* Met hod and Apparatus for Measuring a Surface Property

Field of the Invention This invention relates to, & »w——————
nmet hod and apparatus for neasuring a surface ert

more particularly but not exclusively for su wﬁﬁmuwml‘""m,m
wear detection. Background of the Invention A

‘probl em of - conponent surface deterioration happems<«
when two sliding surfaces .come in contact for an

ext ended duration, such as in the case of. a notor
assenbly where the shaft spink against a sleeve

~during operation. This problemis particularly - ..
preval ent when the shaft is |oaded heavily duri ng t he

- rotation, VetBeBankR@paRaisol RRaSHH] LBIRMe P
uncl ean. Frequently, Trrction

surfaces to degrade leading to failure and breakdown.
due to inadequate nmintenance and care, thus affecting
the functionality of the notor. Thin lubrication

Fidld bithe dmventieed i n many applications to reduce-friction
and wear and a research goal in this field is
m nim zing the anount of wear and al so reducing the
friction resistance of sliding contact where such
films are used. Dry lubrication filnms are nost

This invention relates to,a method and apparatus for measuring a surface property, more

parncqlany but not exclusively for surface wear detection.

-~ Backaground of the Invention

'- A commoe proble_rh of component surface deterioration happens when two slidiné sdrface'e
come in contact for an extended duration, such asin the case of a motor assembly where
the shaft spins agamst a sleeve. dunng operatlon This problem is pamculady prevalent

- when the shaft is loaded heavily dunng the rotation, or when the operation enwronment Is
unclean. Frequently, friction causes the contact surfaces to degrade leading to failure and |
breakdown due to inadequate maintenance and care, thus affecting the functionality of fhe

motor.

Thin lubrication films are used in many applications to reduce friction and wear and a
research goal in this field is minimizing the amount of wear and also reducing the friction

resistance of sliding contact where such films are used. Dry lubrication films are most
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"2 preferred for mcro-nmechanisns, such as watches,
-mcro-notors or Mcro-Electrical- Mchanical Systens
(MEMS) where space is.limted. In the design of MEMS
notors, the total assenbly is conpacted at a
m cro-scal ed dinension. Frictional resistance needs
to be overconme when there is surface contact between
the static and rotating conponents, hence such a dry
lubricating filmis essenti al %or the surface of the
spi ndl e shaft as well as the sfeeve of rotor. The
formation of a thin filmon a curved surface is
conducted with consideration of the adhesion as well

prefenistSortrhicakimesiianising aueh ta¥ waldHel, RS- ARtbra bEMicro-E| ectnca!
optini zation of deposition process paraneters suc s

b&tﬁ?ﬁéatswﬁm%fwﬁ PWidte shhed £ iRfisg] P @ Lo create

desirabl e iction characteristics that alleviate
ontact resistance between two contact surfaces, and

'”éh%e%@n AHMEMS Beiokx fnetoral assamblyrissosnactesiat airhictd-saaled

del am nates due to excessive abrasion. Testing
dimgosipnreictiosaliregistaneamneeds te balavatoenehwehehihaky ik stifacef contact
coated thin filmas a check of film behaviour before

betwpéryihegtdticantirbatit@cempomshis heA6S QUM & dryAu |Im is essential for
ubricating filmtest rig uses a nass Ioaded

_thé%ﬁﬁé&%ﬂtHé’sp‘ir'rdl@@hétPa@waPé@He%e oigiel] pcoat ed Work

pi ece. Sliding resistance at act between ball
and work. piece can be detected using a linear force

The formation of a thin film on a curved surface is conducted with consideration of the
adhesion as wéll as its thickness untfonnity. With abpropriate optimization of deposition
process parameters such as temperature or preesure, rt is possible to create desi rable low-
friction characteristics that alleviate contaet reeistance between two contact surfaces, and
also eliminate nrobable mechanism break down if film delaminates due to excessive

abrasion.

| Testing eq'uipment_is important to evaluate the durability of a coated thin film- asa eheck_ of
film behaviour before applying the film to a product aseembly. A common Iubrtcating film test
rig uses a mass loaded ball arranged to slide on a rotating planar-coated work piece. Slldlng
resistance at the contact between ball and work: piece can be detected using a I|near force
transducer that measures the deflection in the cantilever amm of the ball holder. Frictional
force is then predicted from the coliected values of the resrstance |ntenS|ty over a penod of
time. The durability of the film can be estimated by observing the incremental change in -

frictional force, as an indication of surface damage. Conventionally, for evaluatien of athin



“transducer that nmeasures the deflection in the
cantilever armof the ball holder. Frictional force
is then predicted fromthe collected val ues of the
resistance intensity over a period of time. The
durability of the filmcan be estimted by observing
the increnental change in frictional force, as an
i ndi cation of surface damage. Conventionally, for
eval uation of a thin 3 coated film specinen, the
specinmen is set to spin at a cdnstant rate to produce
repeated abrasion cycles with a | oaded contact bal
touching the test surface in order for film

coawal firatsbesimeRupia egeﬁfﬂeﬁ lis Sdtlo *sﬁﬁ tat E%hﬁzﬁﬁ'?éte'té produce repeated
illustrated in FI , whi ch a planar surface 1Is

atth ORideeh £ pauede ﬁ%%?%'édsﬁaﬁ@% ey S It fopfim
Q good surface snoothness and fl atness. The '
evglt% P ate is connected to a platen 102 which is
rotated by a notor 103. A force sensor 106 is attached
to a ball 104 which is in contact with the substrate
101. The sensor can uniformy determne the friction

101
SUpeFicREn}g éb'loﬁﬁ'g@ﬁ'% IRl fF'EfaeS.%«c@Z‘at PEHGfapRis used inthe
ev%ﬁ%ﬁ%mﬁ?'w'sar 6 e ebiinatlin c2Sfiostid o & 18 bt 101 witr
A | oaded weight 107 is cormonl y added onto
QOPHéU ¥ Hpeothagss angiflatness e fine sulbsiatania sbrmeatdd totagdlatend 02 which is

cles. For an accurate test for a non- flat surface,
n Otg{ﬂdrbyeasn‘@mﬁﬂﬂar Adpicadersard OB dmatiathed tacd balke104 which is in contact with

the substrate 101. The seneor can uﬁiformly detemine the friction force on the film surface
as the substrate 101. rotates. A cantilever am 105is designed to hold the contact ball onto- '
the test surfaee,'and to provide the detection of frictional force parallel to the sqn‘ace. A
I_oaded_ weight 107 is commonly added onto the contact ball 104 to r_educe the number of

~ testing cycles.

Foran ..accurate test for a non-.- flat surfece, such as a motor spindle mechanism, a close
resemblance of the mechanism is desirable so that the film adhesion on such a non-flat
surface may be underetood; Thus, a Set-up_ configuration for such a mechanism, of a
loaded stationary cylinder cohtacting against another rotated. cylindrical shatft, is used.
However, testing this in practice becomes a challenge when the test specimen is very small
since it is difficult for the forces en the contact area to be measured. Micro—scaled contact
sensors are available, but the material and dirhension of such Sensofs cannot be varied,

leading to ianexibi'Iity.



- resenbl ance of the nechanismis desirable so that the
fil madhesi on on such a non-flat surface may be
under st ood. Thus, a set-up configuration for such a
mechani sm of a |oaded stationary cylinder contacting
agai nst another rotated cylindrical shaft, is used.
However, testing this in practice becones a chall enge
when the test specinen is very small since it is

Itis Btgé& {hel\ﬁventtlgrz gJ aﬁ'ﬁ@ﬁ% g Met {:}?a %é%%tuggoiﬁépgpﬁrg%? gurface

terial .and di nensi on of such sensors cannot
P'°PG§VW§H?‘€§%@SP$% ISRy P'g“]'nfl exibility. 4 It is an
object of the invention to provide a nethod and
apparatus for neasuring a surface property which
addresses this problem Sumary of the Invention A
Sun{mélr_ﬁbf@émﬁgnﬂt&ﬁ the present invention is defined in
appended claims. A second aspect of
the present invention is defined in claim1l. 5 The
A first@spedi gf thetriesenbinventipnds defined in daipnt of the pperdesi dlaimbs) e
for nonitoring of contact behaviour at the interface
Aseb@ﬁd‘@@ééct Mﬂhébfés@ﬁf lh\‘f‘eﬂtloﬁ%fﬂéﬁﬁééln‘&anﬁ 171 cro-scal ed
mechani sm such as between a thin lubricating
filmcoated cylindrical notor shaft and nounting. The
descri bed enbodi nent proposes a net hod and appar at us
for wear detection based on




“the changes in surface texture of a coated filmon a

cylindrical spindle shaft, as contact surface in a

M cro-notor, or Mcro-Electrical-Mchanical - System

(MEMS) notor assenmbly, to investigate the reliability

of the small conponents within such small mechani sm

that are not easily nodel ed and sinul ated, especially

when. the rotational torque is small and vari abl e.

The descri bed enbodi nent enabl§s a replication of

loading in a real operation of”such a niniature

nmotor, which is not possible with conventiona

tribology testing equi pnent that normally only alloms
- Theotestirigeamethod ped iapparsius@ee pardicliyrly suitabder mooingingof contact

changes with excessive abrasion of .high | oading

bdhawioar atahglintdrfage beavedpaia by fiRinc@ @oRtackiof ¥irko-ddfed mechanism
contact interface influences the. resistance

SURR R Wi ndélfhirggtéﬁa'tllq%gﬂl n%t@&(}l@dﬁﬂl H\OF sk aﬁq Frfoij?\ﬁng

In the escrl I'rect tect

descri bed based on the distribution of | oaded
abrasi on and surface profile to neasure the gradual
wear of coated film In the described enbodi nent, a

TreoddsefbeibrBbEmeRBbpesad methobsnt %Eb&l‘étl.%bfbr What cﬁ‘é?ectngn based on
MEMS notor assenbly, by being placed on a test stan

thé‘Eﬁ%ﬁ% 8% E@tate Woltire a%ﬁ{éﬁrﬁ'lrﬁ Bha %ﬁrﬂnﬁéfas?}ﬂdleasméﬂg as contact

ty nDt OI‘ SUC ose use

SUE‘?&? e '2‘!%9 {m%f ﬁ‘ﬁﬁD e ensa i M Ptor Bssembly,

her than friction related factors.
to mvestlgate t%e rellabmty of the small components within such small mechanism that are

not easily modeled and simulated, esp_ecially when the rotational torque is small and '

variable.

The described embodiment enables a replication of loading in a real operafion of such a

miniature motbr, which is not pOssibIé with ‘conventional tribology testing équipment_that

- nomally oﬁly allows for planar specimens. Generally, surfacebroperty changes with

‘excessive abrasion of high loading forbe, and from the mechahical point of view, the contact

interface mﬂuences the resistance behaviour dunng sliding across a thin-coated surface. In
the described embodlment a direct detection is described based on the dlstnbutlon of

loaded abrasion and surface profile to measure the gradual wear of coated film.

In the described embodiment, a coated spindle shaft specimen is tested out of the MEMS
motor assembly, by being placed on a test stand attached toa driving mechanism,

preferably a high stability motor, such as those used in a Hard-Disk-Drive (HDD). In this



“Arotation mechanismis set up to hold a thin-coated
shaft to be studied conprising a .comercially
avai |l abl e notor and a force sensor placed
perpendi cul ar to the axis of notor. The coated shaft
is preferably held horizontally in order to reduce
contact between parts of the mechanism Preferably
both sides of the shaft are held by the shaft hol ders
are connected to the notor apd the other shaft hol der
supported by a bearing system for stable rotation of.
the coated shaft. A high rotational speed of this
notor is preferred, above the operatlng speed of the

- feg@%he Fasation of ther shaiilds pdepensient el MEMS motar's efatiaredeficiencies; other

‘detection. The structureée allows experimental tests to
tharefrictmndeleteeldactorsa hi gher | oad setting, which in turn
accel erates the wear, for shortening the eval uation
peri od. Such a structure allows a direct contact on a
coated film whereby the surface property of the
interface can be evaluated. A slight change in surface

- A retation mechaniggds setdepvip dojdomthinmcoateds shftda be stusfiecbcamising a
- friction. Here, the frictional resistance of the
comoarcially available eettdrnanded fatoecsentor gldsedqmperndicultr &S theliis of motor.

changes with increasing length of sliding. In

Thltbatetiesiat b préfeeabhiadld Borfzontdly irf braiet Bdbddte d'o?n%ic? fJéWeEn parts of
of the contact is detected in"terns of mechani ca

thérﬂ%&ﬁarﬂ%}ﬁ‘ Is recorded digitally on a spreadsheet by
. nheans data recorder.

Preferably both sides of the shaft are held by the shaft holders are connected to the motor
and the other shaft holder supported by a bearing system, for stable rotation of the coated

shaft.

A hlgh rotational speed of this motor is preferred above the operatlng speed of the MEMS
| motor for the purpose of accelerating wear detection. The structure allows expenmental
‘tests to be conducted at a higher load setting, which in tum accelerates the wear, for

shortening the evaluation period.

Such a structure allows a direct contact on a coated film, whereby the surface property of the
interface can be evaluated. A slight change in surface contour triggers deviation on
resistance force due to friction. Here, the frictional resistance of the coating is directly related

to the contact pressure changes with increasing length of sliding. In this regard, the change



"Brief Description-of the Drawi ncis An enbodi nent of

the invention will now be described, by way of

exanple, with reference to the acconpanying draw ngs,

in which: FIG.1 shows a prior art tribol ogical

measuri ng apparatus fora planar-coated sanple;  FIG 2

shows. an enbodi nrent of a neasuring apparatus of the

invention; FIG 3 shows the planar. force vectors at

the contact interface between + ot ati-ng conponents of

t he enbodi nent of Fig. 2. FIG 4 shows the planar

surface contact of the ring disk against the shaft
- holder of the enbodinent of Fig. 2.; FIG 5 shows ,
in ikelpgisleesistance ofthe tomtactindetctelddn termamdmchanicl féce that is
~a schematic di agram of automated recordi ng of neasured _
rectatied difitdllp @nerdppeideraét byahedhgof data FRbaidred

description of the preferred enbodi ment of the -

i nventi on An enbodi nent of the invention will now be.
~described with. reference to Fig. 2 in which a test

rig 200 is shown for evaluating the wear resistance of
MQ{][%_@%Q&MEGWUMQQM ded on a circular nenber, in

this case a cylindrical shaft 201 that is used in .a

m cro-notor assenbly, with a constant nornmal | oad

bei ng applied onto the filmlayer.

An embodiment of the invention will now be described, by way of example, with reference to

the accompanying drawings, in which:
FIG. 1 shows a prior art tribological measuring apparatus fora planar-cbate_d sample;
FIG. 2 shows an embodiment of a measuring apparatus of the invention;:

- FIG. 3 shows the planar force vectors at the contact interface between rotating components

of the embodiment of Fig. 2.

FIG. 4 shows the planar surface contact of the ring disk against the shaft holder of the

embodiment of Fig. 2.,

FIG. 5 shows unstable rotation of a coated shaft; and



"The load is applied by a test nenber in the formof ‘a
ring disk 202 having a central circular opening, the
- side of which is pulled against a surface of a coated
shaft 201 by attaching a hanging weight 209 with a
cord 208 to the disk 202. The circul ar opening of the
ring disk 202 resenbles the correspondi ng surface of
the rotor sleeve of a micro-nmotor in which the shaft
.201 is received, such that the area of contact can be
repllcated The dISk is preferably made fromthe sane
material as the rotor sleeve and has the sane surface -
characteristics. A small area contact 300 is thus
FiGt 6 isi snechematic giagram ef ademateriveceingtof aGasired datanofdide bl_snbodlment |
a high speed electric notor 203.. Ideally durability
of BigeR. 109 test cycles should be ‘measur ed, so-with a
notor rotation speed of 6000 rpm this inplles a
testing tine of 10,000 hours. In order to mnimnse
testing tine a higher rotational speed is 9 preferred
and dependlng upon the choi ce and rating of the notor,
C ) bermbodimenbofithe BOeO® r pm ar e
avallable. Nbasurenent is perforned by a force sensor
206 attached to the ring disk 202. The force sensor
206 is connected to the disk 202 via a connecting cord
207 t the di sk 202 in place and measure the
- A”ﬁ@%?‘ﬁ'@@ the igventiop il naw pe éieéwbeﬁ withirefgregice fo Bigo2imwhich a test
- response to rotation of the shaft which gives an
rigi2RRiishaverfooevalurting ¢ weanresistance bithinaoatectfilrapeavic@on a circular
of the ring disk 202 and the rotating shaft 201. This
menelsérsindinis easesa dylindtical bheft 201 ikt i UsédiheEmitto-rittor assembly, with a

constant nomal load being applied onto the film layer.

The load is applied by a test member in the form of a ring disk 202 ha\ting a central circular
opening, _the side of which is pulled against a surface of a coated shaft 201 by attaching a
hanging weight 209 with-a cord 208 to the disk 202. The circular opening of the fing disk 202
| resembles the corresponding surface of the rotor sleeve ofa rnicro—motor in which the shaft
201 is receiVed, such that the area of contact can be replicated. The disk is gre'ferably made
from the same material as the rotor sleeve and has the same surface characteristics. A stnall

area contact 300 is thus attained at the interface.

‘The shaft 201 is rotated by a high speed electric motor 203. Ideally durability over 10° test
cycles should be measured, so with a motor rotation speed of 6000 rpm, this implies a

testing time of 10,000 hours. In order to minimise testing time a higher rotational speed is



~contact surfaces. FIG 3 is a schematic force di agram
of the test rig 200 which works on the standard
tribol ogi cal concept that friction force is generated
with a normal | oading (P) perpendicular to the
direction of sliding nmovenent. In this regard, when
the surface of the circular opening of the ring disk
202 is pulled to contact radially against the coated
shaft 201 rotated in a clockwy se -direction, the
latter 201 will experience a resistance (FR) in notion
“due to friction. Such contact friction on the shaft
201 surface brings the ring disk to rotate in the sane
prefefred anddepansing uppndbel ciagice ard eding of thetneotei, testing ratétonal speeds
connecting cord 207 between ring disk 202 and force
~ of aboit@0,0006Gpml e avdiablenor ds, this resistance can be
expressed as the opposing force against the direction
of the shaft's rotation that generates a tension in
the attaching cord 207 adhered to the surface of ring
di sk 202. In this manner, the magnitude of the
Megsurareernd is periosned by arferse sbnadn206 atfacmad todhe kg gisloB02.Hie force
force sensor 206 has equal magnitude as the 10 .
sehsor@0bdsicdnmecied e frer diskea2lviaa dohredting tord ZdrabthokBhe disk 202 in
surface. This filmsurface property can be eval uated

pldcB dndgnduyuRihb 2Rsbidc@ Bk RMONAoiBHNIRE f'iﬁd? Bisﬁ Qb%?‘f response to
~Friction (): FR Coefficient of Friction {p) =

_ LOR: he.. : [ r s th
rotgﬁc?f(gfgt@éj a@%\ﬁ@{:ﬁ glvgg gb {I}ﬁjrlrct%.ﬂglté §gth% rr}c%éggtgr?c% A48t area 300 of the
ring disk 202 and the rotating shaft 201. This resistance is due to the friction force at the

contact surfaces.

FIG. 3 is a schematic force diagram of the test ﬁg 200 which works on the standard
tribological concept that fn'ctioh force is generated with a norfnai loading (P) perper-ldicular‘to'
the directioh of sliding movement. In this rega.rd, when the surface of the circular opéning of
- the ﬁng disk 202 ié pulled to contact radiélly ag.ainst the coated shaft 201 rotated in a

" cIoCkwis'e direction, the latter 201 will experience a résisténce (Fr)in mqtion dueto fn'ction._.
Such contact frictioh 6n the shaft 201 surface brings the ring disk to rotaté in the same
direction that induced an increase in tension in the connecting cord 207 between ring disk
202 and force sensor 206. In other words, fhis resistance can be expressed as the opposing
force against the directioﬁ of the shaft’s rotation that_ generates a tension in the attaching cord -
207 adhered to the surface of ring disk 202. In this ménner, the magnitude of the detected

tension force obtained quantitatively on the force sensor 206 has equal magnitude as the



“transition is reflected by the change in neasured
value. Calibration for the change in film  roughness
with standard sanple surface of known p. value is
preferably carried out to correlatée with the neasured
‘data repeatedly. This conparison is particularly
useful in determning the failure |evel when the
nmeasured It value increases dramatically due to wear
occurrence of the film Dependgng on the anount of
| oad 209 applied radially on the ring disk 202, the
friction force varies owing to the corresponding shear.
force at the contact interface 300; increasing |oad
friqtias frressexperigeced on theicoated shelf 281 sudace nThishiimsurface property can be
One of the preferred features of the enmbodi nent -
evalublesltin tiee@drhalizedFomkhcw & Plealefidisht ePRE@En (Hhaf t
hori zontally. In order to neasure the friction force
exactly, the ring disk 202 should contact only
agai nst the coated shaft 201. If the coated shaft 201
and the ring disk 202 are set up vertically in the
manner shown in FFG 4, the planar surface contact 400
sk 2 agai nst the shaft holder 204 is
Cq%ﬁgfﬂﬁgdmgﬁdh€¢ndifge test neasurenent due to gravity
(G, and this contact area 400 causes friction force.
An intended isol ati on between these -surfaces is
preferred during the testing in order to elimnate

' f i fr o 1t he
PSS PR €5 PR e ol SR B
i zont i guratiaon of the coated shaft 201 and

e TRjeeGIeY S0P 1 MipaeED Ipveles (yal@ReR for e ohange in fim
only one side of the coated shaft 201 is held by the

roughaéss With stend204ampleesurfaca bf kiovaf 1L Valee is preferably camried out to

correlate with the measured data repeatedly. This comparison is particularly useful in

determining the failure level when the measured | value increases dramatically due to wear

occurrence of the film. Depending on the arnount of load 209 applied redially on the ring disk

202, the friction force varies owing to the corresponding shear force at the contact interface

300; increasing load induces larger frictional resistance on the surface.

One of the preferred features of the embodiment iIiustrated in FIG. 2 is to place -the coated
shaft horizontally. In order to measure the friction force exactly, the ring disk 202 should
contact only against the coated shaft 201. If the coated shaft 201 and the ring disk 202 are
set up vertically in the manner shown in FIG. 4, the planar surface contact 400 of the ring
disk 202 against the shaft hdlder 204 is inevitable during the test measurement due to gravity
(G), and this contact area 400 causes friction force. An intended isolation between these |

surfaces is preferred during the testing in order to eliminate additional friction force other than



rcoated shaft 201 during the test measurenent nay .
beconme unstable. FIG 5 shows the unstable rotation
of the coated shaft 201. In this condition the contact

-force between the contact surfaces 300. is also
unstable and it is difficult to nmeasure the accurate
friction force. Therefore in FIG 2 it is preferred
that both sides of the coated shaft 201 are held by
the shaft holders 204 and why{e one holder is
connected to notor 203, the other is supported by the
bearing system 205, which guarantees stable rotation
of the coated shaft 201. In the abrasion study, the

thad fram the savter gLnvgd sureceaf tipshalt 20 1h Elenpe, diné harizobtat eardiguration of
. the ring disk 202 and coated shaft 201 is desirable
the coaterbshait2] ranaethe rifigdisk Be2 shavwgin FIG. 2ug prafeeredr operty
of the coated surface over a extensive test duration,.
The coated filmshoul d possess smooth surface after
deposition, and does not cause bad interaction agalnst

t he con actln n j . 202 d testin
1 ohypsrcae SheceatrR St s Bt et Ralte2ireNedsirionor the
i ncl ude 0qood shaft 201 roundness and good al i gnnent '
cogied phrite0 b duringthetashmeasyement mayihecea uastableskld. Sabows the
Active nonitoring of-the dynam c force output on the

unsgtable ¢otetiorsafithe 06atbe et 201 . pr s ctindljon therdontitbidsce between the
detection during the abrasion process, whereby the

- contactrseEiaeed 300 i¥ alsdnsRblelMd iCie Bifficu td-heBY @k Y &EURAE friction force.
recorded on a linked conputer 600, as illustrated In

Thérefare i F Ié batis EFé’fér?e?i Rt B&rgfnﬁéé oftRt 864G SH%A A58 BHEPS the shaft
conmputer system to

presente Vi a user-friend
holders 204 and while one holder is connected to motor 203, the other is supported by the

bearing system 205, which guarantees stable rotation of the coated shaft 201.

In the abrasion study, the small converging contact 300 at the interface between the ring disk -
202 and coated shaft 201 is desirable in the measurement for the change in surface pfoperty
. -of the coated surface over a extensive test duration. The coated film should 'possess smooth
.surface‘after deposition, arid does not cause bad inferac;tion against the contacting n'nQ disk
202 during testing. Othér important specifications for ensuring reliable testing include good
shaft 201 roundness and good alignment of force sensor with respect to the contact

surfaces.

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 1. value can be

constantly evaluated and recorded on a linked computer 600, as illustrated in FIG. 6. A



"help identifying the filmproperty or wear trend of
the coated fil munder abrasive |oading. Although an
enbodi nent of the invention has been described, this
is not to be construed as limtative. For exanple,
the test nmenber has been shown as a disc. The nenber
can be of any form having a circular opening such as
a holl ow cylinder and can have any external shape,
such as a square bl ock havin? a circular bore
t her et hrough. Al t hough the ci %ular menber is shown
rotated and the force sensor attached to the test
menber, this may be reversed.. The force sensor may
seaesof digitabdetecteth galfies can bapresentetyia 4 oser-faeraipptampiter system to
using an electric notor as the rotation neans, ‘the
helpcidéntyifig Bk filmh Bropeitp br Wedr téhd STRRSEEREY i HRIcP BBIRRe loading.
the resistance to rotation. Any suitable rotation .
nmeans may be used, such as an electric notor or other
fluid driven notor. In a particular variation
applicable to testing rotor shafts of mcro notors,
Althéneglt @s embodinteet ofrtiay inventimtiasthecadieasribedmbisis nat @t construed as
so that the test nenber and rotation neans may be
limeggivel ned. 13 Al though weighting of the test nenber is
desirable to accelerate the wear process, this is not
essential and in some circunstances the weight of the
test nmenber itself will be sufficient. Al though for
- nost applications, a horizontal nounting of the
Focexaropleytheteghereniter hasbeen sitowr as a disc. The member can be of any fom

having a circular opening such as a hollow cylinder and can have any extemal shape, such

as a square block having a circular bore therethrough.

* Although the circular member is shown rotated and the force sensor attached to the test
member, this may be reversed. The force sensor may also measure the force indirectly, for
example if using an electric motor as the rotation means, the back emf of the motor may be

~ measured to determine the resistance to rotation.

Any suitable rotation means may be used, such as an electric motor or other fluid driven
motor. In a particular variation applicable to testing rotor shafts of micro motors, the test
-member may be configured as a motor stator, so that the test member and rotation means

may be _combinéd.



"sonme applications, for exanpl e where the circul ar
menber will be nounted in an orientation other than
hori zontal in use or the difference in resistance to
rotati on when nmounted in another orientation is
constant and thus can be ignored, other nounting
orientations may be wused. Although, where the
circular nmenber is a shaft, nmounting at both ends is
desirable, nounting at a si e end is al so
envi saged, particularly where the circular nmenber is
short, for exanple a stub shaft. 14 LLOYD W SE
Cains 1. A nethod of neasuring a surface property of
Altsoughy weiglhtingroé thsetestoherbet is desirableoto ancelerate the wear process, this is not
M cro- El ectri cal - Mechani cal - Syst em ( MEMS) not or
essstiandidin somp cirsimgtahdess thé aRight 6fthe ket hieentid? fsa it Bb alifficient.
- menber .within a circular opening of a test nenber,
rotating one of the circular nmenber and test nenber
relative to the other and neasuring the rotationa
force on the other of the circular nenber and test :
- Altharghdior mast applicstibng) adwrizbrtalmeduntingof thierirtutahmesiber sheeferred, for
circular nmenber is rotated. 3. A nethod as clained in

sombabpichtions, fr akamplemMiedre it diltalal AMepfbdr HilNRATBLSEd lii‘yarfF‘onen’tatlon
force sensor coupled to the test nenber. 4. A net

 oth@Pthiah doRRShtdl th &ée%ﬁh% dWﬁPé’n‘éé th r%gi‘étaﬁgé trobdtion When mounted in
the nenber.. .

restrains novement o est .
- another orientation is constant and thus can be ignored, other mounting orientations may be

used. Although, where the circular member is a shaft, mounting at both ends is desirable,
mounting at a single end is also enviséged, particularly where the circular member is short,

for example a stub shaft.



5. A nmethod as clainmed in claim1 or claim2 wherein
the rotating step is perforned by an electric notor
and the force is nmeasured by neasurenent of the back
enf of the notor. 6. A met{ypd as clainmed in any one|oypw|SE
of the preceding clains wherein the test nenber is

. weighted. 7. A nethod as clained in any one of the

Claims; ecedi ng cl ai ms wherein the circul ar nenber is

di sposed in a horizontal orientation. 8. A nethod as
clainmed in any one of the preceding clains wherein the
circular menber has first and second ends and is

t 9. A nmet hod .

1o PERAbRE b1 Heagikia it Bgetl o i RS Admirometoror
b5 el oo ik LB ks o e
motor assenmbly. 10. A nmethod as clainmed in any one of
t I9EPlpeing e Giigular eembenmishiaiarcircular epaningoef adesttrhember, rotating
cylindrical opening of the test nenber has the sane

s oné atthemiroyiar igmber andrestraembaeitietative focthe bthenard measuring the
menber woul d engage in use. 11. Apparatus for

NeGtatitriatree Grithe difer Bf PBRIrEMartherbér driettbatmérmpder of a
mcro notor or Mcro-Electrical-Mechanical - System

2.( MEA\{@noH%ts Yairmed %né?éi%ﬂ \}vneere|"?11|[1It'?é31 E:i?éu?asr member is rotated.
3. Amethod as claimed in claim 1 or claim 2 wherein the force is measured by a force

sensor coupled to the test member.

4. A method as claimed in claim 3 wherein the force sensor restrains movement of the

test member.

S. A method as claimed in claim 1 or claim 2 wherein the rotating step is performed by
an electric motor and the force is measured by measurement of the back emf of the

motor.

6. A method as claimed in any one of the preceding claims wherein the test member is

weighted.

7. Amethod as claimed in any one of the preceding claims wherein the circular member

is disposed in a horizontal orientation.

8. A method as claimed in any one of the preceding claims wherein the circular member

has first and second ends and is supported at both.



rconprising a test nenber having a circular opening in

which a said circular nenber is receivable; rotation

nmeans arranged to be coupled to one of the said

circular nmenmber and the t est menber and a force LLOYD WISE
sensor arranged to neasure the rotational force on

the other of the test nmenber and the said circul ar

menber. 12. Apparatus as clained in claim1l1l wherein

the rotation neans is coupled to the circular nenber.

913 méthpd ne claimed incinyiome df the précddinglctaitt evriréin tHeecidcQlaE fember
sensor is coupled to the test nenber. 14. Apparatus

ag £HFhama éﬁhﬂcdf%héfﬂn?e?o MRS BF MidrO.El cg{c_sﬁl\lx%aﬁhzgl%éﬂstem

restrains novenent of the test ne tus

?wgwgmo,i%sgmw 11 or claim 12 wherein the

n nmeans 1s°an electric notor and the force
sensor conprises neans for neasuring the back enf of

10¢ Adnelhed as clagmechipany sng of the precadinariaims avherein thegsurface of the

claims 11 to 15 wherein the test nenber is in the

f eylinddgal apening of the 2sbmangEer has the sampnaiaat propesty as a member
claimed in any one of clainms 11 to 16 further

caimrhitise oigcudar weergbér would engage in use.

11. Apparatus for measuring a surface property of a circular member of a micro motor or
Micro-Electrical-Mechanical-System (MEMS) motor assembly, the apparatus
comprising a test member having a circular opening in which a said circular member
is receivable; rotation means arranged to be coupled to one of the said circular

member and the test member and a force sensor arranged to measure the rotational

force on the other of the test member and the said circular member.

12. Apparatus as claimed in claim 11 wherein the rotation means is coupled to the

circular member.

13. Apparatus as claimed in claim 12 wherein the force sensor is coupled to the test

member.

14. Apparatus as claimed in claim 13 wherein the force sensor restrains movement of the

test member.

15. Apparatus as claimed in claim 11 or claim 12 wherein the rotation means is an
electric motor and the force sensor comprises means for measuring the back emf of
the motor.

16. Apparétus as claimed in any one of claims 11 to 15 wherein the test member is in the

form of a disc.



-attached to the test nmenber. 18. Apparatus as cl ai ned

in any one of claims 11 to 17 further conprising a |1oYDWISE
support rmeans for the circular nenber. 19. Apparatus

as clainmed in claim18 whergin the support means

conprises first and second spaced supports. 20.

paratus as clainmed in claim18 or claim19 wherein

T{.NprafatysRs claimaddn agy gne ahriaims 11 do 46 fsther comprising 2 weight

menber in a horizontal orientation. 21. Apparatus as
cladtaehad to theslegt mamber. cl ains 11 to 20 wherein the

circular nmenber is a cylindrical shaft of the mcro

18 oparais A4 Qaifvellif Ghy be&bf AAPEARIE 3T furihel SRS support

i
not or assenbly.
means for the circular member.

19. Apparatus as claimed in claim 18 wherein the support means comprises first and

second spaced supports.

20. Apparatus as claimed in claim 18 or claim 19 wherein the support means is arranged

to support the circular member in a horizontal orientation.

21. Apparatus as claimed in any one of claims 11 to 20 wherein the circular member is a
cylindrical shaft of the micro motor or Micro-Electrical-Mechanical-System (MEMS)

motor assembly.



