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Abstract:

The economic and environmental cost of friction in machinery and transport is significantly remarkable
being the machine tool one of the most affected. In this sector, the movements are fully affected by the
friction originated in the displacements between the guideways and the slides, which results in terms of
precision, energy consumption and component deterioration. In this line, texturing has proved to be a useful
tool to lessen friction. Nowadays, flaking is the technique in use for the texturing of machine tool
guideways, a manual and costly process in which the final finish of the workpiece is not controllable. Other
techniques like laser texturing constitute an effective and precise procedure which is at the same time and
cost expensive, requires fine tuning of process parameters and is not applicable in large workpieces.
Therefore, the main challenge is to develop an industry implemented technique capable of producing
textures in a repetitive and economically viable way. In this work, a method that allows generating a wide
range of controlled textures by grinding with wheels textured with an assisted dressing device, is presented.
With this technique it is possible to create textures in large workpieces, such as machine tool guideways
and to do it in a repetitive way and in the same machine in which the guide has been ground previously,
which involves a reduction in time and costs. The technique has been validated by means of tribological

tests in which textures generated with this technique have obtained lower friction coefficients than flaking.
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1. INTRODUCTION

Friction is the resistance force to the relative sliding of a solid over another. Friction is always present,
although a fluid or solid lubricant is put in between the surfaces to eliminate it. Nowadays, friction is one
of the main concerns in manufacturing and industries such as automotive and equipment goods are heavily
investing in research on how to reduce friction and wear in mechanical systems [1-5]. The results of
tribology studies show that by taking advantage of the new surface, materials, and lubrication
technologies for friction reduction and wear protection in vehicles, machinery and other equipment
worldwide, energy losses due to friction and wear could potentially be reduced by 40% in the long term
and by 18% in the short term [6].

One of the most important fields affected by friction is machine tools. In this sector, movements are fully
influenced by the friction originated in the displacements between guideways and slides surfaces. This
influence comes in terms of accuracy of movements, as well as power consumption and wear of sliding
parts. As a key component of machine tools, sliding guideways are required to have high guidance
precision, good wear resistance, low speed stability, and high contact stiffness, which affects the machining
accuracy and service life of the machine tool [7]. In general, wear and contact fatigue, which are greatly
impacted by friction properties of the contact surfaces, are the most common failure modes for guideways.
It is well-known that the lubricating property would be improved when friction force decreases in the same
load.

Nowadays, the industrial approach to reduce the friction, lies in the combination of the use of a
polytetrafluoroethylene PTFE polymer layer in moving slides surfaces, and the scrapping [8] and flaking
of the cast iron surface of the static guideways, as well as the lubrication by means of a suitable oil. Although
the main objective of scrapping is to reduce the surface roughness and improve the contact between two
surfaces [9], by means of flaking what it is attempted to do is to create shallow forms on the sliding surface
(Fig 1), that can act as lubricant deposits and that way ensure the presence of lubricant in the contact zone
at all times, reducing the friction and wear during the relative movement [10]. It is a surface finishing
method that is done removing thin chips from the surface by means of a metallic tool with a carbide point
and that must be carried out on previously machined surfaces. As a result, friction is kept in low values,
sliding problems like stick-slip are avoided and working life of sliding guideways surfaces is prolonged.
However, flaking is a laborious work that requires significant experience on the part of the operators.
Moreover, being a manual operation, it is an uncontrolled, cost-un-effective and time-consuming process.
In the present day, this manual operation has poor indicative validation parameters set when it comes to the
shape of the print, orientation of it and percentage of print versus total surface, but no qualitative measuring
of the geometry of the obtained surface is done, neither of its tribological capacity. An improperly
conducted scraping operation can generate scratches and surface damage [11], which seriously affects the
performance of the guide rail and the machining accuracy.

To avoid flaking drawbacks, the alternative of surface texturing for implementing different patterns on the
guideway surfaces arises. Such patterns can act as reservoirs for lubricant and be effective for obtaining
desirable friction or fluid flow characteristics. Besides, in many situations, the wear between two sliding
surfaces can be reduced via surface texturing by avoiding the presence of debris, which originates the
abrasive wear of the sliding components, as it is entrapped inside the pockets that compose the texture [12-
14]. A considerable research work on surface texturing has been carried out with this purpose. In 2008,
Bruzzone et al. [15] proposed the following categorization for the manufacturing methods used for surface
texturing based on the physical principles involved: adding material, removing material (ex.: laser methods,
etching, micro cutting, grinding), moving material (ex.: shot blasting) and self-forming. A review on some
of these different techniques and different texture patterns is developed below.

Previous research developed by Costa and Hutchings [16] showed that the use of small cavities uniformly
distributed over the sliding surface offers the best tribological results for hydrodynamic bearings. In 2009



and 2010 Galda et al. [17-18] studied the influence of different shapes and arrangements of oil pockets on
friction and their effects on seizure resistance of steel bearings. Pockets were manufactured by burnishing,
tribological tests showed improvement of seizure behaviour in texturized surfaces furthermore shape
demonstrated to be the main factor in this improvement. The work developed by M. Nakano et al. [19]
compared micro-texturing by shot blasting on masked cast iron surfaces of 6-10 um depth 60 um diameter,
to milled grooves of 40-50 um depth 500 um diameter and flat surfaces. Grooved patterns supressed the
generation of hydrodynamic pressure resulting in higher friction. Micro dimple pattern increased load
carrying capacity of lubricant film, leading to lower friction.

Current approaches to produce functional surfaces include, but are not limited to etching, lithography and
laser machining. A. Kovalchenko et al. [20] used laser for micro texturing, generating 4-6um depth 58-80
pum diameter dimples on hardened steel. Pin-on-disc tribology tests showed to expand the range of the
hydrodynamic lubrication regime in terms of load and sliding speed as well as the reduction of the friction
coefficient, concluding that a lower dimple density was more beneficial for lubrication. Laser texturing is
an efficient and precise procedure but at the same time it has a low-production rate and it is not applicable
to large workpieces. Besides it requires fine tuning of process parameters to control metal recast, high
hardware investment as well as more complex operational training and safety requirements. Alternatives
for producing functional surfaces using traditional machining processes are presently sought.

Therefore, the challenge is to develop an industry implemented process to produce textures at a low cost
and feasible cycle times and with a certain degree of flexibility when it comes to the textures that can be
generated in terms of shape, size and distribution. Thus, the option of texturing by grinding arises as a
potential alternative by combining its inherit finishing process characteristics, its cost effectivity and easily
controlled process parameters. Another favourable point is that, by grinding, texturing could be
implemented in any kind of surface, regardless of the part material, from small lengths of 10-20 mm to
larger ones of 12-18 meters. In the case of the industrial manufacturing of the guideways, texturing by
grinding presents also the advantage that grinding is already part of guideways manufacturing process;
therefore, no additional investment should be necessary, operation costs would not be increased
significantly. Another fact to take into consideration is that grinding is a fully automatized and controlled
process, so when grinding is used for texturing, actual manual, uncontrolled, cost non-effective, and tedious
operation for workers, which is flaking, is made redundant. In addition, this change from manual to fully
automatized process is translated into a considerable time reduction.

The techniques of texturing by grinding have evolved through history, it was first introduced by CIRP
researchers [21], with a method based on grinding by wheels with helical patterns created by single point
dresser using special dressing parameters, which was applied to ceramic bearings. Research results on
process modelling, simulation and experiments were shown in subsequent works [22-26]. In 2009 Denkena
et al. [27] proposed a new strategy to obtain micro profiles on the grinding wheel surface. In this case,
dressing is carried out by profiled dressing discs. This method is more stable and efficient than single-point
or roll dressing. The technique was applied for implementing micro-grooves in compressor blades in order
to reduce friction on turbulent flow. In the continuation of the study [28] friction reductions of up to 4%
are found. In 2010, Denkena et al. [29] used normal cutting operations such as turning and milling as well
as abrasive processes such as grinding to apply geometric patterns or pockets in large areas. Using both
processes a large flexibility and high precision was achieved. Oliveira et al. presented another technique to
texturize the grinding wheel surface by continuous modification of dressing depth [30-31] by connecting
the dresser to a dispositive. The span of textures that can be achieved is increased as it is shown in different
study cases.

This paper presents an industrial solution to lessen friction on cast iron guideways surfaces. This friction
reduction will be achieved by a grinding for texturing approach. Texturing should be implemented on
surface wheel by a dressing operation carried out by an assisted dressing tool. The dressing device
developed based on the concept presented by Oliveira in [30], as well as the procedure used to texture, and
the advantages and disadvantages of the different texture patterns evaluated by means of tribology tests are



shown in the present document. Finally, the conclusions of the research, as well as further work to be
developed will be reported.

2. DEVELOPMENTS

2.1. Purpose-built assisted dressing device

A purpose-built assisted dressing device has been conceived in order to have a technology to generate
defined patterns on the surface of the grinding wheel by means of the dressing operation.

Based on the concept presented by Oliveira et al. [30], the methodology of application of this technology
is based on the generation of signals from a device which are sent to the piezoelectric actuator, which
actuates on the dresser, providing it with a controlled penetration movement during the dressing process.
By adjusting correctly, the dressing feed rate, the wheel speed and the input signals, it is possible to generate
different types of patterns on the wheel surface. These patterns will be later copied on the surface of the
ground workpiece, generating functional surfaces depending on the patterns generated on the wheel and the
used grinding parameters.

For the design of the tool where the piezoelectric actuator and the dresser must be assembled, dynamic and
stiffness calculus have been carried out. Aluminium has been selected to build the tool because of its
fatigue behaviour is better than that of the steel. Size of the tool has been defined keeping in mind the need
to host all the cables, the piezoelectric actuator and the refrigeration of the inside of the device, which is
done with compressed air, but without losing sight of the space available inside the machine where the
device will be installed, otherwise, collision problems could arise. Another key aspect is the water-tightness
of the device, since both dressing and grinding are performed under lubricated conditions. Thus, special
care has been taken that none of the edges communicates directly with the exterior and that two sealing
rings can be fitted in the mobile part in order to prevent coolant from getting inside the device. Besides, the
compressed air that is used for refrigeration, generates a positive internal pressure that prevents the entrance
of coolant. Considering this all, the general dimensions of the designed tool are 92 x 94 x 84 mm (Fig 2a).
Finally, prior to building the tool and testing its proper functioning in the machine, the validation of the
performance of the design against the forces generated during the dressing process has been done by means
of a FEM analysis.

The device is a system composed by the elements shown in Fig. 2b:
- Apiezoelectric actuator placed on the single-point dresser.
- Adevice to generate the input signals for the actuator.
- A software to generate the signal depending on defined dressing conditions and the surface to be
obtained on the final workpiece.

2.2. Theoretical analysis

The proposed scheme, in which the user defined patterns can be imprint on the wheel surface during
dressing and later transferred to the part, promotes a freedom of choices for transferring patterns to the
workpiece during grinding. The shape, the size and the depth of the dimples, their distribution and the
density of the texture on the workpiece surface are the different parameters to be defined.

The distribution of the texture affects the friction coefficient and so, with the objective of keeping it constant
during the whole displacement of the slides along the guideways, the defined texture has a distribution that
ensures that the proportion of texture on the contact surface is kept constant. Besides, a transversal
overlapping has been defined to ensure that the slides will always find a lubricant housed inside the dimple
which they can drag to the non-textured zone, create a lubricant film between the surfaces and diminish the
friction between the guideway and the slide.



The width of the dimple generated on the textured surface is the same as the width of the dimple generated
on the wheel by means of the assisted dressing tool. The minimum dimple width that can be generated on
the wheel, and so on the textured surface is limited by the response speed of the piezoelectric actuator and
the dressing transversal speed. The maximum width is limited by the wheel width and the number of
dimples that the user wants to fit into it.

The length of the dimple which is obtained as a result on the workpiece (14;m;,) depends on different factors:
the contact length, the length of the dimple generated on the grinding wheel with the assisted dressing
(paimp) and the grinding feed rate(v,,). Discretizing the perimeter of the grinding wheel in points ( py.,),
the length of the dimple that will be generated on the surface of the workpiece can be calculated in the
following way:

Laimp = 2 ds-ae+pdiﬂ-vw (2.1)

rev

The contact length is the trajectory that each point of the periphery of the wheel describes on the workpiece
and that varies depending on the grinding pass depth (a.) for a given wheel diameter (d,). The greater the
grinding pass depth, the greater the length of the dimple generated on the guideway. Besides, the grinding
pass depth defines the depth of the dimple generated on the guideway. However, it must be considered that
this depth is limited by the height of the dimple generated on the wheel with the dressing, which corresponds
to a,. If the grinding pass depth is equal or greater than the wheel dimple height, when grinding the
guideway, the non-textured part of the wheel will also be grinding and so, the depth of the dimple that will
be obtained on the guideway will be equal to the height of the dimple on the wheel. In the same way, the
length of the dimple which depends on the contact length will also be limited in this way.

When it comes to the length of the dimple generated on the wheel, this depends on the input signal sent to
the assisted dresser, in which the time during which the dresser must retreat (must penetrate less on the
wheel) in order to create the texture is defined. Finally, a higher or lower grinding feed rate results on the
generated dimples being longer or shorter respectively. In addition, it also defines the longitudinal distance
between the textures generated by the same wheel dimple. For a higher or lower grinding feed rate the
spacing will be greater or smaller respectively, achieving like this a greater or lower density of dimples.

The following diagram is show as a summary of the influence of the length of the wheel dimple and the
grinding feed rate (Fig. 3). It shows that for a given feed rate, the longitudinal distance between dimples is
the same, but that depending on the length of the dimple generated on the wheel with the dressing the
superficial area of texture can be higher or lower. Equally, if the feed rate varies for a given wheel texture,
the longitudinal distance between dimples changes but also does their length (as showed in equation 2.1).

2.3. Texture generation and simulation model

Taking all the parameters that have been analysed in the previous theoretical analysis into consideration, a
model has been developed with the objective of automatizing the process of texturing by grinding. The
model is capable of creating an input signal for the piezoelectric actuator in order to create the texture on
the grinding wheel by dressing and then provide the suitable grinding parameters to be used in order to
obtain the desired texture on the guideways. In general terms, the model works in the following way:

First, the dimensions of the contact area and the percentage of non-textured surface are defined. This
proportion is kept constant in the whole length of the guideway. The size of the dimple in terms of length
(Laimp), Width (Wgimp,) and depth (agim,) needs to be defined as well.

The next step is to select the proper dressing parameters based on the desired output and the dresser
characteristics. Once this is defined, it is possible to calculate the texture needed on the grinding wheel.



With the calculated grinding wheel texture, the input signal for the assisted dresser is crated. The signal is
represented as a matrix of dimensions wheel perimeter X wheel width which represents the surface of
the wheel (Fig. 8). On this surface a single dressing stroke of a, is performed except on the areas where
the assisted dresser must retreat a; in order to create the textures.

This signal is then loaded on the software developed for the application, in which the characteristics of the
piezoelectric actuator that is going to be used are set. In this manner, input signal is translated into the
voltage to be commanded to the piezoelectric in every instant. This voltage signal is the one that controls
the greater or smaller penetration of the dresser on the grinding wheel, generating this way the texture.
During dressing with the aim to control the length (ldimps), width (Wdimps) and depth (adimps) of the

dimples that are being generated on the wheel, the real voltage signal of the piezoelectric is acquired in
order to compare it with the one commanded by the software.

Once the grinding wheel is dressed, the next step is to transfer the wheel pattern to the workpiece. The
grinding parameters to be used in order to achieve the texture characteristics set in the first step (Fig. 4) are
calculated.

® de = Qgimp (2'2)
e N9strokes = 1 (2.3)
° Nng = Ngy (24)
* Yy = Ng- (ldimp -2 vV ds-ac)- prev/pdimp (2.5)

Toward facilitating the texture generation process, the model is able to simulate the textured part surface
that will be obtained by using the given wheel texture and grinding parameters (Fig. 8), so the user can see
an estimated result prior to performing it experimentally. The simulation takes into account the shape of
the wheel generated by means of the assisted dressing device and simulates de trajectory that each point of
the periphery of the discretized wheel makes on the surface of the guideway.

3. EXPERIMENTAL VALIDATION

Next, the results obtained from the generation of textures using the model developed in the previous section,
as well as the results of the friction coefficients obtained in the tribological tests for each texture. The work
has been developed in a Danobat DS-630 machining centre (Fig. 9a), a Norton grinding wheel of 320 mm
in diameter and a single point dresser with an effective width of 0.8 mm (Fig. 9b). A water-based coolant
from Castrol has been used for both dressing and grinding operations.

For the validation of the texturing technique all generated textures have been measured with a confocal
microscope (Fig. 9¢) and finally, tribological tests have been performed in order to compare the friction
coefficients of each texture against that of the flaked surfaces.

3.1. Test part design

To simulate the functioning of the guideways and slides of the machines and taking into account the
characteristics of the tribometer in which the tribological test will be performed later, two types of test parts
have been designed:



e Mini-guideway: GG30 test part with a surface of 64 x 40 mm on which the textures are generated
by grinding.

e  Mini-slide: test part composed of a GG30 square body on whose 30 x 30 mm surface a layer of
turcite of 3 mm thickness is glued.

3.2. Previous grinding of test parts

Before generating the textures on the surface of the mini-guideways it is necessary to grind both the mini-
guideways and mini-slides in order to obtain the superficial tolerances (Ra = 0.8 um) required to this type
of surfaces. To do so, all the surfaces have been ground with parameters similar to those used nowadays in
the grinding of the real guideways and slides, which are shown on Table 1. With these conditions a Ra =
0.42 pm and Rz = 2.13 um have been obtained in transversal direction.

High-porosity Wheel, coarse grain Norton Vortex IP A60F.H
size 46-60 and low hardness F-H. 26VTX2
25-35 33
15000-25000 9390
0,005 0,005
2-4 4
120-240 200
2x0,02 2x0,02

Table 1. Dressing and grinding conditions for the previous grinding of test parts.

3.3. Texture generation and tribological tests

With the objective of analysing the influence of the different textures on the friction coefficient and compare
them to the flaking two series of textured test parts have been done and tribological tests have been
performed on them as it follows.

The friction tests have been performed on a UMT-3 tribometer. The samples are mounted in pairs, one
miniguide and one mini-slide. During the tests, the miniguide is fixed and the mini-slide moves to simulate
the relative movement between the machine guideway and slide (Fig. 10). The linear oscillating movement
of the mini-slide has a displacement d of 10 mm and a frecuency f of 0’1, 1, 7°5 y 15 Hz. The linear
velocity is continuously variable in the cycle, but V. = 2-d - f is taken has representative value, which
means speeds range between 120 and 18000 mm/min, which are the speeds at which machine guideways
work.

3.3.1. First series

The first series of tests is divided into two parts, the first one compares the frictional behaviour of a flaked
surface with a textured surface under different loads. The second, compares a flaked surface with different
textures.

In the first part of this series the frictional behaviour of a flaked surface has been compared to that of a a
texture of spherical dimples of 8 um in depth (agim,) and 4 mm in diameter (@4;m;). The average friction
coefficients obtained from the tribological tests performed for each type of surface are shown in Fig. 11.



Itis possible to observe that the speed of displacement of the slides has influence on the friction coefficient.
In the case of scrapped surfaces, the friction coefficient increases as the speed increases. For the textured
surface instead, the friction coefficients decrease as speed increases.

Comparing the friction values of the flaked surface the textured surface, it is evident that even though the
friction values are similar for low displacement speeds, as the speed increases the friction coefficient
difference is more significant. Looking at the influence of the load applied to the slide in the friction values,
it is possible to see that friction values are a bit lower for both flaked and textured surfaces when the applied
load is higher. Friction coefficient reductions obtained with texture A with respect to the flaked surface, for
both loads of 18 and 36 kg, are shown in table 2.

Texture A18 kg | Texture A 36 kg
0,1 Hz 0 27
1 Hz 13 29
7,5 Hz 68 70
15 Hz 75 68

Table 2. Friction coefficient reductions texture A vs flaked surface.

Considering the results obatined in the first part of this series, the second part focuses on comparing textures
with different characteristics (Table 3) to a flaked surface. Texture A is the one used in the first part of trials
of this series, texture B has a higher density of texture due to a higher trasnversal overlapping of the dimples
and texture C has a higher density of texture due to a shorter distance between dimples in the grinding
direction (dgimpies) Wich is obtained by decreasing the grinding feed rate.

Texture A

Texture B

Texture C

adimp =8 pm

Daimp = 4 mm
overlapping = 48%
ddimples = 4.5 mm

adimp =8 pm

Daimp = 4 mm
overlapping = 72%
dgimples = 4.5 mm

adimp =8 pm
Daimp = 4 mm
overlapping = 48%
ddimples =4 mm

Table 3. Characteristics of textured surfaces.

The average friction coefficients obtained from the tribological tests performed for each type of surface are
shown in Fig 12.

In the same way as in the previous tests, it is clear that the friction coefficients of the fleaked surface increase
with the speed of displacement of the slide and the for the textured surfaces the friction coefficients decrease
instead. Comparing the different textures to the flaked surface, all of them show a reduction of the friction
coefficient which is especially notorious at high displacement speeds. Texture B is the one with the greatest
friction reduction for all the displacement speeds. This means, that for the same size and depth of dimple,
a higher transversal overlapping of the texture is beneficious. Texture C, with the same transversal
overlapping as texture A, but with a shorter distance between dimples in the grinding direction, which
translates in a higher texture density as well, shows a higher reduction of the friction coefficients. Table 4
shows the friction coefficient reductions of the different textures respect to the flaked surface.

Texture A
0,1 Hz 0

Texture C
29

Texture B
29




1Hz 13 33 27

7,5 Hz 68 77 64

15 Hz 75 75 75

Table 4. Friction coefficient reductions of textures A, B and C with respect to the flaked surface.

3.3.2. Second series

For the second series of test a preliminary characterization of the flaked surfaces has been done. In Fig. 13a
and Fig. 13b the topography of the flaked surface measured by means of the confocal microscope is shown.
In the A profile extracted from the measurement it is possible to see that the mean depth of the grooves is
of 12 um approximately (Fig. 13c). In the B profile, it is possible to see that the mean width of the biggest
zone of the half-moon shapes created by flaking is of about 4 mm (Fig. 13d). Appling the Abbott Firestone
curve to the surface it has been observed that it has a 25% of non-textured surface against total surface.

Based on the results obtained from the first series and the results of the characterization of the flaked surface
the textures shown in Table 6 have been defined. A base texture has been set which has a dimple depth of
12 pm, width of 3.7 mm and a 25 % of non-textured surface versus total surface in order emulate the flaked
surface. The transversal overlapping of the dimples has been set as 72 % as in texture B. Starting from this,
five other textures have been generated with different dimple depths and texture densities in order to study
the influence of these two characteristics on the friction coefficient.

For all the cases the wheel has been dressed with the following conditions: ny; = 1800 rpm, a,,; =
0.1 mm/rev and a; = 25 pm and single grinding stroke has been done with the conditions showed in
Table 5.

T1 T2 T3
a, =12 ym a, =12 um a, =12 pym
ng; = 1800 rpm ng; = 1800 rpm ng; = 1800 rpm
mm mm mm
v, = 9028 —— v, = 12352 — v, = 19923 —
min mi m
T4 T5 T6
a, = 8um a, = 8um a, = 8um
ng = 1800 rpm ng = 1800 rpm ng = 1800 rpm
mm mm mm
v, = 9000 — v, = 12273 — v, = 19919 —
min min min

Table 5. Grinding conditions for textures of the second series of tests.

The topography of the resulting surface for each of the mini-guides has been measured using the confocal
microscope. The profile of the surface has been extracted from the measured topography and the width,
length and depth of the dimples have been measured and verified to coincide with the defined. Moreover,
applying the Abbott Firestone curve the proportion of non-textured surface has been verified to be quite
similar to the defined. This way, the obtained results (Table 6) have been useful to validate the texture
generation and simulation model.



QAgimp = 12 pm Agimp = 10 pm
T1
perc = 25% perc = 23.15%
Wgimp = 3.7 mm
Agimp = 12 pm Agimp = 11pm
T2 perc = 45% perc = 47.99%
Waimp = 3.7 mm
Agimp = 12 pm Agimp = 11 pm
T3 perc = 66% perc = 69.20%
Waimp = 3.7 mm
anlimp =8 um adimp =8 pm
T4 perc = 25% perc = 20.68%
Waimp = 3.7 mm
anlimp =8 um adimy =8 pm
T5 perc = 45% perc = 44.58%
Wiimp = 3.7 mm
Agimp = 8 m aimp = 8 pm
= 0,
T6 perc = 66% perc = 63%
Waimp = 3.7 mm

Table 6. Characteristics of the desired part texture and texture validation results.

The results of the tribological tests performed for the second series of textures are shown in Fig
14. Init, it is possible to observe that all the textures present lower friction coefficients, in a higher or lower
degree, than the flaked surface for all the four movement frequencies that have been analysed.

Comparing the behaviour of the flaked miniguide with the base texture (T1), it is possible to see that for
low frequencies the friction coefficient is quite similar, however, as frequency increases, so does the
difference between the friction coefficients as the flaked miniguide increases friction and the base texture
decreases it.

Among the texture with the same dimple depth, it is possible to observe that textures with the medium or
high proportion of plain surface are the ones that show best friction coefficients. When it comes to
comparing textures with the same density, it is possible to see that grater dimple depth provides better
friction coefficients with low and medium proportions of plain surface and smaller dimple depth is more
beneficial when plain surface proportion increases. Table 7 shows the friction coefficient reductions of the
different textures respect to the flaked surface.



T1 T2 T3 T4 15 T6=TB
0,1 Hz 8 23 15 23 8 23
1Hz 33 20 0 7 7 33
7,5 Hz 62 71 33 43 14 71
15 Hz 75 83 67 67 46 75

Table 7. Friction coefficient reductions of textures T1, T2, T3, T4, T5 and T6 vs the flaked surface.

Given this friction coefficient reductions it is possible to say that T2 is texture that has the best performance,
especially because the improvement that shows for high displacement frequencies of the slides where
flaking fails to keep values low. Hence, a textured surface that has deeper pockets and that keeps nearly the
same proportion of texture and plain surface, provides the best friction properties for the guideways of the
machine tool.

4. CONCLUSIONS AND FUTURE LINES

With the research developed a solution has been provided for a problem that up to now is solved in a manual
way by means of flaking. Both a theoretical model and experimental tests have been presented using
advanced technologies according to the current state of the art. The friction results obtained through
tribological tests performed for the different textures that have been created, prove that texturing by
grinding is an alternative with a greater potential than flaking for its application in the lubrication of the
guideways in the machine tool sector. These competitive advantages translate into:

e  Friction coefficient reduction of 8-23% in low frequencies and of 46-75% in high frequencies.

e Possibility to generate different textures in a controlled and repetitive way using the assisted
dressing device and the texture generation and simulation model that have been developed. Prove
of this are the results obtained in the confocal measurement, in which it is possible to observe that
the textures obtained as a result are practically equal to the define (error in the depth of dimple is
between 0 and 16% and error in density of the texture is 5-17%)

¢ Reduction of the time required to obtain the textures, since it is a completely automatized process,
without increasing significantly the costs of the operation since grinding is already part of the
manufacturing process of the guideways.

Given that the obtained results are positive, the future step is to introduce this technology in the real
fabrication process of the guideways of the machine tools. This way, it would be possible to analyse whether
this improvement of the frictional coefficient is translated into the improvement of the functioning of the
machines, in relation to the obtained precision, observing effects such as the stick-slip or the behaviour of
the guideways against wear.
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