCYBaHHA JOZATKOBOrO OOPOOJIEHHA Y BUIVIAAI BUIJIAAKYBaHHA Ta
TEeKCTYPYBaHHA Ha MOBEPXHAX KOB3aHHA 3HAUHO MOHU3UJIO KoedillieHT TepTa
(mpubsusuo Ha 15% ) Ta 3SMEHIIINUIIO OIIip PYXY AJIA SOCJiMKyBaHOI KoMbGiHAITi].
Tpubosoriuni BUIpoOyBaHHA IPOBOAMIINCEH y ABOX BapigHTax, a caMe, 3 IIOC-
TifHOIO INBUAKICTIO KOB3aHHA Ta 3MiHHUM HABAHTAYKEHHAM 1 3 IIOCTiiHMM Ha-
BaHTAKEHHAM Ta 3MiHHOIO IIBUAKICTIO KOB3aHHA 0/n3bk0o 50% . Pesyabratru
JOoCHigsKeHb, HaBeleHi B maHili poboTi, MOKYTHL OYTH BHKOPHCTaHi, 30KpeMa
IIJIS 3aCTOCYBAHHA ITi /T YaC BUTOTOBJIEHHS JeTaJiB iHKEKTOPHUX HACOCiB.

Karouori cioBa: Kpuiid, IOBEpXHEBe CTPYKTYPYBaHHSA, KOB3HE BUTJIAJKYBaH-
HS, TEKCTYPYBaHHA, MAaCTUJIbHI KUIMEHi, TPUOOJIOTiUHi BJIACTHUBOCTI.

(Received February 13,2023, in final version, February 28, 2023)

1.INTRODUCTION

Changes occurring in the elements of injection pumps, especially the
supply pumps caused by friction forces and physical and chemical phe-
nomena occurring during the operation of a diesel engine pump, are
called scuffing. As a result of attraction, there is a continuous change in
dimensions, loss of material or plastic deformation of some parts work-
ing in the supply pump (vane) or the injection pump of a diesel engine.
Theoretical analysis of cyclic sliding in frictional contact [1], behaviour
of coated parts under local load [2—5], contact interaction in damaged
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TABLE 1. The chemical composition of C22E steel.

Mn | si P | s | c | Ni [Mo|cCu] Al
0.17-0.24 0.35-0.65 0.15-0.40 <0.040 <0.040 <0.3 <0.3 <0.1 <0.1

bodies [6] are often useful for explaining wear phenomena. The papers
[7—9] present the methods to determine contact stresses on the surfaces
of conjugate parts and to specify a relation between the maximum oper-
ational loads and slip zone dimensions for friction contact. There are
many methods to reduce or eliminate the phenomenon of wear [10]. The
most commonly used include heat treatment (surface hardening), ther-
mochemical treatment (hardening nitriding, carburizing), plastic pro-
cessing (burnishing, structuring), and coatings.

The authors[11, 12] proposed the concept of a rational choice of ma-
terials for the manufacture of parts; and the papers [13—-15] developed
theoretical approaches to select the composition of materials and tech-
nological parameters for the strengthening process. Optimizations of
manufacturing processes are used to increase machine part durability
[16], including taking into account technological heredity [17, 18] to
ensure the reliable functioning of products with coatings during the
life cycle [19]. High-quality balancing [20] and stable lubrication of
moving elements of friction pairs [21] are necessary to ensure reliable
operation of machines and mechanisms.

The structuring of rubbing surfaces has a significant impact on the
processes occurring in the sliding association. The surface condition is
the dominant quality factor in a tribological node [22]. Increasing the
durability and efficiency of machines and devices, among others at-
tributes, by limiting unfavourable friction phenomena, prompts the

Fig. 1. The process of sliding burnishing of the sample surface: 1—DB-3 bur-
nishing tool, 2—sample, 3—three-jaw chuck.
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Fig. 2. DB-3 burnishing tool adapted for structuring counter-samples: 1—DB-
3 burnishing tool, 2—CNC milling spindle, 3—forming element.

search for surface treatment technologies that will positively affect
the reduction of resistance to movement and wear [23].

To protect pump parts from wear and corrosion, coatings applied in
various ways are used, for example, electrochemical chromium plating
in a calm electrolyte [24, 25] and flowing electrolyte [26—28], diamond-
galvanic coatings [29] electrospark alloying [30—32], laser alloying
[33], ion-plasma coatings [34], plasma electrolytic oxidation [35—37]
and surfacing [38—41] etc.

Various technological methods are also used to improve the opera-
tional properties of machine parts. Among them stand out: surface
plastic deformation—ultrasonic impact treatment [42, 43] and vibra-
tion treatment with steel balls [44], friction strengthening treatment

Fig. 3. Distribution of depressions on the surface of the counter-sample
(fragment of the working drawing).
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TABLE 2. Technical data of the tribological test stand (T-11).

Technical data |

Movement type Sliding

Contact geometry Diffused or concentrated
Nominal diameter of the disc 25.4mm (1")

Sliding speed t00.6 m/s

Load to50N

Friction radius to 10 mm

Temperature in the test chamber to 300°C

[45—4T7], diamond polishing of steels and coatings [48—50]. Such pro-
cessing allows you to smooth out irregularities, reduce roughness, and
create the necessary microprofile of the part surfaces. In addition, re-
sidual compressive stresses are formed in the surface layer and its
hardness increases, which provides a corresponding increase in fatigue
strength under cyclic loads and wear resistance of parts, as well as cor-
rosion resistance.

The choice of the basic technology for shaping a specific geometric
surface (SGP) is hampered by the variety of machine elements mainly
due to their shape, dimensions, surface roughness, heat treatment, ac-
curacy of workmanship, material used, coatings, etc.[51]. For this rea-
son, there is a need to adapt already existing processing methods for
texturing, modify them or designing new processing methods [52—-57].
Advantage of machining units is the possibility of utilizing the advan-
tageous features of SGP immediately after the basic machining (e.g.,
turning or burnishing) in the same mounting. In some cases, this is es-
sential and definitely improves the quality of texturing. In the litera-
ture or reported inventions [58—60], one can find various designs of
tools cooperating with conventional or computer numerical control
(CNC) machine tools.

In general, to shape specific machining marks and lubrication pock-
ets on sliding surfaces, the technologies of ablation and non-aberration
machining and (but to a lesser extent) incremental methods are used.
Publication [61-63] presents exemplary methods of loss-free and loss-
less methods technology of shaping regular SGP.

Removal methods: machining (turning, milling, planning, drilling,
etc.), abrasive processing (grinding, honing, oscillating superfinish-
ing, micro-polishing, abrasive blasting, etc.), erosion and chemical ma-
chining (chemical and electro-chemical etching, electrical discharge
machining), high-energy machining (laser treatment, electron beam
treatment, high-pressure water jet treatment, plasma treatment).

Non-loss machining methods: embossing using a forming element,
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sliding, oscillating, impulse, eccentric burnishing, etc., sintering of
metal powders with texturizing of the sliding surface.

The desired tribological features of the geometric structure of the
surface are closely related to its shape and geometric parameters kine-
matic parts mating. They usually depend on the shaping method and
way. For the surface with a shaped texture of tenths of a millimetre or
larger and relatively low hardness, conventional or CNC machine tools
are usually sufficient. The use of conventional machining methods to
shape lubricant pockets is limited by the speed and efficiency of ma-
chining, especially for serial or mass production. With small quanti-
ties of manufactured products or samples for laboratory testing, this is
acceptable. The production of items possessing more textured surfaces
requires the use of tooling to improve performance or more efficient
texturing methods must be used. Machine tools can also be equipped
with specially designed heads or instrumentation increasing machin-
ing capabilities. This method is most often used when introducing new
products with a modified sliding surface to production. The analysis of
literary sources and patents showed the lack of information on the ra-
tional selection of modes of diamond smoothing of operational surfaces
to form a regular relief and, accordingly, high operational characteris-
tics of steel parts.

The aim of the conducted research was to determine the impact and
usefulness of the technology of structuring friction surfaces and slid-
ing burnishing on the tribological properties of selected elements of a
vane pump. In addition, the main goal was to search for a method of
significantly reducing the wear of heavily loaded cooperating elements
of the pump unit and to increase their durability, including cyclical
variables. The tests were comparative in relation to the reference sam-
ples, which were made in accordance with the technology used by the
manufacturer of the vane pump (ZPU Mirostaw Pogoda) [64, 65].

TABLE 3. Parameters of tribological tests in the load variant.

Test parameters (load variant) ‘

Test temperature 23-24°C

Rotation speed 150 rpm (constant)

Lubricant used Kalibrol LUX

Amount of lubricant 4+0.1ml

Test length 1500 s

Normal load From 10 N to 50 N in steps of 10 N

Duration of a single step 300s
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TABLE 4. Test parameters in the speed variant.

Test parameters (load variant) ‘

Test temperature 23-24°C

Rotation speed From 150 to 400 rpm with a step 50 rpm
Lubricant used Kalibrol LUX

Amount of lubricant 4+0,1ml

Test length 1800s.

Normal load 20 N (constant)

Duration of a single step 300 s

2. EXPERIMENTAL DETAILS
2.1. The Research Program

The research program included: preparation of test samples and coun-
ter-samples, specific geometric surface measurements of reference
samples and counter-samples, burnishing of samples, structuring
counter-samples, specific geometric surface measurements of bur-
nished samples, specific geometric surface measurements of textured
counter-samples, tribological tests of reference samples and counter-
samples, specific geometric surface measurements after tribological
tests, tribological tests of samples and counter-samples after burnish-
ing and structuring, specific geometric surface measurements after
tribological tests.

2.2. The Samples

C22E type carbon steel used for the tests was used for injection pump
components with good weldability, not requiring high strength prop-
erties in the heat-treated state.

In the softening annealed state, the steel is characterized by good
machinability, in turn, in the normalized state, the material shows
much better susceptibility to mechanical cutting (Table. 1). Important-
ly, the steel does not show spring-back after thermochemical treatment
up to 60 HTC, e.g. after carbonitriding to a depth of 0.3-0.4 mm. For
testing used simples: St. WAZ + H25 and anti-sample St. 160HB35.
Statistical analysis of test results and statistical evaluation were per-
formed with constant variance. When analysing the test results, con-
straints on the designated functions approximating the test results
were assumed. Test results presented using regression functions for
specific assumed tribological properties.
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In the heat-treated state after carbonitriding, the material has the
following parameters: tensile strength, Rm =470-650 MPa, vyield
strength, Re> 290 MPa, elongation, A >20%, restriction, Z>50%,
impact strength, KV > 50 J.

Particularly heavily loaded samples, subject to frictional wear, for which
thermo-chemical treatment (carbonitriding) to a depth of 0.3—0.5 mm and
hardening to a hardness of approx. 60+ 2 HRC were used in the tests.

2.3. The Surface Treatment

In the presented article, a CNC lathe and milling machine as well as
sliding burnishing equipment were used to modify the geometric
structure of the surface of the samples and counter-samples. In order
to carry out an additional structuring process, the burnishing element
in a commercial sliding burnishing machine was modified. At this
stage of the research, it was the most advantageous solution both in
terms of time and in terms of cost. Sliding burnishing and structuring
were carried out on a HAAS CNC lathe and milling station, using a
special tool in the form of a DB-3 burnishing tool from Cogsdill [66].
Figure 1 show a sample mounted in the machine tool holder immediate-
ly after the sliding burnishing operation.

The forming element of the burnishing tool (Figure 2) was adapted
to the operation of structuring the friction surfaces of the counter-
samples, so that by pressing the indenter, lubricating micropockets in
the shape of a spherical segment were obtained. The arrangement of
the depressions on the machined surface was made in accordance with
the working drawing (Fig. 3). Picks were placed on a circle with a di-

w
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Fig. 4. Contour maps (a, ¢) and roughness profiles (b, d) of the St. WAZ + H1 (a,
b) sample and the St. 160HB1 (¢, d) counter-sample before tribological tests.
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TABLE 5. Selected parameters of the surface topography of the sample St.
WAZ+Hl1 (a, b) and the counter-sample St. 160HBL1 (¢, d) before tribological tests.

Surface parameter | St. WAZ + H1 | St. 160HB1
Sq—meaq §quared deviation height of surface 0.519 0.800
irregularities from the reference plane, pm
Ssc—skewness factor of the distribution topog- B _
raphy heights (ordinates) surface 0.222 1.667
Sku—distribution concentration factor topogra-
phy heights (ordinates) surface 3.149 8.845
Sp—the'height of the highest elevation of the 1.942 2.956
3D profile, um
Sv—rvalue of the lowest 3D profile recess, um 2.229 5.980
S:—maximum height of the 3D profile, um 4.172 8.236
Sa—grithmetip ‘mean deviation height of sur- 0.412 0.5750
face irregularities from the reference plane, um
Sa—the smallest length of the segment, at
which the autocorrelation function reaches val- 0.035 0.018

ue 0.2, Mm

ameter of 2.75 mm every 0.7 mm in the arc measure, in five-fold and
even distribution on the sliding surface [67-71].

2.4. The Tribological Tests

Tribological tests were carried out using the T-11 (ITEPIB) pin on disc
tester. It is a tester designed to evaluate the tribological properties of
friction pairs and lubricating materials operating in unidirectional
slip conditions. It is used primarily for tests aimed at determining
wear and resistance to motion in the tested friction node. The research
association consisted of a mandrel pressed against a rotating disc with
a given force. Technical data of the tribological test stand are present-
ed in Table 2.

In order to reproduce the distributed contact, a modified counter-
sample mounting system was used. In this arrangement, the counter-
sample was mounted oscillatingly in order to ensure a distributed con-
tact and to eliminate any errors in manufacturing or fixing the sam-
ples on the device. Considering the wide range of loads exerted on the
mated surfaces in the real friction node, a step test was used. It con-
sisted in cyclical increase of the load every predetermined period. Oth-
er test parameters, such as the sliding speed or the volume of the lubri-
cant used, remained unchanged. This type of tribological tests was
called the load variant and its parameters are presented in Table 3.



412 W.KOSZELA, P. BALON, S. E. REJMAN et al.

The second-test variant was tests with variable sliding speed. Con-
stant load and lubricant volume were used. The rotational speed of the
disc was variable, which was aimed at examining how the friction force
would change as a function of variable sliding speeds. The test parame-
ters in the speed variant are presented in Table 4.

2.5. Investigation of the Structure and Properties of the Surfaces

To perform measurements of the geometric structure of the surface
(SGP), an optical device using the Talysurf CCI coherent correlation
interferometry method by Taylor Hobson [72] was used, equipped with
a five-fold magnification lens. A single measurement consists of a
1024 by 1024 matrix containing coordinates from surface irregulari-
ties. The measurement area was 3x3 mm. The vertical resolution was
0.01 nm. Contour maps, roughness profiles and selected surface topog-
raphy parameters were used for the study. The parameters of the geo-
metric structure of the surface were calculated and visualized using
the TalyMap—Digital Surf software[73, 74].

List of abbreviations and symbols used: S.—arithmetic average
height of the surface, Sa—autocorrelation length, S,,—mean square
slope of the surface, S—coefficient of slope of the surface, S,—height
of the highest vertex of the surface, S,.—average curvature of the top
fillet radius, S,a—vertex density, S,—root mean square height of the
surface, Sg—surface asymmetry coefficient, Si.—aspect ratio of the
surface, St. WAZ + H—sample designation, St. 1l60HB—marking of
the counter-sample, S,—coefficient of the largest bottom of the sur-
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b
um F.=3.18905 mm, P{ =5.60342 um, Scale=10 pm
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y o AR \uvlal\( T
_4_
2 g4
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Fig. 5. Contour maps (a, c¢) and roughness profiles (b, d) of the St. WAZ + H1
(a, b) sample and the St. 160HB1 (c, d) counter-sample after tribological tests.



THE INFLUENCE OF STRUCTURING SURFACES AND SLIDE BURNISHING 413

TABLE 6. Selected parameters of the surface topography of the sample St.
WAZ+H1 (a, b) and the counter-sample St. 160HB1 (¢, d) after tribological
tests.

Surface parameter St. WAZ + H1 ‘ St. 160HB1

Sq, pm 0.273 0.683

Ssk -0.617 -2.338

Sku 3.527 11.824
Sp, pm 0.879 1.258
Sy, pm 1.334 5.682
S:, pm 2.213 6.940
Sa, pm 0.216 0.4812
Sa, Mm 0.0547 0.017

face, S,—the greatest height of the surface.

3. RESULTS AND DISCUSSION
3.1. Study of Roughness

Figure 4 shows contour maps and roughness profiles, and Table 5
shows selected parameters of the surface topography of carbonitrided
and hardened samples marked St. WAZ +H1 and counter-samples
made of softened steel St. 160HB1 (before tribological tests). The sur-
faces of the sample and counter-sample were made in accordance with
the technology of the manufacturer of the vane pump—ZPU Mirostaw
Pogoda.

The height of the surface roughness of the counter-sample was
greater than the height of the roughness of the sample surface. The Ra
parameter of the sample surface is about 0.35 um, and the counter-
sample is 0.47 ym. Both surfaces are unidirectional, anisotropic sur-
faces.

Figure 5 shows contour maps and roughness profiles, and Table 6
shows selected parameters of the surface topography of the St.
WAZ + H1 sample and the St. 160HB1 counter-sample (after tribologi-
cal tests). Traces are visible on the contour maps of the sample and
counter-sample surfaces abrasion. Traces are visible on the contour
maps of the sample and counter-sample surfaces abrasion. It was re-
duced the height of the surface roughness. The Ra value of the sample
decreased to 0.2 um, and the value of the antisample to 0.35 ym. The
density decreased, and the radius of rounding the vertices of the mat-
ing surfaces increased.
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3.2. Research Nodes with a Modified Surface

Figure 6 presents contour maps and surface unevenness profiles, and
table 7 shows selected parameters of the surface topography of the St.
WAZ+H25 sample and the St. 160HB35 counter-sample before tribo-
logical tests. The disc (sample) was slid burnished with a DB-3 burn-
isher at a constant speed of 5 m/min and a feed rate of 0.05 mm/rev.,
and lubrication pockets were made on the surface of the counter-
sample using a CNC milling machine and a modified burnishing ele-
ment.

The height of the counter-sample unevenness was greater than the
height of the sample surface. However, the values of the Ra parameter of
the sample and the counter-sample in the area free of pits were the same
and amounted to about 0.35 um. The surface of the sample is anisotropic
and the counter-sample is isotropic due to the presence of dimples. The
width of the pits is about 0.5 mm and the depth was about 15 pum.

Figure 7 shows contour maps and surface unevenness profiles, and

L=3.29197 mm, Pt =3.64862 um, Scale=10pm

£ 21

0 1 2 3
mm d
L=3.23844 mm, Pt =20.5472 um, Scale =30 pm

g 5w, et it v BN Vsl e fu ™
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] \ // \CP, \J
—151 S : : : . .
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e

Fig. 6. Contour maps (a, c) and roughness profiles (b, d) of the St. WAZ + H25
sample (a, b) and the St. 160HB35 counter-sample (¢, d) before tribological
tests, Figure e shows the roughness profile counter-samples passing through
the lubrication pockets.
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TABLE 7. Selected parameters of the surface topography of the sample St.
WAZ+H25 (a, b) and the counter-sample St. 160HB35 (c, d) before tribologi-
cal tests.

Surface parameter | St. WAZ + H1 | St. 160HB1

Sq, pm 0.529 3.921

Sk -0.934 -2.288

Sku 4.608 7.767
Sp, pm 1.503 5.297
Sy, pm 4.078 16.237
S:, pm 5.582 21.534
Sa, pm 0.409 2.491
Sa, Mm 0.043 0.195

Table 8 contains selected parameters of the surface topography of the
St. WAZ + H25 sample and the St. 160HB35 counter-sample after
tribological tests.

The heights of the sample and counter-sample unevenness decreased
due to tribological wear. The dimensions of the lubrication pockets
have also decreased. On the other hand, the height radii of the surface
irregularities of the sample and counter-sample increased.

3.3. Tribological Tests

Tribological tests were carried out in a random order and included ma-
terial pairs containing carbonitrided and hardened steel samples and
steel counter-samples with a hardness of 160 HB. Two types of tests
were performed: with a variable load and with a variable sliding speed.
The cumulative results are shown in Figs. 8 and 9.

The coefficient of friction for the unmodified friction pair had an
almost constant value regardless of the load and its average value was
in the range from 0.17 to 0.175.

For tests with variable load and the use of an additional burnishing
operation, the average value of the friction coefficient was reduced by
8% (worst case) and 24% (best case). A negative effect was the in-
crease in the dispersion of results, especially at loads of 10 N and 20 N.
The additional use of the structuring process resulted in the stabiliza-
tion of the friction coefficient, at the expense of a slight increase in the
coefficient of friction compared to burnished friction pairs.

During tests with variable rotational speed, it was shown that both
modifying the mating surface by burnishing and structuring cause a
significant reduction in the coefficient of friction. The best results
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were obtained at higher sliding speeds.
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Fig. 7. Contour maps (a, c) and roughness profiles (b, d) of the St. WAZ + H25
(a, b) and counter-sample St. 160HB35 (¢, d) after tribological tests, Figure e
shows the counter-sample irregularity profile passing through the lubrication

pockets.

TABLE 8. Selected parameters of the surface topography of the sample St.
WAZ +H25 (a, b) and the counter-sample St. 160HB35 (c, d) after tribological

tests.

Surface parameter

|St. WAZ + H1| St.160HB1

Sq¢, pm
Ssx
Sku

Sp, pm

Sy, pm

Sz, um

Sa, pm

Sal, Mm

0.405827

-0.57216
3.55489
1.24705
1.88821
3.13526

0.317928

0.0327806

1.93428
-3.55478
15.1913
1.20922
11.1172
12.3264
1.01653
0.172914
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St. WAZ +H/St. 160HB

10 20 30 40 50
Normal load, N
® no modifications

m burnished sample

m burnished sample and structured counter-sample

Fig. 8. Average values of the coefficient of friction depending on the normal
load with the dispersion of the results.

St. WAZ + H/St. 160HB
I

0.16+

0.12
0.08+

0.04+

0.00+

150 200 250 300 350 400
Rotational speed, rpm
= no modifications

= burnished sample
= burnished sample and structured counter-sample

Fig. 9. Average values of the coefficient of friction depending on the rota-

tional speed along with the dispersion of the results.

For the friction pair modified by sliding burnishing, the reduction
of the friction coefficient was obtained by a maximum of 66% com-
pared to unmodified surfaces, and in the case of burnishing and struc-
turing by as much as 73% (for 350 rpm).

4. CONCLUSION

In the conducted tests, the relationship between the work parameters
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and the parameters of the surface texture of steel parts was analysed.
The texture is formed by a series of circular recesses in the shape of a
sphere, the radius of which is several times greater than its depth. A
very clear influence of the ratio of the microcavity depth to its diame-
ter was found for reducing abrasion, which can be optimized for a giv-
en parameter. The analysis shows that the effectiveness of microcavi-
ties depends on hydrostatic and hydrodynamic processes inside injec-
tion pomp what has an impact on reduction of friction resistance. The
use of additional processes in the form of burnishing and texturing of
the sliding surfaces significantly reduced the friction coefficient by
about 15% and reduced the resistance to motion for the tested joint.
Because of their own research, the authors came to the following con-
clusions:

1. Burnishing, as a process that reduces friction and wear, achieves
better results than surface structuring at low speeds, where hydrody-
namic forces are probably not generated.

2. Structuring of surfaces operating at low sliding speeds leads only to
the stabilization of the friction coefficient at variable loads and a re-
duction in the dispersion of the obtained results.

3. The hydrodynamic force generated on structured surfaces causes a
very large reduction in the resistance to motion. To achieve it, it is
necessary to achieve an appropriate relative sliding speed.

4. As a result of tribological tests, the height of surface irregularities
decreased for both the sample and the counter-sample, and the round-
ing radii of the tops of the mating surfaces increased as a result of sur-
face lapping.

5. Sliding burnishing, and especially surface structuring, can be rec-
ommended as technologies that improve cooperation in sliding nodes
operating in the presence of a lubricant.

Research co-financed by the project No.RPPK.01.02.00-18-
0029/19 entitled ‘R&D works on an innovative injection pump dedi-
cated to engines of heavy vehicles and special-purpose equipment’ co-
financed by the European Regional Development Fund.
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