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Mechani sm The use of piezo ceranmic constructions is
known for the production of sound and smal |, high precision notion.
The limtirwobsbrr in broader applications 5 I's thatpdylishokMissd Of

notion is generally smaller than nost | ow and nmedi um cost

manuf acturing tol erances can support. The use of precision machining then
makes t he devices prohibitively expensive and thus Iimted to higher
val ue added uses. Low Componéiit €ount Releasf Metigismser an ¢ devi ces can
be i ncreased through the use of nmultiple layer structures, but there
are significant efficiency | osses between 10 each layer and the gain in

notion is disproporti 8, h ost _.of forc or a i cations
suclh asI :i gln:tlol i I?\g a@gﬁ 2?1 p é’f%@#&ﬁ@%@%ﬁl 3@%@9"%?{ fi‘é‘g"&“sdcan
create si zeabhsund@ye ERAl, hxél%reéx@xbﬁ nitiRh OB Yithin Qﬁ&&ﬁﬂ‘b?&{uﬁr%ﬁh i ani ss

whi ch have to overcome friction and ot her force DEr S

distort 5 is thatitae le\&h@f amtionds gemeraliemallaf thae mosi fvav uad nieliun Gbsl
anplifying links s not accept abl e because the |l osses in the pivots
are |arge conpépwgcgng °Iiaﬂ‘i’°ts|°5‘P support. Thesgotpracision machinimgdsn mdﬁﬁponent

Th hal | th
2nd Lo conby nieuteed pfoniSiuly ¥Belsive AR thiH imitep o, it Vathe sddegieb e v
pi vots and associ at eQhé mﬂﬁ@ﬁ%pleﬁﬁidéﬁhﬂé\é&dm’es &ﬁb@fxﬁﬁéaﬁamgh ﬂ{e'ﬁée

vi abl e mechani sns the overall device nust be conpact and robu
Accor ding to Phawiinle dayer istvetnresobuti therecare sigifinant eﬂimﬁcydokdeadieﬁve&nt uat or

O e T R BE el TS B Sy Guate e Rt b faree. For
construct i on. appiRations such as sxgnallmé %%g &%BPher s%roq%ﬂf thn?Yaﬁgxts Qp be

nore readily understoo eof escrlbed

by way of exaomeh sizdable afwemame bub this approatinés af&Repable o8 échdhiBMS, | N
whi ch: Fi g. shows a perspective view of an actuator
according to Wﬁghp}paggéﬁtovercome fnctlon and other forces, as the thin members distort

under load and so lose their effect. The use of rigid amplifying links is not
15 acceptable because the losses in the pivots are large compared to the initial
movement of the bender component. The challenge therefore is to amplify motion
without losing power and to combine the motion and release function with the
minimum of pivots and associated linkages. Additionally, to offer commercially

viable mechanisms the overall device must be compact and robust.

20
According to the present invention there is provided a two-bladed actuator
constructed with two ceramic pieces to create a significant deflection of an
operating face within a single layer ceramic and metal construction.
25 In order that the present invention be more readily understood, an

embodiment thereof will now be described by way of example with reference to

the accompanying drawings, in which:

Fig. 1 shows a perspective view of an actuator according to the present
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2 I nventi on; Figs 2A - 2C show the actuator of

Fig. 1 in different actuation conditions; 5 Fig. 3A
and 3B show basic diagrans for explaining a preferred use of t he
actuator of Fig. 1; Figs 4A to 4D show di agr ammat i cal | y

t he preferreagdgmom@f the actuator of Fig. 1; PCT/GB98/00670 Fi gs
5A to 5C shows in perspective various conponents used in the 10

enbodi ment of Fig. 4, FEg. 6 shows_a perspect|ve VI ew of
anot her form of actuator according to the pi ?ﬁ%”

Figs. 7A to 7Bnybmtivmyne use of an actuator according to

I nvention; 15 Fig. 8 shows one use fo

actuators according to the present i nvention; and

Fig. 9 sh t [ f I f to th
plr gsent Si (rjl\\ll\in?i g(r)]ns I‘Ffésl 2R - % gh&b%&gfdgw tér){ Ofg_.téa&or thdiffe %1’ mgmﬁﬁovr ged

a general l'y pl gohditionst uati ng 20 menber (5), conposed of two bl ades
arranged in a U form The bl ades of the actuat or each conprise a
flexing pértion (10) and a rigid portion (15) The rigid portion can

be made by altering the I C 0 rial ol di.ng.edges as sho
or by the enbossing o 1%5&%@”33%;}}@}3?%? jagr OEEI_‘R)Q‘*HW% Bﬁ?‘é‘ﬁ .
fl exing ishown parallel but may be angled to achieve
ot her noti ons. tl@%%%dgﬁﬂ%f%‘if *flexing portion (10) is adhered by any

sui table nethod a pl ePipsafA @i 4D shove diagiaenmatically theirefenl ukd 3f thd)achtinect ed
toaswtablesg , which will typically be one capabl e of
t

di scharging a @ pul se of a voltage just enough to cause the materi al

to contragt but not eou se t.he dielectric properties to,be
br eached 19/ n $5 18 S0 B eV oS SO HoR R AR e
di scharge vol t@zﬁﬁo&iﬁxe%%i"?&%,

Fig. 6 shows a perspective view of ancther form of actuator according

to the present invention;
Figs. 7A to 7B show one use of an actuator according to the present
15 invention;
Fig. 8 shows one use for a plurality of actuators according to the present
invention; and
Fig. 9 shows a construction for a plurality of actuators according to the
Referring to Fig. 1, there is provided a generally planar actuating
20 member (5), composed of two blades arranged in a U form. The blades of the
actuator each comprise a flexing portion (10) and a rigid portion (15). The rigid
portion can be made by altering the thickness of material, folding edges as shown
or by the embossing of a stiffening profile, whichever is preferred. The flexing
portions are shown parallel but may be angled to achieve other motions. To each
25 flexing portion (10) is adhered by any suitable method a piece of piezo ceramic
material (12,13), connected to a suitable supply, which will typically be one
capable of discharging a short pulse of a voltage just enough to cause the material
to contract but not enough to cause the dielectric properties to be breached. In

terms of current ceramic technology the maximum discharge voltage is between
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and 1000V per nm of material. Piezo ceramic materials
are given an electrical charge during manuf acturi ng, a process

cal l ed pol i f@ogAgosp result of this process the ovoid 5 pepRGssswbes of the
material respond to an electrical field and align in one direction.

Consequently the material dinension chang8s under the applied voltage from
when no voltage is present and the nol ecules are randonly oriented. A
substantial ly W&amfloﬁﬂyqxrmmwmml having significantly greater |ength
t han width and greater width than depth will el ongate under such
conditions. By fixing 10 pl anar portions of these materials to a stable

base, such as a netal padbi Rerahd3€ ma enalts ard ‘;ﬁénorlna@ﬁc&%i r@r&&aéfr}lull’%gstatlc

converted into a curvature I n exact her

bi - met al whosemaaefacturisg] la poosss. caIl[Ed? PORAGNAS al ﬁsxﬂd € nieid procdskehe ovoid
obverse of the first flexing part ( 12) and to the reverse of the second

flexing part molecules pfthegnatemialirpspondin/an electrical fieldjandaligminl eneidirsctions

same pol 6 for E Er%ﬁ?% é*geepﬁﬁe'rﬁiéﬁé wbicg” aebi s g mﬂ@h“ﬁ% &9

conducti ng rrat n&%liﬁ p‘ﬁsldetl{ eOmdidiRildsh eg&. éﬁg@rgl ng
process. e out er s t ices are t a so sane
polarity and cmbskmnallyqﬂanatq:hécy &Qnatenhll, mhexdglsﬁgrﬁﬁeaml@dgreﬂ'ﬂefwgm tHans
arrangenment the ceramc pieces wll expand and contract together in

proportion to Widthgad Zddthshan depth wilbielprgaty under such conditions. By fixing

Lo i gur el A"t Bl pitichd BraRan oo RNRS0AE, P {iobdlal 68 BHOL, 1
Fig. 25 1. extension and contracnon-ﬁﬁﬂoﬁf‘eiﬁéiﬂé alcBirviatuf€ th édacllf theRahietwdyold) to a

sui t abl e i nmovabl e surface. In Figure 2A the actuating portions are
shown unener gi 8 éhermivstatic ibirnieitajuvkosgBse is well known.alke ¢esamjwyisiadbiered to the fi r st

of the-cor am ¢ VYRR St Fiie SRERE pafe (1ALEHH b el s sgoud SERDR FRG
(13) as in this way the flexing is cumulative.
15
In the embodiment shown the polarity of each piece is such that the
same pole for each touches the blade, so that the blade when made from
conducting material can act as one pole for the charging and discharging process.
The outer faces of the slices are thus also the same polarity and can be electrically
20 linked if desired. Through this arrangement the ceramic pieces will expand and

contract together in proportion to the voltage across them and its polarity.

The flexing portion of the actuator operates as follows, with reference
to Figure 2A to 2C which are diagrammatic side views of the device shown in Fig.

25 1. ' _
The actuator is fixed at the point (60) to a suitable immovable surface.
In Figure 2A the actuating portions are shown unenergised while in Figure 2B
voltage is applied to the first flexing member in order to cause it to curve under the

contraction of the ceramic. The displacement at the end of the curving section is
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anplified by the rigid section to create an initial displacenent (dl).
Because the second flexing portion of the actuator is rigidly
connect ed tgwolod@edy r St by bi ght section (35), it apetioBRsy/obdye Ssane
angle as the end of the beamof the first portion, such that the
straight part is at a tangent to the radidus of curvature. In Figure 2C 5
the sane voltage is now applied to the second ceramc slice, causing this
leg to amyslifidaichndthe Biyid seotioh he createcan initidl displacemenn(dl). Becawsealre t he
ot her -.si de of the . assenbly the two distortions add, creating a final
di spl acenment (s¢9ndoflexing portion efée actuator ig gigidly conpastad tonthe Hirstsbyibight e t hat

of a single leq.,. VaLi.at.i ons to,the i f lenghh c reate
different bal SRCUArGrhitRimertnt aftnt MdieRfp cnf St beamafih? B 5A0h

appl i cations. gych that the straight part is 4£12REORIS ThRARTs! FTRUNIRARE CINWiBRePT NOL an
absol ute notion but a rel ative one, being a change in strffness of

t he overabl behesansooithge isTHosv appliet to the secomhceremic glivencawsing this leg & end
(85) is thus dictated by the initial |load in the plane 15 of def] ection.
Changi ng t he I%%bw4-IBQ9§H%fethFH'é%n9ft‘gefSF'é9\‘!d leg 15 the; other side wd the

e pend cul ar P THITRNAiHRRS; Ad, FleRRGES ghdisbdouflont 25t B ok B8 o
si mpl est  ar r angsysfithe USwhith 3§ @0ibld thafdfalimde fog. Glriaitths IBtHeRAGNOF Ieigth

there is a pivoting link (27) whose |length is such that when the actuator
(5) isin can createyiffeient dalanatse oft fores randadisplacementi e suitrispecifio

create a Si rrplgmfu orted beam with a load (29) as shown in Figure
3A. Upon ¥xci t3APHEHIODShe tip noves away fromthe end of the beam
allowing it to rotate about the pivot (28), as shown in Figure 3B.

This construction works, but has the di sadvantage of being bul ky, 25

w th the conponents bFhe @predess descpibed abdve otaatest ot Absolute motion but a

In order to reduce the overal|l volune_of a mechanisma different
arrangenent i stelatiyqone baing e changen stiffness ofdhepvarall beam gaseanbly glhestart 3 sear

(90) S ovi ded. e 7:1).. |

sui tabl e way, %p(’(‘%&f@e frd€ Ehd §%§s gﬂ? é‘ ﬂc?:ftgé %g ﬁﬁ%’%@ﬁ‘gﬂ%&k‘? R%Blé% e and

a trigger;sf aceof deflectibh. Changing!the a8 Wil FaliéeCthe beam to flex. In order to achieve
consistency within manufacturing tolerances the actuator must be loaded

perpendicular to the direction of deflection.

The simplest arrangement is as shown in Figures 3, 3A and 3B whereby
20 there is a pivoting link (27) whose length is such that when the actuator (5) is in
its unexcited state it forms a compressive member to create a simply supported
beam, with a load (29) as shown in Figure 3A. Upon excitation, the tip moves
away from the end of the beam, allowing it to rotate about the pivot (28), as shown
in Figure 3B. This construction works, but has the disadvantage of being bulky,
25 with the components being placed perpendicular to each other.
In order to reduce the overal! volume of a mechanism a different
arrangement is shown in Figures 4A to 4D. As shown in these figures, a sear (90)
is provided. The sear (90) has an axle (71) made in any suitable way, a pawl tooth
(73) which is concentric to the axle and a trigger face (74) which is also concentric
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t he axl e. The axle (71) is connected to a first sprung
beam (30) which is biased to position A by a suitable energy source
such as a swo98g0%178) or inherent nateri al f | exi onpchépssinaéso cal |
position A OFF. A second sprung beam (41) is provided
havi ng a stronger spring bias (42)Sthan the first beam (30)
operating in the opposite direction. If the two beans are

pi vot al | yj oi netb thgpalkesi ng t hrough the position shown in Fig. 4B, the

resul t ant forceg, of springs ul-d_bring the pivoting beam (30) to
position B shown in 1 eax{ﬁRg.l) %GP“W&W@%@W“&B?W@@W&‘ ischiased arm

Lo pase bonent i RAoRA Py psuabif Sk b ¥ioftaf Fisitly 08P ubdibu ity 45°C

A pi ezo ceram @egioh UWehall 2211 pbsifiond ORE. one shown in Fig. 1 is affixed 15
to the second sprung beam (41) such that it is radial to the pivot of the

second 5 beam tangential to the axis of the axle, with its free end
(85) pointing away frgm the centre. of rqQtatiqn of the beam |n the
configuration shown i ?ﬁcgpd&E“Pﬁg’ea@t(éh 18 prowgeﬁ\%\g{xg ACHBNESTSPIRS PlSnt of
the axle of th 1 B 4 P oo PRI that the
dotent oot i (AeER B8k B R0 ApBlanh B 48 oBRMANEIEUSE AP e two beatd™)

20 act uat or aidmvotalnejoﬁma&iyg:aediﬁg)mr@fghtdi@po%mdﬂhamiiﬁ Figl4B, the adsulthnts
force is too small to ) efl ect or buckle the actuator |egs. )

In Figure 4A t farcpiof the spginge avauidsbring therpivotingheeam (30) 4 positien Bsshommsin

bi ased to, the F positign. The. .se ' | ased by ne f a sprjng.to be
broadly 2 gé:g‘p‘g"?rd?”i‘fﬁthwet g‘atlﬁggLiq}i‘t &hﬁ sﬁ’é%ﬂf?/aﬂ’ta@'i%glﬁ \?él@a& Pﬁé}ssear

can be provi degdoMidiBtion a detentabeth!(75) ﬁoﬁﬁéﬁh@&pﬂs@%ﬁea‘ﬁ?hﬁ%aﬁm (13)lo8

rotate into position as the conditi'on I
the sear as seen in Fig. 4B.

A piezo ceramic actuator (5) such as the one shown in Fig. 1 is affixed

15 to the second sprung beam (41) such that it is radial to the pivot of the second

beam, tangential to the axis of the axle, with its free end (85) pointing away from

the centre of rotation of the beam. In the configuration shown in Fig. 4C the detent

tooth (75) is in front of the axle of the sear and the actuator tip is behind it such

that the detent tooth imparts a rotation which exerts a compressive force onto the

20 actuator tip. The construction of the actuator is such that this force is too small to
deflect or buckle the actuator legs.

In Figure 4A the pivoting beam is free from the arm (41) and is thus
biased to the OFF position. The sear is biased by means of a spring to be broadly
25 perpendicular to the pivoting beam. Alternatively, the sear can be provided with
auxiliary camming faces which cause it to rotate into position as the condition in
Figure 4B is approached.
In Figure 4B the second arm is pressed down in some conventional manner

e.g. by a hand or other motive force (5 1) until the detent tooth (75) passes over the
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Figure 4B i s approached. In Figure 4B the second armis pressed

down in sone conventional manner e.g. by a hand or other notive
force (5 1) until the detent tooth (75) passes over the WO

98/ 40917

PCT/ GB98/ 00 Gwiass40917 _ _ _ PCT/GB98/00670 paw
tooth of the sear (73). The radial distance of the trigger face fromthe
axle is greater than the radial diétance fromthe sear axle to the
tip of the actuator (85) at this position. Upon reaching the

engagenent poi pawhtbethef thesepufiB). (Thetridialslistandeyof the triggepface ddnbthetaxie et ent
tooth-the sear rotates and Irg ti&gf 'éaéa actuator falls _against 5 t he
trigger face 7EFeaisthanths radial distanch Temdhe sear agle|to Setip phibedeiatar (BHAth on
its UpWQLE : h | ve:fonce used
to bring the \tA\@\ﬁo %?rﬁs&}n gngﬁ%cgé%hﬁten%%én?b§§§ggxg%en ei’ra%?gdo\sfﬁg;}slﬁgyforce

draws both ar npassd bythe deentidott 0@ 'sa4r rofitdsQind tAE tip b€ tHeactuat&ieRlls hgaingtabl e
to rotate due to the presence of the actuator agalnst the trigger face.

The first Sheanthestrigger facetTde peveptingliits irotation b goil pveh thendetentriogtir en 4ss.

The nechanismis relegsed in Figure 4D by the distortion of the actuator 5
bei ng suffici ef@VE ‘the tip (85) of the actuator to clear the trigger
face (74), allowing the sear pawl (73) to rotate away fromthe
detent tooth (75) and the 15 mechani smto col |l apse.

Al t hough the di agiUpon relesse of tredhotiverforcepisydto v the ove aitnd intoagagémenti s by
way of illustration only. Figure 5A shows how the actuator (5), release

face (85), the seqand ariyiy spEpg faree ¢y batharmsaipdn emarallelngram aotinn, esthepe

f d f i nal ' f sh tal . whilst, Fi 5B sh
e 2. RS eBlS SR s o oBlreBoSt o B A o g6, 510
from anot her stTREkest HRARAE R in the ON condition, This is sKbWi'S Figrec. such a

device for electrical protection purposes, the pi voti ng beam may be
two singl e conductTheymeekamisn isxetedsdsl/indiigunesild by thegdibtortiigneof the actuatoo Swhi ch

Closi ng.  he coNPag BtTciER s ER PRl PE TSRO (R 7 PR BRI UM act s
hon, movi ng_par F1owins' e soiiRv (78 Bk By B8 RELE ol TORERF T ©
moul di ng ¥hi chneehdnias té belldpsgi d parts
Although the diagrams show traditional pivot and rigid portions this is by
way of illustration only. Figure SA shows how the actuator (5), release face (85),
the "on" spring (42) and the detent tooth (75) can be formed from a single pressing
of sheet metal, whilst Figure 5B shows that the first beam (30) and its spring
20 function (78) can be formed from another single component.
In the use of such a device for electrical protection purposes, the
pivoting beam may be two single conducting beams linked by an insulating bridge
to which the sear is connected, providing a convenient means of opening and
closing the contacts, as shown in Figure 5C, by having the moving contacts (33)
25 on the first beam (30) and the fixed contacts (34) formed on a non-moving part as
appropriate, including a circuit board or the moulding which carries the rigid parts
for the mechanism itself.

By the introduction of a tangent angle to the interface between the piezo
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for the nechanismitself By the introduction of a tangent
angle to the interface between the piezo WO 98/ 40917
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ceram c actuator (5) and the trigger face (85). it is possible to nmake the
assenbly wooesue9inherently unstabl e, such that power nusechepagikioed to the

pi ezo-ceram c conponents to stiffen the beamand allow the device to
reset. The device shown in Frgure 1 can be nade stiffer by
i ncreasing the nunber 5 of prongs or legs as shown in Figure 6.

As in the caseerathiddveuater\(Sxandsthe wiggen fdce ¢85 iths pbdsiblats takethe sdmblyed as a
pressing fromsheet netal or simlar stiff material. The sanme reference

nuneral s inhegandly uestable, suchi thahpewenanusirke eppligdria dhe pigzoseramici gure 1
and 6 and so a detailed .. description.wll.ngt be given. Suffice to
say that the EFHPYHE tosstiffen the bram f&li?é"?t?‘*‘*“%ﬁ&’%w of a rectangul ar
structure whose Hhd@evRE sBow th F ﬂcﬁ%éﬂﬁdéﬂgpﬁ%iﬁ&easi the NISE
opposite end wall is strengthened as represente y “t he reP%rence nuner al
15 by t hé net bbprongs eclegs esishiowmr inlFigure6.t o Fi gure 1. The end
60 of the central tong%e 63 %&ﬁfix,ed as before but in this case, the
central tongue 638 esasep! thrddsvics shewn g Eiguse 11 e srivgtariefamed asal 1 s. 1t

will be 15 . t | 1eC Vi,C on the tongues. 6
formng the sP%g&&gﬁog? %}}%P&e&h Sfﬁgﬁﬁi- E{gf&qigngufﬁ%%aénﬁe% '%"eg‘é‘v’f‘%f wher eas
the piezo cer gghkedd dedfEneRthd S¥md ¥tk Rar parts in Fiiré $ 208 6!40@ s8RRREiled Si de.
This construction is caEabI e of bidirectional operation and has higher

stiffness descriptiemwilhnotdetgireeno Suffice wm saynthet theread face RS is formed afnme

act uat or_ devi ces sho in Figures 1, and .6 cgn be used in any suitable
oF et r ot hanPRLNaleLE mthney S5 3085 B0 YLt 6 IpTRRFLbY O tohgies 6

el ect r omechanggle opposite effEWAIE S s‘ﬁ‘ehéthgxg Qeregfc%i{t%cggg tﬁéﬁé@?@ﬂd&%\lﬁ%ﬁﬂmd

that a piezo-elect rrfpc act uat or evice as s lgures 1, 5 or 6
as appropri at &5y thewmethods diseldsed in relation te Figure 1.

The end 60 of the central tongue 63 is fixed as before but in this case, the
central tongue 63 is shorter than the tongues 62 forming the side walls. It will be
15 noted that the piezo ceramic devices on the tongues 62 forming the side walls are
on the same surface of the device whereas the piezo ceramic on the central tongue
63 is on the opposite side.

This construction is capable of bidirectional operation and has higher stiffness

than the actuator shown in Figure 1.
20 The actuator devices shown in Figures 1, 5 and 6 can be used in any suitable
electro-mechanical device and some possible constructions of electromechanical
device will now be described, it being assumed that a piezo-electric actuator

device as shown in Figures 1, 5 or 6 as appropriate is incorporated.

25 Referring firstly to Figs. 7A and 7B, this shows diagrammatically the basic
construction of a residual current device (RCD) otherwise known as a ground fault
current indicator (GFCI). In this case, the piezo-electric actuator device is

represented by the reference numeral 70.
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25 Referring firstly to Figs. 7A and 7B, this shows

di agrammatically the basic construction of a residual current device
(RCD) ot herw se known as a ground fault current indicator (GFCl). In
this case, the piezo-electric actuator device is repr esent ed by
the referenggofyepr al 70. SURTIcEoEs76GHEET
(RULE 26) WD 98/ 40917
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The nechani sm conpri ses a support surface 71 through which a setting

part in the form of &aTheuaéchanistnooniRistsa support spifaceddrthi®ighshichiz setddge push
button 72 is biassed upwardly by a, spring 74 e end of

. , T
the plunger 72artdn ghedormed apushbuttanafZhaving aplppger 3 exteods The nush butten
detail in Figw.e 7B i ch age respondi ng latching part 75 in the
end of LV&‘FE%%?%W%@@%‘E el g%'g‘mG whi ch is biassed by a spring 77
away fromthe  The erttUffREBludder 7 ib PRVARERSH £120HIBEHArOT (shotviien Bioss on
t he push button 72. The piezo-electric actuator 70 is fixed
to the | aschi rdptgibintFigifie FB) wihichoingpgesacton@spondinglatching pash7 hincthe end 080
(Figure 7B) in the end 85 of .the actyator .i.s arranged.to receive a
proj ection 81 %)FPt%tﬁbWeWG“@Pdth%mquCB’Ig‘i is piggseq Py 4 spring 77 away frog dhe

| at ching parts_74 and.75 | . 2092 A and 75A
and the int erfsgfécﬁﬂgf%&gdla’éséhecﬂmt glg%la”%ur simﬂgf"?gg@gl&{s?&c?%at ed due to
the springs 15 74 and 77. This force His resisted by the actuator 70

acting on the pin 81 fromthe actuator 70, the end. 85 of the
actuator has to bFhepieeo-eletrictastuatorJtis finedto the lagehing part 75 pnd js disppsed 7A

and this I%an bseuc %ﬂ;tea\rlxea%e%rea&bo(ﬁg&rie %3 if the. eclllds ?5t IoP the BCtuator is arranged to

receive a projection 81 on the end of the latching part 74.

The latching parts 74 and 75 inter-engage by means of surfaces 74A and 75A

and the interface angle a is such that a burst force H is created due to the springs

15 74 and 77. This force H is resisted by the actuator 70 acting on the pin 81 from the
actuator 70, the end.85 of the actuator has to be moved in the direction of arrow

I in Figure 7A and this can be achieved by appropriate energisation or

" de-energisation of the piezo-ceramic actuator 70.

20 In the case of an RCD or relay, moveable contacts can be moved in response
to the movement of the plunger 73 either by being directed attached to an
extension of the plunger or indirectly through any suitable mechanism.

The spring 77 may be in the form of inherent resilience of the material used

for the beam 76.

25 Another device utilizing the actuator shown in Fig. 1 is shown in Figure 8.
This shows how the movement of the end 85 of the actuator 5 could be

mechanically amplified.
In this case, there are two actuators S fixed to a suitable support 80 and
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de-energi sation of the piezo-ceram c actuator 70. 20 In the case
of an RCD or relay, noveable contacts can be noved in response to
t he novenent of the plunger 73 either by being directed attached to an
extension of the plunger or indirectly through any suitabl e nechani sm

The spring %obogdeesae in the formof inherent resilience ofpcrithosiesy | al

used for the beam 76. 25 Anot her device utilizing the
actuator shown in Fig. 1 is shown in Figuge 8. Thi s shows how t he
novenent of the end 85 of the actuator 5 could be mechani cal | y
anplified. arranged to move Itheirt fidesercia 88 in dfyswsite directions. ApivmiB6rispiovideded t o
a suitable support 80 and WO 98/ 40917

PCT/ GB98/ 006700n the support 80 and two arms 87 and mounted in the pivot 86. The grms have

o ovi ded | Camuicies 3 SR e et s BB LR the R il iRy o

86. The arns hgve cam surfaces 88 which are arranged to engage with
the free ends 85 of the actuator 5. 5 Si nul t aneous
energi sati%n of the actuators 5 will cause the arns to nove t owar ds
each other with a gripping action. ,Theg can be returned tg an open

condi tion either bgl areoys epergisgion phihe petnagars 3 wilk ¢ayge therarmsdp mpyve

ener gi sati on . D e osl.t | i.on.. 10

The above constPtaet Sacth BheE Tl Uribping Belgh® 1389 3 R R Rst B e
out put EAUASIPEIHER BY GfeahloPa Bial PreViddih R Shrit fopéd dMsy ERPEISAtIoAS | S
exenplified by the arrangenent shown in Figure 9. In this enbodi nent

a nunber of genéthaldctuators 5 in thedepposidaflirestionat ors are forned with their
fixed endiso 50 connected together al ong

The above construction of actuator is useful for providing a multiple output

actuator device in a simple and cost effective manner as is exemplified by the

arrangement shown in Figure 9. In this embodiment 2 number of generally

identical actuators are formed with their fixed ends 50 connected together along

15 the length of a strip 90. The free end 85 of each actuator can thus be individually

moved in and/or out of the plane of the plane of the paper.

The strip 90 is used to mount the actuator arrangement in any convenient
manner depending upon the use to which the arrangement is to be put. For
20 example, the strip 90 could be bent at a position on two fixed arms of the actuators
as indicated by the dotted line 91 so that the ends of the actuators are in free space.
If two such arrangements are disposed opposite each other a multiple gripper
similar to that shown in Fig. 8 could be formed.
It will be seen that the basic construction of actuator is capable of providing
25 a large number of electrically controlled actuators of differing design for different
purposes.- Because the actuators are made from pressings of sheet material,
different shapes of actuator can be formed or different combinations of actuators
can be formed. For example two actuators could be formed in order to provide

motion control in two directions
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15 the length of a strl 90. The free end 85 of each actuator can thus be
I ndi vi dual |y g; r out of the plane of the plane of the
paper. / d to nount the actuator
arrangenment in any convem eﬁt L ner dependi ng upon the use to which

t he arrangev®@od40013 t 0 be put. For 20 * exanple, the st r iperRBosicdidted be bent
at a position on two fixed arns of the actuators as i ndicated by the

dotted line 91 so that the ends of the agjuators are in free space.
If two such arrangenents are di sposed opposite_each.other-a—fultiple

gri pper CIAm$ar to that shown in Fig| TRICSHEET HASfBRENEd.
It wll be seen that the basic constructionjof acgipgpapQEDI s cajpabl e of
provi di ng 25 a |large nunber of electrical ators of

di ffering desi,gn for dlffere urposes. Because the actuators are
made from pr e§3| ngs cﬁ‘n aﬁrlé(t 8?‘?"5‘?“"’8 ator gompEISHg asPApYs sehistiatet uat or

can be formed g qg or Sﬁ%ou{ﬁgidggt ﬂ%lagie t?e% }o%(ied with A Hx%%o-e e%u'{ or med.

For exanple two ac or me 0 prov mot i on

control is t V\Qeﬁh{le(ﬁiatétlihﬂ over part of its length with the ceramic matenaljcﬁ' one blade
CLAI Ms: An electrically controlled actuator conprising

a plurality oﬁemme onmpsite surface of thessubstute torthatroféle ethesbladeg theerd aght
portion (35) to f stantial |y U:shape ar substrate (5)
havi g oppose diRa B Sadeheus itihand o i HEOHeing 699 e aoteaces, ayhey o

pi ezo-el ectri Gn8SF &l GihérH15dd Rkmé fite ak8Va fofl h with the
ceram c materi gl of one&q{ dée belgng on o@ﬁaﬂﬂglﬁtss%o él?:éemlb@g{]e substrat e,
and the ceramic material of the other blade being on the other

maj or surface of the substrate, the free end of one of the bl ades

bei ng ar #&nged@-to f orFheaAckAtPR 35sgrding)so claim 1, wherein the bladesgrajoined atit t he
f d of t t 85 f
the: act uat or - Dt pBflont335 6 tohE ekl (EEMDEABRRRT ' 0"\ i m 1. whotein

t he bight portion (35) is rigidified.
3. An actuator according to claim 2, wherein the bight portion (35) is
rigidified.
15
4, An actuator according to claim 2 or 3, wherein the actuation portion
(85) is rigidified.
s. An actuator according to claim 3 or 4, wherein the rigidification is

20 achieved by bending portions of the planar substrate.

6. An actuator according to claim 1, wherein the planar substrate is
generally rectangular and in the form of a frame enclosing a central elongated

tongue (53) which extends from one end of the rectangular frame.

25
7. An actuator according to claim 6, wherein the free end of the central
tongue (63) forms the mounting for the actuator.
8. An actuator according to claim 7, wherein the ends of the frame are
This Sheet Has B
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15 3 An actuator according to claim1 or 2, wherein the

actuation po.rt I on ”mmm" gl fied. 4, An act uat or
according to claim2 o ”ﬂm”ﬁ rigidification is 20 achi eved by
bendi ng portions of the”plandr gubstrate. 5. An act uat or
accordi ng twoed@dIm 1, wherein the planar substrate is pecT/GBOgSURRY al | y
rectangular and in the formof a frane enclosing a central el ongated

tongue (63) which extends fromone end oflthe rectangular frame. 25

6. -An actuator according to claim5, wherein the free end of the
central rigidifigde (63) forns the nounting for the actuator. 7.
An actuator according to claim®6, wherein the ends of the frame are 30
rigidified. 8. An actuator arrangenent, wherein a

plurality of a@ctuator ear di { . claim11 have their respective
nount i ng port?bns (6 gcormec & gt'rge%f"é{gma?’@famty°?actuat°(§%‘f°‘f‘ﬁ?£¥°ng a
mount for all clang Ishdve el REpectiPe mounting pdttions (60) cotﬁfbc?é&tfg%t 4 fgenent
according to claim38, wherein the bl ades connected to the common
rail (90)35 ar e (9Brformingza mountt fopall theasubstratesom t he j uncti on bet ween
the bl ades and the rail whereby the actuation portions of the individual
actuator elenents are in free space. 10 10. An electrically
control I ed deypce ing ' 14C . rol.l e . t yat or or
actuator devi cg' accorAd‘llrl %H@B&}r@h gglﬁe’éljgf ?étch%dngggéggq“ﬁ’g c VRFTSD the’blades
connected to the common rail (90) are bent at a position spaced from the junction

-

between the blades and the rail whereby the actuation portions of the individual

10 actuator elements are in free space.

11. An electrically controlled device including an electrically controlled

actuator or actuator device according to any one of the preceding claims.

15 12. A device according to claim 11, wherein a latching mechanism is

retained in a latched condition using the actuator.

13. A device according to claim 11, wherein the movement of the actuation
portion (85) of the actuator is mechanically amplified by means of one or more

20 lever elements.
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11. A device according to claim 10, wherein a |latching nmechanismis 15
retained in a | atched c U"Hm Hu jllme act uat or. 12. A
devi ce according to cla e novenent of the actuation

portion (85) of the act uator is mac ani cally anmplified by nmeans of one or

mor e wo b@asf7 €l ements. 20 13. A devi GReTASHREkhNg t O
claim12, wherein two actuators are provided, operating in opposite
directions to each other. 14. 12 A device according to claim
13, wherein each of the actuators contacts 25 a respective |ever

el ement to forig a grifRledide @e¥drding to claim 18, wherein two actuators are provided,

AVENDED SHEET
operating in opposite directions to each other.

1S. A device according to claim 14, wherein each of the actuators contacts

5 a respective lever element to form a gripping device.
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