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ANALYZING THE EFFECT OF THE TOOL PASS NUMBER AND THE
DIRECTION OF SLIDING BURNISHING ON SURFACE ROUGHNESS

Abstract. Nowadays, the concern of environmental protection is becoming more and more important in
production as well. They often contribute to this by reducing or eliminating the amount of coolants and
lubricants, or by using alternative machining methods. One of them is burnishing, which makes a
positive effect on surface integrity, while reduces the environmental load. In this paper we examined the
change in surface roughness achieved by burnishing after turning on a corrosion-resistant steel
workpiece, where the number of burnishing passes and burnishing direction were changed. The results
showed increased smoothness, bearing capacity and dimensional stability by increasing the number of
passes from 1 to 2, however, the 3 times repetition did not show any additional favorable improvement
on the surfaces. In case of the forward-backward-forward burnishing directions, further chipping
occurred, in other cases the effect of the directions was negligible on the amplitude roughness
parameters, but considerable on the parameters characterizing the roughness peak. The greatest
improvement was achieved with the backward-forward settings.
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1 INTRODUCTION

Nowadays, the concern of environmental protection is becoming increasingly
important in construction, energy sources and use, waste management, and industries as
well, in which this issue is particularly significant in the design and manufacture of
products. During machining the workpiece loses a part of its volume which becomes
waste, and it must be treated and recycled. The tools, molds do not last forever, and are
thrown away as they wear out, deform. During production, the use of auxiliary
materials (coolants and/or lubricants) is also a crucial issue in terms of environmental
protection, as it can reduce the possibility to recycle the waste (e.g. contaminated chips,
sludge, which is produced during grinding), and is also harmful to the health and the
environment; some cutting fluids are also responsible for the development of skin
diseases and respiratory problems, and are therefore classified as hazardous waste [1].

Increasingly strict national and international environment protection laws are
passed, which manufacturers must comply with. Due to restrictions imposed by law,
some manufacturing processes involve additional costs; thus, it is necessary to develop
new methods to replace the older ones. This is not only a technological challenge for
researchers and engineers, but also increases the importance of ecological
characteristics in the comparison of different machining processes. One approach to
this is environmentally conscious design and manufacturing, which aims to reduce or
recycle the by-products of a process. For this, such technologies are developed that are
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less harmful to the environment, but at the same time the improvement of product
quality, cost reduction and productivity increase are facilitated [1,2].

One of the most frequently studied and used methods of environmental
protection in production is the reduction of the used amount of cooling-lubricating
fluids or its abandonment. The latter, i.e. dry or "green" machining is considered a
better approach not only from an ecological point of view, but also in economic
respect [1]. Varga et al. investigated the effect of the cutting data and the flow rate of
cutting fluid on 3D roughness on turned surfaces with the aim of how this method of
reducing the environmental load influences the roughness values [2]. With a full
factorial experimental design, empirical formulas for the relationship between
technological data and surface roughness were given, based on which optimal cutting
data could be selected [3]. In another paper [2], they studied the effect of changing
several cutting data on the surface roughness of holes made with environmentally
friendly technology in cast burnishing workpieces. They found that the roughness
values of the surfaces machined with cooling-lubricating fluid were almost the same
or smaller. Furthermore, the consequence of abandonment of cooling-lubrication was
investigated on roughness and cylindricity on turned surfaces [4]. The results showed
that it had the smallest, negligible effect after feed and cutting speed. Kundrak et al.
examined hard turning and combined machining (turning, grinding) as finishing of
the bore of case-hardened steel gears. While the same roughness value was achieved
on the machined surfaces, hard turning was found to result shorter machining time
and lower costs, and the chip did not become contaminated (its composition did not
change) with the cutting fluid, so it could be used in metallurgical processes or
recycling [1,5]. Application of untraditional turning procedures can also lead to
better surface roughness, as showed by Sztankovics et al. [6].

In the production of components, some finishing processes can be replaced by
burnishing, which reduces the environmental load by not producing chip, and at the
same time improves the integrity of the surface. The turned surface layer has tensile
stress. During burnishing, the surface material layer is compressed, resulting in a
functionally favorable surface. On the one hand, it creates microstructural
compression which generates compressive stress in the surface layer, as well as
increases its microhardness, and thereby also improves surface strength, wear
resistance and fatigue life [7,8]. Furthermore, the bearing surface characteristics are
improved by the indentation of the surface topography, including wear resistance and
dimensional stability, without significant changes in the ability to retain the lubricant.
Due to the multiple positive effects, it attracts the attention of engineers and
researchers both in industry [9] and in research, which is investigated worldwide. We
provide a brief overview of them.

Grzesik et al. investigated to what extent the superfinishing and burnishing after
hard turning on a hardened Cr-steel workpiece changes the values of 2D and 3D
roughness parameters and improves the functional properties of the machined
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surfaces [10]. Based on their results, smoother surfaces can be achieved with both
types of procedures, with lower roughness values and better bearing characteristics.
During burnishing, the burnishing speed, feed, force, and number of passes can
be adjusted on the machine tool. By changing these parameters, Ferencsik and Varga
analyzed their effect on the surface microhardness and the residual stress of the
surface layer [7], as well as on the surface roughness [11,12]. With the application of
the full factorial experimental design, formulas were given for the correlations of the
adjusted and measured parameters, which can be used to select optimal machining
values in the studied ranges. Analyzing the differences in the roughness of the turned
and then burnished surfaces for Ra, Rq, R, and Ry parameters, they found that the
increase of the force acting on the low-hardness aluminum alloy from 10N to 20N
has a negative effect and increasing the feed at a pass number of 3 is beneficial, while
1 pass has a negative impact on roughness. By increasing the number of passes from
1 to 3, further significant changes were measured in roughness, in case of feed rates
above 0.003 mm/rev. Rami et al. stated in their literature review [13] that the
burnishing force and the diamond ball diameter mostly affect the plastic deformation,
i.e. the roughness decreases, the hardness and the compressive stress increase. All of
these increase the resistance of the part to fatigue, corrosion and wear. In addition,
the number of passes also improves the surface quality, but only up to a certain limit.
Then, due to the large-scale plastic deformation of the metal surface, it will be
overhardened, which causes an increasing demand for compressive force during
further deformations and flaking on the surface, without a noticeable change in
hardness [14]. On AISI 4140 alloy steel, the average roughness Ra decreased in case
of setting a maximum of 100N burnishing force, above which material separation
was observed and the roughness value increased. When increasing the ball diameter,
Ra decreased, which is related to the fact that the depth of the indentations decreases
with the same feed. The smallest roughness was achieved with a small feed, low
burnishing force, and a large ball diameter, which R, value was similar to that typical
for grinding. However, with the minimum diameter and maximum force, they were
able to achieve the highest residual compressive stress in the surface layer [13].
When burnishing, the Workpiece-Fixture-Machine-Tool system can vibrate
with a large-diameter tool (in the case of a large contact surface). This was studied
for a straight-edged wiper insert tool (which burnished the surface as well) [15]. The
regenerative chatter in case of the studied cutting parameters was investigated.
Alshareef et al. analyzed the integrity of turned and subsequently burnished
surfaces, including residual stress, surface microstructure and roughness on acid-
resistant steel [16]. It was found that the residual stress is mainly determined by
surface pressure (burnishing force and ball diameter) and feed, and burnishing speed
has negligible effect on it. The large amount of tensile stress in the turned surface
layer was significantly reduced during burnishing and compressive stress was
generated. The thickness of the changed microstructural layer was about 15 pm. The
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values of R, and R, parameters decreased by more than 60%. Surface integrity
characteristics were investigated [17] on austenitic corrosion-resistant steel during
ultrasonic burnishing with a ball and a roller, varying the burnishing speed, force, and
number of passes. The optimal parameter values for roughness, microhardness and
residual stress were determined in the studied ranges. It was observed that with
rolling, the parameters showed better results due to the greater overlapping ratio. The
most favorable roughness results were experienced for 3 times burnishing, after that
the roughness of the surface topography deteriorated with repetition.

Based on the literature review, it can be concluded that burnishing can be
recommended to be used as a finishing, primarily because of its effect on improving
surface integrity characteristics, but also as an environmentally friendly alternative. It
was found that burnishing influences the microhardness, residual stress, and
roughness of the surface. The aim of this supplementary paper is to determine how
and to what extent burnishing affects the roughness of turned surfaces on corrosion-
resistant steel, if the number of passes and the burnishing direction are changed.

2 EXPERIMENTAL CONDITIONS

For the investigation, experiments were performed on an E400 universal lathe.
During these, the cylindrical X5CrNi18-10 (1.4301) grade corrosion-resistant steel
workpiece was clamped in a three-jaw chuck, on which the surface was segmented to 5
smaller parts. On each segment two different burnishing settings were applied, marked
with A and B letters (Table 1 and Fig. 1). The turned diameter was $49.5 mm, and the
length of the five sections was 26 mm each (Fig. 1). We first carried out turning with
the same cutting parameters (n = 375 1/min, f = 0.0812 mm/rev, a, = 0.5 mm) with a
new CNMG 120408-MP cutting insert. During this a 4% emulsion of Rhenus FU71 T
(oil viscosity: 160 mm?/s) cutting fluid was used, which was dripped onto the
workpiece in a small amount (flow rate: V, = 150 ml/min). After that, we performed the
burnishing on the prepared surfaces with f = 0.05 mm/rev feed, n = 375 1/min spindle
speed and F, = 10 N burnishing force. The diameter of the diamond ball was 3 mm.
Burnishing was carried out in different ways on the surfaces by changing the number
and direction of the burnishing passes, where “forward” direction is identical to the
feed direction in turning, and “backward” is the opposite of that (Table 1). The choice
of the variations are based on our preliminary practical experience.

Table 1 - Tool pass number and direction of burnishing on the sections

No. | 1% pass 2" pass | 3¥pass | No. | 1%t pass 2" pass 3" pass
1A | forward - - 3B | forward forward backward
1B | forward forward - 4A | forward backward | forward
2A | forward backward - 4B | forward backward | backward
2B | backward | forward - 5A | backward | forward forward
3A | forward forward forward | 5B | backward | forward backward
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After the experiments, the roughness of the surfaces was measured on the
AltiSurf 520 three-dimensional topography measuring device with a CL2 confocal
chromatic sensor, which has a vertical resolution of 0.012 pm. The 2D profile (red line)
and 3D areal (red square) roughness measurements on the surfaces were performed at 3
rotated locations on the surfaces, the reported results are their arithmetic mean (Fig. 1).
During the evaluation, at first the nominal (cylindrical) surface shape was extracted,
then the evaluation (1.25 mm) and cut-off (0.25 mm) lengths specified in 1SO
21920:2021 and ISO 25178-3:2012 standards were set according to the turned
topographies. In case of the 3D measurements, the topographies had an area of 1.25 x
1.25 mm? (Fig. 1). For Rmr and Smr material ratio parameters, a cut-off depth of ¢ = 1
um from the highest peak point was set.
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Figure 1 — Measurement locations for surface roughness analysis

3 RESULTS AND DISCUSSION

The roughness measurement results for the following parameters are given
for the turned surfaces in Table 2 and for the burnished surfaces in Table 3:

Table 2 — Roughness values measured on the turned surfaces

No.| Ra R: Rpk Rmr Rsk Rku Sa S; Spk Smr Ssk Sku

(um] | [pm] | [um] | [%] | [] | [-] |[wm] | [um] | [um] | [%] | [] | []

1A |1.81 |836 |1.15 (292 |0.04 |2.04 |1.85 |11.20|1.15 |0.11 [0.05 |2.07

1B [1.81 [8.33 |1.14 |291 |0.02 |2.03 |1.85 |11.16|1.14 |0.11 |0.05 |2.06

2A |1.83 |8.46 |1.16 |2.95 [0.03 |2.06 |1.88 |11.33|1.16 |0.11 |0.05 |2.09

2B |1.80 |8.29 |1.14 |2.89 |-0.01 |2.02 |1.84 |11.11|1.14 |0.11 |0.05 |2.05

3A | 181 |834 |1.15 |291 |-0.03 |2.03 [1.85 |11.17|1.14 |0.11 |0.05 |2.06

3B (184 |8.47 |1.16 |2.95 (0.02 |2.06 |1.88 |11.34|1.16 |0.11 |0.05 |2.09

4A |1.84 |850 |1.17 (297 [-0.01|2.07 [1.89 |11.39|1.17 |0.11 |0.05 |2.10

4B |1.81 833 |1.14 |2.91 |0.04 [2.03 |1.85 |11.17|1.14 |0.11 |0.05 |2.06

5A (180 |8.28 |1.14 |2.89 (0.00 |2.02 |1.84 |11.09|1.13 |0.11 |0.05 |2.05
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|5B [1.85 [8.53 [1.17 [2.98 [0.02 [2.08 [1.89 [1142]1.17 [0.11 [0.05 [2.11 |
Arithmetic mean height of profile (Ra) or surface (Sa)

Maximum height of profile (R) or surface (S;)

Material ratio of profile (Rmr), Surface bearing area ratio (Smr)

Reduced peak height of profile (Ryk) or surface (Sp)

Skewness of profile (Rsk) or surface (Ssk)

Kurtosis of profile (Rk) or surface (Sku)

Table 3 - Roughness values measured on the burnished surfaces

No. Ra R; Rpk Rmr Rsk Rku Sa S: Spk Smr Ssk Sku
[um] | [pm] | [pm] |[%] [[] |[[-] |[wm] |[pm] |[wm]|[%] |[] |[]
1A |1.69 |7.36 |0.57 [10.82|-1.01 |2.74|1.76 |10.18 |0.47 |0.51 |-0.97 |2.60
1B |1.15 |6.09 |0.67 |12.96 |-1.30 |{3.85|1.15 |8.64 |0.54 |1.51 |-1.33 |4.04
2A |0.96 [5.41 (0.78 |3.86 |-1.00 |3.64|0.97 |7.65 [0.72 {2.23 |-1.02 |3.89
2B |0.87 |5.06 [0.43 |20.70|-1.29 |4.12|0.91 |7.49 |0.42 [3.08 |-1.32 |4.36
3A |0.88 |5.24 |0.67 |12.60|-1.27 |4.26(0.93 |7.50 |0.54 |1.91 |-1.30 |4.27
3B |0.90 [5.47 |[0.50 |14.76 |-1.36 |4.48|0.93 |7.51 [0.56 [2.60 |-1.30 |4.23
4A |1.62 |[8.01 |{2.00 |[1.65 |0.38 [2.78|1.70 |17.90|3.45 |0.27 [0.76 |4.31
4B |0.89 |[5.17 |0.68 |5.23 |-1.36 [4.25(0.91 |7.88 |0.60 |1.05 |-1.44 |4.67
5A |0.86 (491 (0.45 |20.14|-1.4 |4.33|0.85 |6.85 [0.35 |29 -1.45 | 4.6
5B |0.78 |5.32 |0.78 |7.54 |-1.22 |4.72|0.79 |7.19 [0.69 |3.15 |-1.42 |5.36

In Table 4 the degree of decrease of the roughness values (AR; and AS;) on
the surfaces are summarized based on Equations 1 and 2, where i denotes the index
of the given roughness parameter. Therefore, a negative value in the table
expresses a deterioration of roughness. In the case of Ry and Syr parameters, the
value increase is displayed as a multiplication factor.

turned burnished
R; —R;

&Ri' = R!_turnea'

- 100 [%] 1)

S_turned _ S_burm'shsd
AS; == ‘ -100 [%] )

i S!_tu rned

During burnishing with setting 4A, material separation occurred, so the
beneficial effects from a functional point of view — reduction of roughness values,
increase of bearing capability, compressive residual stress — were absent.
Regarding the roughness values in Table 4, the experimental results confirm the
opposite effects; although the decrease in the values of parameters R, and S, is
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negligible (approx. 7-10%), we experienced the lowest, mostly negative rates for
the other examined parameters. Due to the different characters of roughness
changes, we analyze the results and the degree of changes without section 4A.

In Table 4, results show that a favorable effect can be achieved with
burnishing on the surfaces for all studied combinations of number of passes and
direction. In case of the average roughness parameters, this means minimum 6.65%
and maximum 57.9% value decrease for Ra, and 5.23-58% improvement for S..
The decrease in the value of the maximum height parameters is between 11.9% and
42.3% for R,, and between 9.12% and 39.8% for S,. Since the peaks of the
topography is flattened and rounded during burnishing, we expect a decrease in
value for the reduced peak parameters; the thickness decreases of the upper
material layer, which wears off quickly during the initial usage. This is confirmed
by the experimental results with rates between 33.1% and 62% for Ry and between
38.2% and 70.2% for Spk. On the other hand, an increase is expected in the material
ratio parameters, measured at the same cut level; the 1.31-7.16 times increase for
Rmr and 4.51-27.66 times for Sy also confirm the expectation.

Table 4 — Rate of change in roughness values by burnishing

No. Ra R; Rpk Rmr Sa S; Spk Smr

1A | 6.65% 11.9% 50.2% 3.71x 5.23% | 9.12% | 59.3% 4.51x%
1B | 36.4% | 26.9% | 41.7% 4.46% 38.0% | 22.6% | 52.9% | 13.45x
2A | 47.7% | 36.0% | 33.1% 1.31x 48.3% | 325% | 38.2% | 19.60%
2B | 51.4% | 39.0% 62.0% 7.16x 50.5% | 32.6% | 63.2% | 27.66x
3A | 51.4% | 37.2% | 41.5% 4.33x 49.6% | 32.9% | 53.0% | 17.02x
3B | 50.9% | 35.4% 57.3% 5.00x 50.7% | 33.8% | 52.1% | 22.88x
4A | 10.0% | 3.22% | -76.0% | 0.57x 7.50% | -61.3% | -204% 2.42x%
4B | 50.8% | 38.0% | 40.7% 1.80x% 51.0% | 29.4% | 47.1% 9.36x
5A | 53.4% | 42.3% 61.3% 6.79x 549% | 39.8% | 70.2% | 25.39x
5B | 57.9% | 37.6% | 33.5% 2.54x% 58.0% | 37.1% | 40.5% | 27.50x

In the following, we compare the roughness of the cylindrical surfaces
machined with the same number of passes. The values of the parameters in Tables 2-
3 are illustrated in bar diagrams in Fig. 2, where the burnishing directions are shown
below the columns in chronological order. The arrows on the diagrams show the
direction, where “—” means forward, “«<—” means backward.

Fig. 2a shows the average roughness Ra values, while Fig. 2b illustrates the
maximum height R, values. The two diagrams show a very similar nature, so both are
characterized simultaneously, together with their 3D counterparts, S, and S;. It can be
seen that similar turning and burnishing values were measured for each pass numbers,
regardless of the burnishing directions. After turning, with negligible differences,
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approx. Ra= 1.8 um, Sa = 1.85 um, R; = 8.4 um and S; = 11.2 um were measured,
while on the burnished surfaces at i = 1 pass number (on surface 1B) the
improvement ratio is 6.7% for R,, 5.2% for S,, 11.9% for R, 9.1% for S, at i = 2; the
rate is between 36.4-51.4% for R,, 38-50.5% for S,, 26.9-39% for R,, 22.6-32.6%
for S, in the case of i = 3 number of passes, we experienced a decrease of between
50.8-57.9% for Ra, 49.6-58% for S,, 35.4-42.3% for R, and 29.4-39.8% for S,. The
differences between the improvement rates are small, at i = 2; the rate is 15% for Ra,
12.5% for Sa, 12% for R,, 10% for S;, and every value is smaller at i = 3; 7% for R,
8.4% for Sa, 7% for R;, 10.4% for S,. In the case of i = 2 number of passes, the
highest improvement rate was found on section 2B, while in the case of i = 3, the
highest rate was on section 5B based on R, values, and on section 5A based on R,
values, which have a common in the initial backward-forward directions.

Considerable differences were observed between the Ry (Fig. 2c) and Sy
parameters. While on the turned surfaces approx. Rpk = Spk = 1.15 pum values were
obtained, during burnishing the reduction of these values on surface 1B (i = 1) was
50.2% for Ry and 59.3% for Sy, at i = 2 passes the value of Ry between 33.1%
and 62%, and Sy between 38.2% and 63.2% during reinforcement with; during
reinforcement with i = 3 passes, the value of Ry« decreased between 33.5-61.3%
and Spk between 40.5-70.2%. The differences between the improvement rates are
no longer negligible; for i = 2 number of passes, 29% for Ry, 25% for Syy; For i =3
number of passes, 27.8% for Rp, 29.7% for Sy From the functional — load
capability and dimensional stability — point of view, the best result was again
shown by section 2B in the case of i = 2, while section 5A in the case of i = 3,
where the initial directions are in the same; backward-forward.

Similar functional properties (including wear resistance and dimensional
stability) can also be expressed with the material ratio parameters, the values of
which are shown in Fig. 2d. During turning, the values of Ry, are typically 2.95%,
and the values of Sy are equally 0.11%. After burnishing, multiples of these values
can be measured on the surfaces; at number of passes i = 1, it is 3.7 times for Ryr
and 4.5 times for Snr, in the case of i = 2, it is 1.3...7.2 times for Ry, 13.5...27.7
times for Spy, at i = 3, there is 1.8-6.8 times increase in Ryr and 9.4-27.5 times
increase in Syr. The significant differences between the rates indicate the sensitivity
of these parameters to a change in the machining conditions, compared to e.g. Ra,
Sa and R;, S;. Based on the results, the maximum Rpr and Swr values were also
achieved in the case of i = 2 on section 2B and in the case of i = 3 on section 5A,
where the initial burnishing directions are as mentioned before.

Overall, based on the values of the 8 roughness parameters considered, to
achieve the best functional properties, we recommend burnishing with backward-
forward directions in case of 2 passes, or an additional pass in forward direction in
case of 3 passes.
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Figure 2 — Comparison of roughness values of Ra (a), Rz (b), Rpk (C), Rmr (d)
by number of passes

After that, we compare the effects of the number of passes with roughness
parameters. For this, we consider the most favorable values from a functional point
of view for each number of passes, which are also shown in the diagrams in Figure
3, where MR means “material ratio”. The Ra (Fig. 3a) and R, (Fig. 3b) parameter
values show similarly that, compared to the values of the turned surface, a slight
improvement can be achieved with 1 pass, there is a significant additional
improvement in case of 2 passes, and with 3 passes a further minimal improvement
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can be achieved. Different characteristics from this show the Ry« (Fig. 3c) and Rur
(Fig. 3d) parameter values, where a significant improvement is experienced even
with 1 pass, then a further large positive change for 2 passes, but a minimal
deterioration for an additional repetition. Presumably, with 3 passes we reached the
limit where the surface roughness characteristics no longer improve, as described
in the literature [14]. Therefore, we recommend the use of i = 2 passes on
corrosion-resistant steel, because in the case of i = 3, the overall small
improvement no longer compensates for the significant decrease in productivity.

Lowest roughness per pass number Improvement ratio
2.0 80%
15 60%
1.0 40%
(] a’
0.5 l . 20%
0.0 0%
Turned Bumlshcd Buunshed Burnished Bumished Burnished Burnished
x 3x 1% 2% 3%
Lowest roughness per pass number Improvement ratio
10 50%
8 40%
6 30%
4 20% b,
2 10%
0 0%
Turned Bumlshcd Burnished Burnished Burnished Burnished Burnished
2% 3x 1% 2x 3x
Lowest roughness per pass number Improvement ratio

12 80%

60% /“_

. 40% c,
0.0

0%
Turned Burnished Burnished Burnished Burnished Burnished Burnished
1% 2% 3% 1x 2x 3x
Highest MR per pass number Improvement ratio
25% 8x
20% 6x
15% A
4x
10% d,
5% 2%
0% N 0x
Turned Burnished Burnished Burnished Bumnished Bumished Burnished
1x 2x 3% 1% 2x 3%

Figure 3 — Roughness values of Ra (a), Rz (b), Rpk (€), Rmr (d) as a function of number of passes
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In the study, the measured values of the Ry skewness and Ry, kurtosis indices
are analyzed. These can be coupled and placed as points on a topological map, which
cover different ranges on the Ru—Ry, plane (Fig. 4a). These are typical for each
machining method, and thus the characteristic properties of the created surface
topographies can be identified [18]. Fig. 4a shows the expected ranges of turning and
burnishing. In this plane the measured results are illustrated on a diagram (Fig. 4b).
The Ra—Ry value pairs measured on the turned surfaces indicate the nature of the
profiles; their peaks and valleys are generally at almost the same distance from the
center line, and their sharpness is characteristic of turning. Compared to these, on the
burnished surfaces the measured Rs values are smaller (negative values); the profiles
have flattened and rounded peaks and narrow, relatively deep valleys, and by
increasing the number of passes, these characteristics of the peaks and valleys further
increase a little. The Ry, values are unexpectedly high and become higher with the
increase of humber of passes, i.e. the sharpness of the profiles increases. For this, one
reason may be the relatively small spaces between turning marks on the profile due
to the small feed, another possible reason is the narrowing of the turned roughness
valleys during the further deformation of the surface layer during several passes of
burnishing.
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Figure 4 — Topological map of machined surfaces [19] (a) and of the experimental results (b)

4  CONCLUSIONS

In the present paper, we investigated the effect of burnishing on the surface
topography of X5CrNil8-10 grade alloyed corrosion-resistant steel after turning,
where the number of burnishing passes and directions were changed while the
burnishing force, feed and speed were constant. Our findings are as follows.

Based on experimental roughness results, burnishing of turned surfaces resulted
in an improvement in a single pass from a functional point of view — smoothness,
bearing capability, quickly-wearing upper layer —, and further improvement in the
case of 2 number of passes. However, we did not experience any significant changes
in roughness in case of 3 passes, besides the reduction of productivity. Based on
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these, we recommend the use of 2 passes burnishing on the examined material
quality and burnishing force.

Within a given number of passes, changing the burnishing directions resulted in
almost identical amplitude roughness values, but significant differences in the degree
of value changes of Ry, Spk and Rmr, Smr parameters characterizing the roughness
peak. Compared to the turning feed direction, the greatest improvement was achieved
by the backward-forward directions in the case of 2 passes, and by the backward-
forward-forward strategy in the case of the 3 times repetition, so we recommend their
use. During burnishing with 3 passes in forward-backward-forward directions (on
surface 4A), material separation occurred, which deteriorated the surface roughness
properties, so it is recommended not to use this setting.
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Amntan Hags, [lprona Bapra, Mimkons1, Yropuiiaa

AHAJII3 BILUIUBY KIJIBKOCTI IPOXO/IIB IHCTPYMEHTY TA HOTI'O
HAIIPAMKY IIPU BUTJIAZIZKYBAHHI HA IIOPCTKICTDb ITOBEPXHI

AHoTaniA. B Oanuii yac nikiyeawHs Npo OXOPOHY HASKOMUUIHBO20 cepedosuujda cmae ece Oinbul
sadicnueum iy eupobHuymei. Lloomy uacmo cnpusome, 3MEHULYIOUU YU YCYBAIOYU  KilbKICMb
0X0I002ICYIOUUX PIOUH MA MACMUTLHUX Mamepianie abo UKOPUCHOBYIOUU ANbIMEPHAMUBH Memoou
06pobxu. OOun 3 HUX — 6UNAOIICYEAHHS, WO NOZUMUSHO BNIUBAE HA YINICHICIb NOGEPXHI MA 3HUICYE
HABAHMADICEHHS HA HABKOMUWIHE cepedosuuje. Y yitl pobomi asmopu po3ensaHyau 3MiHy wopcmrKocmi
NnoBepxXHi, WO 00CAAEMbCA NPU  BUIAONCYBAHHI  NICAA  MOKAPHOI  0OPOOKU  3a20MO6KU 3
KOpO3iliHOCMItKOI cmani, Oe KINbKICMb NPOX00i8 BUIAONCYBAHHSA MA HANPIMOK BUSIAOICYBAHHS
smiHsanucs. st 0ocniodcents Oyau npoeedeHi 00CIiOU HA YHIBEPCANbHOMY MOKAPHOMY 8epcmanti.
Ilpu yvomy yuniHOpuyHa 3a20MO6KA 3 KOPOSIUHOCMIUKOI CMAni 3amucKkanacs 6 Mpuxyiaiko8oMy
NampoHi, Ha AKOMY NOBEPXHA CeaMeHmysanacs Ha 5 Opibniwux yacmun. JJo KOJICHO20 ce2MeHmy
3aCmMOCo8Y8anUcs 08a PI3HI HANAWNYEAHHA NOIpyeanHs. IIpu ybomy BUKOPUCMOBYEANACA eMyTbCis
MACMUIbHO-0X0N00HCYBANLHOI PIOUHU, AKY KANAIU HA 3A20MIBKY 8 Hegenukii Kinbkocmi. Ilicis yvboco
NPOBOOUNU GUIAOIICYBANHA HA NI020MOGIeHux nosepxusx 3 nodayeio f = 0,05 mm/06, wacmomoro
obepmannsa wnunoens n = 375 1/x6 i sycunnam euenadacysannsn Fy, = 10 H. [Jiamemp anmasnoi xyni
cmarnosue @3 mm. Buenadsicysanns nposoounocs pisHuUMU CROCO6AMU HA NOBEPXHAX WLIAXOM 3MIHU
qucaa i HaNpAMKY npoxoois, Wo BU2IAOHCYIOMb, 0 HANPAMOK «8nepeoy iOeHMUYHUN HanpAMKY nooadi
npu mouinmi, a «Hazady npomunedxicHo uomy. Ha niocmaei excnepumenmanbHux pesyibmamis
wopcmrocmi asmopu poonsAnb BUCHOBOK NPO me, WO 6UAA0ICYBAHHA MOYEHUX NOBEPXOHb NPU3BETIO
00 NONINWeEHHA 3a 0OOUH NPOXIO 3 PYHKYIOHATILHOT MOYUKU 30pY — 21A0KICIMb, Hecyuda 30amHicmb, 8epXHill
wap, wo 3HOWYEmMbCs, — I nodanvuie NOAnuwenns y pasi 2-x npoxodie. OOnax cymmeeux 3min
wopcmrocmi 3a 3 npoxoou, Kpim 3HUICEHHS NPOOYKMUBHOCHI, 60HU He noMimuu. Buxodsauu 3 yvozo,
agmopu  pekomMenoyioms GUKOpUCMOsy8amu 2 npoxoou NONIpY8anHs 6 3aledcHOCmi 6i0 AKocmi
docridocysanoeo mamepiany ma cunu noxipyeauns. Ilpomsaeom 3adanoco uucia npoxooig 3mina
HANpsIMKY 8UNA0JACYBANHS NPU3BOOUMb 00 NPAKMUYHO OOHAKOGUX 3HAYCHL AMNIIMYOU WOPCMKOCMI,
ane cymmesum GIOMIHHOCMAM y CMYNeHi 3MiHU 3Hauenb napamempié Rp, Spc ma Rumr, Smr, o
Xapaxkmepuzylomy niK WopcmKocmi. Y nopieHaHHI 3 MOKAPHUM HANPAMOM NOOQ4i HAUOIIbUO20
noninuients 6yn0 00cA2Hymo npu GUKOPUCMAHHI HANPAMKIE «Ha3a0—enepedy y pasi 2 npoxodie ma
cmpamezii «<nazao—eneped—enepedy y pasi 3-Kpamnoz2o noGmMopenis, momy agmopu peKoMeHoyIoms ix
euxopucmanns. Ilpu  euenadocyeanni 3a 3 npoxoou 6 HANPAMKAX —«BNEPe0—HA3aA0—6Nnepeoy
8100YBAECMbCsL  PO3WAPYSANHS  MamMepiany, wo NOSIpulye WOPCMKICMb  NOGEPXHi, MOMY  ye
HACTPOIOBAHHSA BUKOPUCTIOBYBAMIU HE PEKOMEHOYEMbCA.

Kuarouosi cinoBa: mokapua obpobka; 6uenaoxicysants; WOpCmKicmb NOGEPXHI; eKOI02IMHO Hucme
06pobaenns.
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