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Met hod and Apparatus for Measuring a Surface Property
Field of the Invention This invention relates t

met hod and apparatus for nmeasuring a surface prmmmmmum"Immmm
nore particularly but not exclusively

detecti on. Background of the Inventl on A commn
robl em of conponent surface deteriorati on happen

vhen two'si1ing surf aces comg 1 n contact for an [ [{NIEN
ext ended duration, such as inkhe case

assenbly where the shaft spins agai nst a sI eeve
during operation. This problemis particularly

preval ent Mbmadtah@#@baffatuéfar Measlathglesuidos Fighertyd t he
rotation, or en the operation environnment 1s

uncl ean. Frequently, friction causes the contact
surfaces to degrade leading to failure and breakdown
due to i nadequate nmai ntenance and care, thus affecting

Figlthof thadnventioral i ty of the notor.
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This invention relates to a method and apparatus for measuring a surface property, more

particulatly but not exclusively for surface wear detection.

Background of the Invention

A oommor; problem of component surface deterioration happens when two slidiné surfaces
come in contact for an extended duration, such as in the case of a motor assembly where
the shatft spins against a sleeve during operation. This problem is particularly prevalent
when the shaft is loaded heavily during the rotation, or when the operation environment 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 the

motor.

Thin lubrication films are used in many applications to reduce friction and wearand 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 lubtication films are most



Thin lubrication filnms are used in many applications
to reduce friction and wear and a research goal in
this field is mnimzing the anount of wear and al so
reducing the friction resistance of sliding contact
where such filnms are used. Dry lubrication filnms are
nost 2 preferred for mcro-nmechani snms, such as

wat ches, micro-notors or Mcro-Electrical- Mechanica
Systens (MEMS) where space is limted. In the design
of MEMS notors, the total assenmbly is conpacted at a
m cro-scaled dinension. Frictional resistance needs
to be overcone when there is surface contact between

piefetresitfai misramaéchaiisths, suick aswatshies smichemotors oeklioko-Electrical-

lubricating filmis essential for the surface of the

Mf‘éehé}%a?s S@fs (WEhng\#/lil?’rén sEQ@e Bligfyg of rotor. The

ormati on of a thin n a curved surface is

conduct ed wi consi deration of the adhesjon as wel
Indke pesign Mﬁu&s@otﬂ'ﬁ’ft tefal ??'SGWQ'Y] 'Sﬁmﬂéﬁﬁdﬁt é m'cro'sca\ed
optim zation of deposition process paraneters such as
dimempiena Fictionstrepistaperinesds to beovptoosieimeen hets ie sudace contact
desirable low friction characteristics that alleviate

betartatHe statici sridaotatind edmpermertsybencansuatia dnyrdaicating filmds essential for
al so elimnate probable nmechani smbreak down if film

theQUABEE SRS sSiHGle SRaftS RBF by the YA fdler, TEST I Ng
equi pnent 1s Inportant to evaluate the durability of a

coated thin filmas a check of film behaviour before
applying the filmto a product assenbly. A common

lubricating filmtest .
The formation of a thin film on a curved surface is conducted with consideration of the

adhesion as well as its thickness uniformity. With appropriate optimization of deposition
process parameters such as temperature or pressure, it is possible to create desirable low-
friction characteristics that alleviate contact resistance between two contact surfaces, and
also eliminate probable mechanism break down if film delaminates due to excessive

abrasion.

Testing equipment is important to evaluate the durability of a coated thin film as a check of
film behaviour before applying the film to a product assembly. A common lubricating film test
rig uses a mass loaded ball arranged to slide on a rotating planar-coated work piece; Sliding
resistance at the contact between ball and work piece can be detected using a linear force
transducer that measures the deflection in the cantilever aim of the ball holder. Frictional
force is then predicted from the collected values of the resistance intensity over é period 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 evaluation of a thin



rig uses a nmass | oaded ball arranged to slide on a
rotating planar-coated work piece. Sliding resistance
at the contact between ball and work piece can be
detected using a linear force transducer that
measures the deflection in the cantilever armof the
ball holder. Frictional force is then predicted from
the collected values of the resistance intensity over
a period of tinme. The durabilyjty of the filmcan be
esti mated by observing the |nc‘?rerrent al change in
frictional force, as an indication of surface damage.
Conventionally, for evaluation of a thin 3 coated film
cosfzeldiimspecitnen, thp apecitaBn issset & sgimatspconstnt rate rddude repeated
rate to produce repeated abrasion cycles with a
atiré’sitﬂ%&c@é%ﬂ‘ﬁé loBaéd cdrieatt BaNMBuEhIRg HRIBStSURAGSIA ordbr Fordith
I m evaluation. Such a prior art test equi pment
ustrated in FIG 1, in which a planar surface is
e"ﬁ@‘é‘g&#n the evaluation of the wear life. A thin
lubricating filmis deposited on a flat substrate 101
with good surface snoothness and fl atness. The
substrate is connected to a platen 102 which is

Sdcﬁtsﬁﬁrﬁﬁ‘ a|Qlt’es§l e&%\iﬁ%nt]@ HusttéPFIGS €N %lcﬁ%lér%r%hﬁé’@§ tised in the

is in contact wth the substrate
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A d hol
aop) SLHES HAPRGRRSG TR EEs TN ey ™ i ST ?%sn 702 which is
the detection of frictional force paral | el to
rotatadkycemoger 108 Adercaspisar 106 s attachedieshipgll wd@mcibﬁﬂrbcontact with

the contact ball 104 to reduce the nunber of
the substrate 101. The sensor can uniformly detemine the friction force on the film surface

as the substrate 101 rotates. A cantilever amm 105 is designed to hold the contact ball onto
the test surface, and to provide the detection of frictional force parallel to the surface. A
loaded weight 107 is commonly added onto the contact ball 104 to reduce the number of

testing cycles.

For an accurate test for a non- flat surface, 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 understood. Thus, a set-up configuration for such a mechanisrﬁ, ofa
loaded stationary cylinder contacting against another rotated cylindrical shaft, is used.
However, testing this in practice becomes a challenge when the test specimen is very small
since it is difficult for the forces on the contact area to be measured. Micro-scaled contact
sensors are available, but the material and dimension of such sensors cannot be varied,

leading to inflexibility.



testing cycles. For an accurate test for a non- flat
surface, such as a notor spindle nmechanism a close
resenbl ance of the mechanismis desirable so that the
filmadhesion on such a non-flat surface may be
understood. 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 prac%jce beconmes a chal | enge
when the test specinen is very small since it is
difficult for the forces on the contact area to be
neasured. M cro-scal ed contact sensors are avail abl e,
but the material and dinmension of such sensors cannot
be varied, leading to inflexibility. 41t is an
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provi ded a nmet hod of neasuring a surface property of a

circul ar nmenber conprising the steps of placing the
circular menber wthin a circular opening of a test

Siﬁggrdfllrolt aérimnﬂ one of the circul ar nmenber and test
to the other and neasuring the

rotational force on the other of the circular nenber
and test nenber.

According to the invention in a first aspect, there is provided a method of measuring a
surface property of a circular member comprising the steps of placing the circular member
within a circular opening of a test member, rotating one of the circular member and test
member rélative to the other and measuring the rotational force on the other of the circular

member and test member.

According to the invention in a second aspect, there is provided apparatus for measuring a
 surface property of a circular member, 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.



According to the invention in a second aspect, there
is provided apparatus for neasuring a surface
property of a circular nenber, the apparatus
conprising a test nenber having a circular opening in
which a said circular nenber is receivable; rotation
means arranged to be coupled to one of the said
circul ar nenber and the test nenber and a force sensor
arranged to neasure the rotatﬁpnal force on the other
of the test nmenber and the said circular nmenber. 5
The testing nethod and apparatus are particularly
suitable for nonitoring of contact behaviour at the

ThHertestinganethbe ane apparatusaye particulany suitatvle fartnsordtbrirag of contact
m cro-scal ed nmechani sm such as between a thin

behabibLcathebiteriatabeRden dwe Lylinafcal edhtatBbPa nﬁé‘r@fsbaléa 9|nechan|sm
nmounting. The described e od| ment proposes a net hod
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spi ndl e shaft, as contact surface in a Mcro not or,
or Mcro-Electrical - Mechani cal - System (MEMS) not or
assenbly, to investigate the reliability of the small

THeRJBRESY SmbbdifbAt (THSE5e8 EhbthB8 6Ra Bpparatusddr i deﬂééhon based on
easi |y nodel ed and sinul at ed, espeC|aIIy when t

thé eﬁﬁﬁeg rf?gégéﬁurb%fgﬁg%t:edﬁmon‘é | Ca{:ﬁ SRIFB% ﬁhaft OIas contact
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equi t hat
to m%est%ate the rellablllty of the small components within such small mechanism that are

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

variable.

The described embodiment enables a replication of loading in a real operation of such a
miniature motor, which is not possible with conventional tribology testing equipment that

- nomally only allows for planar specimens. Generally, surface property changes with
excessive abrasion of high loading force, and from the mechanical point of view, the contact
interface influences the resistance behaviour during sliding across a thin-coated surface. In
the described embodiment, a direct detection is described based on the distribution 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 to a driving mechanism,

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



normally only allows for planar specinens. Cenerally,
surface property changes with excessive abrasion of
hi gh | oading force, and fromthe nechani cal point of
view, the contact interface influences the resistance
behavi our during sliding across a thin-coated surface.
In the described enbodi nent, a direct detection is
descri bed based on the distribution of | oaded
abrasi on and surface profile nmeasure the gradua
wear of coated film In the described enbodi nent, a
coated spindle shaft specinen is tested out of the
MEMS notor assenbly, by being placed on a test stand

regdrtiathb ectation of this shaftig inaepéadens of MEMSxhetodd rotationidefitiencies; other
stability notor, such as those used in a

thaffrietide relatdd fav@rd HDD) . In this 6 regard, the rotation
of the shaft is independent of MEMS notor's rotation
deficiencies; other than friction related factors. A
rotati on nechanismis set up to hold a thin-coated
shaft to be studied conprising a comercially

A motatiohahéchanisthois setup o Hold @ thirsereted shdfito &6 studied comprising a
perpendi cul ar to the axis of notor. The coated shaft

colfm&cRiadithile Medier dHefd SR senkyr plakell Rberidioula® (868 axis of motor.

contact” between parts of the nmechanism Preferably

e o e A
su rt.ed by a bearing system for stable rotation of
G FECRYATT  shat ¢

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 high rotational speed of this motor is preferred, above the operating speed of the MEMS
~ motor, for the purpose of accelerating wear detection. The structure allows experimental
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



A high rotational speed of this notor is preferred,
above the operating speed of the MEMS notor, for the
pur pose of accel erating wear detection. The structure
all ows experinental tests to be conducted at a higher
| oad setting, which in turn 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 contdur triggers deviation.on
resi stance force due to friction. Here, the frictional -
resi stance of the coating is directly related to the

in tribologictl resietanue of thb aogtast ivdéteciedd Bans bimeeindgtidal frce that is
sliding. In this regard, the change 7 in tribol ogi ca

f t ternms of
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spreadsheet by neans of data recorder. Brief
Description of the Drawi ngs An enbodi nent of the
invention will now be described, by way of exanple,

Brisf DBscriptien efthe Drawihie acconpanyi ng drawi ngs, in which:
FIG 1 shows a prior art tribol ogical neasuring
apparatus for a planar-coated sanple; FIG 2 shows an
enbodi nent of a neasuring apparatus of the invention;
FIG 3 shows the planar force vectors at the contact

An embodinent ¢fdhenineentiontwill how be aeperitbed; sy way otaxample, with reference to
enbodi nent of Fig. 2.

the accompanying drawings, in which:

FIG. 1 shows a prior art tribological measuring apparatus for a planar-coated 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



FIG 4 shows the planar surface contact of the ring

di sk against the shaft hol der of the enbodi nent of

Fig. 2.; FIG 5 shows unstable rotation of a coated

shaft; and 8 FIG 6 is a schematic di agram of

aut omat ed recordi ng of neasured data of the enbodi nent

of Fig. 2. Detailed description of the preferred

enbodi nent of the invention An enbodi nent of the

invention wll now be describgﬂ with reference to Fig.

2 in which a test rig 200 is own for evaluating the

wear resistance of thin-coated film provided on a

circular nenber, in this case a cylindrical shaft 201
FIGhais a schepedicidagrariiot automated reesrdingiof meawdret data of the embodiment

constant normal | oad being applied onto the film
(ﬁfgy The load is applied by a test nenber in the

m of a ring disk 202 having a central circular

openi ng, the side of which is pulled against a surface

of a coated shaft 201 by attaching a hangi ng wei ght

209 wth a cord 208 to the disk 202. The circul ar

DegiRii @c@cﬁoﬁ ldethei phéfe s smBBdimenesfah® Ineentidne
correspondi ng surface of the rotor sleeve of a
m cro-notor in which the shaft 201 is received, such
that the area of contact can be replicated. The disk
is preferably made fromthe sane material as the
Arr embodisieatafdhaimsiettion wiheow hedesaribid avith eéfarence & Figt 2 iewhich a test
A small area contact 300 is thus attained at the

rigi 2006 Elesien for evaluating the wear resistance of thin-coated film provided on a circular

member, in this case a cylindrical shaft 201 that is used in a micro-motor assembly, with a

constant nommal load being applied onto the film layer.

The load is applied by a test member in the form of 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 circular opening of the ring disk 202
~ resembles the corresponding surface of the rotor sleeve of a micro-motor in which the shaft
201 is received, such that the area of contact can be replicated. The disk is preferably made
from the same material as the rotor sleeve and has the same surface characteristics. A small

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



The shaft 201 is rotated by a high speed electric

nmotor 203. ldeally durability over 109 test cycles

shoul d be neasured, so with a notor rotation speed of

6000 rpm this inplies a testing tine of 10,000

hours. In order to mnimse testing tinme a higher

rotati onal speed is 9 preferred and dependi ng upon the

choice and rating of the notor, testing rotationa

speeds of about 50, 000 rpm ar g avai | abl e. Measur enent

is perfornmed 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 to hold the
prefesrgd 26@ dependinguasonethd cheies ana ratihg ofithe phatoe testitg rotational speeds

rotational force on the ring disk 202 in response to
of BBOGSODpn 418 avAifble. Whi ch gi ves an indication of the

resi stance at the contact 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 diagramof the test rig 200 which
Maasukement i perfontrad dgradforcersehsdr@Pbattacttsel to e riddisk 202, The force

friction force is generated with a normal |oading (P)
seﬁ%r%@% EdArRIctddo tHe WiskEibaRGA h%nﬁéctlﬁlt; th‘d@)?"fBHSH‘?ﬁ’é disk 202 in

In this regard, when the surface of The circular

?H lr}ﬁeé’sfure H%q{éﬁl%t%nﬁjé'n?rot%%ﬁ c@?g{ﬁgnﬁggglgﬁ%fﬁtresponse to

y aga coa F Ot

r°ﬁah%ﬁ\ Gt Sast WREN ol o Al 6 58 fesistinas ot HesinnBatt Brod 300 of the
_cont act fr| ction on the shaft 201 surface brings the
ringidifl 2f2anditiae rasatingshaft 20helhisipsistance is due to the friction force at the

contact surfaces.

FIG. 3 is a schematic force diagram of the test rig 200 which works on the standard
tribological concept that friction force is generated with a normai loading (P) perpendicular to
the direction of sliding movement. In this regard, when the surface of the circular opéning of

. the ring disk 202 is pulled to contact radially against the coated shaft 201 rotated in a
clockwise direction, the latter 201 will experience a resistance (Fg) in motion due to friction.
Such contact friction on the shaft 201 surface brings the ring disk to rotate 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, 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 disk 202. In this manner, the magnitude of the detected

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



direction that induced an increase in tension in the
connecting cord 207 between ring disk 202 and force
sensor 206. In other words, 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 nmanner, the magnitude of the
detected tension force Obtalﬂﬁd quantitatively on the
force sensor 206 has equal itude as the 10
friction force experienced on the coated shaft 201
surface. This fil msurface property can be eval uated
frigtion fdnee expenahdetheh the coaledahaft 281 simacep &hisi fitrn @ntface property can be
Friction (): FR Coefficient of Friction () = P
evEIBRRAIPHeHINARZRA f&h Kkritivrt&ths @Jdﬁkl&wﬂ@ﬁfr@ﬁ&?w .
surface gradually over tine, and this transition is
refl ected by the change in nmeasured val ue.
Calibration for the change in film roughness with
standard sanpl e surface of known value is preferably
carried out to cprrelate with the measured data

teﬂ__l T{l],lé Emrparlson is particularly useful in
CO&’BE het '%Bor't =failure | evel when the nmeasured p
val ue increases dramatically due to wear occurrence

of the film Depending on the anount of | oad 209
applied radially on the ring disk 202, the friction

ries ing t . corre force at
RepRefed sl or e el ins esiaft B 30T E o 0 oY RE e Ena this
| arger frictional resistance on t he surf ace.
transmon is reflected by the change in measured p value. Calibration for the change in film

roughness with standard sample surface of known p value is preferably carried 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 amount of load 209 apblied radially on the ring disk
202, the friction force varies owing to the corresponding shear force at the contact iﬁterface

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

One of the preferred features of the embodiment illustrated 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 vettically in the manner shown in FIG. 4, the planar surface contact 400 of the ring
disk 202 against the shaft holder 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



One of the preferred features of the enbodi nent
illustrated in FIG 2 is to place the coated shaft
horizontally. In order to nmeasure 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 FIG 4, the planar surface contact 400
of the ring disk 202 against,the shaft holder 204 is
i nevitable during the test nEB urenment due to gravity
(G, and this contact area 400 causes friction force.
An intended isol ati on between these surfaces is

tha frofnethé edatdd clinedisbifadessfithanghaftr20dr Hencd, thehdrizbmtak dnfiguration of
additional friction force other than 11 that fromthe

th &%@disnarﬁrzmdarﬂlttg% ﬁ*“?f"%ﬁ Zg@§hﬂﬁﬁfntFléoél sﬁﬁgﬁﬁéd. t he

ori zont conf coat ed ft 201 and
the ring disk 202 shown in FIG 2 is preferred. If
only one side of the coated shaft 201 is held by the
shaft hol der 204, the rotation of the coated shaft

If oplytongsidenef théy eoated shaft:2luis beleiity theighaltwidar 204 dhe potation of the
FIG 5 shows the unstable rotation of the coated

coatadhaf?201 dliing the test medstirentent may becdras tinétablecF1Ge & shews the
the contact surfaces 300 is also unstable and it is

un&‘aﬁl@'r&t‘éﬁén bﬁhé@é&éﬂ 8hafh'20 PG ihisioRdhibn fHel cORtalcPlof@ between the
Therefore in it 1s preferred that both sides of

cor%tgﬁt ﬂg&%acfd;@g nsg%ﬁ% agfeearfb:i |g gw%ﬂégbe Fé\jré tr{é%cg%éfncnon force.
Thifbor el 28 DS Tedinartagh s 5P ched AL Zé)fﬁé‘ﬁld by the shaft

201. In t he abrasi on study, the small converg

holggre 2 ansomhileonerioldenisgonaeetes & Metor 203.dhe p*hgr igiRuRported 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 surfacé property
- of the coated surface over a extensive test duration. The coated film should possess smocth
surface after deposition, and does not cause bad interaction against the contacting ring disk
202 during testing. Other importaht 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 . value can be

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



202 and coated shaft 201 is desirable in the

nmeasurenent for the change in surface property of the

coated surface over a extensive test duration. The

coated fil mshoul d possess snmooth surface after

deposi tion, and does not cause bad interaction agai nst

the contacting ring disk 202 during testing. O her

i mportant specifications for ensuring reliable testing

i ncl ude good shaft 201 roun ss and good al i gnnent

of force sensor with respect the contact surfaces.

Active nonitoring of the dynam c force output on the

force sensor 206 helps in providing continuous
sefs efdigitadeteatedgalidecariasiesentod viaessser-iMepdly@pniputer system to

increase in value can be -constantly eval uated and
heI’EQGéHtigﬁrﬂb 1B fifh propKRY oFRER AT of e codfed flirh UmbiE PdLEsildlloading.

IG 6. A 12 series of digital detected val ues can be

presented via a user-friendly conputer systemto help

identifying the filmproperty or wear trend of the

coated fil munder abrasive |oading. Although an
Alteslgroarn@nbodiehhef theineattionrhasaeeh eescried dthislieot td be sonstrued as

is not to be construed as Iimtative. For exanple, the
limkt&Rle, Menber has been shown as a disc. The nermber can

e of any form having a circular opening such as a

hol | ow cyl i nder and can have any external shape, such

as a square bl ock having a circul ar bore therethrough.

Al t hough the circul ar nenber is shown rotated and the
Fof exareple ahe tst aichin Ads beer soviread a disc. The member can be of any form

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 corhbined.



menber, this may be reversed. The force sensor may

al so neasure the force indirectly, for exanple if
using an electric notor as the rotation neans, the
back enf of the notor nay be neasured to determ ne
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 sphafts of mcro notors,
the test nmenber nay be configured as a notor stator,
so that the test nenber and rotati on neans nmay be
combi ned. 13 Al though wei ghting of the test nenber is

AltHesgh wdigktirgof dwectebtanainbet ib desitble toragcelsaite thbiwealr proaess, this is not
essential and in some circunstances the weight of the

esédftial ARITR 8bmielchBlirhstéhéés the Wéiﬂhi bithé st n@HH’é?H&'W viilPbe sufficient.
nost applications, a horizontal nounting of
circular nmenber is preferred, for sone appllcatlons,
for exanple where the circular nenber will be nounted
in an orientation other than horizontal in use or the -

Althotidheformost dpplicativhs,teetarizottal rmotirting@hthetoiroularmeinber ispreferred, for
another orientation is constant and thus can be

sohﬁ'hﬁ)gh‘&tloﬁé '?&rexﬁﬁﬁe@\}(\:ﬂlﬁlgg Elﬁéatfii&h&wml Bée}n?lhﬁéé‘ in an orientation

ugh, where s a sha

oA M oA R By

nber is.sh r.exa a stub shaft
angth\er or%entatlrorﬁ is constant anc? thus can Be |gnoreQP ot?‘ner mountmg onentatlons may be

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

for example a stub shaft.



Clainms 1. A nethod of measuring a surface property of

a circular nenber conprising the steps of placing the

circular nmenber within a circular opening of a test

menber, rotating one of the circular nenber and test

menber relative to the other and neasuring the

rotational force on the other of the circular nenber

and test nenber. 2. A nethod as clainmed in claiml

wherein the circular nmenber is, rotated. 3. A nethod as

claimed in claim1 or claim2%herein the force is

nmeasured by a force sensor coupled to the test

menber. 4. A nmethod as clainmed in claim3 wherein the
Cldigisce sensor restrains novenent of the test nenber

5. Anethod as clainmed in claim1 or claim2 wherein

the rotating step is perforned by an electric nbtor

and the force is nmeasured by neasurenent of the back

enf of the notor. 6. A nethod as clainmed in any one

of. Araeihod oénhieaguririgra stefack rapenty ohe cireddr memberrcontprising the steps

wei ghted. 7. A nethod as clained in any one of the

pr eeepliabifly HerdirsBlanfehtien withif acdircaldt Genify éiQr testinfember, rotating

di sposed rn a horizontal orientation. 8. A nethod as

cl aioHF Srin c?rrgMaPrﬂSm‘BEr ARF1eBl REFBbARIGIE I e WHRF Bhd'rricBSuring the
ufar nenber

circ
rotational force on the other of the circular member and test member.

2. A method as claimed in claim 1 wherein the circular member is rotated.

3. A method 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.

5. 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. Amethod 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.



has first and second ends and is supported at both. 15
9. A nethod as clained in any one of the preceding
claims wherein the circular nmenber is a cylindrica
shaft of a mcro notor. 10. A nmethod as clained in any
one of the preceding clains wherein the surface of the
cylindrical opening of the test nenber has the sane
surface property as a nmenber which the circular
menber woul d engage i s use. %é. Appar atus for
measuring a surface property '0f a circular nenber, the
apparatus conprising a test nenber having a circular
opening in which a said circular nmenber is

r% c Aimethbe as clainsdd inanyrene sf the peatgdihgtotairns whergin the diroular member
one of the said circular nenber and the test nenber

andisa dyihdiaPSHaR@F a dficraMeGer, t 0 measure the rotational
force on the other of the test nenber and the said

menber . . us as cla med i n 3
o %F\?%es PBad BankBiaefhe ReS e Radlags wheren Fieufiaes of the
nmenber . Apparatus as clained in claim 12 wherein
th ecyllad@ceal aleertRg ofitiae testipraper bas the samersurfaeerpiaperty as a member
Apparatus as clained in claim13 wherein the force
s enwhich ttestircalan memibes wenld erfgagb & useest nenber .

11. Apparatus for measuring a surface property of a circular member, 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 13 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 fest
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. Apparatus as claimed in any one of claims 11 to 15 wherein the test member is in the

form of a disc.



15. Apparatus as clainmed in claim11l or claim 12
wherein the rotation neans is an electric notor and
the force sensor conprises nmeans for neasuring the
back enf of the notor. 16. Apparatus as clained in
any one of clainms 11 to 15 wherein the test nmenber is
inthe formof a disc. 16 17. Apparatus as clained in
any one of clainms 11 to 16 further conprising a weight
attached to the test nenber. . Apparatus as cl ai ned
in any one of clains 11 to 17'%urther conprising a
support neans for the circular nenber. 19. Apparatus
as clainmed in claim 18 wherein the support neans

COMAppaetus ad GainRAdh aReeRef cidrag ad 16 Y6 RethbBcomitising a weight
Apparatus as clained in claim18 or claim19 whereln

theaﬁHMtBﬂ??ﬁ@Eﬁnérﬁb?fraf‘ged to support the circular

menber 1 n a Izontal orientation. 21. Apparatus as
clainmed in any one of clainms 11 to 20_wherein the

<16 AppartyRaaiimed i i any.gne eielaimg 114, A7 furber eorprsing a support

not or .
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 a micro motor.



