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Summary

This paper presents a measurement analysis ofrieww, nhon-damaged
cooperating micro-bearing surfaces occurring in pater ventilator Kama
Flow SP0825FDB12H 0.080 m. Such surfaces are dgdiddferent in
comparison with surfaces that are found in HDD obearings. Developed
measurements concern Scanning Electron Microsc&EeM), Mira
TESCAN INCA, and illustrate 350 images of journadasleeve work
surfaces using the Microscopy system. This paser @ncerns roughness
tests with 3D images of journal and sleeve workasess and profiles of
their cross sections utilising Atomic Force Microgg (AFM), NT-206,
Microtestmachines Ltd, Belarus. Vickers micro-hasBivalue studies for
journal and sleeve surface are performed too. Resstudies of the sleeve
surface included measurements for macro-profiliases with herringbone
grooves and AFM micro-profiles of small grooveseTheasurements are
performed for a new undamaged journal and sleeMacguutilising the
Atomic Force Microscope and SEM & Micro-X-Ray arsay Such
analysis concern results referring to the beariagenmal composition with
standard deviation of measured values.

INTRODUCTION

The flow of the lubricant in cylindrical micro-beag gap is generated by
the rotation of the journal with the angular vetgoiw and rotational
speed 2900 rpm with oil viscosity 0.018 Rlasl]. A slide microbearing
has been recently used in a computer ventilatorlacem the
conventional ball bearings, due to its outstandlimgnoise and vibration
characteristicgL. 2, 4]. In this application, herringbone grooves have the
advantage of self-sealing, which causes the lubrita be pumped
inward, and therefore, reduces side leakage. Th&y prevent whirl
instability that is observed in the plain journaabings at concentric
operating conditionfL_. 1, 3, 5, 6]. Groove location has an influence on
the dynamic performances in computer ventilatorratiearing.Fig. 1
shows the microbearing with various grooves injaliand sleevf.. 3].
The diameter of the journal is 0.003 m, radial deae 3.15-18m,
groove angle 26°, and the groove type is herringb&ymmetric grooves
of the journal microbearing generate the concentotion of a rotor at the
origin, but asymmetric grooves generate the concerdgtation with the
eccentricity ratio of 0.2. The measured sample eonieg the journal and
sleeve in a new undamaged micro-bearing surfageesented iifrig. 2
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Fig. 1. The view of cylindrical microbearing journal surfaces with nano-ridges
and grooves
Rys. 1. Widok powierzchni walcowego mikrajskaslizgowego z nangeberkami

Fig. 2. The view of measured unused and undamagedrfaces with nano-ridges
and grooves in cylindrical slide microbearing jourral and sleeve, for com-
puter ventilator Kama Flow SP0825FDB12H

Rys. 2. Widok nowych, niezytych, nieuszkodzonych powierzchni czopa i panewki
z nanaeberkami i rowkami w cylindrycznym mikratgsku slizgowym kompu-
terowego wentylatorka Kama Flow SP0825FDB12H

SEM & MICRO X-RAY ANALYSIS OF THE JOURNAL
WORK SURFACE

The journal is made from Ste¥P0 Cr13 EN10250-4. The bearing material
consists of the following: silicium (Si), chromiu{@r), manganese (Mn), and
iron (Fe). Percentage values of the mentioneddregrts are given ifable 1
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The values are measured three times for threergpeciThe standard
deviation values of measured results are calculated

Fig. 3 illustrates the image of the journal work surfaoetwo
enlarged scales, using the Digital Microscopy ImggFig. 3a presents
the surface 86.8Amx86.80um and the enlarged picture is showrfig.
3b and describes the region enlarged (10x), named30gimx8.680um.
On the journal surface, the grooves do not occlwerd are a lot of
scratches on surfackig. 3a) smaller than Jum wide.Fig. 3b shows the
shape (morphology) and small porosity of the s@fac

Table 1. X-Ray analysis results of percent valuesf ingredients occurring in

journal bearing material
Tabela 1. Procentowe waét sktadnikow wystpujacych w materiale czopa uzyskane

metod, analizy rentgenowskiej

Ingredients Si Cr Mn Fe Total
Spectrum 1 0.80 13,72 0.54 84.94 100,00
Spectrum 2 0.92 13.47 0.63 84.99 100.00
Spectrum 3 0.92 13.53 0.48 85.07 100.00
Average 0.88 13.57 0.55 85.00 100.00
Standard deviation 0.07 0.13 0.07 0.06
Maximum value 0.92 13.72 0.63 85.07
Minimum value 0.80 13.47 0.48 84.94

L b)

MIRAW TESCAN SEM HV: 20.00 kV WD: 15.10° m MIRAW TESCAN
- View field: 8.680 ym  Det: SE Detector 2pm -

SEMHV: 20.00kV  WD: 23.5330 mm
PC: 10 SEM MAG: 20.00 kx Digital Microscopy Imaging ]

View field: 86.80 um  Det: SE Detector 20 pm
PC: 10 SEM MAG: 2.00 kx Digital Microscopy Imaglngn

Fig. 3. SEM — image of work surface of microbearingournal in computer ventilator
Kama Flow: a) view field 86.80umx86.80um, b) view field: 8.680umx8.680um

Rys. 3. SEM — obrazy powierzchni roboczej czopaikvadozysku wentylatora komputerowe-
go Kama Flow: a) widok pola 86,801x86,80um, b) widok pola: 8,680mx8,680um
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SEM & MICRO X-RAY ANALYSIS OF THE SLEEVE WORK
SURFACE

The sleeve is made from brass alloy CB763S EN 19B&.alloy consists
of the following: copper (Cu), and zinc (Zn). Pertage values of the
mentioned ingredients are given Table 2 The values are measured
only once for one spectrum.

Table 2. X-Ray analysis results of percent valuesf ingredients occurring in the
alloy on the sleeve work surface

Tabela 2. Procentowe waftn skladnikow wystpujacych w materiale panewki
uzyskane metagdanalizy rentgenowskiej

Ingredients Cu Zn Total
Spectrum 1 60.23 39.77 100.00
Average 60.23 39.77 100.00
Standard deviation 0.00 0.00
Maximum value 60.23 39.77
Minimum value 60.23 39.77

Fig. 4 illustrates the image of the sleeve work surfacethree
successive enlarged scales, using the Digital Maopy ImagingFig.
4a presents the surface 1740 ~®19x1740 - 1¥ m, and the enlarged
pictures showed iffigs. 4band 4c describe the regions 86.8 -4fh x
86.8 - 10°m, 300 - 10 m x 480 - 10 m, respectively.

The sleeve surface has herringbone and longitudimalves Fig. 4a
illustrates the herringbone grooves. Enlargemesw\ield (300-1F° m x
x 480 - 10°m) in Fig. 4cillustrates the herringbone groove and smaller
regular longitudinal grooves. The highest enlargemefield
86.8-10°mx86.8-10°m presented irFig. 4b shows only the regular
longitudinal grooves. Longitudinal and herringbareoves are from 10
to 50-10°m wide.
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SEM HV: 20.00 kV' WD: 26.1870 mm MIRAW "ESCAN SEM HV: 20.00 kv WD: 15.0140 mm Lev v o100 | MIRAW TESCAN
View field: 1.74 mm  Det: SE Detector 500 pm [ Viewfield: 86.80 um  Det: SE Detector 4
PC: 10 SEM MAG: 100 x Digital Microscopy Imag wgn PC: 10 SEM MAG: 2.00 kx

a) b)

Digital Microscopy Imaging /]

Small regular grooves

c)

Fig. 4. SEM - image of work surface of the sleevea) view field:
1740 - 10° mx1740-10° m, b) view field: 86.8-10° mx86.8-10° m, c) view
field: 300-10°mx480-10°m

Rys. 4. SEM — obrazy powierzchni roboczej panewliwidok pola 1740-I&6m x
x1740-10° m, widok pola:86.8-10°mx86,8-10°m, c) widok pola: 300-I&m x
x480-10°m

AFM ROUGHNESS TEST FOR JOURNAL SURFACE

Roughness of the journal working surface is meakur@D space by the
Atomic Force Microscope NT-206 with silicon cantiég CSC38 with
10-10°m tip radius. We have shown the view field 2050086100 nm
x 384.9 nm and have calculated the average rougiiteess21.4 nm, and
the root mean square Rq = 28.6 nm. The resultprasented irFig. 5.
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The cross section along the sample presentdeign5 illustrates the
height roughness and profile of the journal suriad€ig. 6.

X:20.5 pm Y:20. 1l pm Z: 384.9nm
Ra:21 4nm Rq: 28,6 nm 280 -

Fig. 5. 3D AFM image of the work surface of the mimbearing journal of com-
puter ventilator Kama Flow (Ra = 21.4 nm)

Rys. 5. Widok 3D powierzchni roboczej czopa mikigkka w wentylatorze
komputerowym Kama Flow (Ra = 21,4 nm) uzyskany RMA
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Fig. 6. Profile of the work surface of the journalpresenting roughness height in
nano-meters versus sample length in micrometers

Fig. 6. Profil powierzchni roboczej czopa pokazyj wysokdci chropowatéci
w nanometrach po dtugoi probki w mikrometrach

Fig. 6 shows, that the roughness of the journal workunfgse attain

the height of about20(10°m (20 nm). The narrow roughness
measurements are about 15°h0 (150 nm) wide and Im (100 nm
deep).
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AFM ROUGHNESS TEST FOR SLEEVE SURFACE

The roughness of the journal working surface issuesd in 3D space by
the Atomic Force Microscope in the view field 10116'm x 101

. 10'm x 384.9 - 10m for calculated parameters: Ra = 11.9 nm,
Rq = 17.6 nm. The results are presenteéign 7.

X:102 pm  Y:10.1 um Z: 181,5 nm Ziom

165
Ra:11,9nm Rq: 17,6 nm 132
66

X pm

0

Fig. 7. 3D AFM image of the work surface of the mimbearing sleeve of the com-
puter ventilator (Ra = 21.4 nm)

Rys. 7. Widok 3D powierzchni roboczej panewki mikéyska w wentylatorze
komputerowym Kama Flow (Ra = 21,4 nm) uzyskany RAMA

The cross section along the sample presenté&igin7 illustrates the
height roughness and the profile of the journafem# inFig. 8 There
are no grooves. The material is not damaddd. 8 shows that the
roughness of the sleeve working surface attainedhisight of about
12-10°m (12 nm). One visible distance between the topswghness is
about 10°m (10 000 nm) wide and 35 - én (35 nm) deep.
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Fig. 8. Profile of the work surface of the sleevpresenting roughness height in
nano-meters versus sample length in micrometers

Rys. 8. Profil powierzchni roboczej panewki pokazyj wysokdci chropowatéci
w nanometrach po dtugoi probki w mikrometrach
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GROOVES MEASUREMENTS OF SLEEVE SURFACE

Now we are going to measure the profiles of theogets cross sections
occurring in sleeve surfaces presenteéim 4. The macroprofile of the
section across the herringbone grooves presenteéigsm 4a, care
illustrated inFig. 9. Here is shown that the roughness on the sleeve
working surface attain a value of about 2’ (200 nm) and the
herringbone groove is 3-T0n (3000 nm) deep and 5-2én (50 000 nm)
wide. The boundary slopes of the groove are vesgpst Microprofile
AFM of the section across the longitudinal groopessented irFig. 4b
are illustrated irFig. 10 It is easy to see iRig. 8 that the longitudinal
groove is about 6-I0m (600 nm) deep and from T@n (10 000) to
2-10%m (20 000 nm) in width. The groove has approxinyateangular
in shape. Lateral slopes are less steep than inettimmgbone groove.
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Fig. 9. Macro profile of sleeve work surface in eross herring-bone groove depth
in micrometers versus length direction of the seatn in micrometers

Rys. 9. Mikroprofile powierzchni roboczej panewki poprzek rowka w jodetk
0 gkebokasci w mikrometrach po kierunku dtuga przekroju w mikrometrach
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Fig. 10. Micro profile AFM of sleeve work surface aross longitudinal groove
depth (um) versus length direction of the section in micromters

Rys. 10. Mikroprofile powierzchni roboczej panewki poprzek gibokasci (um)
wzdtuznego rowka w kierunku dtugoi przekroju w mikrometrach uzyskane
na AFM
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MICROHARDNESS AND MODULUS OF ELASTICITY
STUDIES

Vickers hardness test was performed by indentabbna diamond
pyramid into the sample material with a load of Iff@ms. Average
values of Vickers Micro-hardness are 7810 MPalierjburnal and 2310
MPa for the sleeve. The standard technigue MICROBNRESS
TESTER PMT-3M (LOMO-Russia) was utilised for thel@mtation. The
Moduli of Elasticity measurements were performetlisitg AFM by
indentation of a diamond probe with a 16 (100 nm) radius of tip. The
reference material for measurements was diamond.

CONCLUSIONS

The measurements performed in the micro and naale sf the journal
with (3mm diameter) and sleeve surfaces occurrimghie computer
ventilator Kama Flow SP0825FDB12H 80mm, enable tonderive the
proper model of analytical and numerical calculadioand the
development of real exploitation parameters forrabearing lubrication
occurring in computer ventilators.
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Recenzent:

Jarostaw EP

Streszczenie

W niniejszej pracy zostata przedstawiona analiza paiaréw dwoch

nowych, niezuytych wspotpracujacych powierzchni mikrotozyska

wystepujacych w wentylatorze komputerowym Kama Flow
SP0825FDB12H 0,080 m. Powierzchnie te zasadniczamé si¢ od

powierzchni mikrotozysk HDD. Dlatego te s3 oddzielnie rozpatry-

wane Opracowane pomiary zawierap: obrazy skaningowego elek-
tronowego mikroskopu (SEM), obrazy powierzchni rob@zych czopa
i panewki, testy AFM powierzchni roboczych czopa ipanewki

w trzech wymiarach, a takze profile ich przekrojow poprzecznych,

badania wartosci mikrotwardo §ci Vickersa uzyskane na testerze
PMT-3M LOMO-Russia dla materialu czopa i panewki. Pomiary

powierzchni czopa wykazug chropowatosci o wysokaci okoto

80 nm. Powierzchnia panewki zawiera makro- i mikropofile prze-

krojow poprzecznych rowkéw wzdtuznych o gkbokosci 6-107m

(600 nm) i profilu trojk atnym oraz rowki na ksztatt jodetki o glebo-

kosci okoto 2000 nanometrow o stromych stokach. Takipomiary

umozliwia opracowanie prawidtowych modeli hydrodynamicznej
teorii smarowania mikrotozysk w wentylatorach komputerowych

0 wspoOtpracujacych powierzchniach z wyggtymi nanorowkami i na-

nozeberkami uniemazliwiaj acymi powstawanie niestabilnych wiréw
i zwiekszajacymi nosnosé tozyska. Pomiary zostaty wykonane z zy-

ciem mikroskopu sit atomowych.








