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*159159* *@00002* Systens and Methods for Modelling
Radi al Contact of a Mcro-Shaft Field of the invention

for obtaning and anal ysing exper ! ment al oulNMITIAN

relating to a mcro-notor, particularly the contggte« 5
of a rotating mcro-shaft with stationary conponents.

Background of Invention Machime stability is in i
for nost portable devices, and it is a parti Hmﬂmwmmmmm
great concern for a high-speed nechanismin a

m cro-scal ed system such as 10 a MEMS devi ce. | F9%P%e

ggfio?”s tetndhhd Métbas FEIMBBSINAG Reitial Btfita@Sofd Micro-Shaft

are of utnost inportance. These revol ving
chigldof the kwveoomay change if there is no effective
bearing systemto maintain a uniformcontact during

oper.atj l. red i ' the .
oRkbic¥hon el AR B SRt iahop B Jinng anc
manbisingeéxparithentak dataf ietatingr tol ® nged-moatdraparticularly the contact
collisions, . as \AB%W'@‘S abrasive wear during its

oPERLPIAAY TRiGFe-RRATWItR statienanssemponeNtsl i gnrent

failures cause breakdowns due to inadequate handling
a%ck%ﬁ'ﬁﬂ%ﬁﬁ%tidnesu' ting in degradation or

d r on ofr contact surfaces, and this affects the
functional life of the mcro-system Many undesirable
defects 2 me fro epeat.ed asion _and r.esonance

o Idie FATIRG Rcrte Lk Hick ol o e A, £ 778 BaRfbulany
Clgpadtitmeetrbfof & ighlspeed rR8SHEHISM N @mices-88aKed system, such as
prglaress in mnimzing the wear and _frictjon

ré

sMEMhdeviee. botheatasignet asuero-wiiingmeshanismgugh as a
3 4he SRRk g el BB A s bE RS ©
miraportance. These revolving characteristics may change if there is no

effective bearing system to maintain a uniform contact during operation. In
many powered systems vibration of the dynamic components causes
deterioration of the mechanical mechanism after prolonged surface collisions,
as well as abrasive wear during its operation. Furthermore, frequently
misalignment failures cause breakdowns due to inadequate handling and
maintenance, resulting in degradation or deformation of contact surfaces, and
this affects the functional life of the micro-system. Many undesirable defects
come from repeated abrasion and resonance of the sliding surfaces,

especially when the clearance is very small.

Despite much research progress in minimizing the wear and friction
resistance of contact surfaces, such as by using a thin lubrication film, it would
be advantageous to be able to employ active surface monitoring of a micro-
mechanism when assessing the level of abrasion or collision shock for
engineering evaluations, and in particular it would be advantageous to provide

a surface-sensing assembly to detect spinning characteristics. However, the
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mechani sm when assessing the | evel of abrasion or

collision shock for engineering evaluations, and in
particular it would be advantageous to provide a
surface-sensing assenbly to detect spinning
characteristics. However, the 2 availability of

m cro-scal ed contact sensors is limted by their

thi ckness and sensitivity, argl nost are difficult or

i mpossible to inplement if the contact surfaces are

not flat. 5 Sunmary of the Invention The present

invention ains to provide an architecture and net hod
05v§i\’dtfilﬂg ®f nAERIELI¥d EBHHaEPééﬁ%r?'ih Anfi¥d 'b?‘iﬁéi?ﬂkicﬁli@stand
subjected to abrasion. 1n general ternms, the Invention
psepsitidgty, endtmastcanewdifficalt of inposdible taiimpmaentdf the contact
rotational dq&kﬁe is provided with an array of
pPHZBEFLAE MA@ | s and 10 el ectronic circuitry for
obtaining el ectronic signals generated by the cells in
response to forces exerted on the cells during

r Summapy efithedavertiance. One possibl e definition of a

m cro-scal ed rotational device is one having a shaft

di ; r
SITaEyeftiyitor s 8 PROUA ohlaERRby I Eha HHERKE of surface
mgeometiyaheditoring oe a oylingipcal ahift, subjented tonabrasion.
necessarily, a mcro-notor, such as a

M cro-El ectrical,- Mechani cal - Syst em ( MENS tor .

S Ry B IR T RO SHEPERCT D4 by sUgc of a micro-
nM3thled @itatdl Wrhvideist PRoVidut afth alrRERUOE piioelttric cells and
curved surface of the mcro-scal ed device, by sensing '
t Iptechionig eireuitiyi for sibiaining glestipaicesionglist grnaratads by the cells in

BRI AR Pl i g,

nmet hod nakes it possible to evaluate the rotational
SO Ipobyibly dafinitibatafng misteevaled botktional idesitesizadbhe having a

t hroygh eas itoring of the pagsition of surface
cShe ggigrﬁ@_tgr of less than br equal fo about 2mm Hov:/Jever, slightly larger
devices are envisaged also.

The micro-scaled device is typically, though not necessarily, a micro-motor,
such as a Micro-Electrical-Mechanical-System (MEMS) motor assembly.

The present invention further proposes a method of evaluating the contact
pressure on the curved surface of the micro-scaled device, by sensing the
electronic signals generated by the cells. Thus, contact pressure on the cells

may be quantified and recorded, for example over a long duration.

The method makes it possible to evaluate the rotational stability of a rotating
sleeve about a fixed shaft, through easy monitoring of the position of surface

collisions.

Alternatively, or additionally, the method makes it possible to calculate the

level of abrasion and wear on the contact surface due to random impacts.
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25 Alternatively, or additionally, the nethod nmakes it
possible to calculate the |evel of abrasion and wear
on the contact surface due to randominpacts. 3 Note
that these properties are not easily neasured by

exi sting techniques, especially when the rotation
speed is high and variable. Furthernore, the nethod
makes it possible to obtain ttge vibrational force

al ong the curved surface substantially instantly.
Generally, the surface 5 properties of the curved

surface will change with excessive abrasion due to
hinge It inegef 8rticdNdrd h8MeasillE FidLTEd bRLHRY techniques
Vi ew, e cont%}%f} rtnterface mﬁuencgs tt?goresils anceIq ’

behmcualw whenthe ratatior dpeed isatighsndderiadte.oss  anot her
surface. In this manner, real time assessnent on the

SESME i 1 A B SR80 b g Wi o
ey o origw st livelnt e Sungat hacssiact
I

ppffmqme%,ﬁ merc&yv%cﬁ erfapﬁ; Wi changs Wik eggegséve aLrasmn due to
|tr @gj{gﬁlgtklﬂ@bsfgbﬁ AnbiGt %1“mfve‘fEIHér\‘rn|l::é‘|y;:ﬁ:§|nt"\fﬂ=| \ﬁé\/v cﬁﬂ?&qnteﬁace

r|c surtface of the sp
Fc’nfluennémthﬂ Le'sastanceabehawomgaymwcursemsucfaee slldes across

SR Bar Sutacs d8InE mPpRen feldies aRERssT it h e Gaphletric
C HRAGISULITOF doMthctifgrRls 41 the d*o'ﬂl%ts éﬁﬁlnP%nYﬁ ih Mhe surface

mcro-force detection. Every cell 1s electrical
c@mféehetpsdpdderstyfsmmnctaelwlaavelarrg@\dng sudfiacest an

el ectrical signal which is generally constant but

responds when the cells are conpressed due to

Vil agreferrdd@abbdin?éht @i ther thveation the oslls Priogidéesn grraiy ®f highly

ig'eitng@{éee forghtanedu e a ARENONEHaSTOEh T BifaeRd ound the
m‘?‘drﬂfa?gbﬁgce bt tﬂ1 Pt 2PLR. EBr a 'Fﬁﬁ%“ﬂur% rﬁBer?faR/meqsvery
e rical surfac

aSI on bpetween especti ve cyI In

ofrmaut%Sccrmp@menatedsuediaé thidlaiyerds prefatabbnmabie esppropedte
above, randomcol lisions of the statiqgn

y, and
r GeRPHilign @@.df%te'a@gd%r%@ﬁaegp&weateema@yuﬂ@x@ﬁlﬂe%i'S that are
r @¢abe Fdtmicro-force detection. Every cell is electrical connected and

systematically arranged to output an electrical signal which is generally
constant but responds when the cells are compressed due to vibration impact

during revolution.

The design is suitable for a stationary spindle shaft, to measure surface
contact of the shaft with another component. To be precise, it is suitable to
measure contact abrasion between the respective cylindrical surfaces of a
rotor and shaft during rotation. As described above, random collisions of the
stationary and rotating surfaces often happen due to unbalanced revolving
force, especially when the gap clearance between the surfaces is very small.

This phenomenon is generally known as the Non-Repeatable-Run-Out
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force, especially when the gap cl earance between the
surfaces is very small. This phenonenon is generally
known as t he Non- Repeat abl e- Run-Qut 4 (NRRO, and
subsequent|ly wear and tear occur on the colliding
surfaces, after prolonged operation. The present
architecture enables direct neasurenent of the force
on the 5 cylindrical surfaces,4 whereby the abrasion
interaction between two surfaces can be evaluated in
terns of pressure and profile. In this regard, the
normal | oading on the contact surface is determ ned
du t
A[NRRO) 3o BUBSEGTont Wedr Uy LoeF octhl B W cbiRing sftes.
aaﬁesmmegd&npmmHoncondltion of the surface wth

i ncreasing length of abrasion. This process 10 nay
take into account both the magnitude and interval of

t Fperesaraaremitd dtaietdifabl &3 BirE@MBASUrekitnt BF ﬁfeﬂﬁrce on the

architecture enables the revol ving behavi our and
r eglinthicabsurbaress mysseky the akyasionrgterectinmbelivecs twe surfaces

CEATbRr Mg T TR At BRI 1t iSOt normal

Liderimcp on théreostact agtacy rspmtter;miaédtdmelng)thé Ipdﬂ)ttessl, and thus its
surface can be evaluated.in

ni tud ,

¢ GitiaBiresiptanceraldBRCONtaARR it b '%@?%éna% rReSeptaTsEssing the
dW?e%'F‘cBnH?ﬁgﬁldf 'tﬁ‘& sﬁﬁéé@ﬁ?ﬁtg n‘?cre@!slﬂg'l g"cﬁ%‘lﬁ&ﬁﬁﬁ.‘ T‘Igs?frocess

not1 on of novi n y, SO aS§ to detect the 2
v mimyaﬂalke nnixnmdmnns tmtbrfthe meagnitudet andeintedl/akof, the stinface
Vi bratl on | eads to wear or surface deterioration at
t Gelig@RBact interface between static and rotating
conmponents despite the use of lubrication film These
abrasi ons cause | oss of energy and al so provoke

miFsathegmatet thef preasent enghitestire, enatiles thesevelving kehavipur and

th%(ﬁ]erfghm ?{%p téﬁégg}t?tﬁgfﬁrﬁéaﬁéeﬁg%rbg’tgabe examined and

geasadlleds bastel of thee isformeation e absufpriefpaict epoditions and their
eval uating . the magnitude and posi t# Qni ng oJ ll’)ra?_g
ré@ﬁP[r@'&ka'bﬁW% ftggeﬂg@qe, Riapiegty ointhe CY"” rical surface can be

evaluated in term of magnitude of contact.

The present invention may be use to provide a dynamic modelling system, to
provide understanding of the motion of a moving body, so as to detect the
vibration mechanism of the structure. Often, such vibration leads to wear or
surface deterioration at the contact interface between static and rotating
components despite the use of lubrication film. These abrasions cause loss of
energy and also provoke misalignment of the components, which possibly
affect the performance of a system, especially in a micro-mechanical system.
In this regard, a geometric model of the structure is preferred for evaluating
the magnitude and positioning of abrasion resulted from surface collisions, in
order to minimize the above-mentioned disadvantages.

The layer of cells may be fabricated by conventional semi-conductor
fabrication processes.
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order to mnimze the above-nentioned di sadvant ages.
The layer of cells may be fabricated by conventiona
sem -conductor fabrication processes. 5 The invention
can be used both for testing during an engi neering
process, and also in real applications. The nethods
of the invention may be conducted in- situ, wthout
user operation and handling, im any testing

envi ronnment. Brief Description of The Figures 5
Preferred features of the invention will now be

descri bed, for the sake of illustration only, with

r %8 W&ﬁloh%ﬂﬁe BQ%& &ngﬂ)ri%éggﬁb d’lﬂ%(%wbﬁgweghﬁg rEﬂ-mcess, and

I'S conposed O
e a‘lmdnneat apphddmenanbetrheﬁmdﬂ iof thep émweintion coay det conducted in-

nogel | i.ng . of a revqlvin m ¢r o- nechani 10. FI G

ARt fisef chptaon AR aReing, B 67 Befih shuirantent

sensor cell which can be enpl oyed in the enbodi nent

OBNETH)esérlgtﬁrﬁ)f‘ﬂ'\éﬁ]gﬁ_@éﬁose‘j of Figs. 3(a) and 3(b)
respectivel'y showin perspective view and |n an

enl arged view an array of piezoelectric sensor

pFesiered featuses pf the iaventiamwilliays e fascrised Hog thqsai&ﬁsof

o istBus 81, SfATERrete o Yol pid fod P QRRAPD, |
t he oufFp@t 1p\fvhm;bdslcbmpg>sede)f Eige. d¢a) and &y, shows an
di Sg&tggﬁt L P gf t@e |qv l nd] ﬁgﬁﬁ%}tgtcrglﬁ&cwp&cte e?lllrﬂq%aft eb g%volving

Flr,@(;rcﬁnﬁeaﬁgﬁm]ﬁﬁle out put of nodelling the contact
stress distributions of spindle shaft structure usi ng

t he pr 6¢@s@ shpwsisphematisatly thesstiiature ofsa pisizaglesdic sensor cell
D%\} cl;h Sgn BS %bl%&&’ fh ﬂ{e éMSoSi'ﬁpeQ‘ﬁ'om 3, 25

FIG. 3 is composed of Figs. 3(a) and 3(b) which respectively show in
perspective view and in an enlarged view an array of piezoelectric sensor
cells provided on a spindle of the embodiment of Fig. 1,

FIG. 4 shows schematically an automatic recording process using the
embodiment of Fig. 1;

FIG. 5 shows the output of modelling the contact stress distributions of
spindle shaft structure using the process of Fig. 4 when the motor is at rest;
and

FIG. 6 shows the output of modelling the contact stress distributions of

spindle shaft structure using the process of Fig. 4 when the motor is spinning.

Detailed Description of the embodiments

Referring firstly to Fig. 1(a), a micro-motor assembly 100 is illustrated in
perspective view which is a first embodiment of the present invention. The
assembly 100 comprises a spindle shaft 101 that is firmly secured onto a
stator base 103. Threaded on the spindle shaft 101 is a rotor 102.
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Referring firstly to Fig. 1(a), a mcro-notor assenbly
100 is illustrated in perspective view which is a
first enbodi ment of the present invention. The
assenbly 100 conprises a spindle shaft 101 that is
firmy secured onto a stator base 103. Threaded on
the spindle shaft 101 is a rotor 102. 6 Fig. 1(b)
shows the sane assenbly 100 b#t the stator base 103
and rotor 102 are shown in cross-section. A pernmanent
magnet 104 is enbedded within the rotor 102, while
the stator base 103 contains a series of nmultiple
copper coil 5 windings 105. The wi ndings 105 are
powered by electrical connections 106 and when an
eF@:ﬂ(b)cﬁhOWﬁMeesame lasssmbhy tiybut therstator base 103 and rotor 102
el ectromagnet i

d

CRE SRR ElasfSeRHER. AbermalHEcifege! T s 6hhafadt Whpin the

r FStQF 1@@2wﬁma el statdt bals® 103dtntaine d sdrit® éiﬂQhUﬂ*ilp% @ds‘pﬁfér coil
ns essentially as shown in Fig.

nwmmm é% Tghe windiags ﬂ@ﬁ@r%POWﬁEkﬂstQlﬁfé'é%alfC@ﬂ”?ﬁféms 106

5P BB AR o ol RO DR N Sl BrBghbRt oo s
i mmmFﬁﬂgnntmaCMrawuh rt]taemmagne\‘aorlfnezldr\tgf tbednagneMOﬂg Tihm causes
size li tions.in the m

e Gl g in ds e poRRGBE BBERIS Reatatiiact

surfaces to mnimze 15 frictional resistance between

them Nevertheless, it appears that inbalances in the
r Designsressentially as showen Fih| teartuofimych Inderest o the field of

N of
© BB divic oy s sirb R Suhic Bl oAb byipeg dop that
t heuaiiai is H&Jmtem%dﬁtﬁtb?@wlaé%t roll8k6&ariig BasstivebA thé static and
eval uate th contact and abrasi on conditions of the

r mlwng@odtﬁ%@wmgztom krvitations ipthe ssicromeaghpaical devige, so

Bl e B8 S %l e e
affictionaf resisthhce betvesarsihesn. M\)@th@msv\hlaﬁpeass thad imbalances
around the exterior c¢ylindrica urface of the

spﬁ e wtaliony motign areinayitabiesd aygc@nﬂ mates siaparetian. \eausing
[
%5?@?@ r%nsd c%:ﬁltgﬁ)rn%ecﬁtth%%% sﬂatev% f%fo‘?glld2a£gamst the
surface of the shaft 101. The embodiment makes it possible to evaluate the
contact and abrasion conditions of the revolving rotor 102 against the curved

surface of a spindle shaft 101 during the rotation.

As illustrated in Fig. 3, the spindle shaft 101 is provided with an array of
muitiple sensing cells 300 which is wrapped around the exterior cylindrical
surface of the spindle shaft 101. Each sensing cell 300 is neatly arranged on
an intersection point of a regular matrix formation. The cells 300 are made
thin and flat above the curved surface of the shaft, without affecting the
tangential sliding motion of a rotor 102 that moves across it. The array of cells
extends around the whole axis of the shaft 101. Signal voltages generated by
the cells 300 are electrically connected out of the device by electrical

connections passing through the conductor lead 106.
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thin and flat above the curved surface of the shaft,
w t hout affecting the tangential sliding notion of a
rotor 102 that noves across it. The array of cells
extends around the whole axis of the shaft 101. Signa
vol tages generated by the cells 300 are electrically
connected out of the device by electrical 30
connecti ons passing through the conductor |ead 106. 7
One possibility is for the sensing cells 300 to be
formed from piezo-electric material. One specific
possi bility such construction is illustrated in Fig. 2
which shows a single piezo-electric structured
sensing cell 200. As, shown in FIG 2, 5 such a cel
sOnechasdmiltms; fardbe aebsung celig 360 tplb@zforreedcfm piezo-electric

I, sandwi.che two thin ele a

B terig50ng SR GOy SEEnIoR G o aTr R UGG 2 which
nBﬁéWé laNgIngle\die£o-eldetridstpidlare sezinyf calPRe0.tAY,ishowaf in FIG.2,
the force detection, the physical dinmensions of this

ssuelt awed s,’grwttaeen@pge%prhoawa% of Riezorslastiomadsiiati ze
1%58&1 cﬁéabb}ég\&%&ﬁa‘f\{véi‘ﬁlhfb@ﬁ‘@mbkf?&hﬁ%‘g?dgr}gt&%}/@ diEtrical

| eutgut ¢d aalottayeimedssingnddvide In benmelgreﬂioarca‘c*sensnwny of the
g(gfnt it tlvel when e>1terna| S

t
defgct 'Pﬁ‘e he;phygica @gppnggasr gﬁuﬁtsﬁHpa@é%bﬁa a(rﬁ@pproprlately
r %Highﬁ th MlHﬁié’!ﬁeoitré%%I\Rﬂttagé RaticSA W4l c’h%ngbhﬁ the volume

physi‘cal di mensions of the meChanism 15 Referring
ag&the plezﬁ-ugateaal 202 rTfaeydrlggalt a significant tavebof eleetrical signal to
0.on the ¢

 BeraaBRred enditaRevh e exferal ayes 0 ARG s favout of the

t BeRKOESE! 260 d;ﬂm@@éé 't@ ﬂ\é)#équiréb'régomﬂé@ oﬁ@éﬁé@;ﬂbn a8y well as
constralints or possibilities fered by avail able

atihephysicagrdinessions atdine amhpn@mu t is possible to |lay

multiple thin |ayered filnms on a substrate, such as

steel, using sequential 20 vacuum deposition

PIRefesihgsagait td Fap (3, the fablrieation proceasiod rﬂwe)forde-meaisirigdayer of
pressure, |

process parameters su h as

P ot 300 BNNBURY ek s Tacsa gt Tt d Bulr (4GS g provids uniform

Ctﬂﬁiﬁﬁﬁés%r lekHii§ Sabrd o&ltbﬁﬁgf?ﬁt% é&ﬁhﬁ?énﬁ BSh SRR or possibilities
between two contact surfa also elimnate film

deiffenéch by iavailabhle add)eewnep;ecmes For example, it is possible to lay
multiple thin layered films on a substrate, such as steel, using sequential
vacuum deposition processes. 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 film delamination due to excessive

abrasion.

In one preferred possibility, shadow mask deposition using a target is
employed to provide the array of thin uniform sensor cells 300 on the
cylindrical shaft 101. At each of a series of times a respective portion of the
shaft is directed at a target, and by rotating the shaft 101 all portions of the
shaft are brought to face the target sequentially.
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abrasion. 25 In one preferred possibility, shadow mask
deposition using a target is enployed to provide the
array of thin uniformsensor cells 300 on the
cylindrical shaft 101. At each of a series of tines a
respective portion of the shaft is directed at a
target, and by rotating the shaft 101 all portions of
the 30 shaft are brought to f8ce the target
sequentially. 8 Alternatively, the array 300 of cells
may be provided by firstly by depositing a |ayered
structure onto the spindle 101, and then dividing or
slicing the layers to singulate the layers into

mul tiple sensor cells 300. The slicing may be 5
péitéma’malybfhe away 300taficalis may kehpravidadhby fepiiyrydepasiting a

BBl SO B 8 il 3 gt Al B bling e tvers
Ottﬁéingula'te fHeclayetd mtcﬁﬁﬁjlt(pié sehsovgellsA0th Thbeﬁllcemnay be
cell 300 lies on the |nter8ect|on of oneoztrl

oRedprmeed Sy davar cultinguydiicshas Mhgadvrntage; pprrﬁg mgﬁfapoval of
eh‘?é\téf@qﬁtﬁ&ﬁmgtgﬁa%djﬁ {itOde | ayers 301, 303 are

deposi n con | ayers that form an
el ectrical network to output changes in voltage

i al . - _

otherrle ik EvatsiSo BoT st axert e Ly cBis 2ppyaS Shown)

C%UE@%&‘E&‘& éiﬂ 30 RS 6 B in€SHBEQIN HRdAE SiFipEIKé d\iter electrode
hrough the body 106. 15 Each cell 300 is identified

b}awrﬁ@\ﬂ/ anttione triplikst innaeelestrods 308 hae elgctiagde layers 301,

o oD 48 43houRda a3 CHRUEES ver® bt O A dlocEES Hetork to
i %u&ﬁlﬂ&iﬁ@ﬁé@@ﬁn %Itéd@p@l@hﬂ@l&ﬂherﬁﬁd piezdVheatedial 302 is in use.
mechani cal load is applied to any cell 300, the

piEacbeafdbe laversnd0d 8G$ is 'ﬁdlwdl@ﬂyg?éﬁféf"é@‘@scwecwd toan

" S Bor i SBRRSIE BB gt v ea anc

respective vol tage magni t udes based on the
Each cell 300 is identified by a row and column of the matrix formed by the
electrodes 301, 303. Analogous to a keyboard, every cell 300 has its own
row-column configuration, which is independent of the adjacent celis. When a
mechanical load is applied to any cell 300, the piezoelectric material in it
generates an electrical signal. Depending on the contact area and position,
the loaded cells 300 will produce respective voltage magnitudes based on the

load distribution.

Optionally, an additional thin electrically-insulating film layer (not shown), such
as Diamond-Like-Carbon, may be coated over the entire cylindrical surface,
covering the matrix of sensor cells 300. The film layer protects the surface
from wear and scratches from abrasion with dust or debris during the
operation. The thickness of this protective layer is uniform over all sensing
surfaces, and selected to avoid impairing the sensitivity of the sensing
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| oad distribution. Optionally, an additional thin
electrically-insulating filmlayer (not shown), such
25 as Di anond- Li ke- Carbon, nay be coated over the
entire cylindrical surface, covering the matrix of
sensor cells 300. The filmlayer protects the surface
fromwear and scratches from abrasion wth dust or
debris during the operation. gThe thickness of this
protective |ayer is uniformover all sensing
surfaces, and selected to avoid inpairing the
sensitivity of the sensing 9 nechanism The filmis
I | . . .
o HechBHIsH. S ) ' paflo T LES PRARPIRIROHS Rolving prolonged
utastiggt he assenbly of Fig. 1 is shown. The 5
respective electrical conduction paths for the
el ectrode | ayers 301, 303 are connected to a

dﬁe?erhﬁgqs'ﬁglqe ApioeBss gﬁimbiﬁwaédemw Fgﬂ Vgl shewet. The

el ectri Cal vol tage 8enerat each i ndi vidual sensor
c eggpegtive ieim*érm@@n ugtion matbéﬁwuﬂiérelq@nodeslaugtﬁi301 303 are

c BRTAGRbA Yo PR RIGotd Rz Y LB SR SERERYRG Vel 6F

C@Idctrm volage gbneraﬂ@d by Ie@cﬂi@ndmdoabwismn ceh 6000n¢be;bmdently.
401 (e.g. faor ﬁach

t ﬁecwp%f@s 494 rl%y§e%.|<=pn%ian héo E%IPP@}G Prpwbihé% %i%%%ﬂggs in the
ﬁ?a%?FbsTa%éJeréer r Qﬁihﬂh’&iﬁﬁ 's)énéiﬁg%ellaﬁoos IEl?i[jtthis data is

erva rmn ol vi ng operatl on
i mmrd;é@bnageﬁmm?iSMT (e.gOfor smﬁwEug:am mhsofra oambe$©®
IS activ en stre
 MEOmISINS SESS e ens Ao HAle ) Finferadly tasncPeess sy
a gégb?rﬁéd %ﬁhﬁu&!ﬁly A gPaLIRrEIntERakRS duBiRg @iﬁé‘i’@iﬂ)l\yiﬁg '&:peration

I's applied to the spindle extending over nmultriple
c@lflhﬁ m‘tor t@i‘igbﬁubﬁhﬁa%haﬁz‘tﬁﬁhe preferred form of
stress-distribution plot enployed in the enbodinent is
one in which a generally cylindrical geonetrical form

| Fdchl derisbrtell 3089s hotivated winepestrdssfis applied t it.Af gli célls 300
The generally cylindrical form has, however, a var ﬁ/ ng
are uniform and have identical sensitivity, a stress distribution profil n be
generated when load is applied to the spindle extending over multiple cells of

sensor array.

The preferred form of stress-distribution plot employed in the embodiment is
one in which a generally cylindrical geometrical form is illustrated, as in the
upper left part of Fig. 4. The generally cylindrical form has, however, a varying
radial dimension corresponding to increasing stress. Such a plot is shown in
Figs. 5 and 6, in each of which there is a cylindrical-shape model having a
similar geometry to the shaft 101, and made up of multiple nodal points 501
that indicate the stress magnitude of a corresponding sensor cell 300 (or of a
group of such cells).

When the motor 100 is not in motion, as illustrated in FIG.5, the respective

contact stress distribution is motionless, since the area of the spindle 101 in
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radi al di nensi on corresponding to increasing stress.
Such a plot is showmm in Figs. 5 and 6, in each of
which there is a cylindrical -shape nodel having a 25
simlar geonetry to the shaft 101, and made up of
mul ti ple nodal points 501 that indicate the stress
magni t ude of a correspondi ng sensor cell 300 (or of a
group of such cells). When thé0notor 100 is not in
notion, as illustrated in FIG 5, the respective 30
contact stress distribution is notionless, since the
area of the spindle 101 in 10 contact with the rotor

198nﬁ%€?§ntﬁ Qltl? FotdeH Bﬁto:?)tes'rfbt fhERiafd. 3k this tshéiesﬂfef sifface model

the s I's static, and no
d&00wofithe shafbfl Oﬂ hsastabidaancpoordeiomlqnsof the nedakpoints 2@1 is
sopn a%dthe rotor 101 starts rotating, as illustrated
[ ??@. 6, there are inevitable dynam c surface
contacts between shaft 101 and rotor 102, and
correspondlngl¥ t he nodal points 501 on the surface
ot e

mhge300n0as thesroterd Gastads rotatipggas Blustipteddpridgngdhere are
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| eotrespomdingly thamddal poitits $&pon dhe sdrface triveles GGO,eaarmmcated
posElg n of rati n of

D8 fiSBMearAcshiing fo s HeobudRen ik tosc® on e sensor
VicBli#BbONTRESE abér?g%soa tﬁsgﬁ@d@%ob@emttaﬁ%eauadw bye

over tine, and this transition is reflected éo
clﬁefw@dgce(ih onHhe wa@s@drpq@tlon chromiagtsi alrthe yibration of the
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correlate the voltages with the neasured contact
forces repeatedly. This conparison is particularly

ufangated vibeatiaomand agrasien degiades the syrfaeagrasialiyiover time,

| S GRS s e 9 Rl Cbraton o

nmmbhgésngvdﬁxﬁnwa@e&uknwdEOﬁan@deﬁﬂawmongﬁ¢méBés$mnce"300is

behaV| oyr, as well as c?r} tion k%ﬁtt

noVeieaRlY cagigdout to correlate he voltages with the measured contact
forces repeatedly. This comparison is particularly useful in determining the
levels of vibration which lead to surface wear, or to break down of the micro-
system. Thus, the embodiment provides effective monitoring advantages for
understanding collision behaviour, as well as contact motion between the

moving surfaces.

Although only a single embodiment of the invention has been described in
detail, many variations are possible within the scope of the invention as
defined by the claims. For example, the spacing of the cells of the array may
be selected according to the desired sensitivity of the method.
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Al t hough only a single enbodi nent of the invention has

been described in detail, many variations are

possible within the scope of the invention as 25

defined by the clainms. For exanple, the spacing of the
cells of the array may be selected according to the
desired sensitivity of the nethod. 11 Cains 1. A

m cro-scal ed rotational devicélhaving a curved
surface, the curved surface being provided with: (a)

an array of piezoelectric cells for generating

el ectrical signals in response 5 to a conpressive
S ; and (b) circuitry to convey said electrica
sgéﬁgés fromthe cells out of the device. 2. A device
according to claim1l which is a mcro-notor. 3. A
dévi ceAamierpeicalpd otatienah devige brving 2 owrveash spdage Migscurved
dev] . il gaccording to claiml, claim2 or
c?%#%ﬁ%béwgﬁﬁggﬁe?ﬁgﬂgelIs 10 conprise PVDF. 5. A
devi ce according to claim1, claim2 or claim3 in
wa)cdn ey of| giszoatectric icells forf geneveting eldotricad tsggniads in é2sponse
A mcro-notor according to any preceding claimfurther
cghﬁﬁpgﬁﬂﬁsﬁveﬁﬁﬁﬁﬁr stant filmcovering the
pi ezoel ectric cells. 15 7. A device according to any
PYSLSRURE) © Girivelysa bfetridaP signakefomthé aefls ousoPtheadevice.
stationary conponent of the device. 8. A device
according to claim7 in which the curved surface is on
a2shaf A deyice pecereinga:te daim Jiwhjchis amiero-motar. devi ce
according to any preceding claimin which the curved
s4r face gaficd ScEIiNtH Aaim 13LIdiRE2 WRlidSisH RIEIS delfsd.
are placed at positions equally spaced around the
axis of the cylindrical surface. 12

4. A device according to claim 1, claim 2 or claim 3 in which the cells

comprise PVDF.

5. A device according to claim 1, claim 2 or claim 3 in which the cells

comprise a ferroelectric material.

6. A micro-motor according to any preceding claim further comprising a
wear-resistant film covering the piezoelectric cells.

7. A device according to any preceding claim in which the curved surface

is on a stationary component of the device.

8. A device according to claim 7 in which the curved surface is on a shaft
of the device carrying a rotor.

9. A device according to any preceding claim in which the curved surface
is cylindrical, and the cells are provided are placed at positions equally
spaced around the axis of the cylindrical surface.
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10. A nethod of neasuring contact pressure on a device
according to any preceding claim the nethod

i ncludi ng obtaining said electrical signals and
converting theminto force data indicative of contact
pressure on the cells. 11. A nethod according to claim
10 including using the force data to obtain 5 a
geonetrical display of the po$2tion and | ocation of
the pressure force on the curved surface. 12. A

met hod according to claim 11 in which the geonetrica

di splay conprises a generally cylindrical body having

ragi al AVRBIHY SMYhedburirip BEStabl SresBAfd bh @dewibd aetording to any
respective magni tudes corresponding to the force data.

1prereding sleimodhexdaetharnigciuding abtainiog szalaueieqtﬂcalr sigpals and
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body of the device. 14. A nethod according to any of
chaj ms Aldethodlacdondingao clampt0 sichgling esmgdhagotdeedata to obtain

force data. 15 15. nmet hod accordin claim1l
f aweteewpq'ﬁ@lawf%% RS tian Brddoratioh of tiaSleFatie fosce on the
g flMRel Ndi cative of wear and abrasion. 16. A
ho Tor Fabri cating a mcro-scal ed device accordi ng
to any of «clainms according to any of clains 1t .
t A2. medhotethed| actiardingetd aﬂmd1am $diich ctbﬁdg@ometrlcal display

ng{p@)ﬁlggé %nggﬁgr%@g cy e rﬂo%‘%‘/t ﬁa\ﬁﬁb Fabt Varighordiat respective

positions and of respective magnitudes corresponding to the force data.

13. A method according to claim 10, claim 11 or 12 further comprising
using the force data to obtain vibration data indicative of vibration of a rotating
body of the device.

14. A method according to any of claims 10 to 13 further comprising

recording the force data.

15. A method according to claim 14 further comprising using the recorded

force data to obtain data indicative of wear and abrasion.

16. A method for fabricating a micro-scaled device according to any of
claims according to any of claims 1 to 9, the method including performing a
semi-conductor fabrication process to fabricate said cells on said curved

surface.



