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Abstract

We propose an effective method to control the local hardness and morphology of a metal surface by tilting the incident angle
of a horn during ultrasonic nanocrystal surface modification (UNSM). In this study, surface treatment using UNSM was
performed on an S45C specimen and a parameter study was conducted for optimization. The process parameters were the
feeding rate, static load, striking force, and processing angle (®). In particular, the @ was analyzed by tilting the horn by 0°,
10°, 20°, 30°, 40°, and 45° to understand its effect on surface hardness and changes in the morphology. From fundamental
experiments, some important phenomena were observed, such as grain-microstructure changes along the processing and
thickness directions. Furthermore, to verify the practical usefulness of this study, a flat and a hemispherical specimen of S45C
material were treated using UNSM with various values of @. A significant change in hardness (an increase from 2-45%) and
a gradual hardness gradient on the tested specimens could be easily realized by the proposed method. Therefore, we believe

that the method is effective for controlling the mechanical hardness of a metal surface.

Keywords Ultrasonic nanocrystal surface modification - Surface treatment - Processing angle - Hardness gradient

1 Introduction

In various fields, such as general machinery, defense, preci-
sion engineering, and automobile industries, surface treat-
ment is performed to increase the wear and corrosion resist-
ance of parts. Generally, surface treatment can be classified
into chemical and physical surface treatment methods [1,
2]. The chemical surface treatment method includes plating
processes [3-5], nitriding treatments [6—8], and chemical
vapor deposition [9-11]. These chemical surface treatment
methods are widely used owing to their ease and mass pro-
ductivity in various industries. However, chemical surface
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treatments cause the environmental pollution of chemical
materials such as electrolytes and require large-scale spe-
cial equipment and complicated processes. Additionally,
surface treatment cannot be easily performed both locally
and partially.

The physical surface treatment method includes shot
peening [12-15], laser peening [16-21], heat treatment
[22-26], and ultrasonic nanocrystal surface modification
(UNSM) [27-30]. These processes are eco-friendly com-
pared with chemical treatment processes and require short
processing times; therefore, they are utilized to improve the
mechanical properties of molds, bearing races, shafts, roll-
ers, and many other mechanical parts. Among these meth-
ods, shot peening, which has been reported by Menezes
et al., showed improvement in hardness by more than 30%
of that of AISI 316L stainless steel surface, to which plasma
carburizing and nitriding were applied [12]. Gonzélez et al.
applied shot peening to increase the surface wear and cor-
rosion resistance of white cast iron alloys, through which
they improved the wear resistance by 20% [13]. Avcu et al.
studied the use of shot peening and reported an improvement
in wear resistance of approximately 20% in Ti6Al4V alloys
[14]. Furthermore, Zhou et al. studied the effect of laser
assisted shot peening on the wear and tribological behavior
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of medical Ti6Al4V alloys and improved their wear resist-
ance of 30% [17]. Yin et al. applied laser peening on the
surface of Ti-6Al-4V alloy and improved the impact wear
characteristics by approximately 44% [18]. Dai et al. used
both soft and hard contact laser shock peening and improved
surface hardness by approximately 10% [19]. Ge et al.. stud-
ied the surface wear characteristics of the surface laser shock
peening of Mg—3Al-1Zn alloy to improve the surface wear
resistance by up to 70% [20]. Although laser peening can
enable a higher hardness and the wear-proof characteristics
of metal surfaces, the equipment involved is expensive.
However, UNSM is well known as eco-friendly and
enables a regional surface treatment with smaller and rela-
tive low-price equipment than other methods [27-30]. To
improve wear resistance using UNSM, Tripathi et al. studied
the hybrid use of UNSM and laser surface texturing pro-
cesses to improve the friction and wear performance of cast
iron engine cylinders and enhanced the wear resistance by
65% [27]. In another study pertaining to the microstructure
and characteristics of the laminated NiTi alloys, the amount
of wear reduced by approximately 44% after UNSM [28].
In addition, many studies have been conducted to improve
wear resistance through UNSM [29, 30]. In most studies, a
surface with uniform hardness was obtained by processing
at the right incident angle of a horn in UNSM. The hardness
and morphology of UNSM-treated surfaces are affected by
the energy input. Comparing with the normal UNSM pro-
cess through vertical strikes reported in the previous studies
[27-30], the proposed method with controlling the angle of
incidence of a horn has an important advantage to increase
the local surface hardness adaptively for wear resistance.
The change of incidence angle is controllable and it is easily
applied to arbitrary shape of diverse metal surfaces. Using
this simple idea, we generated a metal surface having a wide
range of hardness locally. Furthermore, we analyzed the
microstructure changes of the treated surface.

2 Experimental Section
2.1 UNSM

In UNSM, a metallic horn strikes on a target surface 1,000 to
10,000 times per mm? with static and dynamic loads applied
by ultrasonic vibration conditions of 20,000 Hz, thereby
generating severe plastic and elastic deformation on the
local area. Moreover, an affected layer is formed in the thick-
ness with grain refinement and large compressive residual
stress. Generally, the deformed layer is several micrometers
in thickness, which can be controlled by the process param-
eters of UNSM. After this process, the strength and hard-
ness of the treated surface will be significantly improved.
Figures 1a, b show the experimental setup for UNSM, the

definition of the processing angle, and the effect on grain
refinement. Additionally, the inset of Fig. 1b shows a scan-
ning electron microscope (SEM) image captured by MIRA3
(Tescan, Czech) after UNSM, showing coarse grain struc-
tures transforming into fine ones in the deformed layer thick-
ness (Tp;). The change in the microstructure was caused
a severe plastic deformation zone generated near the skin
through the high load and vibration strikes on the metal sur-
face [30].

The T}, ranged of 40 to 60 um and can be changed by the
processing parameters, such as the striking force, overlap-
ping gap, and duration time. The basic system of UNSM, as
shown in Fig. 1a, comprises a generator, which generates
ultrasonic frequencies; a ballast weight that is equal to a
static load; a transducer for generating mechanical ultra-
sonic waves; a booster for amplifying waves; a horn that
delivers the amplified ultrasonic waves without loss; and
a tungsten carbide ball of diameter 2.4 mm at the end of a
horn for striking the target surface with ultrasonic vibration
energy. A UNSM equipment was installed to a commercial
computerized numerical control (CNC) machining center
(V55, Makino, Japan) for controlling and processing. Sub-
sequently, the process parameters for surface treatment were
studied to apply the surface treatment to S45C material. The
interval and ultrasonic frequency were fixed at 0.05 mm/rev
and 2 kHz, respectively, and the feed rate and loading force
were adjusted to optimize the process conditions. Three dif-
ferent feeding rates of 1500, 2000, and 2500 mm/min and
three static loading forces of 1, 3, and 5 kgf were evaluated.

2.2 Effects of Processing Angle, @

In this study, an experiment was conducted to analyze the
effects of surface treatment with varying processing angles
(®); the processing angle is defined as the incident angle of
the horn, as depicted in Fig. 1b. A test specimen was fixed
on a working table by fixtures, and the UNSM equipment
was setup with a certain angle of @ in a CNC machining
center. The processing angle, @ was defined as zero degree
when the horn was set perpendicular to the surface of a test
specimen. A zero value of @ is a reference angle to the other
cases, and it is the typically used value for UNSM. Further-
more, @ can be controlled by tilting the UNSM equipment in
a CNC machining center. Additionally, the maximum force
applied to the metal surface can be calculated as shown in
Eq. (1), where @ is zero [29]:

F,=P,+ Pd}. =P, + Pampsin(27rft) 1))

Here, F;, (N) is the total striking load; P, (N) is the static
normal load provided by the weight of the ballast shown in
Fig. 1; P,, (N) is the dynamic load controlled by the input

of the frequency; P,,,, (N) is the amplitude of the dynamic
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Fig. 1 a Experimental setup of ultrasonic nanocrystal surface modification (UNSM) process, and b definition of processing angle, @ (left), grain
refinement by UNSM treatment (SEM image) (right); deformed layer thickness (T7,;) was 40-60 um according to processing conditions

load, which is a system parameter and is assumed to be a
fixed value of 20 N; f (Hz) is the frequency of input; 7 (s) is
the treatment duration. In the case of non-zero @, the total
normal striking load can be expressed as Eq. (2) in terms of
the tilting processing angle @:

Fliying = Fiy - cos® = P, - cos® + P, sin(2xft) - cosP,
2
From Eq. (2), the total striking force (F;;,,) on the sur-

face can be calculated according to the processing angle,

which is shown in Fig. 2. In the calculation, P, was 5 kgf,
f was 20 kHz, and r was between 0 and 2400s. During
the time, the maximum force was obtained using Eq. (2).
The striking force decreased rapidly by an increase in @.
Comparing the forces at zero @ (vertical loading condi-
tion) and 20° @, F;,;,, was decreased by approximately
6.0%; however, the processing angle @ was larger than
20°, and F;;,, decreased rapidly and continually. When &
reached 45°, F;,;,, was reduced by approximately 30.7%
compared with the largest one (zero @ condition). The
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Fig.2 Variation in normal striking force (Fy,,) at the surface
according to processing angle @ from 0° to 45°. The total force
changed slightly at @ ranging from 0° to 20°. In large angles @
exceeding 30°, F,;,, reduced significantly

increase of hardness was affected by the amount of normal
striking load, F;;;,,. The surface was plastically deformed
by UNSM, which yielded fine grains; moreover, it was
work hardened, causing increased hardness [31]. There-
fore, we believe that the hardness of the treated surface can
be controlled by changing the normal striking load, which
depends on the processing angle.

Fig.3 Measurement points of
hardness along processing and
thickness direction (Dp and Dy,
respectively). Hardness was
measured with a gap of 50 pm
along the direction of Dp and
with gaps of 50 and 70 pm (in
each horizontal and vertical
distance) along the thickness
direction, Dy. The inset shows
an indentation mark of the hard-
ness measurement; its width
was approximately 17.1 ym

@ Springer KE;E

Processing direction, Dp

Indentation mark
(hardness measurement)

3 Results and Discussion
3.1 Control of Surface Hardness

To control the surface hardness by changing the processing
angle @, we conducted UNSM at several processing angles
of @, i.e., 0°, 10°, 20°, 30°, 40°, and 45°. The processing
angle was controlled within a range of +0.1°. The surface
hardness was measured at 20 points on a treated surface
with a gap of 50 um along the processing direction (Dp);
additionally, the hardness at 10 points along the thickness
direction (D) was measured with a gap of 50 and 70 pm
perpendicular to each other, as depicted in Fig. 3. A micro-
hardness tester (HM-112, Mituyoto, Japan) was utilized to
measure the hardness with a load of 0.1 kgf. To understand
the effect of the process parameters, we performed a basic
study, as shown in Table 1. Using nine cases of different sur-
face treatment conditions on a S45C plate measuring 10 mm
in thickness, we evaluated four process parameters: the static
load, P, (10, 30, and 50 N), feed rate, vf(1500, 2000, and
2500 mm/min), line interval, d; (50 um), and frequency, f
(20 kHz), and determined the dominant parameter affecting
the hardness change. The measured results of hardness are
summarized in Table 1. A higher static load and a smaller
feed rate affected the increase in the surface hardness more
significantly than other cases owing to the higher energy
input per unit area on the specimen. The largest hardness of
384.3 Hv was obtained under the processing conditions of
Case-7, and the smallest one was 257.6 Hv under Case-3.

—_—
Horn

UNSM treated surface zone

Direction of
thickness, Dy
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Table 1 Results of hardness measurement on surface under various process parameters

Case no. Process parameters Description of UNSM parameters Hardness(Hv)
Static load,P;,  Feed rate, Interval, Frequency,
(N) V¢ (mm/min) d; (um) f (kHz)
1 10 1500 50 20 281.3
2 10 2000 269.9
3 10 2500 257.6
4 30 1500 3324
5 30 2000 310.8
6 30 2500 293.1
7 50 1500 384.3
8 50 2000 354.7
9 50 2500 3114

Compared with the initial hardness of S45C, i.e., approxi-
mately 214.5 Hy, it increased to 49.2% under the best condi-
tion. The UNSM parameters obtained experimentally were
as follows; P of S0 N, vfof 1500 mm/min, dfof 50 um, and
fof 20 kHz, and these conditions were utilized to analyze
the effect of the processing angle, ®@.

The measured hardness after surface treatment according
to various @ is shown in Fig. 4a. The surface hardness was
controlled by changing @; it increased significantly to 79%
(384.3 Hv) at zero @ and only to 2% (218.2 Hv) at a @ of
45° compared with the initial hardness of the S45C material.
When the @ increased to more than 30°, the rate of increase
in hardness decelerated. Therefore, two districts were identi-
fied, each having an inclination of Slope-a (2.17 Hv/°) and
-b (6.72 Hv/®); they were distinguished at a critical @ of 30°.
This can be explained using Fig. 2. The striking force, F;,,
was reduced to 13.4% compared with the two @ values of 0°
and 30°; however, its value increased to 18.2% between a @
of 30° and 45°. Assuming that the inclination of force varia-
tion was linear, the decreasing rates of F;;,, in each district
were 0.22 and 0.446 N/°. Comparing the force change rate
between the two districts, that of the second district was
approximately 2.4 times larger. Furthermore, Slope-b, which
indicated a hardness variation rate in Range-b of Fig. 4a, was
larger 3.1 times than Slope-a. Therefore, the force change
was similar to the change in hardness; hence, the hardness
can be controlled by changing the processing angle @.

To evaluate the effect of UNSM along the thickness direc-
tion (Dy), we measured the hardness change by cutting the

cross section of the specimen, as shown in Fig. 4b. Based
on the D, we discovered that the treatment was effective
up to approximately 330 um at the @ from 0° to 30° and
up to approximately 280 um at the @ of 40° and 45°. This
phenomenon indicates that the energy applied to the surface
decreases significantly as in the force, which is depicted in
Fig. 2, and decreases according to the increase in @. That is,
the insufficient force applied to the surface may not reform
the microstructures of the material. Based on these results,
we expect the surface characteristics to be modifiable by the
gradient control of hardness along the thickness direction.

3.2 Roughness and Microstructure

The surface roughness after UNSM was measured using
an equipment (Form Talysurf Series-2, Taylor Hobson Co.,
U.K.) along two directions, Dp and Dy, i.e., the process-
ing direction and its perpendicular direction, respectively
(see the inset of Fig. 5a). The surface roughness increased
continuously with the increase in the processing angle @;
in particular, the roughness along Dy, was much higher than
that of D, owing to the wavy pattern generated by multi-
ple repeated tool-paths, as depicted in Fig. 5a. Generally,
the surface roughness after UNSM with @ =0° improves
compared with the initial state [27-29]. However, to be
more exact, h roughness is typically improved along the
processing direction; perpendicular to the processing direc-
tion, the surface is slightly rougher or similar owing to the
generated wavy patterns even though UNSM is performed
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vertically. In the specimen tested, the initial average rough-
ness, Ra,,, of the S45C plate was approximately 2.47 and
2.53 um in each direction of Dp and D), respectively. The
surface roughness profiles after a treatment at each @ =0°
and 45° are compared in Fig. 5b. Repetitive peaks with a
gap of 50 um were observed along Dy, which were of the
same value as that of the line interval, df shown in Table 1.
Furthermore, the peak height was increased by more than
two times, and the average value of Ra was approximately
22.5 times greater at @ =45° along Dy, as compared with
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those at @=0°. The dotted red line in Fig. 5b is the meas-
ured roughness profile of the initial state of the specimen.
Compared with the roughness profiles before and after the
UNSM along Dp and Dy, the roughness after UNSM with
@ =0° reduced to approximately 2.3 and 2.1 um (-4ARa,,,,),
respectively; however, the profile after treatment at @ =45°
along Dy, became rougher with the amount of approximately
2.2 um ( +ARaavg), as shown in Figs. 5a, b. And, a non-con-
tact surface profilometer (Newview-7300, Zygo, USA) was
used to measure a surface morphology. Figure 6 shows the
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Fig.5 Roughness variation along two directions Dp and Dy, on the
surface; a average roughness versus change in processing angle, @
along the two directions; the roughness increased with f @. b Each
roughness profile at @ of 0° and 45°, and the dotted red lines show

measured results of surface morphology after UNSM treat-
ment with @=0° and 45°. For @ =0° and 45°, the height to
the peak in each case was 10.72 and 9.21 pm, respectively.
To observe the variation in the microstructure of a
specimen after the surface treatment, its cross section was

the roughness profiles in the initial state of the specimen. Along the
Dy, direction, roughness peaks were generated regularly owing to the
line interval, d; (=50 pum) depicted in Table 1

captured using an optical microscope (MA200, Nikon,
Japan) after etching for 15 s using an etchant mixed with
ethanol (100 ml) and hydrogen chloride (HCI, 12 ml). As
shown in the top images of Fig. 7, plastic deformation and
grain refinement occurred at the upper part after the UNSM.
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0.352

Fig.6 Surface morphology of UNSM treated surface; each morphol-
ogy profile was obtained at the @ of 0° (upper) and 45° (bottom)

UNSM treated surface

In addition, electron backscatter diffraction (EBSD) images
were used to compare the quantitative change in deforma-
tion (deformed layer thickness, T};) at three cases of @s
(see the lower images in Fig. 7). When the @s were 0°, 30°,
and 45°, the T},; was approximately 343, 294, and 253 um,
respectively. Among the three @ conditions, T, was the
largest at approximately 343 um under a @ of 0°, and the
amount of 7}, decreased with an increase in @. This can be
explained based on Eq. (2) and Fig. 2. The striking force,
Fiing depends on @; therefore, we verified that the input
energy for the plastic deformation of the treated surface
diminished with an increase in @. Additionally, the striking
force applied on the surface affected the plastic deformation
in the thickness direction (D), and gain refinement occurred
densely near the top surface, which gradually changed
coarsely in the thickness direction. Using this mechanism,
the gradient material properties can be obtained along the
thickness direction.

3.3 Generation of Hardness Gradient on Metal
Surface

To evaluate the usefulness of this study, UNSM surface
treatment was conducted individually on nine zones meas-
uring 30 mm X 30 mm on a S45C plate, as shown in Fig. 8a.
Five different @s of 0°, 20°, 30°, 40°, and 45° were utilized
in the surface treatment with the same process parameters,

Processing angle, ®#=0°
Tpr =343 pm

o= 30°

Fig.7 Cross-sectional images of UNSM treated surface; optical
microscopy images obtained at three processing angles @ of 0°, 30°,
and 45° (upper), and electron backscatter diffraction (EBSD) images
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Tpr =294 pm

"""""""""""" ¥ thickness, Tp;

D= 45"
Tpr =253 pm

at three @ values (lower). T, denotes the deformed layer thickness
after UNSM; with increasing @, T, decreased (scale bar =200 pm)
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e., P, of 50 N, vy of 1500 mm/min, df of 50 um, and f of
20 kHz, as mentioned in Sect. 3.1. After each local treat-
ment, we measured the hardness distribution along three
lines, i.e., Line-1, Line-2, and Line-3, as depicted in Fig. 8a.
Each measurement line contains three zones in the follow-
ing order: a-, -, and y-zones. Line-1 passes through zones
treated with @=0°, 20°, and 30°; Line-2 passes through
@=20°, 30°, and 40° zones; Line-3 passes through @ =30°,

Distance from measurement point, x (mm)

(®)

40°, and 45° zones. Furthermore, each measurement line
passes two interfaces between a- and f-zones as well as
p- and y-zones, and the width of interface is less than 2 to
3 mm.

The hardness along the lines was measured at 80 points
with a space of 0.5 mm between points. Figure 8b sum-
marizes the change in hardness of each line. As mentioned
previously, the hardness changed depending on @; it was

@ Springer KE;E



542 International Journal of Precision Engineering and Manufacturing-Green Technology (2021) 8:533-546

observed that the hardness was uniform within each zone but
changed significantly between zones. However, the change
in hardness (AHv) in two interfaces was different despite
the same change in A®, as shown in Line-2 of Fig. 8b. Both
interfaces (a-f) and (f-y) in Line-2 has the same change
of A® =10°, but the variation of hardness in interface (f3-
y) were 2.1 times larger than that in (@-f) due to different
slopes of hardness change as shown in Fig. 4a. Through
these results, it has been proved that the hardness varies
according to the change of @. In order to understand the
effect of surface treatment with different @s on an arbitrary-
shaped metal surface, we applied this approach on the sur-
face of a hemisphere. The processing angle (@, ) on a hemi-
sphere can be calculated using Eq. (3) and the schematic
illustration in Fig. 9:

q)h.s. = tan_l(Rz/hz)’ (3)

where R, and &, denote the distance in the radius direction
and the height at a location during the surface treatment,
respectively. Two types of surface treatments were applied
on a hemisphere with a diameter of 80 mm along the hori-
zontal and vertical directions, as shown in Figs. 10a, b.
As shown in Fig. 10a, the first surface treatment (Sect. 1)
was performed horizontally with 5 mm away from the top
of the hemisphere, and the second treatment, as shown in
Fig. 10b, was conducted vertically on the curved surface
at a horizontal width of 2 mm. Subsequently, other treat-
ments from Sect. 2 to 4 were performed in the same manner.
The processing conditions of the UNSM were based on the
abovementioned parameters. The hardness was measured
at ten arbitrary points in each section, and the results are
shown in Fig. 10a. The processing angle on each section was
calculated using Eq. (3), denoted @, , =8.2°, 19.1°, 30.2°,
and 42.8°.

.« Horn

Hemisphere z

\\. \Vx@h\

Fig.9 Method for calculating the processing angle @ at a position on
the hemisphere with a radius of R. If the position of the UNSM horn
is known by A and R, the processing angle can be obtained using
Eq. (3)
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As expected, the hardness decreased with an increase
in @, ., and the deviation in hardness in the same section
increased slightly with an increase in @, . The insets of
Fig. 10a, b show the optical microscope images in each sec-
tion, and some stripes generated by the line interval d;can be
observed along the processing direction, Dp. The variation
in hardness was shown along a vertically treated line on the
hemisphere, as shown in Fig. 10b. Along the line tracking d,.
from O to P, the hardness measured every 1 mm decreased
continuously owing to a steady increase in @, . Therefore,
a hardness gradient surface was generated by a steady and
gradual control of @, ; using the proposed method.

In order to analyze the friction and wear characteristics
after UNSM treatment under conditions of @=0° and 45°,
a ball-on-disk (RB-101-MP, R&B Co. Ltd., Korea) wear test
has been conducted at 100 rpm for 600 sec. After the test,
wear width and depth were measured quantitatively using a
stylus profilometer (Form Talysurf series 2, Taylor Hobson,
U.K.) for each case. The wear width and depth were dramati-
cally reduced from 7.3 to 3.6 mm and 0.225 to 0.04 mm,
respectively, when the UNSM was treated on the surface.
Also, the processing angle of UNSM affected the amount
of wear slightly, as shown in Fig. 11.

4 Conclusions

The control of local surface hardness using UNSM by
changing the processing angle @ was investigated in this
study. To evaluate the treatment effect, the surface hardness
was measured and the microstructure change was analyzed
using optical microscopy and EBSD images. Furthermore,
to observe the change in the thickness direction, the speci-
men was cut into cross sections and then the hardness was
measured along the thickness direction. We discovered that
the surface hardness increased by local plastic deforma-
tions and grain refinements on the surface after UNSM, and
the amount of hardness increase was the largest at @ = 0°,
which decreased gradually by an increase in @. This can be
explained based on the change in the striking force, F’
according to @, as shown in Eq. (2).

For @ exceeding 30°, which was the critical degree in
hardness change, the hardness increase decreased signifi-
cantly owing to the insufficient striking force. Furthermore,
based on the hardness in the thickness direction and the
microstructure data, the average deformed layer was reached
approximately 345 pm at a @ of 0°, and it was approxi-
mately 253 pum at a @ of 45°. Therefore, it was verified
that the hardness gradient can be controlled in the thick-
ness direction. S45C specimens having flat and hemisphere
shapes were utilized to conduct the UNSM with various @
values to verify the usefulness of the proposed method. In
conclusion, it was experimentally verified that the surface

tilting
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Fig. 10 a Hardness variation on
a hemisphere of diameter (D)
80 mm that was treated with
UNSM under different process-
ing angles @ of 8.2°, 19.1°,
30.3°, and 42.8°. Optical micro-
scope images show each treated
surface morphology. The horn
was striking vertically on the
inclined surface of each section
to generate circle patterns with
a line interval (dﬁ as defined

in Table 1) of 50 um until a
horizontal width of 2 mm was
achieved. b Hardness variation
along a circular arc from point
O to P. UNSM was conducted
on the arc with a d; of 50 pm to
achieve a width of 2 mm
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Fig. 11 Comparison of ball-disc
wear test results with and with-
out UNSM treatment
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hardness increased from 2.0-49.2% after the treatment with
various @s, compared with that of the initial state. Therefore,
we believe that this approach is effective for changing the
local hardness gradient and surface morphology of various
mechanical parts were used in wear resistance.
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