2183069 Suspension system for a flexible optical menbrane Technical Fielg a
This invention relates to a suspension system for hol ding under tensi on’
fil ex{bl e menmbrane enpl oyed as a boundary surface of a liqui gltﬁ§[rﬁ\$
adj ustabl'e fsocus or a flexible nmenbrane mrror. Background ention
5 " A liquid lens consists of at ledst one flexible transparent
menbr ane whi ch defi nes a boundary surface of a space that can be f| 'l ed
with a liquid. The SUSpSs s tem. @ C
medi um (usual ly air) cont acting “the ot her side of the rrerrbrane 10 t he
pressure diff er 8chnicpd Fiehd rrenbrane cau5| ng it to curve so that the

l'i qui d- X | 1 ed space é,gnct I ons: a l eny; ane_mrror, consis
58! rho

f1 exi bl e menbrane su eﬁde:'cfwef"f‘ £ afks | & TISRIIRIORhE¥E ﬁﬁ'd #/ﬁ’t h
15 a reflecti vboddangngundennetagysingt hasi fikexibler gegbraneppempiioyedt s

menbr ane causes ai thduhddI§U ¥ APPELPEI Al AUABE bEN Aht W tf&r‘%r -

refl ective coating to func- tion as a mrror. For each device, the
requires to be f&ppPo? l?B"B?’?ﬂ%’F?"%%dBH’é‘BFMl le the required
shape-deformng pressure is applied to it. The present invention provides a

met hod of suppohg ﬂgrguﬁgz‘ggapge {r?vgpgorpart of aliquid lens or flexible
mrror, under t roved liquid |lenses and mrrors.
Summary of tle | nveni op; @i 1en$ce%@'1eqst oo@nea@sa%%fstof?t.al Slexible

i nvention, the boun- dary surface of urd Iens or flexible mrror_ 1s
de- fined by a FFéRFBPE%Enﬁ?%WFé’-‘%‘I?pp&*’t b8efdBRst w boundary surface
of a space that can be filled with a liguid. The 1liquid

~ ' can be at a higher or lower pressure than the medium
(usually air) contacting "the other side of the membrane,

10 the pressure difference across the membrane causing it

to curve so that the liquid-filled space functions as

a lens.

A membrane mirror consists of a flexible membrane
sﬁspended in a frame.of circular or other shape and with

15 a reflective coating on one or both sides. Pressure
applied to the meﬁbrane causes it to assume an appropriate
conformation and allow the reflective coating to func-

tion as a mirror.

_ For each device, the membrane requires to be appro-
20 priately supported while the required shape-deforming
pressure is applied to it. The present invention provides
a method"of supporting a membrane, forming part of a
liguid .lens or flexible mirror, under tension and thus

provides improved liquid lenses and mirrors.

Summary of the Invention

25 According to one aspect of this invention, the boun-
dary surface of a liquid lens or flexible mirror is de-
fined by a flexible membrane supported between two



ng surroundi ng the said boundary surface being conpressed agai nst the

enbrane, the pair of [ERR] together serving to generate a radially
outwardly directed 5 tension in the nenbrane defining said boundary -
surface. Conveniently the resilient rings are identical rings of
el astoneric material of circular cross-section (known as O-rings) but
i dentical ring€sdtiephstdR8ri CORAFOPtaNIoPrNfoRRAtheR ad GiFerfeneinddadan
al so be used. zéfe of edéhi &'wgSOs@ﬁﬁGﬂ:M:EnéOt%%ed§amsb6ﬁndhf§$rs@ﬂfa\%ﬁ03S'
sections on t | S rane.and even rin of _somewhat
di fferent dlagg §§p9§m&§€§53 éﬁron Hgg%¥§ﬁg?ﬁﬁwaéh %ﬁﬁ 8Foﬁﬁﬂi?he
boundary surf&@gethﬁrpﬁa€ﬁlﬁg §9I9@n©natngsa 1ad 141 YO-9u twpr ddan digret3ed
used.  TheseteaBibf dirnvi €Ad imdrbiavte OBe#Rhengead £11 SB6unlhePs Rrddie.sane
or different |engths whereby the proper- ties of each section can be
altered by gas orcbnqanﬂeﬁunpedheufbshbﬂ&nByrﬂ&@ﬂrukéhedﬁhesauleﬁﬂmgs

di fferent secgkor]es‘l_ﬁ]s%%l#ql rlgg{:gh% g?):fgg‘flggul%%e%nduce%eicgat?gﬁr@ ort'ed

2- resilient rings confronting one another, a circunferential zone of each

20 menbrane con
forces actingasn @teingmbrbrg, Hestimrkenings fegaelestopericf ntdt@rlal

boundary surfggenba- egf&uﬂéracfséalgastw&t@m flsIrgeidgdd onal forces. The
resilient ring nay be held inits supporting 25 franme but not attached

toit.. ttlowever rhe isi RQ sA\pdEs ivreletot asa ?diﬁl%@r tdm@iffrﬁm%rﬁr PR -be

an integral f Lt Jhus far..exa ded franme of pl.astics
mat eri al may Sééggﬁsex g ugﬁ%no\ﬁpﬁs it segr?éﬁrego & rBEOT g Fgﬂ SVeR
Cross- sect|onreﬂ9§om§(ﬁQmﬁwhmmr@pfferenthdpemsmerext@n@wngeﬁrannﬂh@nﬁram&/

in a positionihg wBheb hbe ﬁ?édhceaegi-oﬁhélgthé 6&@«%5@9 surfdeLNsure
adequate resilience, the extruded ring may be ho

In place of solid O-rings, hollow O-rings can be

15 used. These can be divided into two or more sealed sec-

tions of the same or different lengths whereby the proper-

ties of each section can be altered by gas—or liquid pumped

into them. By varying the pressure in different sections,

unequal radial tensions can be induced in the supported

20 membrane,. This allows controllable compensation for

unequal forces acting on the membrane, such as centri-

fugal forces (if the boundary surface is part of a rotating
system) or gravitational forces.

The resilient ring may be held in its supporting ./
25 frame but not attached to it. However, the ring may be
bonded to a supporting frame or even be an integral part
of it. Thus, for example a moulded frame of plastics
material may have an extrusion with a semi-circular cross-
section or a cross-section of some other appropriate shape
30 extending from the frame in a position in which the resil-
ient ring is required. To ensure adequate resilience,

the extruded ring may be hollow. '

P g
Two identical resilient rings can be supported oppo-
site one another in a frame and the membrane - placed
35 between the two rings. Pressure can be applied to the



fra ard the menbr ane pl aced 35 between the two rings. Pressu dn"’
, plied to the -3- rings via the frane to cause the line of con

*each ring nakes with the nenbrane to beconme an annul ar zone producing an
outwardly directed radial tension at all =pdimts in t he rrenbrane and t hus
holdlng it inaflat 5.conditiqQn under tension. ssion forces
applied at dif fetR9R gap: & sq'b? ?.ﬁgm& r%%nfapgﬁcé:h(ﬁ H‘l‘é ar? ul‘é‘?mf?%ﬁ’reeﬁﬁﬁ be
vari ed. Thi s witingama&edi fwittentheadienbrtanesi bas bevotef fagr cabtnphart szohet he

menbrane and a gf:Pé!&&ﬁﬂﬁé O'rirﬁbb%t%%qgsaawgcé@af qradli%qquegné%ﬁe%tmm
m ght ’.:9‘? actin on t rane SUC as the centrif uga gravil tati onal
a

for ces™ent i oneRPEMev el THRE f BRRERT 8RSy R phBREe P n%t atPar®y Hbfht
where the ripgscemditidn itnddrs tdaiseionned by the conpres- 15 sion forces
acting on the resilient rings and the di aneter and cross-sectional shape of
the rings. The local force on the resilient rings may be altered by

changi ng. any of theskheacampressioBr i forcescragnliied oatt Whififexwintyspants

invention wll fDewRg EHEEQ&Ee@@%%@'Qﬁﬂ thY gﬁhwﬁ¥r0fr§ﬁ@“9$ﬁ b¥ {Bried.
reference to the acconpanyl

raw-_in Ich: Figure 1, shq
schemati ¢ crosstiket Wil ?gﬁﬁl dhrfe??slger’ﬁ aEEBFG%m&?n\ﬁ RSt i fiwgéﬁf??ﬁl
Figure 2 shows,paﬂts:r@ssmecmemnraﬁé ahaeanabwveoairbmnabmé compeheat idn ng

for supporti@g taor m?e&\?gl' @o&‘hgsl %v%%c%f nFJ.qu:r E'be a .1ng on the membrane

(such as the centrifugal or gravitational forces mentioned

" Two i'dentical resilient rings-can be supported oppo- site one anot her. -

L above).
The force on the supported membrane 'at any point
where the rings contact it,is_determined by the compres-
15 sion forces acting on the resilient rings and the diameter
and cross-sectional shape of the ringé. The local force
on the resilient rings may be altered by changing any
- of these parameters,
Brief Description of the Drawings
The invention will now be further described, by
20 way of example, with reference to the accompanying draw-
ing , in which:
\/

Figure 1 shows, in schematic cross-section, a liquid
" lens in accordance with this invention,

Figure 2 shows, in cross-section, an alternative
25 form of resilient ring for supporting a membrane in the

lens of Figure 1, and

Figure 3 illustrates the mode of operation of the
.resilient rings in supporting the membrane.

Description of Preferred Embodiments

Figure 1 shows a 1liquid 1lens formed between two



ure 3 illustrates the node of operation of ‘the resilient rings’in
pporjing the nmenbrane. Description of Preferred Enbodi nents Figure 1

shpws liquid |l ens fornmed between two -4- flexible menbranes 10 and
11>~  Bhe nenbranes in this exanple are of high-grade plastic foil (e.g.
t hat known under the Trade Mark "Melinex") and have a thickness of sone

twel ve m crons. Each menbrane is clanped be- 5 tween a pair of C>r|ngs

13- 16 suppor tfexksiib i) aaraukaﬁeéraw gRde P, Of @nROGYanhs ﬂ% ﬁﬂ £aps

18, 19. The O-.rings are re h}eg‘ rooves in the frame an ese are

si zed to ensrﬁ"@"g’g@n 5 gh-graRpe RIBP IS ¢ T} s g0 ‘EFEEF [ n - 15

to 20 thou) undga nthet h@ra@erdﬂaléct|"\Me11mdxr"aneana'h&dit§1)/al7tﬁ§cl§f ny*ded

with a througy pgsmedes¢itar ch uid.is fe into a
q‘hm% A BRbERbe 8" gl pe-

space 21df|ned within the b et we he ne A
syringe (parttwe®dwn2atPa3iy ©fn Je'tﬁheé?eéﬁl?'-motﬂt@dpausaga ahitudarary

‘the vol une offdamguimade upe spaae b"dklyanﬂﬂ *&'ﬁ Vegy eha sdape 9Bt he,
menbr anes 10 % The chain lLine, g how t he, mnenbrane 10 m ght
appear with arredlcE$F e erf"ﬁef'ﬁﬁ sp’aftegf?°¥ﬁa tHR thee ilé’“ﬁoﬂntdhe

menbr ane 11 rkhgse appearsizedh tosgsure0eachosPpheing ﬁrsesswanp:@stééa space
21. Each endé%a% 18?%eégol st§I gga o] tries bggy 2307 PP{o@) %%ng%ft h)él ng

means 23. I Xi hg mea as been shown as a’ sc threaded
i nto the Hodyespeghdveompmbsanag the O rings agai nst the respective nem 25
brane via a spring 25. The sprl ng 25 can be omtted and the screw 24 can

be replaced by U clamps or
P y herrpbo dy 95 :r.s provided with a through-passage 20 u

through which a transparent 1liquid is fed into a space
21 defined within the body 17 between the membranes 10
and 11. A syringe (part shown at 22) can be connected
15 to the passage 20 to vary the volume of liquid in the
space 21 and thus vary the shape of the mémbranes 10,
11, The chain line 10a sh_bws how the membrane 10 might
appear with a reduced pressure in the space 21 and the
line 1la how the membrane 11 might appear with a supra-
20 atmospheric pressure in the space 21.

Each end cap 18, 19 is clamped to the body 17 by

a number of fixing means 23. One of the fixing means
has been shown as a screw 24 threaded into the body 17 (>

and compressing the O-rings against the respective mem-

25 brane via a spring 25, The spring 25 can be omitted

and the screw 24 can be replaced by U-clamps or other

fixing means.

Figure 2 .shows a scrap section through part of the
frame of a liquid lens, the membrane being shown at 10',
30 one end cap at 18', part of the body at 17', and the
sealing rings at 13', 14'. 1In this case, the rings 13',
14' are of non-circular cross-section and the grooves
locating them are inclined to the axis of the apei‘ture

in the end cap 18'.



fixing means. Figure 2 shows a scrap section through part of the frane of a
liquid |leps, the nmenbrane being shown at 10', 30 one end cap at 18', par
of the body at 17', and the sealing rings at 13", 14'. |In this case,

rings 13, 14" are of non-circular cross-section-and the grooves Iocat| g[?
themare inclined to the axis of the aperture in the end cap 18 -5
Figure 3 shows the cross-section of fwd ~O-ri ngs 15', 16'- vm'th a
menbrane 11' grasped between them Wen downward pressure is applied on
the upper ring 15 EBigwreand wghwwsl phessaressnsetbionwerf ritnp 16-riangB,
the 5 resultanisiorqgs ihdit Riisrdie (1P TBANANS ddiwdCli Oefl tHRen

posi ti oPwof cont ci tend to noye this outwar in the direction
arrow D. ~ This Eﬁﬁ‘g'é’éareﬁﬁezﬁs"srter ethiaRplied heP Sy apRPeE ' Tipge Jrﬁenbfiéne
10 (11) can be a;lwﬂﬁbdupmaﬁdtbeessﬁréOohowmaﬁlawarurpﬁg a6'l @erBsuchace

to create a m r{.gguf{%x\{@r 45 l::gs ‘ﬁr th{ Oﬁlﬁrfeexé{')l{ﬂg ,g%ggﬁf;lf,ealmr#!'tgﬂgone

of the nenbranes can be reéeplaced e pla 0Si n

vol ume 21 and |ﬁttﬁbec§9§1§ﬁ°a P§n§°n6ﬁétofCbhéemﬁekpbm@VReﬁbF§n9§tY©r@n 11
can be repl acedid5 dne adgtgbdlbﬁnsoé O 1Bk eafe dWO TRAI { THOBDI EEdSH) LRHTa10NE
part o ichis aligy ear qcating a rigi ens in the
space 21 bet weeRtTSBCRIRYi "lﬂ%ﬁﬂ%% give rise to a three- part

conbi nati on | ens, th@htewné?wx%rneoaiés qfl)V\’f&&h %e éiﬂ}éxgad e&feélthe%

20 conbi nati_ons of id/solid |lenses _are clearly possi IS a

possi bl e t o ¥avBO Pq 3hSt HPRET OB lPWGrnE?HF%ﬂ‘F? 18P 1 FISARtSE do Mi&TrOFace

21, the latter ofin-variable curvature.  In the case of a mirror, one
)

of the membranes can be replaced by a non-flexible plate
closing off the volume 21 and in the case of a 1lens,
_ one of the flexible membranes 10 or 11 can be replaced
15 by a rigid lens to make a two-part combinafion lens,
one part of which is é liquid 1lens. Clearly locating
a rigid lens in the space 21 between two flexible mem-
~branes will give rise to a three-part combination 1lens,
the two outer parts of which are liquid lenses. Other
20 combinations of liquid/solid lenses are clearly possible.

It is also possible to have liquid on the side of
the membrane 10/11 outside the space 21, the latter con-
taining a gas or a 1liquid with a different refractive -
index from that appearing outside the space 21.



taining a gas or a liquid with a differert refractive index from that -

appeér'i ng outside the space 21. -6- CLAIMS 1.  _A suspension system for

™ l'exi bl e menbrane serving as a boundary surface of a liquid lens or a

{,&éx- 1 ble menbrane mrror which system conprises |I“E gs

3‘3 fronting one another, a circunf eregtial Mmmmﬂ m””m
rroundi ng the said boundary surface being corrpreséedc adai st 5t h&

menbrane, the pair of rings together s@paAIMg to generate a radially

outwardly directed tension in the nenbrane defining said boundary surface.
2. A system as cllai ned i auspension isys#emh fiodenai -f lexigelle r i mysmiwfane

el astomeri c mgtrRfiingl a%reammdﬁwos@rﬁaé@soﬁf at NeBEPIME oF a A S¥Stem

as clained in_claim whi ch eacg,']I b is of circular cross- sectlon 4.
A system as Creemdtemy %‘}eal'f‘&%‘m’r’ nWIHERh SYSEE™ FOMRTIFES WP Fefhbient
supported in ﬁrxysoowenfnoatingmoné anétB¥s{ enaasciteumPérémt Lani MRche i N

which each Odd ngelip SORRT $33eduR4:R80 4. 500: aFRRLAAAL St tdle by gne bY

pressure pI | e I'nan prececﬁ ng
claim in 20 cqmr@lssmoaséénsFc&her@smbrene. rthgspatize gﬁppbmgedtmﬂxesu te

one anot her 's'haufx{ga% V\géﬁlef@@e @”Q%ﬁ&%lﬁ&a%ﬁd&ﬂﬂw\ﬂﬁkéé&é Woerkd 1415
and-in which pressur I S aE to the %ﬁgs via the frane to cause the

line of contddt H'eF‘Pﬁﬁnﬁa E?W"E‘ﬂ $fdd ?gﬂﬁyt%“ﬁgﬂﬁ‘ﬁe an annul ar 25
zone producing en 5 outpar dl I égcéiga?g n3|t I'“Oﬁdg“{algln% C}.hntgerlltnlthe

menbr ane, and thus “hol di In a
10 cal rings of elastomerlc material are used on both sides

of the membrane. o

3. A system as claimed in claim 2, in which each
ring is of circular cross-section.

4. A system as claimed in claim 3, in which each
15 ring is an O-ring supported in a groove in a frame.

5. A system as claimed in claim 4, in which each
O-ring is compressed by 380 to 500 #m against the membrane
by pressure applied to the frames.

6. A system as claimed in any preceding claim, in

20 which two identical resilient rings are supported oppo-

site one another in a frame with the membrane placed be-

tween the two rings, and ‘in which pressure is applied U

to the rings via the frame to cause the line of contact

each ring makes with the membrane to become an annular

25 zone producing an outwardly directed radial tension at

all points in the membrane, and thus holding it in a flat
condition under tension. '

7. A suspension system as claimed in claim "1, in

which each ring is of non-circular cross-section and is

30 located in a groove surrounding an aperture in a
respective annular frame member, each groove being in-
clined to the axis of the aperture in the respective
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7. Asuspension systemas claimed’in claim1, in which each ring i s of

non-c¢ircul ar cross-section and is 30 |ocated in a groove surreundi-sg

an apert.ure in a respective annul ar frame @

in- clindd to the axis of the aperture in the nnul al_tAane -
menber. 8. A suspensi on system as clained in m u 'B"!iﬂlﬁ each
resilient rin 0 0ss-section an ded to
nodi fy the pregsulrug ex%'?ﬁ Bgmbg{:hl n each ring. 9. A suspensi on system
as claimed in claim8, in WhICh each ring is divided into sections and

di fferert pressuresgare muidispeiion shetéhf her enaimeat llensGlalﬁn 1 Ain
_ suspenSmn syst§m g‘ubstagtlal l%ll nQere\.l n- ]i% be%ore escrib

reference to afg™ PRGOSt raT 8 TH éﬁ.ﬁneg 1772 8 Bh% ?%ecgc?@gnﬁgﬁ%lﬁﬁ
drawing. 11. and imesns| dirs huovidedt YocappddfiE filexi bressendr axdsting

supported by awg_tggggnghgﬂ syagem as claimed in any one of the preceding
claims. 15 A'flexi bl e menbrane nmirror in which the reflec- tive

menbrane of the m rror |s supported by a suspension systemas clained in
any one of claims 1910 9A suspension system as claimed in claim 8, in

which each ring is divided into sections and different

pressures are maintained in the different sectionmns.

10. A suspension systén\ substantially as herein-
\—/ 10 before described with reference to and as illustrated
in Figure 1, 2 or 3 of the accompanying drawing.

11. A liquid 1lens having at least one flexible
membrane supported by a suspension system as claimed
in any one of the preceding claims.

15 . 12. A flexible membrane mirror in which the reflec~
tive membrane of the mirror is supported by a suspension
system as claimed in any one of claims 1 to 9.




