1 '159159 APPARATUS AND METHOD OF TESTI NG ABRASI ON
RESI STANCE Field of the Invention The invention

b a5 on rest Stance. “and a5 marti ool or for UMM

used in m croel ectrode nechanica{ systens ( MEMS). +1s9150+
Wil st the nethod and apparatus’  may be applicable to
naterlals havi n | anar _application, the invention
'S TS MR NFEHQIYOB HESTEIC ABRATION RESISFANCE
used on curved surfaces. Background 10 A conmmon
probl em of conponent surface deterioration occurs when
two sliding surfaces conme in contact for an extended
dur abi9BrihSiHethidg | N the case of a notor assenbly

where the shaft spins against the sIeeve duri ng
oper.ati.on |aII cr| en the shaft is.
P R s SBmscrypSrer g in
envi ronnent is uncl ean. Frequently, friction rel ated

f ai |nartisylacirmaternisuskd bovproglertrodempdhartiessystemss (MEMS). Whilst the
mai nt enance and care, causing 15 the contact surfaces

to daghatied apiachtishug babipticdbld tb aferils hivirpal pldnir Hplidatich, the
nmotor. Miuch research into thin lubricating filmis

dir Gl eriaf
fri gﬁ%ﬁ%{f 19?&%@%g\ggmg ﬁeasrsél |@| ng coﬁ%ég?? cu%redysurfaces'
lubricating filmis nost preferred for
m cr o- mechani sm such as watches, or MEMS where
di mensi onal spaces are |imted.

Background

A common problem of component surface deterioration occurs when two sliding surfaces
come in contact for an extended duration, such as in the case of a motor assembly where the
shaft spins against the sleeve during operation. It is especially critical when the shaft is
loaded heavily during rotation, or when the operating environment is unclean. Frequently,
friction related failures cause break down due to inadequate maintenance and care, causing
the contact surfaces to degrade, and thus affect the functionality of the motor. Much research
into thin lubricating film is directed to minimizing wear, and also reduces frictional resistance
at the sliding contact. Dry lubricating film is most preferred for micro-mechanism, such as

watches, or MEMS where dimensional spaces are limited.

In this regard, testing equipment is important to evaluate the durability of coated thin film as

a prompt check of film behaviour before entering into production. Mechanical fixtures are
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20 In this regard, testing equipnent is inportant to
evaluate the durability of coated thin filmas a

pronpt check of film behaviour before entering into
production. Mechanical fixtures are Q0002 2 setup

to maintain a uniformcontact duting the test, to
determ ne change in surface properties due to

repeat ed abrasi on, of a high-speed nmechanism_ A common )
fil rPEivR & maERiRs YEerE confagldydpe the kst toxleteraine chapge ip surface properties
ball to slide on a rotating planar work piece.

Sl i diua @ repeented blamsien afta highepeed niealehisman be det ect ed

using a linear force 5 transducer that neasures force

resistive in.the cantilever. arm of the bal der.. .
i o elptgen fip Bt FRB e BralieLip e §yobd nte B| Pl gp a rotsing
val ues of the resistance intensity over a period of
t i meplamgnworkypiggsi Pliding esistencs 4t itheneantegt ga k@sfeitqcmd aigingya linear force
observing the increnental change in frictional force,
as arnsduckraldt nteasupds foroe teasiveda tiweg@ntilddr ion odthe ball Bskdéry Frictional
resenble the | oading condition for a notor spindle
MeC YBHAL Rffhen rifthey #om tﬁ@&fllb&é&'ﬁhbso&ﬂ%fres?stﬁn&ﬁﬂ@ﬁsi over a period of
stationary cylinder sleeve contacting a rotatlﬁg
cylindrical shaft is nost preferred to understand the
fi | rinagd Fbe idumbibity of throfilnt cantbesagtiated:by plsgeingrthe ingfemental change in
beconmes a chall enge when the test specinen is very
s mal ftictioasidorc) @s anindiedtion of sedada dintlage0 reach with a
force sensor. Despite the availability of mcro-scal ed
contact sensors, there are limted 15 options to vary
the material and di nensions of such sensors. Summary
of Invention

To more closely resemble the loading condition for a motor spindle mechanism, a set-up

configuration of a loaded stationary cylinder sleeve contacting a rotating cylindrical shaft is
most preferred to understand the film adhesion on a non-flat surface. However, this becomes
a challenge when the test specimen is very small, and the contact area hard to reach with a
force sensor. Despite the availability of micro-scaled contact sensors, there are limited

options to vary the material and dimensions of such sensors.

Summary of Invention

It is therefore an object of the present invention to measure abrasion resistance as a function

of change in frictional force, over time, for a material applied to a curved surface.
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It is therefore an object of the present invention to
nmeasur e abrasion resistance as a function of change
in frictional force, overtine, for a material applied
to a curved surface. 20 3 1In a first aspect, the

i nvention provides a device for asuring the abrasion
resistance of a material conprising: a shaft having a

surface of said material; _ an elenent having an, .

aperif aﬁ@,t aspefbARegRveRperoROddes g devicerter m%asqqng&e@b@-ﬂowﬁlaance ofa
aperture 5 being greater than the di aneter of the
shafmatertal esipmgingeans for bi asing the el enent so as to
forma contact area between the shaft and an inside

face of th@afRRydsafack St Bidindferigans adapted to rotate
the shaft for a predeterm ned |length of tinme whil st

t he bi ase t. bet n the shaft a i,nsi de fac

i's maint aéﬁgr?%gi?}lt%%v?g%a al n?’ngou %%écthasa‘gg‘?"@ 5%“8‘%5?@"1%?‘““6
restraining force to the elenent to prevent rotation
caudsmgigyeater that thediametergfthesbtt act area, and; a

nmeasuri ng device for neasuring the restraining force
over t he busingaieanistortéadingttertpireniab as forférm a contact area between the shaft

and an inside face of the aperture;

rotation means adapted to rotate the shaft for a predetermined length of time whilst
the biased contact between the shaft and inside face is maintained;

restraining means adapted to apply a restraining force to the element to prevent
rotation caused by friction at the contact area, and,

a measuring device for measuring the restraining force over the predetermined

length of time.

In a second aspect, the invention provides a method of measuring the abrasion resistance of a
material comprising the steps of:

forming a shaft having a surface of said material;

inserting said shaft through an aperture of an element said aperture being greater than
the diameter of the shaft;

biasing the element so as to form a contact area between the shaft and an inside face

of the aperture;
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15 In a second aspect, the invention provides a nethod
of measuring the abrasion resistance of a naterial
conprising the steps of formng a shaff having a
surface of said material; inserting said shaft through
an aperture of an elenment said aperture bei ng greater
than the dianmeter of the shaft; 20 biasing the

element so as to forma contact .area between the shaf

Snd an i novge st fogp pﬁﬂﬁ%@g@ﬁ%@f o Bmegisigons gwmefle shaft
shaft for a predetermined link of tine whilst contact

bet vapd msidh écsisafaintaizedd | nsi de face i s maintai ned;

applying a restraining force to the elenment to prevent

rotation BPYRE d rdaifaifiifig fokde@haElembrit & ﬁ@&éﬁtﬁﬁ&ﬁ&{cﬁ@eaﬁﬁﬁicﬁon at

5 neasuring the restraining force over the

pre rm ngth of tinme. In a preferred
enbgﬁ%%gﬁbgﬁgﬁgfshaft may be honobgeneously fornmed from
the material., Alternatively, the materjal may be a

| ayer apphsasying gegesgramig forzeoverths predetsrpingd 159@%}?%&
nost preferred enbodinent, may be a film In this

| ast case, the filmnmay be a friction reducing 10 film
used for MEMS or other mcro scal e device whereby | ow

friahi PR EAB&EmEH: She shiPREY B HomoRHeowly thirfidd! flont tBe material,
guantify because of the application to a curved

sur f@l?e(reriatively, the material may be a layer applied to the surface of the shaft and in a most
preferred embodiment, may be a film. In this last case, the film may be a friction reducing
film used for MEMS or other micro scale device whereby low friction surfaces are

important, but difficult to quantify because of the application to a curved surface.

In a preferred embodiment, the element may be a plate having a substantially uniform
thickness. In a more preferred embodiment, the plate may be a disc and thus have a plan

shape which is substantially curved or circular.

The element may be substantially free from other external loads other than the frictional
force and the biasing means. To this end, the invention may include a device or assembly
upon which the plate may be located, which permits little or no resistance to the rotation of
the plate. In a most preferred embodiment, the element may be located on a device
providing an air lubrication layer upon which the element sits and, therefore, providing a low

frictional resistance to rotation.
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In a preferred enbodi nent, the elenment may be a plate
havi ng a substantially uniform thickness. In a nore
preferred enbodi nent, the plate may be a disc and thus
have a plan 15 shape which is substantially curved or
circular. The el enment may be sub$tantially free from
ot her external |oads other than the frictional force
and the biasing neans. To this end, the invention my
i nclude a device or assenbly upon which the plate nay
be | ocated, which permits little or no resistance to

t he Indtismbsd prefred® émbddandgmt, dieair Mbficationiayer maydle@raviidd by a planar
enbodi ment, the elenment nmay be | ocated on a device

or oy ¢l = $ . :
O sl Ul QPG MR bl ooy
friction

| resistance .to rotation. dn this st .

pr o SRS ST BRRYER £ it Hencaioh Iy ool S AR g hisgmost
provi ded by a planar surface having a series of

spi rragfergadsapedinicntpthe elerent say therefoye bejreced ypa thasinlubrication layer
grooves maybe arranged so as to provide an air

| ubrand dtrefinfrdnathe lovofiicticiabkdiamc@f said surface. In this
nost 5 preferred enbodi nent, the elenment may therefore

be placed upon the air lubrication |ayer and benefit
fromthe low frictional resistance. In a preferred

enmbadi nent, .th i asi .means may i.nclyude an. .
bl e etsisd SbodmEy (i e o s 8 g aion ofam iermal
element so as to restrain the element fromrotating

due nopmalierce appliedsp the elmientrso af to rdstsaif thie element dilony rotating due to the
a nore preferred enbodi nent, the external force may be

apphﬁﬁmmﬂMyﬁﬂﬁﬂﬁﬁﬁmﬂm&QQhed bet ween the el enent and a
wei ght, said weight directed downwards due to the

cable being engaged with a pulley. Thus, in this
enbodi ment, the external force will be equal to the

In a more preferred embodiment, the external force may be applied by a cable attached
between the element and a weight, said weight directed downwards due to the cable being
engaged with a pulley. Thus, in this embodiment, the external force will be equal to the
gravity load imparted by the weight, subject to any frictional resistance of the pulley.
Alternatively, the external load may be a tension or a compression spring mounted between
the element and a fixed point and thus either applying the load in tension or compression
with the external force being equivalent to a force corresponding to the spring constant of

said spring.

The rotation of the shaft can be achieved by a number of different means with the invention

not being limited to any particular arrangement. Therefore, as an example, the shaft may be
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15 gravity load inparted by the weight, subject to any
frictional resistance of the pulley. Alternatively,
the external |oad may be a tension or a conpression
spring nmounted between the elenent and a fixed point
and thus either applying the | oad intension or
conpression wth the external force being equivalent
to a force corresponding to the spring, constant of

sai dodisel bygmoteg capalle plypaintaiging @ unifona rettional spepd 1g5dhe length of time
achi eved by a nunber of different neans with the

i nvalktipaatedfatthdtestng | imted to any particul ar
arrangenent. Therefore, as an exanple, the shaft naybe
6 rotated by a notor capable of maintaining a uniform
rotational speed for the length of tine designated

t e 10288 e EF LT BB R Ao Bt RrutelS oty depend

5 upon external conditions such as tenperature and

pr espgn external copgljtions sish arctprapraatyp and nressure diinaycdsoidepengl gpon the
which the material is to be used, and the nagnitude of

t he applicatiorefor #hitlcthe mArialtiste bews‘ede,randiﬂle hapgtdeé of the external force. As
proportional to the applied frictional force, the

magnj,d 46ien -

theq}déegr eea@fo(géehv\ﬁ? ﬁgﬁ&r)tehseear chers #E%rc\%tf;ﬁﬂzétﬁtﬁ&&theextemal
acce erate the test astos rten the test periad.

The TPER BiAR U6 RinthE g S feelt b Spen i EPr8 g Wi accglerate th st
predeterm ned 10 length of tine may be in the range

one s9@gtorsbortep thetes perenda Thejlayash oiitmetqf theitast, ﬂlahesaa@mdetmymed

not have a limt, and so may be determn ned based on

t he legy oftiade iy betn th&Rngd dfdhe detondfup € de0d@al daydn InthgRY, the test may
[imt of 600 hours, and nore may be appropriate. The

act Yk nReis fﬁ.pwﬁlaﬁbe AR Bhs0 or a6 She RS h practic,

as a poly m or ceramc coatin

preferred. enb t.he nmeasurin deV| |nclud

B PR 80 P s RCESIRERE AP O aiar eIV PTAL Ao ey o o
that the restraining force may be neasured directly.

Fur tfhwegtion ofthe mataalshehps dpolymer fitanor i perroid eoatinglat a

| oggi ng nmeans such as a conputer having an anal ogue

to digital converter to convert the anal ogue signa
fromthe | oad sensor to a digital record to be

rec %ggpergégeéd EBodt R thétheaslihe @BV G M hetudeRGodTRaARY h "9

devic

communication with the element such that the restraining force may be measured directly.
Further, the measuring device may include a data logging means such as a computer having
an analogue to digital converter to convert the analogue signal from the load sensor to a
digital record to be recorded by the computer. In any event, the measuring device and
possibly its ability to record data over a significant length of time may be required in order to
determine significant or progressive change in a frictional force from a review of a graph

generated from said measuring device.
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20 possibly its ability to record data over a
significant length of tinme may be required in order to
deternmi ne significant or progressive change in a
frictional force froma review of a graph generated
fromsaid nmeasuring device. Brief Description of
Drawings Figure 1 is an isonetric drawi ng of test
apparatus of the prior art; Figure 2 is an isonetric
drawi ng of test apparatus according to one enbodi nent
of the 5 present invention; Figure 3 is an expl oded

i sorBaef Desciibtian afDrawingsaft assenbly according to one
enbodi mrent of the present invention; Figure 4 is a

pl arFigire Wisah isdme@ic draging oftest apeMiscif i@ ptior @ e
enbodi nent of the present invention; 10 Figure 5 is a

SO R Y2 A o

schematic view of the neasuring systemaccording to
anotHEFUIRNSSent of the present invention; Figure 7
is a graphical representation of results neasured

f ol ITogureg isan expdeded ssowetic Migwioba gal assembliraesdidingrio ousfemblodiment of
present 1 nvention;
the present invention;
Figure 4 is a plan view of a facing plate according to one embodiment of the present
invention;
Figure 5 is a schematic drawing of a ring disc according to one embodiment of the present
vention;
Figure 6 is a schematic view of the measuring system according to another embodiment of
the present invention,

Figure 7 is a graphical representation of results measured following a test according to one

embodiment of the present invention;

Description of Preferred Embodiment

It will be convenient to further describe the present invention with respect to the
accompanying drawings, which illustrate possible arrangements of the invention. Other
arrangements of the invention are possible and consequently the particularity of the
accompanying drawings is not to be understood as superceding the generality of the

preceding description of the invention.
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Description of Preferred Enbodinent It will be
convenient to further describe the present invention
with respect to the acconpanyi ng draw ngs, which
illustrate possible arrangenents of the invention.

O her 20 arrangenents of the invgntion are possible
and consequently the particularity of the acconpanyi ng
drawi ngs is not to be understood as superseding the
generality of the precedi ng description of the
invention. 8 The design of MEMS notors involve

as s efteldesian of MIEMB anbtorsiinkolve asseptbliessmeasoedipauieninktyes. Cousequently,
mai ntain the very small size of the assenblies,

cl eap aARRDEE WP BnSDNITR AR hderhblick, icRhraRe bet/aéh donPloRdn®i€limited

hi gh speed rotational nmenbers are undesirable.

I nevj eV ] - rts

i 1 10 BBtsfore RRREHEEL o0 e an® e TP e contat
friction and consequential wear of the parts, dry

| ubriebgen mgving pars vall eccys kadipglortigian s Tepingnize e friction and
surfaces and curved surfaces, for instance, the

s| eewaseqifiential mamof the Phas, drydubeisating lfiliisarawestd both af fla planar surfaces and
| ubricating filmon a curved surface i s dependant

UPO Nourvied si@faces1dr Rithifde, tRANRH s réthr, the filmto the part

and unifomty of filmthickness. By controlling

deposition process paraneters, such as tenperature and
pressure, it is possible to create the desired
lowfriction characteristics and reduce the risk of

mec hEhsisucerssiit foxretionef 3 lubrigating filman aguvedsuiaeeds dapgrdantaipon, infer
excessi ve abrasion. 15 Conventionally, to evaluate a

t hi uliapsihesibnfof therfifp exthéran, and ieifoprpicofifirn thicknsss !By controlling
spinning at a constant rate with a | oaded cont act

bal | e?&“iﬁoﬁ‘fﬂ&igm 85191%&@1@ QAR e RCSid gfb@éﬁrdé l(?) \?/s é)ro§siible to create the

resulting e to the Specli men neasure nme.

I SR B 5L TR B o i

conmerci al testing apparatus shown in Figure 1,
mak i delprranatesidug towrceasbveghrabiebn bet ween speci mens usi ng a
pl anar surface is

Conventionally, to evaluate a thin coated film specimen, the specimen is set spinning at a
constant rate with a loaded contact ball contacting the specimen surface, and the resulting
damage to the specimen measured over time. This can be repeated for several materials,
under various loading conditions. Thus, for the simple commercial testing apparatus shown
in Figure 1, making a relative comparison between specimens using a planar surface is

sufficient to evaluate the wear life of a specimen relative to other specimens.
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20 sufficient to evaluate the wear life of a specinen
relative to other specinens. 9 A thinfilmis

deposited on a flat substrate 101 with good surface

snoot hness and fl atness, so that a force sensor 106
attached to a contact ball 104 cgn reliably determ ne

the friction on the filmsurface. A cantilever arm

105 js.designed tq hold the contact ball onto the test

sur f ﬁ*@ﬂ f?hl"dﬁéepf’ﬁiteg PR3 flgfsubsirate Ly with gogr stsface smaofhngss and flatness, so
parallel to the surface. A |oaded weight 107 is 5

c ontthat b Yorcekeasdr 106 attanhedtaseonting balddd lcart religbtyi deteiomathe friction on the
force and accel erate abrasion/wear during the testing

cycl s surfie. AedniRCerase P05 Agigh& t6A61d ei¥RemthIBAL ot the 3§ surface,
present invention ains to evaluate the wear

resi . [ D= CO L ] ' n t I .

| oadnaRneal ot Meacitofitoh ballellole el 1S1oR AR i

for a cylindrical shaft 201 that nﬁy be used in _a MEMS )
mot SPmRioRlyAdisd to mgrease theahpahite instignal prse Ardpceslerafe ahsgsiom/wear during
sensor 206 attached to a ring disk 202, which is

pl adkekesting cyobast act with a speci nen of coated filmon a

shaft 201. The ring disk 202 is anal ogous to the

rotor sleeve in the design of mcro-notor, replicating

the type and area of contact. As shown in FIG 2, the

for sensqr. 206 asures .t he restraining force of

i ng P09 g Ofine I O emodiment of e s i Etion s g evafpte the wear
ring disk 202 and the rotating shaft 201. The test

nod drsistangpofitiin-seatedfilmywithacopstangnarmal leag#pplied &the filnplgyger and,
onto a shaft hol der 204 through the sleeve hol es of

t he spécifipalty, $9¢ a20ithdricdl bhagR0Bthattndyrbe lnkedin SMBEMS thbtoe fissembly.
stopper ring 211 is placed above the ring disk 202 as

a o .
20 T ae RO me) o R PP gk G P Bk 22, Wit i pleced
speed during the .test. The_.rin [ 202 sits eel
on 8 paie Bt SHEuinERpoariBt S Stch T 1s ek abf RSogous o
and contact of the ring disk 202 against the facing
pl atthe rotor legye irptbedastgn Qgrarcw-m@m eaplicagng the typeang arealolf eontact. As
during the test

shown in FIG. 2, the force sensor 206 measures the restraining force of ring disk 202 which

is generated by contact of the ring disk 202 and the rotating shaft 201.

The test module 200 is set up by securing the coated shaft 201 onto a shaft holder 204
through the sleeve holes of the ring disk 202, illustrated in FIG. 3. A rubber stopper ring 211
is placed above the ring disk 202 as a means to avoid axial wobbling and shuddering of the
ring disk 202 when the shaft 201 spins at high speed during the test. The ring disk 202 sits
freely on a facing plate surface 205 of the shaft holder 204, and contact of the ring disk 202

against the facing plate surface 205 of shaft holder 204 is inevitable during the test
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10 neasurenent due to gravity. It is therefore
preferable to isolate these elenents during testing

to elimnate friction other than that fromthe coated
curved surface of the shaft 201. A feature of this
proposed structure is to introdugﬁ a spiral groove

thrust bearing on the planar 5 rface of shaft

hol der 204. An air Jubricatjon |ayer can be generated )
by dngasyspEens drcdo grasity. § is thaelaredrderaiile todselafsdhege elgments during testing
varying gaps of two surfaces during relative notion.

To po elininate frickien othat ¢an dwt fron the costedpatved sunfacd of Geershaft2p1.

gap nmust be engraved in either surface. For the

proposed structure, an additional step in the etching
process is added for creating a spiral ridge and

gr ooy r ofi,).es of veral mcroneters, depth on a.thin

71 ok o iR SRuna i AT b HL 680 b the planar
nmounted sQ as to be facing the flat surface of the

ri nguefrcsef shat helder2Ad Amair E‘bﬂ%ﬁqﬁd@fﬁ capbe generatpsliby gir pressure due to
FIG 4. In this manner, a thrust bearing created on

t he thd wetlge action betwedraeeyingedapast twmsunficks dattigaelitive pictiss Togroduce
to support the |oad. The spiral-grooved thrust

bearghdgeddt Q{ﬂoh SorftOPhtt&R ™8 2Yise gig fusPE ehEvddfin &bk AfteYFor the

spaced shal |l ow grooves. The depth of each groove Is

up to several tines.the bearjng clearance. to the .
bl ot Aot R e el b GRG s fogyRarig & spire

i nduces a conponent normal to the sliding direction

dur iriige anskgrogve profiles gf sopesal mirometers dentinorsa ilicon hiate 205. This
shal l ow i nclined grooves function as a viscous punp,

and plag205iethyn Mbeediag as Bibe thgitRdldcatiadeloilie GiAEIGSS20208 the shaft
pressure in the gap to rise and enabling the bearing

to Li oot ! ,
rin gﬂoi | s%éﬂfg)l Bgulqu g‘ %%tg' %ﬂﬁgﬁ%@% ; Ee %Igé{%ﬁg S ; %%@8 %ngre
of shaft hol der 204, frictional resjsta on the

o1 arle S Ot TSSO SRR b BEbFh oAl Tho il tooved thrust
negligible | evel during the neasurenent. 11 A snal

c ontbgetingprefte 419G onsists of i spicagionifomiyspaed shallow graoves. Hleedepth of
at the interface when the ring disk 202 is biased

agai gt grbdi@ i edesitahds thbtarig cled@focYueib iR liRGioR of the
suspended weight 209 wth a cord 208 that nuts over a

Si ' P .

o ¢ B0 LA S0ty BltinaFl i g diretion during the
mninsing the shift of the cord 208 that y.lead to

5. e ThrERon. BTt e g B flRoPoYes MRHion s g yissous purmp,
In testing a specinen, the small contact area 500 at

t he andcapilfanchiodkegand éie indueed flowraukcs the p@sSuredmthe ghyeto rise and enabling
coated shaft 201 is used for the nmeasurenent of the

¢ hanB@bdafingstd ik Aeaing dizR 202 abn@:fpoﬁcn?y. OPkeeh @k ring dfsR 262 19 ¥ieVated
a extensive test duration. Depending on the anount of

lo adabg\g)egth@ﬁﬁ’t% E&ﬁce 205 of shaft holder 204, frictional resistance on the planar contact

surface can be reduced to a negligible level during the measurement.
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10 radially on the ring disk 202, the friction force
varies ow ng to the correspondi ng shear force at the
contact interface 500; increasing |oad induces |arger
frictional resistance on the surface. Yet again, the
coated fil mshoul d possess a snopth surface after
deposition and not cause a poor contact with the

o i o 5 St i 4 bt v g

include good shaft roundness, and good alignnment of
t he disk202 ishinsetagginst thwi coated @e?o&lt sutfacebi ettaching a eutspended weight 209
surfaces. FIG 5 reveals the basic schematic of the

t estwifOdokE208A8ht Wik 6¥er Wik palleyt210. Hdvitig @adhd pulley 210 arrangement

tribol ogi cal concept where friction force is generate

W t BE?Q I

di rgcfmg Igé h#‘g g‘l rﬁgébrrlﬁ)\f)erren g?ﬁls@hro g&ggc}fﬁﬁ?snﬂxatmayleadto
sl eeve surfac of t he rlgg disk 202 is 20 pulled to
contaisgligpnagnt of the foxeeyieriars dimng thefsted shaft 201 rotating

in a clockw se direction. The shaft 201 wl|

experience a resistance (FR)~ in notion due to

friction. Such contact friction on the shaft 201

sur fIﬁ@e%mkg &uh&ﬁt}{e'sﬁﬁll Sintkt & 500 Xt tﬁ’élﬂteff&% Bét@feérﬂhé xlikﬁg disk 202
sane dlrectlon and so induces 12 an increase in

tensj t nectl cord 207 me nrin | S

200 el af ARG e B Emgﬁm%ﬂgcepmpeﬂy ofthe
resi stance can be expressed as the opposlng forc

agaiqqaied sus@ce QYT atangye teft duntign Depepdigen thearnopst of load 209 applied
generates a tension in the attaching cord 207 adhered

t 0 tridiallysumrtierirg disk 202, tig frictiok f@@Aari¢sowtity te teroinespondingghear force
magni t ude of detected tension force is obtained 5

quang ﬂfeﬁ&ﬁté[c? In¥er8 3008ndrOkRE 1038 Pfides BRr fieti istﬁﬁgee on the surface.

magni tu etothefrlctlon orce experlence on

coat shaft 2 ur . Usin t tical ..
ol f 8RR s o R AT s ool ST Aot gad pg causea
can be evaluated in the normalized formknown as the
CoefHoorgantaet vith thegantaetingging ylisk 30Prduring the festelOthar impertant factors for
following ratio: 10 Coefficient of Friction F () - P
Contenkuting seliable ®stingfindude kbwl shafbdoattintds) 4id degl dig@feri bethe force
surface overtine, and this transition is reflected by
t he Sg&@pgﬁhfegpegﬁggfé%&gactw . Calibration for the
change in fil'mroughness mnth standard sanpl e surface
of known value is preferably carried out to correlate
with the 15 neasured data, This conparison is
particularly useful in determning the failure |evel
wherFIGt heev whasig schempticeof thedostb 200avhighivasks op e sgandard
to wear occurrence of the film

tribological concept where friction force is generated with a normal loading (P) perpendicular

to the direction of sliding movement. In this regard, the sleeve surface of the ring disk 202 is
pulled to contact radially against the coated shaft 201 rotating in a clockwise direction. The
shaft 201 will experience a resistance (Fy) in motion due to friction. Such contact friction on

the shaft 201 surface urges the ring disk to try and rotate in the same direction and so induces
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Active nonitoring of the dynam c force output on the
force sensor 206 helps in providing continuous
detection during the abrasion process, whereby the
increase in value can be 20 constantly eval uated and
recorded on a |inked conputer 60 as illustrated in
FIG 6. Aseries of digital detected val ues can be

presented via a user-friendly ¢ uter syst o help

13 | RdRersars P frRgsiomi thg qomeﬁvfz%%rdt @%thﬁsw%@asg%ﬁ 9*«9*30%? sensor
the coated film shown in FIG 7, under abrasive

| oadk0agn otherw@s\iisSesistante chobe exprdssad asithe opposing fardemgainst the
abrasion resistance of a material conprising: a shaft

havi digctidon 8 hACero@fionshit Geri¥hites b kebion @ iy htt@hHFROA 202 ¥dHRERd to the
an aperture, through which said shaft is inserted,

Shar PEARCLEE S a8 B Al b B IE o oRE) Bl § obined

forma contact area between the ., shaft and an inside )
f ac eugptitatyygly 8p g}etﬁgp%s’ensor 206 as equal in magnitude to the friction force experienced

on the coated shaft 201 surface. Using mathematical relationships, this change in film’s
surface property can be evaluated in the normalized form known as the Coefficient of

Friction (i), administered in the following ratio:

Coefficient of Friction (1) = FITR

Continuous abrasion on the coated film degrades the surface over time, and this transition is
reflected by the change in measured 1 value. Calibration for the change in film roughness
with standard sample surface of known i value is preferably carried out to correlate with the
measured data. This comparison is particularly useful in determining the failure level when

the measured p value increases dramatically due to wear occurrence of the film.

Active monitoring of the dynamic force output on the force sensor 206 helps in providing
continuous detection during the abrasion process, whereby the increase in p value can be
constantly evaluated and recorded on a linked computer 600, as illustrated in FIG. 6. A series

of digital detected values can be presented via a user-friendly computer system to help



rotati on neans adapted to rotate the shaft for a
predeterm ned length of tinme 10 whilst the biased
contact between the shaft and inside face is

mai nt ai ned; restraining neans adapted to apply a
restraining force to the el enent 40 prevent rotation
caused by friction at the contac% area, and; a

measyri.ng devj.ce for neasuri he restrajni f.0

v r B BT GIReHE WAL RGR OBt Sraied Hsn SOV B FIG. 7, e
device according to claim1l, wherein the material is a

| ayebrasipplopdinig.t o the surface of the shaft. 3. The

devi ce according to claim2, wherein the layer is a
filmis adhered to the shaft. 4. The devi ce according

to claim3, wherein said filmis a friction reducing
filmfor use with MEMS. 20 5. The device according to
any one of the preceding clains, wherein the el ement

is a plate or a disc 15 6. 57.
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8. 109. 10. 15 11. The devi ce accordi ng any one of the
precedi ng clainms, wherein the biasing nmeans conprises
an external force applied in a direction nornmal to a
| ongi tudi nal axis of the shaft. The device according
to claim6, wherein the biasing ans includes a cable
attached at one end to the elene and at an opposed

end to ight, said cable engaged with a pulley
inté&ﬁ%@4§fe the ends. The device according to any one

of the preceding clains, wherein the predeterm ned
length of tinme is in the range of 1 second to 600
hours. The device according to any one of the

pr ecedi ngA aévideTdr MbIRL thelabRsifRRSicB 8f a ARAMHAomprising:
i ncludes a data | ogging device for recording the

measur enent of . rest raini ng devi ce. The device
according to 4 %vgg%\%%&ea%%?%sa@%ae&gﬁa | oggi ng devi ce
conprises a conputer capable of convertin

anal ogue si grigiclementhayingan apsdure dyaugh whighsa Sﬁ?@i igjingegted, said
record of the restraining force.
aperture being greater than the diameter of the shaft;
biasing means for biasing the element so as to form a contact area between the
shaft and an inside face of the aperture;
rotation means adapted to rotate the shaft for a predetermined length of time
whilst the biased contact between the shaft and inside face is maintained;
restraining means adapted to apply a restraining force to the element to
prevent rotation caused by friction at the contact area, and,;
a measuring device for measuring the restraining force over the predetermined
length of time.
2. The device according to claim 1, wherein the material is a layer applied to the
surface of the shaft.
3. The device according to claim 2, wherein the layer is a film is adhered to the shaft.
4, The device according to claim 3, wherein said film is a friction reducing film for use
with MEMS.

5. The device according to any one of the preceding claims, wherein the element is a

plate or a disc
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A nmet hod of measuring abrasion resistance of a
material conprising the steps of: formng a shaft
having a surface of said material; inserting said
shaft through an aperture of an elenent, said aperture
being greater than the dianmeter,of the shaft; 20

bi asing the elenent so as to forma contact area

bet ween the shaft and an inside face of the aperture;
16 rotating the shaft for a predeterm ned | ength of
time whilst contact between the shaft and inside face
i s rfai nt alhealdyiceqepirding enyzone efthe preceiding clhiorscwhdrein thebiasing means
el enent to prevent rotation caused by 5 friction at

t he cont aginpeises an aiéhal MRespplicdsh 4 dirclidSiofrAdl i ﬂ@néﬂ@ﬂ:ﬁﬁ axis of the
over the predetermned length of time. 12. The nethod

accordin 5']5[) claim 11, wherein the foam ng step

further incl'udes applying foamto the surface of t he
shaf t 13. The method according to clainms 11 or

wherei n t He devierpeeeiding ipedaitn Srwherein the piasiag maays mglufiw acplle
range of 1 second to 600 hours. 14. The nethod

accor di nepttached atyone erel tothe eleaientmnd 4t ah oprib3ed ehd tat dvedight, said cable
including the step of logging the restraining force

as a funcipaad Rith b by ittt thelehids. MEASUring step.

8. The device according to any one of the preceding claims, wherein the predetermined
length of time is in the range of 1 second to 600 hours.

9. The device according to any one of the preceding claims wherein the measuring
device includes a data logging device for recording the measurement of the
restraining device.

10. The device according to claim 9, wherein the data logging device comprises a
computer capable of converting an analogue signal from the load sensor into a
digital record of the restraining force.

11. A method of measuring abrasion resistance of a material comprising the steps of:

forming a shaft having a surface of said material;
inserting said shaft through an aperture of an element, said aperture being
greater than the diameter of the shaft;

biasing the element so as to form a contact area between the shaft and an

inside face of the aperture;
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13.
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14.
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16

rotating the shaft for a predetermined length of time whilst contact between
the shaft and inside face is maintained;

applying a restraining force to the element to prevent rotation caused by
friction at the contact area and;

measuring the restraining force over the predetermined length of time.
The method according to claim 11, wherein the foaming step further includes
applying foam to the surface of the shaft.
The method according to claims 11 or 12, wherein the predetermined length of time
is in the range of 1 second to 600 hours.
The method according to any one of claims 11 to 13, further including the step of

logging the restraining force as a function of time following the measuring step.



