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Abstract

In this paper author present results of measurements of slide journal micro-bearings surface topography
measured with an atomic force microscope (AFM). The results of measurements of surface topography were presented
in the form of surface topography maps, three-dimensional graphs and some examples of selected cross-sections of
investigated surface in the form of profile graphs.

Measurements of surface topography were made for journals and sleeves of slide journal micro-bearings from
personal computers' hard disc drives, with the Atomic Force Microscope NT-206 produced in MTM in Minsk,
Republic of Belarus.

In this research author used two identical sets of micro-bearings from 2.5 HDD Samsung HM160HI 5400rpm
and 3.5” HDD Seagate Barracuda 7200.10 ST3808154S 7200 rpm hard disc drives. First set of those four micro-
bearings worked for a year at rated RPM continuously (i.e. 24 hours a day). Second set of the same micro-bearings
also worked for a year at rated RPM, but in intermittent mode (i.e. 15 minutes on, 15 minutes off).

The values of profile roughness parameters R, and R, and the distance between maximum peak height and
maximum valley depth are presented as well.

The application SurfaceXplorer® was used for processing and visualization of the data obtained from AFM NT-206,
which besides from generating 2D, 3D and profile diagrams, was used to calculate and draw graph of height distribution.

Surface topography of investigated bearings sleeves was also measured using Hommeltester T8000-R60
profilometer. Those measurements give information about micro-grooves dimensions and location.

On the surfaces of studied micro-bearings, some micro-grooves can be found in form of herringbone, with depth
about 1.5um and width 150um. Received information about micro-grooves geometry will allow developing proper
theory of hydrodynamic lubrication for micro-bearings with micro-grooves.

Keywords: atomic force microscope, surface topography, micro-grooves, herringbone grooves, micro bearing
in HDD.

1. Introduction

Surface roughness of the slide journal micro-bearings is more significant for the flow parameters in
the bearing gaps than in the case of classical slide journal bearings, especially large ones, used for
example in the ship crankshafts or main engine shafting bearings. It results from the surface roughness
height value to the radial clearance ratio. Because of that, while making the project calculations on the
flow and operational parameters of the small-sized bearings (1 mm - 50 mm diameter), it is important
to take into consideration the influence of the roughness height on the change of oil clearance
height. It can make with the stochastic methods [1, 5, 8, 11]. To perform the calculation, the
stochastic changes of the oil gap height and probability density function has to be determined.
Such function can be determined on the basis of the bearing's journal and sleeve surface
topography [1, 5, 8]. Another factor that has an influence on the change of flow and operational
parameters inside the oil clearance of the slide journal are the micro-grooves located on the surface
of the bearing's sleeve or journal [2, 3, 6, 7, 9].

The purpose of this work is to create the surface topography of the bearing journals and sleeves of
the slide journal micro-bearings used in the HDD drives and to define the size of the micro-grooves.
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The measurement of the surface topography in the macro scale was made with use of the
Hommeltester T8000-R60 profilometer. Thanks to the results of these measurements,
the information on the size and the location of the micro-grooves on the surface of the bearing
sleeves were obtained. To perform the measurement, the area 2-4 millimetres long and 250-300
pm wide was scanned.

Measurements of surface roughness in micro and nanoscale can be executed with atomic force
microscope. In the research, the author of this paper used the Atomic Force Microscope NT-206
produced in MTM in Minsk, Republic of Belarus.

Atomic Force Microscope NT-206 provides findings for samples with maximum roughness
value £ 1um. Max. field in one scanning process is up to 32um x 32pum. Measurements were
preceded with resolution 256x256 points. The process of surface scanning was made in the static
(contact) mode.

The author had researched the surface topography of four used journals and sleeves of the
slide journal micro-bearings used in HDD drives. In the research, the author of this paper used
two identical sets of HDD drives: 2.5” HDD Samsung HM160HI - 5400rpm and 3.5” HDD
Seagate Barracuda 7200.10 ST380815AS - 7200 rpm. HDD drives are equipped with the slide
journal micro-bearings with micro-grooves on the surface of the inside sleeve in form of the
herringbone. The first HDD set was working for a year at rated RPM continuously (i.e. 24
hours a day). The second set of the same HDD was working also for a year at rated RPM but in
intermittent work mode (that is 15 minutes on - 15 minutes off). In the previous works, the
surface topography measurement was made on the identical, unused slide journal micro-
bearings [4]. Thanks to the comparison of the surface topography obtained earlier and
topography obtained now, the analysis of the slide surface wearing level can be made. Picture
1 presents the working set with fans and HDD drives working in the continuous and
intermittent modes.

fans and FHDD -
continuous mode

Fams angd HID -
mntermitient mode

Fig. 1. Working sets of computers hard disk drives and fans
2. Measurements of surface topography

Surface topography of the slide journal micro-bearing sleeve used in Samsung HM160HI HDD
drive that was working in continuous mode is presented on Fig. 2. The Fig. 3 presents the surface
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topography of the slide journal micro-bearing sleeve used in Samsung HM160HI that was working
in intermittent mode. Fig. 2a and 3a presents surface topography made on the profilometer and the
Fig. 2b and 3b presents the topography made on AFM NT-206. The surface topography is
presented in 2D and 3D view. Pictures also show the cross-section and the roughness, as well as
height distribution and tilts orientation.
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Fig. 2. Bearing sleeve's surface with micro-grooves - bearing from HDD Samsung HM160HI — continuous mode

The surface topography of the slide journal micro-bearing sleeve used in the HDD Seagate
Barracuda 7200.10 ST380815AS that was working in continuous mode is presented on Fig. 4, and
the same device that was working in intermittent mode is presented on Fig. 5. Fig. 4a and Sa
presents surface topography made on the Hommeltester T8000-R60 profilometer and the Fig. 4b
and 5b presents the topography made on AFM NT - 206.

The micro-grooves, on the internal surface of the slide journal micro-bearing's sleeve, used in
the HDD Samsung HM160HI (see Fig. 2 and 3) are about Sum deep and about 175um wide
and their cross-section is triangular. The spaces between the micro-grooves are about 250-275 um
wide.

On the surface of the slide journal, micro-bearing sleeve used in HDD Samsung HM160HI the
scratches, grooves and material losses can be observed. The sleeve was made from the GB 4239
material (China) and the journal was made from the X20Cr13 EN10250-4 material [10].
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Fig. 3. Bearing sleeve's surface with micro-grooves - bearing from HDD Samsung HM160HI — continuous mode

The micro-grooves on the surface of the slide journal micro-bearing inside sleeve used in the
HDD Seagate Barracuda 7200.10 ST380815AS (see Fig. 4 and 5) are about Sum deep and about
300um wide and their cross-section is rectangular with the rounded apexes. The spaces between
the micro-grooves are about 200-250pm wide.

On the surface of the slide journal micro bearing inside sleeve used in the HDD Seagate
Barracuda, the similar signs of wearing can be observed. The sleeve was made from 53.5Cu-45Fe-
1.5Sn sintered metal and journal was made from the X20Cr13 EN10250-4 material [10].

The surface topography of the measured slide journal micro-bearings journals used in
HDD Samsung HM160HI are showed on the Fig. 6 and on Fig. 7 the surface topography of slide
journal micro-bearings journals used in HDD Seagate Barracuda 7200.10 ST380815AS
is presented.

The surface roughness of the bearing journals and sleeves measured on the AFM and defined
with the R, and R, parameters is quite high and is about 80 to 200nm The parameters of new and
unused surfaces of bearing journal and sleeve on identical slide journal micro-bearings were in
range of R, and Ry and were about 4 to 25nm [4].
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Fig. 4. Bearing sleeve's surface with micro-grooves — bearing from HDD Seagate Barracuda 7200.10 ST380815AS —
continuous mode

3. Conclusions and observations

This work presents only few surface topographies chosen from dozens of made and analysed
AFM scans.

The comparison of the slide journal micro-bearings journal and sleeve surface topographies
presented in this work with the topographies of the identical, unused slide journal micro-bearings
[4] shows, that the bearings that are working continuously has the highest rate of wearing. That
rate comes from the boundary friction that comes as the result of the frequent work in non-
stationary mode.

Thanks to measurements made with the use of the profilometer, the width and depth of the
micro-grooves and the spaces between the micro-grooves could have been measured. The
information obtained on this subject will allow simulating the accurate numerical calculations of
the hydrodynamic pressure distribution in the gaps of the slide journal micro-bearings with micro-
grooves.
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Fig. 5. Bearing sleeve's surface with micro-grooves — bearing from HDD Seagate Barracuda 7200.10 ST380815AS —
intermittent mode

From these distributions of roughness is possible to obtain a probability density function used
in the stochastic method based on taking into account the changes in surface roughness and flow
parameters of operating bearings.
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Fig. 6. Bearing journal surface topography - bearing from HDD Samsung HMI160HI; a) continuous mode,
b) intermittent mode
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Fig. 7. Bearing journal surface topography - bearing from HDD Seagate Barracuda 7200.10 ST380815AS;,
a) continuous mode, b) intermittent mode
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